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Chapter I 

Introduction  

1.1 Background to the Study 

Waste Electrical and Electronic Equipment (WEEE) or more popularly referred to as 

E-waste is an emerging global environmental issues that is steadily gaining 

prominence. This growing concern is due to rapidly increasing E-waste quantities, a 

trend that is expected to continue unabated for some time due to the rapid emergence 

of new technologies and affordable electrical and electronic products (Agamuthu & 

Dennis, 2013; Bowcock, 2011). Rapid innovation in consumer electronics coupled 

with limited incentives for designs that would increase opportunities for 3R (reduce, 

reuse, recycle) means that electronic products quickly becomes obsolete and are 

discarded more frequently (Bowcock, 2011).  

 

The waste generated from discarded electronics is a rising concern because of the 

toxic substances they contain i.e. lead, nickel, cadmium, copper, chromium beryllium, 

lithium, mercury etc. Therefore, unsound handling of E-wastes can cause harm to 

both the human health and the environment due to its highly toxic components (Herat 

and Agamuthu, 2012; Lundgren, 2012). 

 

There are varied definitions of E-waste. The Basel Action Network (BAN) refers to 

E-waste as ña wide and developing range of electronic appliances ranging from large 

household appliances, such as refrigerators, air-conditioners, cell phones, stereo 

systems and consumable electronic items to computers discarded by their usersò 

(Basel Action Network, 2010; Gaidajis et al., 2010). According to United States 
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Environmental Protection Agency (USEPA), electronic products that are ñnearò or at 

the ñend of their useful lifeò are referred to as ñe-wasteò or ñe-scrap.ò Recyclers prefer 

the term ñe-scrapò since ñwasteò refers only to what is left after the product has been 

reused, recovered or recycled. However, ñE-wasteò is the most commonly used term 

globally (Lundgren; 2012; UNEP, 2007). 

 

In the European context E-waste is defined through the European Unionôs two related 

directives ï Restriction of the Use of Certain Hazardous Substances in Electrical and 

Electronic Equipment (RoHS) and Waste Electrical and Electronic Equipment 

(WEEE) ï they define electrical and electronic equipment (EEE) as ñequipment 

which is dependent on electric currents or electromagnetic fields in order to work 

properly and equipment for the generation, transfer and measurement of such currents 

and fields and designed for use with a voltage rating not exceeding 1000 Volt for 

alternating current and 1500 Volt for direct currentò (Logomasini, 2008; Sauder et al., 

2010; UNEP, 2007).  

 

In Malaysia, the Department of Environment (DOE) defines E-waste as ñwastes from 

the electrical and electronic assemblies containing components such as accumulators, 

mercury-switches, glass from cathode-ray tubes and other activated glass or 

polychlorinated biphenyl-capacitors, or contaminated with cadmium, mercury, lead, 

nickel, chromium, copper, lithium, silver, manganese or polychlorinated biphenylôsò 

(Malaysia DOE, 2010). 
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1.1.1 Global E-waste Generation 

Globally it is estimated that E-waste generation is between 20-50 million tonnes per 

year (Basel Action Network, 2010; Herat and Agamuthu, 2012; UNEP, 2006). This 

figure is more than 5% of the total Municipal Solid Waste (MSW) generation 

(Bowcock, 2012; SEPA 2011; UNEP, 2006, 2007). E-waste generation is further 

estimated to increase by 3-5% every year, which is nearly three times faster than the 

MSW generation annual growth rate (Agamuthu & Dennis, 2013; SEPA, 2011). 

Furthermore, in the USA, E-waste market researchersô project that global volume of 

E-waste generation is expected to reach 93.5 million tonnes in 2016 from 41.5 million 

tonnes in 2011 (Markets and Markets, 2011).  

 

The emerging trend worldwide is that when consumers procure new electrical and 

electronic products, the old equipment immediately becomes obsolete or undesirable 

and are eventually being discarded, leading to generation of enormous amounts of E-

wastes. In USA alone, it has been estimated that over 100 million cell phones and 30 

million computers are being discarded every year in part because consumers are 

constantly upgrading their electronics (Cobbing 2008; SEPA, 2011). In the European 

Union it is estimated nearly 10 million tonnes of E-waste is generated annually and 

numbers from Japan indicate that in the year 2010, among others, 610 million mobile 

phones were disposed (SEPA, 2011). In China, it estimated that  at least 70 million 

mobile phones, 4 million computers, 5 million TVs, 6 million washing machines and 

4 million refrigerators have been abandoned annually since 2003 (Cobbing, 2008; 

SEPA, 2011). In India it also estimated that total annual electronic waste generation is 

between 146,000 and 330,000 tonnes, and is expected to reach 470,000 tonnes by 
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2011. Another estimate states that in 2007 India generated 380,000 tonnes of 

electronic waste from computers, televisions and cell phones only, and that figure is 

expected to reach 800,000 tonnes by 2012 (Herat and Agamuthu, 2012). Global 

generation of E-waste over the last decade is shown in Table 1.1. 

 

Table 1.1 Global Generation of E-waste 

Country  Tonnes Year Per capita generation 

(kg/person) 

Germany  1,100,000  2005 13.3 

United Kingdom 940,000 2003 15.8 

Switzerland  66,042  2003 9 

China  2,212,000  2007 1.7 

India  439,000 2007 0.4 

Japan 860,000 2005 6.7 

Nigeria 12,500 N/A N/A 

Canada 86,000 2002 2.7 

South Africa 59,650 2007 1.2 

Argentina 100,000 N/A 2.5 

Brazil  679,000 N/A 3.5 

USA 2,250,000 2007 7.5 

Kenya 7,350 2007 0.2 

Source: (Herat and Agamuthu, 2012; IMRB International, 2010)  

 

1.1.2 E-waste Generation in Malaysia 

Malaysian DOE classifies E-waste generation among two categories that is Industrial 

Sector and Non Industrial (Households, Business and Institutions). The DOE reported 

that the amount of E-waste generated from the industrial sector in 2009 was 134,036 

tonnes, 163,340 tonnes in 2010 and dropped to 152,722 tonnes in 2011. In the second 

category, combined E-waste generation by households, businesses and institutions 
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amounted to 652,909 tonnes in 2006, 695,461 tonnes in 2007 and 688,068 tonnes in 

2008 (Malaysia DOE, 2012). This scenario reflects that over 75% of E-waste 

generated in Malaysia is from households, commercial outlets and institutions. 

 

In 2008, DOE projected that Malaysia E-waste generation would reach 1.1million 

tonnes per year by 2020. However, an E-waste inventory was conducted the same 

year with funding from Ministry of Environment of Japan and found that Malaysia 

actually generated 1.1 million tonnes of E-waste in 2008 (Agamuthu & Dennis, 2013; 

Herat & Agamuthu, 2012). Therefore, current E-waste generation levels have already 

surpassed the 10 year projections made by the DOE.  

 

1.1.3 E-waste in Institution of Higher Learning  

Institutions of higher learning (universities) contribute significantly to the rapidly 

growing threat of E-waste. Information and communication technology (ICT) 

equipment are the most widely used and most frequently replaced electronics in 

universities. And thus the bulk of E-waste generated in universities is from ICT 

equipment such as desktop and laptop computers, printers and photocopy machines. 

Industry experts estimate current average lifespan of ICT electronics to be at 3-4 years 

for desktop PC, 5 years for monitors, 2 years for laptop and 3-5 years for printers and 

copiers (Killick, 2007).  However, in recent times most institutions have been 

replacing the older, more environmentally harmful Cathode Ray Tube (CRT) 

monitors with flat screens, thus increasing institutional E-waste generation.  
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1.1.3.1 E-waste Awareness and Management  

More often than not the lack of awareness on E-waste has been cited as one of the 

major impediments to sustainable E-waste management. The European Recycling 

Platform (ERP) in a 2009 survey found that over 70% of E-waste recyclers cited poor 

public awareness as one of the biggest challenges holding back E-waste recycling 

(Incisive Media, 2013). In recent years, a number of environmentally proactive 

universities have engaged in sustainable campus initiatives to increase E-waste 

awareness and curb E-waste generation hence, reducing possible negative 

environmental and human health impacts. 

