W Durham
University

AR

Durham E-Theses

Making Sense of Environmental Governance: A Study
of E-waste in Malaysia

TENGKU-HAMZAH, TENGKU,ADELINE,ADURA

How to cite:

TENGKU-HAMZAH, TENGKU,ADELINE,ADURA (2011) Making Sense of Environmental
Governance: A Study of E-waste in Malaysia, Durham theses, Durham University. Available at
Durham E-Theses Ounline: http://etheses.dur.ac.uk/670/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/670/
 http://etheses.dur.ac.uk/670/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

Making Sense of Environmental Governance: A Studyfde-waste

in Malaysia

Tengku Adeline Adura Tengku Hamzah

ABSTRACT

The nature of e-waste, which is environmentallyaslisous but economically
precious, calls for close policy attention at aledls of society, and between
state and non-state actors. This thesis investigaee roles of state and non-
state actors in e-waste governance in Malaysias Thiundertaken through
analysis of e-waste governance, particularly faogisin the locally generated
industrial and household e-waste, from the perspeatf multiple actors,
levels and modes of governance.

From the perspective of multiple actors governatias,thesis recognises three
main actors of e-waste governance in Malaysia -stag actor, and two types
of non-state actors — the Private Sector Actors #mel Civil Society
Organisations. Although it appears theoreticaliypde to classify actors of
governance into one of these categories, in pedlie line separating these
two categories is blurry.

From the multiple modes perspective, empirical enak from this research
has shown that state and non-state actors arevewadh four modes of
governance — the hierarchical, persuasion, seleg@nce and co-governance
mode; with the roles of state actors being morengmnent in the hierarchical
modes, while the roles of non-state actors are nsgaificant in the
persuasion, self-governance and co-governance m@&tate and non-state
actors are jointly involved in one variant of covgonance which is the public-
private partnership (PPP). Although the inclusioin non-state actors in
governance is usually on ‘acutely constrained térflirdoch and Abram
1998: 49), they may influence the process of decisnaking.

From the perspective of multi level governances iapparent that power and
authority in e-waste governance transcend beyoaddtundary of sovereign
states with the introduction of supra-national $égfion such as the Basel
Convention, WEEE directive and RoHS directive. Thas direct implication
on Malaysia as she is a party to Basel Conven#ind, produces electrical and
electronic equipment for global market.
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Chapter 1: Introduction

1.1 E-waste: An Introduction

One of the consequences of life is the generatiomaste. In today’'s modern
life, the generation of a new type of waste - thast® of electrical and
electronic equipment or e-waste - is growing exptdiadly due to the

increasing penetration of electrical and electrateuices into every aspect of
modern lifestyle. It is estimated that the worldi®duction of e-waste is about
40 million tonnes per year (UNEP 2010, Schluepl.e2@09). E-waste is said
to be the fastest growing waste stream in the w(iidorom and Osibanjo

2008, Jain 2008, Cui and Forssberg 2003), withgtiogvth rate at 3% to 5%
per year (Secretariat of the Basel Convention 2@0Mohan et al. 2008),

which is three times faster than the general wfBteket et al. 2002), thus

creating a great management challenge to most wesimtoridwide.

Managing e-waste is a challenging task, not onky ttuits rapidly increasing
volume, but more importantly because of its hazasdmature. E-waste
contains numerous hazardous substances which msg @aothreat to the
environment and human health if they are not disgosf in the correct
manner. On average, 9% of the weight of e-wastenasle of hazardous
substances such as lead, cadmium, mercury (heatglshand other toxic
chemicals (Umweltbundesamt 2006, in Sarkar 2008).example, beryllium
is used to make computer motherboards, cadmiuranmcenductors, and lead
is found in computer monitors as well as batterdedesk top computer with a
15-inch CRT (cathode ray tube) monitor has an aermass of 25 kg
(Robinson 2009), may contain as much as five pogadsut 2.3 kg) of lead
(Pinto 2005). Due to its hazardous nature, e-wastgls to be disposed of in
an environmentally sound manner. However, seveetiofs such as lack of

information on how to dispose e-waste properlyk lat facilities for proper



disposal, and the absence of effective regulatiomarmthat e-waste is

frequently discarded together with normal househdte.