 

The Macquarie University in Australia has put in place an E-waste Policy focused on 

environment and sustainability with regard to the disposal of unwanted and/or 

obsolete electrical and electronic equipment. The E-waste policy has increased E-

waste awareness among university staff and diverted large amount of electronic waste 

that would have been destined for landfills by recycling 25 metric tonnes of E-waste 

in 2008 and over 40 metric tonnes in 2010 (Macquarie University, 2012).  

 

At the Griffith University in Australia, the university Assets Team co-ordinates the 

disposal of University electrical and electronic equipment in accordance with the asset 

disposal policy which endorses the use of ñGreenboxò for disposal and eCycling that 

ensures E-waste disposal is ethically handled. Griffith University is also a member 

of Solving the E-waste Problem (StEP), an initiative founded by various UN 

organizations and coordinated by the United Nations University. StEP's overall aim is 
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to develop strategies to solve the E-waste problem based on a sound scientific basis 

(Griffith University, 2013).  

 

In 2012, the Sustainable Electronics Initiative (SEI) at the University of Illinois ï 

USA, ran an International E-waste Design competition that focused research and 

design in the area of product designs for environmentally responsible computing and 

entertainment. The entries were ideas that prevent electronic waste generation through 

life-cycle considerations and attracted international entries from Canada, Ireland, 

Chile, India, Hong Kong, Turkey, Bangladesh and the United States (Sustainable 

Technology Center, 2012).  

 

In 2011 Auburn University ï USA, in its sustainable campus initiatives collected 

nearly 62 metric tonnes of electronic waste, including items such as printers, fax 

machines, computer monitors and other computer parts. The University has other 

sustainable initiatives on campus such as the yearly dorm competition, "Sustain-a-

Bowl," where dorms compete to reduce electricity use, recycle more and conserve 

water.  Students can also attain a minor in sustainability. Established in 2005 the 

Auburn University Recycling Program has expanded to provide recycling bins in 

campus buildings, around campus grounds and at special events (Harding, 2012). 

 

According to the Malaysia Ministry of Higher Education (MoHE) the country has 21 

public universities, 43 private university and university colleges, 4 foreign university 

branch campus and 134 private colleges. This is a significantly large number of 

institutions that potentially contribute to E-waste generation however; there is no 
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record of institutional policy on E-waste management in all these institutions of 

higher learning. Thus, the aim of this research is to establish if there are any 

institutional mechanisms for E-waste management in institutions of higher learning. 

 

The research also conducts Material Flow Analysis (MFA) modeling for electronic 

equipment in the selected universities. The goal of the MFA modeling is to increase 

the understanding of university E-waste management systems, which leads to a better 

system analysis and practical recommendation (Chancerel, 2010). STAN (subSTance 

flow ANalysis) 2.5 software will be used as a tool for performing the MFA modeling, 

STAN 2.5 provides graphical models, data reconciliation, error propagation and gross 

error detection.  

 

Furthermore, the research seeks to establish the level of E-waste knowledge among 

the university public and their E-waste disposal practices, how much E-waste these 

institutions generate, how it is disposed and what challenges are faced in E-waste 

management. The research focuses mainly on ICT E-waste management in 

universities in the Klang Valley.  

 

1.2 Problem Statement 

In Malaysia MSW contains 3% - 5% hazardous waste which includes E-waste. The 

growing concern over E-waste is due to rapidly increasing E-waste quantities which if 

unsoundly handled pose grave environmental and human health risks. This is 

exacerbated by the seeming lack of public knowledge/awareness on E-waste and thus 

in turn fuels the indiscriminate disposal of E-waste together with MSW. E-waste 
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disposed of in landfills or illegal dump sites over time breaks down, releasing 

dangerous toxins i.e. lead, chromium, phosphor, mercury, barium, beryllium and 

bromated flame retardants and cadmium that leach into the groundwater, 

contaminating waterways and soil, ultimately poses health threats to both fauna and 

flora.  

 

Furthermore, E-waste takes up significant amount of space in landfills. Space for less 

harmful biodegradable waste can be created or saved through proper management of 

E-waste using appropriate reduce, reuse and recycle (3R) technologies. E-waste 

components also contain precious and semi-precious metals, such as gold, copper, 

nickel, silicon and iron, which are needlessly squandered through careless disposal. 

Therefore, sound E-waste management in universities not only would reduce 

environmental degradation and associated human health threats but E-waste can also 

be potentially a revenue earner for these institutions of higher learning.  

 

. 1.3  Research Objectives 

1. To study and compare E-waste management in selected institutions of 

higher learning (private/public universities). 

2. To analyze the flow of E-waste among selected institutions of higher 

learning using material flow analysis model (STAN). 

3.  To assess the level of knowledge on E-waste in institutions of higher 

learning.  

4. To recommend potential programmes and/or projects in E-waste 

management based on findings.  
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Chapter II  

Literature Review 

2.0 Introduction    

Chapter Two reviews various literature and institutional documentations on the 

subject of E-waste management. In this literature review the chapter endeavors to 

cover various categories of E-waste, concepts, principles and models used in E-waste 

management, gives an overview of global, regional and national perspectives of E-

waste and the environmental impacts that result from unsound E-waste management 

practices. Furthermore, the chapter looks at institutions of higher learning and their 

contribution to E-waste generation and its subsequent management, covering case 

studies from both developed and developing countries.  

 

2.1 Categories of E-waste 

E-waste can be divided into the following categories presented in the table below: 

 

Table 2.1 Categories of E-waste 

E- waste categories Examples 

1. Large House hold Appliances: Washing machines, Dryers  Refrigerators, Air    

conditioners, etc 

2. Small House hold Appliances:      Vacuum cleaners, Coffee Machines, Irons, 

Toasters, etc. 

3. Office, Information &   

Communication Equipment: 

PCôs, Laptops, Mobiles, Telephones, Fax 

Machines, Copiers, Printers etc. 

4. Entertainment & Consumer, 

Electronics and Toys, Leisure, Sports 

and Recreational Equipment, and 

Automatic Issuing Machines: 

Televisions, VCR/DVD/DC players, Hi-Fi sets, 

Radios, etc, and Electric train sets, coin slot 

machines, treadmills etc and Vending machines, 

parking ticket equipment etc. 

5. Lighting Equipment: Fluorescent tubes and lamps, sodium lamps etc 

(Except Incandescent Bulbs, Halogen Bulbs)  
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6. Electric and Electronic Tools: Drills, electric saws, Sewing Machines, Lawn 

Mowers etc 

7. Security & health care equipment: Surveillance and Control Equipment (e.g. CCTV 

cameras, scanning equipment), and Medical 

Instruments and Equipment (e.g. x-ray and heart 

lung machines) etc. 

Source: (IMRB International, 2010) 

 

2.2 Concepts and Principles in E-waste Management 

In recent times with the ever increasing quantities of E-waste generation, a number of 

waste management concepts, principle and models have been used to formulate E-

waste management strategies. The aims of the various concepts is to mitigate or 

reduce negative environmental impacts of waste, promote waste as a raw material 

through recycling, reuse or energy generation and to make companies, communities 

and individuals more responsible for the waste they generate. This research looks at 

(four) basic concepts, principles and models that are fundamental to E-waste 

management namely: 

a) Concept of Waste Hierarchy (3Rôs) 

b) Principle Of Extended Producer Responsibility (EPR) 

c) Material Flow Analysis 

d) Concept of Zero Waste 

 

2.2.1 Concept of Waste Hierarchy (3Rôs) 

The Waste Hierarchy Concept is a classification of waste management options in 

order of their environmental impacts. They can be classified as reduction, reuse, 
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recycling and recovery and disposal. In Europe the waste hierarchy has five steps 

(Raina, 2010): 

 

1. Prevention  

2. Reuse  

3. Recycling 

4. Recovery, e.g. energy recovery 

5. Disposal 

 

The waste hierarchy has taken many forms over the past decade, but the basic concept 

has remained the cornerstone of most waste minimization strategies. The aim of the 

waste hierarchy is to extract the maximum practical benefits from products and to 

generate the minimum amount of waste (Raina, 2010; UNEP, 2007). 

 

The Waste Hierarchy Concept of waste impact minimization, by reducing quantity of 

wastes, reusing the waste with simple treatments and recycling the wastes by using it 

as raw material to produce same or modified products is usually referred to as ñ3Rò. 