Once in the household waste stream, e-waste malyspesed of in landfill or
through incineration. The presence of e-waste mafik may bring disastrous
environmental impacts. This is because the hazardabstances in e-waste
may leach into watercourses, causing contaminadifosoil and water and
associated health risks. Even a small amount oasteventering landfill sites
can contain a relatively high amount of heavy nsetahd halogenated
substances (Janz and Bilitewski 2008) due to tigh lsoncentration of the
materials. A research study by NGOs in the UniteateS of America (USA),
such as Basel Action Network (BAN) and Silicon gl Toxic Coalition
(SVTC) revealed that 70% of heavy metals foundamdfills in the USA come
from e-waste (Puckett at al. 2002). E-waste is dlsposed of in incinerators.
The presence of flame retardants and chlorine eltsmia plastic (which is
used as casings in many electrical and electrorodyets) can lead to the
release of dangerous gases such as dioxins, fupoigcyclic aromatic
hydrocarbons (PAHSs), polyhalogenated aromatic hgahtwons (PHAHS) and
hydrogen chloride in the burning process which docbntaminate the air
through smoke and dust (Robinson 2009), and magr dniman’s system
through ingestion, inhalation and skin absorptibie(ke and Reagan 1998 in
Robinson 2009).

In addition to entering household waste streamsgese-waste is also recycled.
However, as e-waste is classified as hazardouswahst cost of recycling it in
an environmentally sound treatment plant is higtging owners of e-waste
recycling business to opt for cheaper alternatiése possible alternative is
for e-waste to be recycled in less economicallyettgyed countries where the
cost of labour is cheaper. As e-waste recyclingipies job opportunities and

lucrative business for many people in these coesitre-waste has become a



sought after ‘commodity’. This has triggered theolijeration of e-waste

trading.

E-waste trading between the more economically el countries (mostly
from the European Union (EU) and USA) and the &smomically developed
countries (mostly in Asia and Africa) burgeonedidgrthe 1990s, despite the
restriction on export and import of hazardous wastposed by the Basel
Convention on the Control of Transboundary Movenwrtiazardous Wastes
and Their Disposal (hereinafter, Basel Conventidr).unknown quantity of
e-waste enters the informal recycling industry he tless economically
developed countries (Robinson 2009) such as Ifth&aa, Pakistan, Malaysia
and a few African countries (Johri 2008). Ofterthis case, a very crude way
of e-waste dismantling and processing are involsch as acid bath (where
printed circuit boards are immersed in sulphurid @nd nitric acid solution),
and burning of wire cablings to recover copper.hditgh some valuable
elements (such as gold, silver and copper) arevezed in the process, a large
proportion of toxic materials (heavy metals, broated flame retardants, other
chemicals) are dumped into the vicinity. The haaasdsubstances may be
released into or accumulated in the environmend, er@ate risk for other
people. For example, rainwater may wash off theséc tsubstances to the
low-lying agricultural land, thus raising the prdiday of bioaccumulation by
crops, polluting the groundwater and contaminat uhderground aquifers
(Sarkar 2008). The toxic chemicals may thereforeamby affect the workers,
but also pollute the environment (Pucket et al.2200

The widespread, intricately complex and risky natofr e-waste demands calls
for close policy attention at all levels of societynd between government and
non-governmental actors. In this respect, it ilaasical issue of environmental
governance rather than of government. Most of iteeature in environmental
governance (and e-waste governance in particulag focused on its

emergence and development in the more economidaitgloped countries in



the Global North such as the European countriesta@dJSA. There is an
obvious gap in the literature on the governanceeafiaste in the less
economically developed countries in the Global Bpanhd this thesis intends
to fill the gap.

South East Asia region in the Global South is egdo® the possibilities of
leakage of hazardous waste from the movement ositr@f e-waste from
countries in the West to countries in the East, tiedpossibilities of e-waste
smuggling activities, due to its location whichsli@ the middle of the e-waste
trading route. Most of the studies on e-waste guuece have looked at the
issue of managing transboundary e-waste movemestiedly its impacts on
the receiving countries in the Global South, themforcing the idea of an
affluent Global North and a destitute Global Sowth black and white
categories. However, e-waste trading is more tlaastory of rich countries
dumping waste in poor countries’ (Lepawsky and MaiN2010: 177) as there
are evidence of e-waste trading among ‘poor coesitr(Lepawsky and
McNabb 2010), and affluent sections of the socetie the Global South
which are generating e-waste at an increasingldregie; which have been
overlooked in many studies. In a country like Malay for example, the
volume of e-waste in the waste stream is a comibmatf those generated by
the local industries and households, and also itaddirom other countries.
This research intends to fill in the gap by focgsion the governance of
domestically generated e-waste in Malaysia. It seekexamine this issue
through the debates on governance where governagncederstood as a
process of societal steering which involves théeséad non-state actors. Its
aim is to investigate the roles of state and natestactors in e-waste
governance in Malaysia and to reflect on the comsegimplications for how
we might understand the nature of environmentalegmance ‘beyond’ the

most economically affluent parts of the world.



In the next section (Section 1.2), a brief revidve-avaste crisis in Malaysia is
presented. This is followed by descriptions ofrégearch aim and the research
guestions emanated from it in Section 1.3. FinalySection 1.4, the outline
of this thesis and a brief description of each tdagre presented.

1.2 E-waste Crisis in Malaysia

Malaysia plays a dual role in e-waste trading -amsmporter and exporter of
e-waste. The geographic location of Malaysia, wHiels in the middle of

international e-waste trade route (refer Figurg thdkes it an attractive target
for e-waste smugglers. According to Puckett (20083Jaysia is one of the
countries which receive the e-waste from the USKeptthan China, India,

Pakistan, Vietnam, the Philippines, Nigeria and @héuckett 2005), Brazil
and Mexico (Robinson 2009). Other than receivirgaste, Malaysia is said to
export e-waste to other less economically develaoechtry such as India. In a
short documentary on e-waste recycling activitresndia, which was filmed

in summer 2008 by SVTC (Silicon Valley Toxic Colit, an NGO based in
Seattle, USA), one of the e-waste recycling opesateho was interviewed

admitted that he received supply of e-waste forthisiness from Malaysia,
other than the USA (SVTC website at http://svtdoug-work/e-waste/). This

is happening despite the fact that Malaysia isréyp Basel Convention, and
restricts import/export of e-waste with nationavde law (Section 34B of

Environmental Act 1974).

Malaysia is also facing problems with rapid growdh domestic e-waste
volume. With the increasing number of Malaysia’gplation living in urban
areas and adopting modern lifestyles (due to ecantransformation from
agricultural-based to industrial-based socio-ecdaenin the 1980s), the
generation of domestic e-waste is expected to ghawinventory of domestic
e-waste generation in Malaysia conducted by MadaysbDepartment of

Environment (DOE) with the cooperation of EX Comoon, Japan has



revealed that Malaysia generated 688,000 metrine®rof e-waste in 2008,
and the volume is forecasted to reach 1.11 milfmatric tonnes in 2020 (E-
waste Inventory Project in Malaysia Report 2009heD than the increasing
amount of e-waste, another issue regarding e-waskéalaysia is improper
disposal of e-waste (refer Plates 5.1 to Platesam@ illegal e-waste recycling.
These activities have the potential to pollute #evironment and pose

significant health hazard to the society.

1.3  About the Research

The main aim of this research is to investigaterthes of state and non-state
actors in e-waste governance in Malaysia, partibuldocusing on the
governance of the locally generated industrial hadsehold e-waste. Based

on this aim, five following research questions eatarwhich are;

1. Who are the actors involved in e-waste governamdéalaysia?

2. How, why and with what implications are these atiorvolved in
e-waste governance?

3. What and how significant are the roles of state iamalstate actors
in different modes of governance?

4, How, why and with what implications are state and-state actors
working in partnership?

5. What is the most dominant and significant mode eWaste
governance in Malaysia, and what are the consedungtications?

This research is based on qualitative research adelbgy. Qualitative

research methodology was chosen over quantitatgearch methodology
because of its suitability with respect to the aesk questions stated above.
One particular type of qualitative research appmpdace. the case studies
approach was applied in conducting this researetta for the research were

collected by adopting three main data collectiomhteques: in-depth



interviews with the key players in e-waste goveosafrom the public sector,
private sector, and civil society organizations @83 observations (of the
public-private partnership (PPP) programmes); d&edréview and analysis of
policy documents and grey literature. These dateevamalysed by adopting

the thematic analysis method.

1.4  Outline of the Thesis Structure

Following this introductory chapter, Chapter 2 disges the complexity of e-
waste as an environmental issue. This chapter begih the analysis of the
different nomenclature and interpretations surraugpdhe use of the term ‘e-
waste’ in the literature. It provides information the context of the growing
problem of e-waste, especially the rapid increaseeavaste volumes
worldwide and their hazardous content. Due toligh economic value of
some of the materials in the e-waste, it is beiagdd (and smuggled) between
countries and treated (recycling and material recgvlegally and illegally in

many countries worldwide. This chapter discussesissue and its impact.

Chapter 3 focuses on the conceptual and theordtaraings of this research.
It explores the literatures on governance, and ldpgea framework that

regards governance as operating through multiglersadevels and modes. It
examines the application of this concept in envimental governance, waste
governance and e-waste governance, and identifeekdy issues for empirical
investigation. This is followed by Chapter 4 whifdbtuses on the research
methodology. In this chapter, the rationale foragiog a qualitative research
methodology, and specifically a case study approaah presented. The data
collection methods (in-depth interviews, observatioand review of

documents) and data analysis technique (themadilysis) are discussed, and
their strengths and weaknesses evaluated, alongmideanalysis of the

experience of conducting the research.