As can be seen in Figure 2.1 prevention (reduce) is the most desirable in order of 

hierarchy, followed by reuse and recycling the least desired or favoured option.  
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Figure: 2.1: Waste Hierarchy (Raina, 2010) 

 

This concept is key to sustainable management of E-waste. Simply put the principle 

of 3R is for example, using resources with care can and will reduce the pace of 

consumption of resources, ultimately reducing waste significantly in waste streams. 

When products or consumables with long usable life span are reused over and over, it 

offsets harvesting of new resources to produce similar products. This reduces fresh 

resources exploitation and waste generation quantities. Some waste products can be 

used as raw materials for production of different goods or the same product, meaning 

recycling the same resource. This too saves fresh resource exploitation and offsets 

waste generation. All in all, the 3Rs individually or collectively reduce fresh resources 

exploitation, add value to the already exploited resources and very importantly 

minimizes the waste quantities generated and the resultant ill effects. Waste 

minimization efficiency is stated to be better achieved applying 3Rs in a hierarchical 

order ï Reduce, Reuse and Recycle (Raina, 2010; UNEP 2007) 
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2.2.2 Concept Extended Producer Responsibility (EPR) 

Extended producer responsibility (EPR), based on the ñpolluter paysò principle and 

entails making manufacturers responsible for the entire lifecycle of their products. 

One aim of EPR practice is to internalize the environmental costs of products into the 

product purchase price. Another is to shift the economic burden of managing products 

that have reached the end of their useful life from local government and taxpayers to 

the product producers and consumers (Lindhqvist, 2000; Lundgren, 2012; Sheehan & 

Spiegelman, 2006). 

 

The concept of EPR was first formally introduced in Sweden by Thomas Lindhqvist 

in a 1990 report to the Swedish Ministry of the Environment.  

 

Extended Producer Responsibility: ña policy principle to promote total life 

cycle environmental improvement of product systems by extending the 

responsibilities of the manufacturer of the product to various parts of the 

entire life cycle of the product, and especially to the take-back, recycling and 

final disposal of the productò (Lindhqvist, 2000). 

 

One of the essential features of EPR is ñtake-backò of end-of-life products thus 

creating closed looped systems that prevent pollution and promotes efficient use of 

resources. By promoting a ñcradle to cradleò responsibility, EPR demands a design 

strategy that takes into account the upstream environmental impacts inherent in the 

selection, mining and extraction of materials, the health and environmental impacts to 

workers and surrounding communities during the production process itself, and 
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downstream impacts during use, recycling and disposal of the products (EPR Working 

Group, 2008). 

 

2.2.3 Material Flow Analysis  

Material Flow Analysis is a generic term in analyses of matter flows (chemical 

elements, compounds, materials or commodities) which are based on material 

balancing representing the law of material conservation (Streicher-Porte et al., 2005). 

The goal of a material flow analysis is to increase the understanding of a studied 

system, which may lead to a better system control and management (Steubing et al., 

2008). The basic equation for material flow analysis is:  

    

ȹM = ễFin ï ễFout  -----Equ 2.1: Material Flow Analysis 

 

In Equation 2.1 ȹM represents the variation of the material stock in a process, ɆFin is 

the sum of flows entering a process and ɆFout is the sum of flows leaving a process 

(Steubing et al., 2008). 

 

Material flow analysis has been widely used around the world as an E-waste 

management tool e.g. a study by Lui et al. (2006) in China, used MFA to predict the 

quantity of obsolete electronic products from urban households and to analyse the 

flow after the end of their useful phase. The quantity handled in 2005 was 885,354 

units and is expected to double by 2010 due to consumption growth and the expansion 

of urbanization (Lui et al., 2006). The study estimated that the amount will increase to 
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approximate 2,820,000 units by 2020: 70% of the obsolete appliances will be awaiting 

collection for possible recycling, 7% will be stored at the owner's home for one year 

on average and 4% will be discarded directly and enter the municipal solid waste 

collecting system (Lui et al., 2006). The remaining items will be reused for about 3 

years on average after the change of ownership. The results of this study were aimed 

at assisting the waste management authorities of Beijing to plan the collecting system 

and facilities needed for management of E-waste generated in the near future. In Chile 

a study using MFA was used to comprehensively analyse E-waste in Chile, 

identifying relevant streams of E-waste and providing a basis for authorities and 

producers of electronic goods in order to take the necessary actions to establish an 

adequate recycling system (Steubing et al., 2008). In 2007, MFA was used in a 

research to quantifying the flows of small waste electrical and electronic equipment 

(sWEEE) in Germany and in the USA, as well as the flows of gold and palladium 

associated with the sWEEE (Chancerel, 2010). 

 

2.2.4  Concept of Zero Waste 

The concept of Zero waste is a waste management option borne out of material flow 

analysis. Zero waste postulates that the entire concept of waste should be eliminated, 

instead, waste should be thought of as a residual product or potential resource. 

Benefits such as reduced costs, increased profits, and reduced environmental impacts 

are gained when returning these residual products or resources are used as raw 

material to either natural and/or industrial systems.  This may involve the redesigning 

of both products and processes in an effort to eliminate hazardous properties that 
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make them unusable and unmanageable in quantities that overburden both industry 

and the environment (Zero Waste Organization, 2012; Lehmann, 2011).  The (two) 

material flow diagrams (Figure 2.2 and Figure 2.3) represent the current waste flow. 

The current material flow for traditional production systems are one-way and linear, 

going from the extraction of resources, manufacturing of goods, product use and then 

ultimate disposal.  Zero Waste seeks to redesign these systems to be cyclical, where 

there is no such thing as waste and discards are either designed out completely or fed 

back into the production cycle as raw material (Zero Waste Organization, 2012). 

 
Figure 2.2 Current material flows (Source: Zero Waste Organization, 2012) 
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Figure 2.3: Improved material flows (Source: Zero Waste Organization, 2012) 

 

In Japan, the town of Kamikatsu has embarked on a zero waste city campaign. The 

town has no garbage bins in any of the townôs homes, and thereôs no dump site. 

Instead, the residents compost all waste from their food, and sort other trash into 34 

separate categories, with sections for plastic containers, razor blades, Styrofoam, and 

various other paraphernalia (Hawkin, 2012). Although the Zero Waste Concept is 

highly ambitious and most likely not completely attainable, if the general principle is 

applied in the production of electrical and electronic equipment it could go a long way 

in sustainable management of E-waste.  
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2.3 E-waste Management 

2.3.1 E-waste Generation: a Global Perspective 

In 2008 the United States generated 3.16 million tonnes of EȤwaste this was an 

increased from 3.01 million tonnes generated in 2007 (USEPA, 2009).  E-waste 

constitutes from 2% to 5% of US municipal solid waste stream and is growing rapidly 

(Kang & Schoenung, 2005). The USEPA (2008) estimated that 29.9 million desktops, 

31.9 million computer monitors and 12 million laptops were discarded in 2007; that is 

over 112,000 computers discarded per day. In a 2006 report, the International 

Association of Electronics Recyclers projected that with the current growth and 

obsolescence rates over 3billion consumer electronics would be E-waste by 2010 in 

the United States.   

 

In 2008, around 10 million tonnes of E-waste was generated in the European Union 

(EU) and this volume is expected to increase by 3 to 5 percent a year (Deubzer, 2011). 

E-waste is the fastest growing waste stream in the EU, with estimates of between 1kg 

to 20 kg per person per annum and is increasing at about 3 times greater than normal 

MSW (Darby and Obara, 2005; Greenpeace, 2012). E-waste accounts for 8 percent of 

all municipal waste in Europe (Streicher-Porte, 2006) 

 

Asia is estimated to discard 12 million tonnes of E-waste each year (Greenpeace, 

2012). China after the USA (3 million tonnes) is the second largest producer of E-

waste, with an estimated 2.3 million tonnes generated annually (Xin, 2012). By the 



20 
 

year 2020, it is estimated that E-waste from computers in China will  have grown by 

200-400% and mobile phones will increase by 700%, while in India, computer waste 

is predicted to rise by 500% and E-waste from mobile phones will jump 1800 percent 

(Herat and Agamuthu, 2012; IMRB International, 2010).   

 

2.3.2 E-waste Collection and Disposal 

E-waste is a complex cocktail of hazardous and non-hazardous waste, which requires 

specialized collection, treatment and disposal (Bowcock, 2011). An efficient E-waste 

collection system ensures reuse, recovery, recycle and careful handling to avoid 

damage or breaking components that contain hazardous substances (UNEP, 2008). 