Chapter 5, Chapter 6, and Chapter 7 present therieadfindings of this
research. Chapter 5 is centred on the roles of stetors while Chapter 6 is
focused on the roles of non-state actors. The miestate (in Chapter 5) and
non-state actors (in Chapter 6) are presented basede different modes of
governing identified in Chapter 3 as involved ie ghrocess of environmental
governance: hierarchy, persuasion and self-govemanodes. Chapter 7
presents the results of analysis of the rolesaiesind non-state actors in one
variant of co-governance mode, the public-privatdrnership (PPP). Two PPP
case studies were selected for in-depth reseatar@nanalysed in this thesis.
Chapter 7 reports the background of these PPPsrelattd data analysis
results, such as the limitations and implicatiofsP&Ps. In conclusion,
Chapter 8 analyses the multiplicity of e-waste goaace (in terms of levels,
actors (and their roles) and modes) in Malaysiaaddition, it reflects on the
theoretical and methodological limitations of thésearch, its potential policy

relevance and recommendations for policy and futesearch.



Chapter 2: E-Waste: A Consequence of Modern Life?

2.1 Introduction

Waste is defined in EU Directive as ‘any substamicebject which the holder
discards, or intends to discard, or is required digcard’ (Directive
75/442/EEC, Atrticle 1(a)). Generally, waste is ustisod as something that is
not needed by the current owner and is ready tthimevn away (Davoudi
2009). To facilitate the process of waste managgnweastes are classified
into categories. Three most common systems ofitfags waste are based on
level of toxicity and risk, chemical compositiondasource of generation. The
first system (based on level of toxicity and riskyides waste into two groups
of hazardous and non-hazardous waste; the secstehsybased on chemical
composition) divides waste into inorganic or orgamnicrobiological waste;
and the third system (based on the source of wgesteration) divides waste
into municipal, industrial, clinical, agriculturatommercial, and construction
and demolition waste (Williams 2005). The way waiteunderstood and
defined, affects the way it is governed (DavoudD@0 In Malaysia for
example, the governance of waste is based on we¢ & toxicity of waste;
which is used as the basis for the categorizatiomagte into two broad groups

of hazardous and non-hazardous waste.

As mentioned in the introduction of this thesisqi®m 1.1), hazardous waste
from used electrical and electronic equipment (avaste) has entered the
waste stream at a rapid rate since early 1990s. dhapter seeks to examine
the effect of e-waste from an environmental perpecThe discussion begins
with a discourse on the definition and the différamerpretation of the term
‘e-waste’ in Section 2.2. This is followed by Secti2.3, where the discussion
is focused on the environmental consequences ofastew E-waste is
considered as a crucial environmental issue duis t@pidly growing volume

and hazardous content which may leak into the enment if it is not



properly disposed of, and cause adverse effect wmah health and the
environment. The toxicity effects (which may ocommmediately at the point
of release, or cause long term chronic toxicity)d amhe environmental
persistence of hazardous compounds are the crissaés in the management
of e-waste. Issues of e-waste management are desturs Section 2.4. Due to
the nature of e-waste which is hazardous, but Wéduat the same time,
recycling and recovery of materials are often addpds a management
strategy by many countries around the world. Howetlee economic value
which is attached to e-waste has brought many eneblsuch as e-waste
smuggling and the growth of recycling activities bye informal sector
especially in the less economically developed awestFinally, in Section 2.5,
the challenges of e-waste management in Malay®areported, including
improper disposal, illegal import and unlicensedaste recycling activities;
providing the specific context within which the easch for this thesis has

been based.

2.2 E-waste: Definition and Nomenclature

E-waste is a global issue and in the internati@maha, it is governed by the
United Nations (UN) through the Basel ConventioleTBasel Convention

defines e-waste as;

‘Waste electrical and electronic assemblies or psctamntaining
components such as accumulators or other battexksled in list A,
mercury switches, glass from cathode ray tubesthmr activated glass
and PCB (polychlorinated biphenyl) capasitors, ontaminated with
Annexe | constituents (for example, cadmium, merclead, PCB) to
an extent that they posses any of the characteristontained in

Annexe III' (UN Basel Convention).
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As the authority to govern e-waste trickles dowonfrthe global authority
(UN) to the governments at lower levels such asored (example European
Union), state and local levels, so has it influehttee interpretation of e-waste.
In Malaysia for example, e-waste is defined byldve as:

‘Waste from the electrical and electronic assersblentaining
components such as accumulators, mercury-switchgksss from
cathode-ray tubes and other activated glass ocplaginated biphenyl
capasitors, or contaminated with cadmium, mercuegd, nickel,
chromium, copper, lithium, silver, manganese or yghalorinated
biphenyls’ (Guidelines for the Classification of adks Electrical and

Electronic Equipment in Malaysia, available at wdwe.gov.my).

At the regional level, within the EU the term WEHK®Waste Electrical and
Electronic Equipment) is widely used instead of &ste to refer to end-of-life
and disposed electrical and electronic equipmeE® is understood in the
EU under the Directive on Waste Electrical and #&tetdc Equipment

(Directive 2002/96/EC, Article 3(b)) and the Dinwet on Waste (Directive

75/442/EEC, Article 1(a)) as ‘any electrical andeattonic equipment

(including all components, subassemblies and coables which are part of
the product at the time of discarding) which thédeodiscards or intends to or
is required to discard’. The Directive on Electliead Electronic Equipment
(Directive 2002/96/EC, Article 3(a)) also provideetdefinition for electrical

and electronic equipment (EEE), which is as thdéovahg (with emphasis

added in square brackets):

‘Electrical and electronic equipment’ or ‘EEE’ msagquipment which
is dependent on electric currents or electromagrfegids in order to
work properly, and an equipment for the generatitvansfer and
measurement of such currents and fields fallingeurige categories set

out in Annexe 1A [to the WEEE Directive], and demd for use with
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voltage rating not exceeding 1000 volts for alténgacurrent and 1500
volts for direct current’ (Directive 2002/96/EC, thte 3(a)).

Under EU legislation, WEEE is divided into ten gmiges as listed in Table
2.1. Based on this categorization (and interprédgether with the definition
of WEEE and EEE in Directive 2002/96/EC, ArticleaB@nd Article 3(b)),
several scholars such as Robinson (2009), Streletee et al. (2005) and
Johri and Basu (2008) consider only category 3ofmfation Technology and
telecommunication equipment) and category 4 (comswaguipment) from this
list as e-waste, leading to an interpretation #ataste is a subset of WEEE.
However, the majority of studies in e-waste (seeulihg et al. 2010,
Chancerel and Rotter 2009, Khetriwal et al. 2008athe et al. 2008, Nnorom
and Osibanjo 2008, and Davis and Heart 2008, Puekat. 2002) interpret e -
waste as a term encompassing a broad and grownyg raf electronic and
electrical devices, which have been discarded by thwners. As such, with
this understanding, the terminology (e-waste andE®/)Es analogous; which
means the terms can be used to refer to the detagiegctrical and electronic
equipment. There are also scholars (see Dwivedy Mitthl 2010 and
Bandyopadhyay 2008) who view the terms from anogtieespective (i.e. from
the formality aspect) and consider e-waste as famnmal, but a more popular
name for WEEE, but both would bring the same meagnirtile Chancerel and
Rotter (2009) suggest that e-scrap is another gynous term to WEEE and

e-waste.

Table 2.1: The ten categories of WEEE under EUctire

No | Category Label

1 | Large household appliances Large HH

2 | Small household appliances Small HH

3 | Information Technology and ICT
telecommunication equipment
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No | Category Label

4 | Consumer equipment CE
Lightning equipment Lighting
6 | Electrical and electronic tools (with the E&E tools

exception of large scale stationary industrial

tools)

7 | Toys, and leisure and sports equipment Toys

8 | Medical devices(with the exception of all Medical
implemented and infected products) equipment

9 | Monitoring and control instruments M&C

10 | Automatic dispensers Dispensers

Source: EU Directive (Directive 2002/96/EC)

Besides the confusion regarding the terminologytert@ning whether a
product is an electrical or electronic device camstimes be confusing. A
clear delineation between electrical and electrageipment is becoming
increasingly difficult to achieve due to the widgarporation of electronic
programmable micro processors into equipment wheoke traditionally been
regarded as electrical devices such as refrigesatwashing machines and
ovens, thus transforming them into electronic devi¢Robinson 2009, Hilty
2005, and Kohler and Erdmann 2004). As such, UNERSfnition that

interprets e-waste as ‘a generic term encompassirigus forms of electrical
and electronic equipment (EEE) that are old, enlif®@felectronic appliances
and have ceased to be of any value to their owifeidEP 2007) is the most
practical and reasonable in the context of thidysand will be adopted in this

chapter and throughout the thesis.

2.3  E-waste as a Contemporary Environmental Issue

E-waste has become a serious environmental issoe gie early 1990s due to

two reasons - its rapid growth in volume and itgandous content. As a new
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addition to the waste stream, the emergence and raprease of e-waste
demands a comprehensive management system. Alththegramount of
hazardous substances in e-waste is generally éitna@yl constitute 2.7% of the
total elements of e-waste (Bandyopadhyay 2008)%rd the weight of e-
waste (Umweltbundesamt 2006, in Sarkar 2008)), taese significant impact
due to the hazardous nature, high concentratioal land their persistence
when discharged to the environment which may hawg lterm effects on

public health and the environment.