The following are some of the collection and disposal methods employed in various 

parts of the world. 

 

2.3.2.1 E-waste collection and Disposal in United States 

Currently, the U.S. E-waste collection and disposal focuses on two main methods: (i) 

E-waste collected as MSW and disposal in landýlls and (ii) E-waste collected for 

recycling in US or exported (Kahhat et al., 2008).  

 

Landfill Disposal 

The US is the global leader in E-waste generation, more than 4.6 million tonnes of it 

entered U.S. landfills in 2000, and that amount was projected to grow fourfold in the 

next few years (USEPA, 2009). Between 2003 and 2005, approximately 80ï85% of 

the E-waste ready for end-of-life management ended up in U.S. landýlls (Kahhat et 
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al., 2008; USEPA, 2008). This implies at the end-of-life most electronics are in 

discriminately thrown in trash bins where the E-waste is collected as MSW.  

 

Whether E-waste disposed of in landýlls is a threat or not to the environment and 

human health, the fact is there are major beneýts that can be realized from reuse and 

recycling and thus discourage the disposal of E-waste via landýll (USEPA, 2008). 

Table 2.2 shows the E-waste retirement estimates by management method in the U.S. 

for the years 2003, 2004 and 2005. The results showed that 80% of all E-waste ended 

up in landýll disposal or incineration and only 20% was recycled. 

 

Table 2.2: E-waste retirement estimates in US by management method (metric tonnes) 

Year Recycled Landfill  Incinerated Total 

2003 315.5 20% 1234.9 78% 35.1 2% 1585.5 100% 

2004 326.5 20% 1281.9 78% 36.5 2% 1644.8 100% 

2005 343.8 20% 1353.7 78% 38.5 2% 1736.0 100% 

Source: (Kahhat et al., 2008; USEPA, 2008) 

 

Recycling  

Of the 3.16 million tonnes of EȤwaste generated in the U.S in 2008, only 430,000 

tonnes or 13.6 % was recycled, the rest was trashed in landfills or incinerators. The 

year before in 2007, 3.01 million tonnes was generated and Eπwaste recovery rate then 

was also at 13.6% (USEPA, 2009). These figures compared to the results shown in 

Table 2.2 show a reduction in recycling within the US, this could be connected to 

exportation of E-waste to developing counties.  
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The Basel Action Network (BAN) and the Silicon Valley Toxics Coalition (SVTC) 

estimated that up to 80% of the U.S. E-waste initially collected for recycling purposes 

is being exported to developing countries for informal recycling procedures (Shelton, 

2010). Millions of tonnes of US scrap electronics each year are shipped to developing 

countries i.e. China and Pakistan for recycling because of cheap labor and low 

standards of environmental protection (Priyadharshini & Meenambal, 2011) 

 

2.3.2.2 E-waste collection and Disposal in Europe 

The European Union has adopted a number of community level regulations related to 

E-waste,  that are intended to ñpreserve, protect and improve the quality of the 

environment, protect human health and utilize natural resources prudently and 

rationallyò (EU, 2003).  

 

In January 2003, the European Commission-WEEE Directive (2003) adopted 

regulations related to five categories: (1) EEE product design, (2) E-waste collection, 

(3) E-waste recovery, (4) E-waste treatment and treatment financing and (5) EEE user 

awareness. The main considerations of the Directive included the recovery, recycle 

and reuse of E-waste. The regulation aimed to raise awareness of end-of-lif e factors 

during product design (EU, 2003; Lundgren, 2012).  

 

These factors include dismantling of parts and recyclability of materials, proper 

collection systems that support separate collection of e-waste to reduce disposal in 

common municipal waste streams, and best practices for treatment, recovery and 

recycling of E-waste (Kahhat et al., 2008; Priyadharshini & Meenambal, 2011). 
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In addition, according to the type of E-waste, producers should comply with the 

minimum recovery rates (70ï80% by weight) and ñcomponent, material and 

substances reuse and recyclingò rates (50ï80% by weight). Also, distinctions are 

made depending on the source of the E-waste: private household or non-private 

household, historical products or new products (Deubzer, 2011; EU, 2003). 

 

In August 2012, European Commission-WEEE Directive (2003) was updated and 

approved by the European Parliament. The updated directive significantly strengthens 

a range of E-waste regulations and imposes new targets that will require member 

states to collect 45 percent of electronic equipment sold for approved recycling or 

disposal from 2016, rising to 65 percent of equipment sold or 85 percent of electronic 

waste generated by 2019, depending on which goal member states choose to adopt 

(EU, 2012; Herat & Agamuthu, 2012; Murray, 2012; UNEP, 2012).  

 

European Parliament states (under the new regulations) better processing will help to 

recover more valuable raw materials and prevent harmful substances going to landfill. 

ñThe best recycling techniques should be used and products should be designed to be 

recycled more easily,ò (ENS, 2012). In addition, under the updated directive all 

Member States of the EU must increase their collection of E-waste, whether or not 

they already meet the current flat-rate target of four kilograms per person per year. 

The current target represents about two million tonnes per year, out of an estimated 10 

million tonnes of E-waste generated per year. Currently, the total amount of E-waste 

collected and appropriately treated is higher than the target at about one third of all 
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the electrical and electronic waste generated across the European Union (EU, 2012; 

ENS, 2012). 

 

2.3.2.3 E-waste collection and Disposal in Japan 

E-waste collection and disposal in Japan follows E-waste Laws that require 

manufacturers and importers to take-back end-of-life electronics for recycling and 

waste management and are meant to ensure separation of E-waste from the MSW 

stream (Widmer et al., 2005; Kahhat et al., 2008). 

  

The ñHome Appliance Recycling Lawò, enacted in 1998 and fully enforceable by 

2001, requires producers or importers to recycle four types of household E-waste: 

televisions, refrigerators, washing machines and air conditioners. In addition, 

consumers pay an end-of-life fee that covers part of the recycling and transportation 

expenses (Chung & Murakami-Suzuki, 2008; Herat & Agamuthu, 2012). The fees 

paid by consumers are between US$ 23 and US$46 (US$ 1 = JPY 107) that covers the 

recycling fee and an additional US$ 4 to US$ 19 (US$ 1 = JPY 107) collection fee to 

cover the transportation of the product to designated collection sites. The law also, 

obligates retailers to collect and transfer discarded products from consumers (Kahhat 

et al., 2008). 

 

In April 2001, Japan began compulsory recycling of business personal computers 

(PCs) and expanded the requirement to residential PCs in the summer of 2003 with 

the ñLaw for Promotion of Effective Resource Utilizationò (Chung & Murakami-

Suzuki, 2008; Herat & Agamuthu, 2012; Kahhat et al., 2008). The system was 
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initially managed by local authorities, but for PCs sold after October 2003, 

manufactures grouped in the PC3R Promotion Center are responsible for collection 

and recycling or reuse of computers (Kahhat et al., 2008). Computers under the PC 

recycling program have a ñPC Recycling Markò and include an invisible non-

refundable recycling fee in the sale price, so no additional charges are required. 

However, for products purchased before October 2003 and with no mark, customers 

will need to pay a collection and recycling fee that ranges from US$ 29 to US$40 

(Chung & Murakami-Suzuki, 2008; Kahhat et al. 2008). 

 

2.3.2.4 E-waste collection and Disposal in South Korea 

In 2003 South Korea enacted the Extended Producer Responsibility (EPR) Law which 

required local manufacturers, distributors and importers of consumer electronics such 

as air conditioners, TVs and PCs to achieve official recycling targets or face ýnancial 

consequences (Kahhat et al., 2008). The local manufacturers, distributors and 

importers are required by law to set up an account with the government to deposit 

recycling funds, which are refundable in proportion to the actual volumes of waste 

recycled (Chung & Murakami-Suzuki, 2008). Manufacturers and importers can either 

outsource their waste recycling activities to industry cooperatives and professional 

recycling companies or establish their own recycling facilities to meet the EPR 

requirements. Retailers and suppliers are also required to collect and transport used 

equipment for free if the customer purchases a similar product (Kahhat et al., 2008). 
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In 2003, the year the EPR program was first introduced in South Korea, 

approximately 70% of E-waste was collected by producers. Furthermore, that same 

year, 12% of collected E-waste was reused, 69% was recycled, and the remaining 

19% went to landýlls or incinerators (Kahhat et al., 2008).. By sector South Korean 

local government collects an estimated 40% of the total collected E-waste and 

producers and retailers collect about 50% (Kahhat et al., 2008). 