2.3.1 The Rapid Growth of E-waste

As mentioned in the introduction (Section 1.1), &ste is one of the fastest
growing waste streams in the world (Nnorom and @gib 2008, Jain 2008,
Cui and Forssberg 2003), with estimated world’segation rate at 40 million
tonnes per year (UNEP 2010, Schluep et al. 200BhoAgh there has been
several attempts to estimate the growth of e-wiasteveral countries in the
world (such as the work of Cobbling (2008) in USZinha-Khetriwal et al.
(2005) in Switzerland, Liu et al. (2006) in Chin#)e estimation and reporting
system applied are not uniform, hence is not peefds comparison purposes.
Robinson (2009) claims that the growth of e-wastestrongly correlated
positively with the Gross Domestic Product (GDP)aotountry. Robinson
(2009) found that his finding agrees with the pcedn of e-waste production
in Europe by Hischier et al. (2005), who noted tihat annual e-waste growth
rate in Europe in the three-year period (betweenytars 2005 to 2008), is at
3% to 5%, during which the average increase of GDP.6%. According to
NGOs - the Basel Action Network (BAN) and the SihcValley Toxic
Coalition (SVTC) — the rate of e-waste increaséhige times faster than the
increase in regular municipal waste (Puckett e2@D2). The rapid increase of

e-waste is due several factors.
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One factor is the exponential rise of personal aslens ownership due to the
emergence of the internet in early 1990s (Campheli Hassan 2003).
Countries like the USA, Australia, Japan, Singapanel the Scandinavian
region have the highest recorded number of persoaalputers per head
worldwide, with more than five hundred computers pleousand people
(Figure 2.1).

Personal computers per 1 000 people
= R .L?l

N

" 4
less then 10

10 to 50 }
50 to 200 r o
N 200 to 500
Source: World Bank, 2002, ®88 mare then 500 no data

Source: Rekacewicz, 2004 [http://maps.grida.nafgghic/personal-
computers-per-1000-people]

Figure 2.1: The concentration of personal computevsership across the

globe

With computer manufacturers competing intensel{enms of innovation, the
raw processing power of computers is rapidly insirgg resulting in a large
number of machines becoming obsolete in increagisigort periods of time
(Campbell and Hassan 2003) and subsequently conhtgbto the increase in
the amount of e-waste production. Moreover, as mooenputers are

manufactured, economies of scale have given wawuoh lower prices for
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computers, thus increasing the global demand (amdributing to more e-
waste generation). While the increasing sales ahprdgers in the less
economically developed countries is due the suaokpgenetration market, the
increase in the more economically developed coemis due to replacement
market. In the USA for example, the life span ompaiters was four to six
years in 1997, but by 2005 had been drasticallyced to less than two years
(Babu et al. 2007). As such, Robinson (2009) suggisit the driving force
behind e-waste production is the rapid growth ahpaters and computing

systems.

Other than computers, another factor which is douting to the rapid
increase in the volume of e-waste worldwide is watmns in televisions, such
as the migration from analogue to digital and fr@&RT to flat-screen
technologies. Televisions’ owners are discardiregrtbld device for new flat-
screen- digital sets to keep up with the advanchn@ogy. Another factor
which contributes to the trend is the wide usagenudbile phones as
communication via satellites was made easier in 1880s. Tremendous
technology revolutions in communication industryndaits very rapid
advancement (where mobile phones are doing more jiist connecting
people, but are also multi functioning as cametalia visual recorder and
player and much more besides), have resulted ininbeease in e-waste
volume as people frequently opt for the latestioersf devices with upgraded

features.

In the process of planning for e-waste future managnt, e-waste managers
normally make estimates of future e-waste generatimount based on the
amount of equipment sold. Logically, the impacthe environment rises with
the increase in the amount of e-waste. Howeves, riimy not necessarily be
always true for two reasons. Firstly, the total mjug of e-waste, especially in
the less economically developed countries, is ntt contributed by domestic

sources but also from legal and illegal imports, stiyo from more
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economically developed countries (Streicher-Pottal.e2005, Widmer et al.
2005). And secondly, the impact of e-waste to tmirenment differs
depending on the type of devices (Robinson 200@roAding to Robinson
(2009), the impact of e-waste to the environmepedds on a combination of
several factors such as the mass or the weighhefitem and its average
lifespan, and is not linearly dependent on the arhad items disposed. He
suggests that the contribution of an item to anmuJalaste generation can be
reduced to a formula, as follows:(kg/year of waste) depends on the mass of
the itemM (kg), the number of units in serviéé¢ and its average lifespdn
(years) [1] ; or E = MN/L [1] ( Robinson 2009: 184)

As such, a computer, which has an average lifespéimree years and weighs
25 kg, contributes a higher proportion of e-wastenpared to a refrigerator
which weighs 35 kg and has a life span of ten yekable 2.2 lists the weight
and typical life span of common electrical and &tgdc items which can be
used to estimate annual e-waste generation moreisple according to

Robinson’s formula.

Data on current amount and projection of futuredpmion of e-waste are
paramount in e-waste management. Disposal of eewasinore complicated
than normal household waste because of its hazerdowntent; and is
definitely more than just lack of space as commdadhby case of solid waste
management. Lack of appropriate facilities, wealomement (or lack of) law
and regulation, and low level of awareness amomgsibciety may lead to
indiscriminate or improper disposal (such as disgp®-waste together with
households solid waste). The following sub-sectimtusses the consequence

of improper e-waste mangement to the environmeshthaman health.
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Table 2.2: The weight and expected life span ofesscommon e-waste items

Device Weight of devicg Typical life span
(kg) (year)

Computer? 25 3
Facsimile machine? 3 5
Mobile phone?3 0.1 2
Electronic games3 3 5
Photocopier? 60 8
Radio® 2 10
Television® 30 5
Video recorder and DVD players3 5 5
Refrigerators 35 10
Microwave oven3 15 7
Air conditioning unit? 55 3

Sources:

°Lietal 2009

1 Betts 2008
2 Robinson 2009
3 Cobbing 2008

2.3.2 The Hazardous Content of E-waste

E-waste is composed of a mixture of metals - paldity copper, aluminium
and iron - which are attached to, covered with otech with various types of
plastic and ceramic (Hoffmann 1992). However, adicqy to Widmer et al.
(2005), a detail account of e-waste content, predw list of more than one
thousand chemical substances. These substancegrauped into three
categories based on their relative amount in eeyasich as: bulk elements
(such as lead, tin, copper, silicon, carbon, irad aluminium), elements in

small quantity (such as cadmium and mercury), aadetelements (such as
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platinum, arsenic, silver, gold, lithium, titaniurtgpbalt, manganese and many
others). The composition of e-waste (including thipe and percentage of
materials) varies depending on the type of equignmenshown in Table 2.3.
As evident from Table 2.3, ferrous metal (iron) mag the bulk of most of
the electrical and electronic devices compared gjegixdor mobile phones

where the percentage of copper is higher thanudsrnoetal).

As mentioned in Section 1.1, e-waste content iggaifcant environmental

issue due to its toxicity (Widmer 2005). The adeehealth effects of major
hazardous substances in e-waste are presentedbie 2al. Besides the
hazardous substances, there are several typesad @lements in e-waste
(such as platinum, silver, gold, and titanium) whigre precious materials,
while some are both precious and hazardous (sudo@ser, mercury, lead
and cadmium). The contradiction between environaleartd economic value

of e-waste has made e-waste management a dauhahgnge.

Table 2.3: Percentage of iron, aluminium, coppef laad content in different

electrical and electronic devices

Type  of | Percentage of content in devices (%)

metal Personal | Television? | Mobile Portable DVD
Computer? phone? audio? player2

Iron (Fe) 20 28 3 23 62

Aluminium | 14 10 <1 1 2

(Al)

Copper 7 10 15 21 5

(Cu)

Lead (Pb) | 6 1 <1 0.14 0.3

Sources:

1 Devi, Shobha and Kamble (2004)
2 Hageluken (2008)

3 http://www.envocare.co.uk/mobile_phones.htm
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The toxic elements in e-waste may be released gcettvironment in three
ways. Firstly, due to improper disposal of e-wastieere e-waste is commonly
disposed of together with municipal solid waste anded in non-hazardous
landfill or being incinerated, and some are jusi@ad indiscriminately. In

these instances, the toxic elements in e-waste eragr the soil and

contaminate the groundwater, or enter the atmosplasr toxic fumes if

burning is used as a way of disposal. In the U$As estimated that 70% of
mercury and cadmium pollution, and 40% of lead yah in landfills are

caused by leakage of e-waste (Puckett et al. 2@¥tondly, toxic substances
are released into the environment through impralgnantling and precious
material recovery processes, where open burningaai baths are used to
recover precious material, which release toxic wu®s into the air, soil and
water, while the less precious (but highly hazasdmaterials) are disposed of
in an unsafe manner. Finally, hazardous substdmees the potential to enter
the environment through possible leakage in theqa® of movement of e-

waste from one country to another.

Table 2.4: Hazardous substances in e-waste aptfetss on health

Substances/contaminants Use in electrical | Adverse health effect *
and electronic
devices
Copper (Cu) Wiring * May damage liver, kidney
and nervous system, and
affecting protein metabolism
in the brain causing
Alzheimer disease.
Nickel (Ni) Batteries An uptake of too large
guantities of nickel may
cause cancer of the lung,
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Substances/contaminants

5 Use in electrical
and electronic

devices

Adverse health effect *

nose, larynx and prostate,
dizziness, respiratory failure
(such as asthma and chroni
bronchitis, birth defects, and
allergic reactions such as

skin rashes.