 

2.3.2.5 E-waste collection and Disposal in China 

Chinaôs legislative process on the E-waste management is slow. A detailed article on 

defining the producersô and consumersô responsibilities, collection and recycling 

target, specific financial and subsidy plan is non-existent. Furthermore, trying to use 

one standard policy to implement the E-waste management for various regions and 

provinces in China is difficult, which has different economical and social situation 

across the country (Lundgren, 2012; Schluep et al., 2009). The current E-waste 

recycling system developed spontaneously and haphazardly in China and still lacks a 

coherent, overall strategy encompassing financially viable, environmentally benign 

and safe management methods (Li et al., 2012). 

 

A study by the E-waste Civil Action Network, a Beijing NGO, revealed that 

convenience is the first priority most people take into consideration when disposing of 

their used electronic products (Li et al., 2012). Without convenient well established 

channels for the public to recycle E-waste, most people choose either to store or 

dispose of their discarded electronics together with other household trash. An 

estimated 60 percent of Chinese consumers, however, choose to sell the devices to 
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reclaim waste collectors or secondhand markets, which are easily found in some 

neighborhoods (Xin, 2012). Discarded computers and other high-end appliances are 

then sent by truck to unlicensed workshops for illegal processing, mainly in Zhejiang, 

Hebei or Guangdong provinces, all hubs for the underground disposal market (Xin, 

2012; Herat & Agamuthu, 2012;). Chinese informal recyclers use primitive methods 

to extract valuable material from the components, which poses great risk to the 

workersô health and local environment. In most cases basic working protection (i.e. 

gloves, masks) and medical insurance is non-existent (Schluep et al., 2009). For 

example, in Guiyu, recycling operations consist of toner sweeping, dismantling 

electronic equipment, selling computer monitor yokes to copper recovery operations, 

plastic chipping and melting, burning wires to recover copper, heating circuit boards 

over honeycombed coal blocks, and using acid chemical strippers to recover gold and 

other metals (Leung et al., 2006). Not all activities are related to recovery; some 

include open burning or dumping of unwanted E-waste. 

 

For the formal recyclers of the national pilot projects, technologies and equipments 

from the developed countries are preferred and imported, which is not totally 

appropriate for Chinaôs local situation. Formal infrastructures like pyrometallurgical 

smelters for PWBs recycling, high-standard landfill for hazardous waste and 

incineration plants for specific waste streams are not fully installed (Schluep et al., 

2009). 
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2.3.3 E-waste Treatment Technologies ï Recycling, Reuse and Recovery 

The composition of electronic waste consists of diverse constituents such as ferrous 

and non ferrous metals, glass, plastic, electronic components and various hazardous 

elements and compounds. While bulk materials such as iron, aluminum, plastics and 

glass account for over 80% of the weight, valuable and toxic materials are found in 

smaller quantities but are still of high importance (EMPA, 2009). Therefore, the 

major approaches or technologies used to treat E-waste are aimed at reducing the 

concentration of hazardous chemicals and elements through decontamination or 

dismantling, recycling and recovery of items of economic value and finally disposing 

E-waste fractions through either incineration or landfilling (UNEP, 2007).  

 

2.3.3.1 Dismantling and Segregation 

Manual dismantling and segregation is the first and more traditional way to separate 

hazardous materials from recyclable materials. In a pre-sorting process, the incoming 

electronic waste first is separated into the different categories, which are to be handled 

separately in the dismantling and segregation process. The dismantling process itself 

is performed with simple tools such as screwdrivers, hammers and tongs (EMPA, 

2009; UNEP, 2007). Examples of manual dismantling and segregation of E-waste is 

shown in Plates 2.1 - 2.4.    
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Dismantling and segregation process can also be performed mechanically. Typical 

components of a mechanical dismantling plant are crushing units, shredders, magnetic 

separators and air separators (EPMA, 2009). 

 

 

Plate 2.1: Dismantling and segregation of 

computer parts in the formal recycling and most 

developed countries (source: Construction Week, 

2011) 

Plate 2.2: Dismantling and segregation of 

smaller PC part in formal recycling and 

most developed countries (source: The 

Hindu, 2011) 

Plate 2.1: Dismantling of electronic parts in the 

informal recycling and most developing 

countries (source: Earth 911, 2013) 

Plate 2.4: Dismantling CTR Monitor 

part in informal recycling and most 

developing countries (source: As You 

Sow Foundation, 2013) 
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2.3.3.2 Refurbishment and Reuse 

According to Microsoft (2008), the most environmentally responsible way to deal 

with discarded Personal Computers (PC) is to refurbish them so they can be reused. 

These refurbished PCs increase access to information technology for underserved 

populations that might not otherwise be able to afford a PC. The United States is the 

primary source of used PCs imported to a number of developing countries i.e. Peru, 

China and Pakistan (Kahhat & Williams, 2009; Lundgren, 2012).. Analysis of 

shipment value revealed that 87-88% of imported used computers had a price higher 

than the ideal recycle value of constituent materials (Kahhat & Williams, 2009). 

Therefore, the official trade in end-of-life computers is driven by reuse as opposed to 

recycling (Kahhat & Williams, 2009; Lundgren, 2012). 

 

There are over 1,000 organization in 60 countries that are part of the Community 

Microsoft Authorized Refurbishers (Community MAR) programme (Microsoft, 

2008). Through Community MAR, Microsoft provides genuine operating system 

(OS) and office productivity software at nominal cost to Refurbishers. The 

refurbished PCôs with up-to-date software are sold at little or no cost to schools, non-

profit organization or developing countries (Microsoft, 2008). In Colombia, the 

government has an initiative called ñComputadores para Educarò translated 

ñComputers for Schoolsò with the aim to supply public educational institutions 

(mainly schools) with information technology (IT), through the refurbishment and 

maintenance of computers (USEPA, 2012).  
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The approach to refurbish and send for reuse in less fortunate communities maybe 

seen as honourable since it helps bridge the technological divide between the rich and 

poor or developed and developing countries. However, the approach can also be 

argued as, developed countries merely shifting the burden of E-waste to developing 

countries because sooner than later these refurbished electronics will reach end-of-life 

and the burden of disposal then falls on to the less fortunate or developing countries. 

Considering the limited technology in developing countries and the crude method 

used in E-waste recovery and recycling, the environmental and human risk is far 

reaching (Lundgren, 2012).  However, E-waste that cannot be refurbished and reused 

can still be dismantled and certain composite parts can be reused for other purposes or 

kept for spare parts and the remaining parts sent for recycling. This saves valuable 

raw materials, as well as the energy and water used in manufacturing process. Plates 

2.5 ï 2.8 show some uses of end-of-life electronics.  

 

    

 

Plate 2.5: Discarded Apple Mac monitor 

reused as fish tank (source: Treehugger, 

2012) 

Plate 2.6: CRT monitor covers reused as 

waste paper bins (source: Treehugger, 2012) 
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According to General Motors (GM) based on the companyôs new innovation in reuse 

technology, in the future it might be a common sight to see a group of homes or small 

commercial buildings being powered by an ñoff the gridò system made up of 

repackaged Chevrolet Volt batteries (See Plate 2.8). General Motors and ABB have 

partnered to produce a prototype back-up power storage unit that repackages five used 

Chevrolet Volt batteries into a modular unit that becomes an uninterruptable power 

supply and grid power balancing system (General Motors, 2012).  

 

2.3.3.3 Recovery and Recycling  

The benefit of carrying out manual dismantling is that after the disassembly of the 

equipment, it can be easily grouped into different fractions in its complete and intact 

forms, which could reduce the separation effort in the recovery and enable the 

reclaiming of the reusable parts. Notwithstanding eco-efficiency in manual 

Plate 2.7: Discarded keyboard reused as 

a pen/pencil holder.  (Source: Earth 

911, 2013) 

Plate 2.8: General Motors and ABB ï 

prototype back-up power storage unit that 

reuses discarded Chevrolet Volt batteries 

(Source: General Motors, 2012). 
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dismantling most recycling process in the formal sector or developed countries use a 

mechanical process (EMPA, 2009; ITU, 2012).  

 

In industrial large scale operation mechanical processing is used to obtain 

concentrates of recyclable materials from E-waste and also to further separate 

hazardous materials. Mechanical processing facilities include crushing units, 

shredders, magnetic- and eddy-current- and air-separators. The mechanical recycling 

process uses multiple stage shredding steps to reduce the E-waste in size. The 

different metal fractions are then extracted from the shredded E-waste using a 

magnetic belt to remove ferrous metals followed by an eddy current separator which 

removes non-ferrous metals. Using optical sorting, eddy current separation or 

vibration separation density separation among other methods, the non-ferrous material 

is further separated into aluminum, brass, copper etc. The remaining non-metallic 

material is then processed in order to separate circuit boards and wire, while the other 

remaining fractions are landfilled (EMPA, 2009; UNEP, 2007; ITU, 2012).  

 

The next step in E-waste recycling is recovery. The three main technologies used in 

recovery are: (i) Pyrometallurgy (ii) Hydrometallurgy and (iii) Electrometallurgy. 

 

i. Pyrometallurgy has been a traditional technology for recovery of precious 

metals from waste electronic equipment. The technology uses high 

temperatures that include smelting and roasting to chemically convert the feed 

materials and separate metals and impurities into different phases so valuable 
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metals can be recovered. Pyrometallurgy involves heating in a blast furnace at 

temperatures above 1500°C to convert waste to a form that can be refined. The 

oxide waste is heated with a reducing agent, such as carbon in the form of 

coke or coal; the oxygen of the metal combines with the carbon and is 

removed in carbon dioxide gas. The waste material in E-waste (non-metallic 

parts) is called gangue; it is removed by means of a substance called a flux 

which, when heated, combines with it to form a molten mass called slag. 

Being lighter than the metal, the slag floats on it and can be skimmed or drawn 

off. Examples of technical hardware are submerged lance smelters, converters, 

rotary furnaces, electric arc furnaces etc (Cui & Zhang, 2008; UNEP, 2007). 

 

ii.  Hydrometallurgy , sometimes called leaching, involves the selective 

dissolution of metals from their waste. Hydrometallurgical processing 

techniques use strong acidic or caustic watery solutions to selectively dissolve 

and precipitate metals. Metal is recovered by electrolysis of the solution. If 

metal obtained from waste still contains impurities, special refining processes 

are required (Cui & Zhang, 2008; UNEP, 2007). In the informal sector or 

developing countries, precious metal recovery from E-waste usually employs 

wet chemical leaching processes using hazardous substances e.g. cyanide and 

nitric acid (Schluep, 2010).  

 

A combination of unit operations from the different groups is often necessary to 

achieve optimal and efficient metal recovery. Biometallurgical methods using bacteria 

or fungi are in a research stage only and are currently not applied in the E-waste 
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recycling chain (UNEP, 2007). Examples of informal and formal recovery methods 

are shown in Plates 2.9 - 2.10 and Plates 2.11 ï 2.12 respectively.  

 

 

    

 

 

 

 

  

 

 

Table 2.3 compares efficiency and sustainability of crude precious metals recovery 

technologies used in informal sector to those used in the formal sector.  

Plate 2.9: Informal Recycler cooks PC 

motherboards over solder to remove chips and 

valuable metals ï China (source: Blogs Indium, 

2012)  

Plate 2.10: Bonfires of electronic trash 

to scavenged valuable metals especially 

copper ï Ghana (source: source: Blogs 

Indium, 2012)  

 

Plate 2.11: State of the art Smelter for 

E-waste recycling plant (source: Gold 

International Machinery, 2012). 

Plate 2.12: State of the art Refining Unit for E-

waste recycling plant (source: Gold 

International Machinery, 2012). 
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Table 2.3: Efficiency and Sustainability of Gold Recovery by Technology (India) 

Informal Sector  Formal Sector: State of Art Smelter  

¶ only about 20% gets recovered 

¶ More than 60% loss due to the 

manual dismantling process 

¶ More than  50 % loss due to the wet-

chemical leaching process 

¶ Emissions are dramatic: up to 400x 

the European thresholds 

¶ Recovery rate of up to 95% Plus 

other metal, e.g. palladium, silver, 

copper etc, 

¶ High ï tech off-gas control and 

treatment system 

Source: (Schluep, 2010) 

 

2.3.3.4 Treatment and Disposal  

The final stage in E-waste Treatment Process is treatment/disposal that comes after 

recovery/recycling. After recovery/recycling the remaining E-waste is disposed of in 

landfill sites or sometimes incinerated (expensive), CFCs are treated thermally, PCB 

is incinerated or disposed of in underground storages, Mercury is often recycled or 

disposed of in underground landfill sites 

 

¶ Landfilling : is one of the most widely used methods for E-waste disposal after the 

recovery or recycling process. In landfilling, trenches are made on the flat 

surfaces. Soil is excavated from the trenches and the waste material is buried in it, 

which is then covered by a thick layer of soil. Modern techniques like secure 

landfill are provided with some facilities like, impervious liner made up of plastic 

or clay, leachate collection trough that collects and transfer the leachate to 



37 
 

wastewater treatment facility. The degradation processes in landfills are very 

complicated and run over a wide time span (EMPA, 2009). 

 

¶ Incineration : It is a controlled and complete combustion process, in which the 

waste material is burned in specially designed incinerators at a high temperature 

(900-1000
o
C). The advantage of incineration of E-waste is the reduction of 

volume of waste and the utilization of the thermal energy content of combustible 

materials. Some plants recover iron from the slag for recycling. By incineration 

some environmentally hazardous organic substances are converted into less 

hazardous compounds. However, the disadvantage of incineration is the emission 

into the atmosphere of harmful substances that escape flue gas cleaning and the 

large amount of residues from gas cleaning and combustion. E-waste incineration 

plants contribute significantly to the annual emissions of cadmium and mercury. 

In addition, heavy metals not emitted into the atmosphere are transferred to slag 

and exhaust gas residues and can reenter the environment on disposal. Therefore, 

E-waste incineration will increase these emissions, if no reduction measures like 

removal of heavy metals are taken (EMPA, 2009). 

  

2.3.4 E-waste Trans-boundary Movement 

The market for electrical and electronic equipment is increasing rapidly in developing 

countries or countries with economies in transition. The thirst for electrical and 

electronic equipment is giving an equally rapid rise in E-waste (Bowcock, 2012; 

Puckett, 2011). Currently, most used or second-hand electronic equipment, including 
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E-waste is exported from developed countries to developing countries, typically for 

re-use, repair or recovery of materials (Kahhat & Williams, 2009; Puckett, 2011).   It 

must be noted that more often than not exports of E-waste take place to avoid costs of 

more diligent environmentally sound management at home, by allowing the waste 

management to be transferred to weaker economies that are not likely to possess the 

infrastructure, technology and societal safety nets to prevent harm to human health 

and the environment (Puckett et al., 2002; Widmer et al., 2005). Figure 2.4 below 

depicts the transboundary movement of E-waste around the world. Most of the E-

waste from U.S is exported to China, South America and Africa and that from 

Western Europe is exported to Eastern Europe, Africa and Asia. Within the Asian 

regions large E-waste generators such as South Korea and Japan export their E-waste 

mainly to China and Australia mainly ships it E-waste to Asia. 

 

 
Figure 2.4: Transboundary Movement of E-waste (Source: Lundgren, 2012) 
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The transboundary movement of E-waste is practically impossible to quantify with a 

large component of this trade being concealed from the official radar (Laha, 2011). 

The Basel Action Network (BAN) and the Silicon Valley Toxics Coalition (SVTC) 

estimated that up to 80% of the U.S. E-waste initially collected for recycling purposes 

is being shipped to developing countries for informal recycling procedures (Kahhat et 

al. 2008; Puckett, 2011; Shelton, 2010). The E-waste is exported mainly to China and 

other East Asian countries for cheap recycling and final disposal or due to the low 

labour costs and less stringent environmental regulations in this region (Puckett, 

2011). 

 

According to a US Interagency Task Force on Electronics Stewardship (2011), a 2005 

US Industry Report estimated recyclers export 74% of used electronics for reuse, 

refurbishing and recycling and much of this ends up in Asia, China to be 

specific. While the Chinese banned the import of E-waste back in 2000, the business 

has gone underground, creating a lucrative industry that profits from the dismantling 

of electronics and reselling of reclaimable materials (Barnes, 2011).  The continued 

transboundary movement of E-waste has been linked to the complicit role of many 

US electronics-recycling centres, notorious for accepting waste under the pretence of 

responsible recycling and then quietly shipping it to China, India, Africa and other 

parts of the world, without proper oversight (Barnes, 2011; Lundgren, 2012).  

 

The magnitude of illegal transboundary shipments of E-waste is growing; estimates 

from 2010 indicate that 40% of E-wastes from Europe alone are being exported to 

Asia and Africa (Olowu, 2012). In Ghana, Greenpeace documented E-waste from 
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USA, Japan and European which included brand names: Sony, Philips, Nokia, 

Microsoft, Canon, Dell and Siemens. Furthermore, labels revealed the equipment 

came from a range of organizations such as Den Kongelige Livgarde ï the Danish 

Royal Guard and the US Environmental Protection Agency (Greenpeace, 2008).  

 

Exporting hazardous electronic waste is illegal in the European Union, but the US 

Environment Protection Agency classifies it as legitimate recycling (Greenpeace, 

2008). The export of used electronics to developing countries is often hailed as 

ñbridging the digital divideò but, all too often this simply means dumping useless 

equipment on the poor. One estimate suggests that 25-75% of ñsecond hand goodsò 

shipped into Africa cannot be reused (Greenpeace, 2008). In Nigeria, estimates of the 

number of computer imports found to be non-functioning range from 75 to 95 percent 

of each shipment (Olowu, 2012). 

 

2.3.4.1 International Legislation and Initiatives in E-waste Management 

a. The Basel Convention on the Control of Transboundary Movements of 

Hazardous Wastes and their Disposal was adopted in 1989 to regulate the 

transboundary movements of hazardous wastes and the provision of a scheme 

that would ensure the environmentally sound management of hazardous 

wastes.  The Basel Convention does not place a ban on the transboundary 

movements of hazardous wastes and their disposal; it only attempts to control 

the latter. The convention requires an exporter/importer to seek and get the 

consent of the States through which the waste is to go through, as well as, that 

of the State of import before the actual movement of the hazardous waste. The 
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Ban Amendment to the Basel Convention (Basel Ban) seeks to strengthen the 

convention by prohibiting export of hazardous waste for any reason from 

Organization of Economic Cooperation and Development (OCED) member 

States to non-OECD States. The Basel Ban is yet to come in force (Azuka, 

2009; BAN 2010; Basel Convention, 2011; Puckett, 2011).   

 

After the Basel Convention Conference of Parties in 2006 hosted in Nairobi, 

Kenya, the conference adopted the Nairobi Declaration on the environmentally 

sound management of electrical and electronic waste in which parties declare 

that they will raise awareness, promote the exchange of information, promote 

clean technology and green design for electronic products and to recognize the 

Basel Convention as the main global instrument to guide the environmentally 

sound management of hazardous E-waste (Ecroignard, 2008). 

 

b. The Asian Network for Prevention of Illegal Transboundary Movement 

of Hazardous Wastes: was established in 2003 at the initiative of the 

government of Japan and aims at facilitating the exchange and dissemination 

of information on transboundary movements of hazardous wastes and selected 

used/secondhand equipments among North-east and South-east Asian 

countries. The initiative also assists participating countries in formulating 

appropriate legislative response to such movements under each country's 

system, taking into consideration necessary procedures required by the Basel 

Convention. The Network also provides useful information that can contribute 

to capacity building of the participating countries for the implementation of 
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the Basel Convention. The Participating countries are Brunei Darussalam, 

Cambodia, China, Hong Kong SAR (China), Indonesia, Japan, Republic of 

Korea, Malaysia, Philippines, Singapore, Thailand and Vietnam (Ministry of 

Environment-Japan, 2013). 

 

c. The StEP (Solving the E-Waste Problem): started in 2004 after the 

publication of a book by the United Nations University investigating the 

environment and computers. The aim of the international initiative is to 

analyse the problem of electronics and the environment and create a dialogue 

on the issues. Together with members from various UN organizations, 

industry, governments, international organizations, NGOs and the science 

sector, the StEP initiative seeks to establish sustainable approaches to handling 

E-waste (Bowcock, 2011). 

 

d. The E-Stewardship: is a project of the Basel Action Network. In 2003 BAN 

launched the e-Stewards Pledge programme, which certified recyclers that use 

only globally-responsible, safe and environmentally-friendly means to process 

E-waste. They must abide by a number of criteria for E-waste management, 

including:  

¶ No disposal in landfill or incinerators.  

¶ No prison labour  

¶ No export to poor communities.  
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Without appropriate national or international legislature this community-led action 

aims to set a market incentive for recyclers to use only environmentally friendly 

methods (Bowcock, 2011). 

 

2.3.5 Malaysian Perspective  

According to the Malaysian Director General of the Environment, electrical and 

electronic waste (E-waste) is one of the emerging issues that have caught the attention 

of various parties including policy makers, non-governmental organizations (NGO) 

and the general public globally. This growing concern is due to the ever increasing 

volume of E-waste being generated resulting in activities such as collection, 

dismantling and disposal of E-waste that has caused environmental pollutions and 

adverse impact to public health (Malaysia DOE, 2010).  

 

2.3.5.1 E-waste Policy 

E-waste in Malaysia is regulated under the Environmental Quality (Scheduled 

Wastes) Regulations 2005, the inclusion of E-waste in the 2005 regulation is to 

adequately control the management of these wastes generated in the country as well 

as to enable Malaysia to disallow importation of used electrical and electronic 

equipment either for refurbishment or recovery only for short term usage, following 

which the equipment is disposed of (Malaysia DOE, 2010). 
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E-waste is categorized as scheduled wastes under the code SW 110, First Schedule, 

Environmental Quality (Scheduled Wastes) Regulations 2005. The SW 110 wastes 

are defined as wastes from the electrical and electronic assemblies containing 

components such as accumulators, mercury-switches, glass from cathode-ray tubes 

and other activated glass or polychlorinated biphenyl-capasitors, or contaminated with 

cadmium, mercury, lead, nickel, chromium, copper, lithium, silver, manganese or 

polychlorinated byphenyls (Malaysia DOE, 2010). 

 

E-wastes are also listed as code A1180 and code A2010 under Annex VIII, List A of 

the Basel Convention on the Control of Transboundary Movements of Hazardous 

Wastes and their Disposal 1989. Malaysia being Party to the Basel Convention, the 

importation and exportation of such wastes must follow the procedures of the 

Convention. Importation or exportation of the wastes require prior written consent 

from the Department of Environment as mandated under Section 34B(1)(b)&(c), of 

the Environmental Quality Act, 1974 (Malaysia DOE, 2010). 

 

2.3.5.2 E-waste Generation 

Going by the Malaysia DOE classifications they are two categories of E-waste 

generators that are the Industrial Sector and Non Industrial (Households, Business and 

Institutions). The DOE reported that the amount of E-waste generated from the 

industrial sector in 2009 was 134,036 tonnes, 163,340 tonnes in 2010 and drop to 

152,722 tonnes in 2011. The combined E-waste generated by households, 

businesses and institutions sector amounted to 652,909 tonnes in 2006, 695,461 

tonnes in 2007 and 688,068 tonnes in 2008 (DOE Malaysia, 2012). The Malaysia 
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DOE (2011) projected that Malaysia E-waste generation would reach 1.1million 

tonnes per year by 2020 (Figure 2.5). However, an E-waste inventory for Malaysia 

was conducted in 2008 with funding from Ministry of Environment ï Japan found 

that Malaysia generated 1.1 million tonnes of E-waste in 2008 (Herat & Agamuthu, 

2012). Therefore, current E-waste generation levels have already surpassed the 10 

year projections made by DOE in 2008.  

 

 
Figure 2.5: Estimated quantities of E-waste generation (Malaysia DOE, 2011) 

 

2.3.5.3 E-waste Collection 

In 2007, 400 recycling bins were placed by DOE at 200 sites such as supermarkets, 

universities, government offices around the Klang Valley and all DOE State Offices 
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for the public to deposit used electronics (Malaysia DOE, 2011). However, this 

exercise was limited to used cell phones, cell phone batteries and other accessories, 

computers and their accessories, as well as television sets can be taken to the E-waste 

collection centres. At the end of 2007, DOE collected two tonnes of discarded 

batteries which were sent to local recycling facilities. The Eπwaste collection centres 

are managed by the solid waste concessionaires or local authorities (Malaysia DOE, 

2011). In 2011, a pilot study on the collection of E-waste from households was carried 

in Penang, the outcomes were considered to be useful as inputs for the drafting of 

regulations on take-back for E-waste in Malaysia (Malaysia DOE, 2012). 

 

In a study in Shah Alam by Kalana (2010) suggests E-waste produced by 

multinational electrical and electronic manufacturers and other large companies is 

collected by licensed E-waste contractors. The E-waste generated from individual 

households is not commonly collected, and only a limited number of E-waste 

contractors collect E-waste from the public. The reason for this Kalana (2010) says is 

because E-waste generated by household is in small amounts. Industry initiatives such 

as the "Recycle PC" campaign launched in 2005, spearheaded by the Association of 

the Computer and Multimedia Industry of Malaysia (Pikom) and Alam Flora Sdn Bhd 

a waste management company witnessed the collection 816 computers and 

peripherals between March 10 and April 30, 2005. This included 147 CPUs, 194 

computer monitors, 428 printers, and 47 miscellaneous PC components (Hawari & 

Hassan, 2010). In general, electrical and electronic waste from industries and 

commercial centres are properly collected and sent to the recovery facilities, however 

collection of E-waste from household needs to be improved (Malaysia DOE, 2012) 
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2.3.5.4 E-waste Recycling 

Under Environmental Quality (Scheduled Wastes) Regulations 2005, E-waste can 

only be transported by licensed contractors and delivered to licensed recycling facility 

or disposed off in the centralized scheduled waste treatment and disposal facility in 

Bukit Nanas, Negeri Sembilan. The E-waste shall be recycled and recovered at 

prescribed or licensed premises while disposal must take place at prescribed premises 

only and must be carried out in an environmentally sound manner (Kalana, 2010; 

Malaysia DOE, 2010) 

 

Currently in Malaysia there are 155 E-waste recovery facilities licensed by DOE of 

which 135 facilities are ñpartial recoveryò and another 20 facilities are ñfull recoveryò 

(Malaysia DOE, 2012). The recovery facilities have a total capacity to handle 24,000 

tonnes of E-waste a month (Kamar, 2012).  The residue from the partial recovery 

facilities are still considered as scheduled wastes and need to be sent to full recovery 

facilities (Malaysia DOE, 2012). 

 

The study by Kalana (2010) also revealed that the preferred methods of E-waste 

disposal by Shah Alam residents are storage and sale as secondhand equipment at 

48% and 37%, respectively. Only a fraction of electronic waste (22%) finds its way 

to recycling facilities as there is no efficient take-back scheme for consumers. Most 

of the public do not know where and how to dispose of E-waste in a proper manner. 

Consequently, they resort to disposing electronic waste together with other 

household wastes. Therefore, a lack of proper management or collection method for 
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E-waste generated by household means large cumulative quantities of E-waste in 

Malaysia is indiscriminately disposed of into the MSW stream and ends up in landfill 

or dump sites posing great environment risk (Kalana, 2010).  

 

2.3.5.5 E-waste Management Technologies  

The main technology employed to recover Eπwastes in terms of precious metals in 

Malaysia is still limited to wet chemical processes and electrolysis (Malaysia DOE, 

2011). In most recycling facilities in Malaysia the two recovery techniques come 

after: 

¶ Dismantled and Segregated: E-waste is manually dismantled and segregated 

into a ñwaste streamò of plastic, ferrous metal and electronic scrap. 

 

¶ Compacting: Depending on the specialization of the recycler, E-waste in the 

form of plastic, paper packaging and ferrous metals are crushed and 

compacted for easy handling and transportation before being shipped to other 

recyclers that specialize in such materials. 

 

¶ Crushing: Electronic components that may contain precious metal are 

stripped down and then crushed into smaller pieces in preparation for the 

chemical process. 
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¶ Electrolysis: The electronic pieces are dumped into an extraction tank where 

mineral i.e. copper, gold and other precious metals are separated by 

electrolysis. 

 

¶ Separator: The processed electronic parts are crushed into powder for further 

processing. For example the Cycle Trend Industries recovery centre has 

separator facilities that separate dry materials according to weight or size, right 

down to particles as small as 1µm. The centre uses linear, circular and 

elliptical, vibrating and gravity separators depending on the material being 

processed. 

 

2.3.5.6 E-waste Trans-boundary Movement in Malaysia 

Malaysia is party to the Basel Convention on the Transboundary Movements of 

Hazardous Waste and Their Disposal 1989 and subscribes to the requirements of the 

Convention on the exportation and importation of electronic waste. Therefore, the 

transboundary movement of scheduled waste requires a prior written approval from 

the Director General of DOE and follows the Guidelines for the Classification of 

Used Electrical and Electronic Equipment in Malaysia as published in 2008 and 

amended in 2010 to facilitate the management of E-waste (Malaysia DOE, 2010): 

 

ü The guidelines spell out the category and characteristics of E-waste and 

the requirements of the importation of Used Electrical and Electronic 

Equipment for direct reuse; 
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ü Used Electrical and Electronic Equipment (UEEE) older than 3 years is 

not allowed to be imported. This is to stop the importation of obsolete IT 

equipment; 

 

ü Importation of E-waste for recovery and disposal is not allowed;  

 

ü Starting from 2011, consideration for exportation of E-waste for recovery 

is only given on the case-to-case basis since there are already recovery 

facilities established in Malaysia to process and recover useful materials 

from E-wastes. Malaysia will only allow the exportation of E-wastes for 

recovery overseas, if the local recovery facilities do not have capability 

and capacity to carry out such activity and before DOE can allow E-wastes 

to be exported. The E-wastes generator/exporter must submit proof. The 

exportation of E-wastes for final disposal is totally not allowed (Malaysia 

DOE, 2011). 

 

In the Asian region the main E-waste recycling markets are China, India and Pakistan. 

The region receives transboundary shipments of E-waste from all over the globe 

(USA, Europe, Australia, and Middle East) and intra-regional movement from OECD 

countries i.e. Japan and South Korea (Figure 2.6). Malaysia sits in the centre of what 

can be said is the transit route for E-waste from every corner of the globe making it a 

likely target for receiving and dispatching E-waste en route to various recycling sites 

around the region. 
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Figure 2.6: Transboundary Movement of E-waste ï Asian Region (Source: BAN, 

2010). 

 

Malaysia is also the final destination for some transboundary movement of E-waste. 

According to Malaysia DOE despite the stringent regulation of transboundary 

movement of E-waste Malaysiaôs illegal importation of E-waste still persist. Between 

2008 and 2011, Malaysian authoritiesô intercepted 38 containers containing E-wastes 

and returned them to the exporting countries (Malaysia DOE, 2012). And in 2009, a 

Malaysian company manager was sentenced to a one day jail and was fined RM 

180,000.00 (US60, 000) for illegally importing of E-waste (Malaysia DOE, 2012). 
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Malaysia is also party to the regional initiative of The Asian Network for Prevention 

of Illegal Transboundary Movement of Hazardous Wastes.  

 

2.3.2.7 E-waste Awareness 

A review of various literature shows that there seems to be a gray area in what the 

level of knowledge on E-waste is in the country. A study by Kalana (2010) in Shah 

Alam reveals that the level of public awareness on E-waste as a recyclable material is 

relatively high. However, what is lacking is the knowledge on what to do or where to 

take the E-waste let alone the environmental and health risks associated with unsound 

management of E-waste. Kalanaôs view is also shared by Harman Shah et al., (2012).  

 

Kalana goes on to state, most of the households do not know where and how to 

dispose of electronic waste in a proper manner consequently, they resort to storing the 

E-waste in their premises or dispose of it together with general waste (MSW). 

Therefore, there is a general lack of public knowledge on the environmental and 

health risk, this is a view also shared by the Minister of Natural Resources and 

Environment:  

 

ñI know some MPs who canôt tell the difference. When you donôt know, thatôs 

where the problem starts. People will dump food, wires, telephones and other 

items into rubbish bins.ò Datuk Seri Douglas Uggah Embas ï Natural 

Resources and Environment Minister (Yu, 2010) 

 