Lithium (Li)

Batteries

Corrosive to the eyes, skin
and respiratory tract.

Chromium (Cr)

Data tapes and

floppy disks.t

Irritates eyes, skin and
mucous membranes and

DNA damage.

Lead (Pb)

Solder 2, CRTs,

batteries!

Damages the central and

peripheral nervous system,

kidney and endocrine system.
Cadmium(Cd) Batteries, toners, Affects the kidneys,

Plastics * cardiovascular system, bones
and testicular function, and
damaging the DNA.

Mercury (HQ) Fluorescent Toxic to lungs, kidney,

lamps, batteries, | nervous system and digestive

switches?, circuit | system.

board,

semiconductors.

Barium (Ba) Getters in CRTs} Swelling in the brain, musclée

weakness and damage to th

heart, liver and spleen.

e

Beryllium (Be)

Silicon-controlled

rectifierst

Lung and skin disease.
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Substances/contaminants

5 Use in electrical
and electronic

devices

Adverse health effect *

Aluminium (Al)

Chips, data

storage disks

Affects brain and kidneys
and may be associated with

Alzheimer and Parkinson

disease.

Antimony Flame retardants  Affects cardiovascular
system, stomach, joints,
muscles and bones.

Sources:
*Sarkar (2008)

1 Robinson (2009)

2 Kang and Schoenung (2005)

3 Ernst et al. (2003)
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2.4  E-waste Management

In order to cope with the increasingly demanding anmplex waste issues,
waste management practices have become more tafistecent years; thus
resulting in new approaches and principles suclthaswaste management
hierarchy, integrated solid waste management ana waste concepts. This
section explains the concept of the waste managetienarchy and its

influence in e-waste management.

The waste management hierarchy is a strategy whibhsed on a ranking of
waste management solutions from the most to the basirable options (see
Figure 2.2) (Davies 2008, Tchobanoglous et al. 19B8e ranking is based on
environmental values such as energy conservatesgurces conservation,
pollution prevention or minimisation, and healttdasafety protection (Davies
2008, Tchobanoglous et al. 1993). Although the andeof waste management
hierarchy varies in different countries, the formdtich is generally accepted
worldwide places waste prevention at the top of fierarchy and waste
disposal at the bottom of the hierarchy with enaepovery and recycling/re-
use of materials sandwiched between the two (DaXi8). The five main

elements of waste management hierarchy are sunedansrable 2.5.
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Prescartion / M=t desirable option

Minimization /
\ Feuze /

Recycle

¥
Least desirakle option

Figure 2.2: Generally accepted format of wasteanary

Table 2.5: Description of five main techniques @ste management hierarchy

Process Description

Waste ¢ A process of reducing the amount and/or toxicity of

prevention/reduction/ waste.

minimisation e May occur through the design, manufacture and
packaging of products with minimum toxic content,
minimum volume of material or a longer useful life.

e The most effective way to reduce the quantity of
waste and the cost associated with its handling and

its environmental impacts.

Reuse e A process which involves using the items in another
way, when their primary use is finished.
e It extends the life cycle of an item, which may

eventually be discarded.

-

Recycling e A process which is possible in helping to reduee t
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Process

Description

demand on resources and the amount of waste
requiring disposal by landfilling.

e It involves three stages: the collection and sefara

of waste materials; the preparation of these nadter
for reuse, reprocessing and manufacture; and the
reuse, reprocessing, and remanufacture of these

materials.

Energy and material

recovery

e Involves the physical, chemical or biological
alteration of wastes to improve the efficiency of
waste management operations, to recover reusahle
and recyclable materials or to recover conversion
products and energy in the form of heat and
combustible biogas.

e Usually results in the reduced use of landfill

capacity.

Disposal (Landfill)

e It is the last option in waste management.
e Is used to handle waste that cannot be recycled, th
residual matter remaining after wastes have been
separated at materials recovery facilities or dfier

recovery of conversion products or energy.

Source: adapted from Tchobanoglous et al. (1993).

In managing e-waste, the substantial factor whias tbeen crucial in

determining the decisions on e-waste managemehieisature of the waste

which is highly hazardous (which means disposaheuit treatment must be

avoided at all costs), and the potential for recogeeconomic value through

the re-use of the precious metals which e-wastdagm Due to these

considerations, the majority of countries are aihgpstrategies which lie in

the middle of the waste management hierarchy tlean@vhich are reuse,

recycle and material recovery) to manage e-wasit) the exception of



countries in the EU region which have begun to wpghe waste
prevention/reduction/ minimization strategy withetintroduction of two
directives — the Directive on Waste Electrical aBkkctronic Equipment
(2002/96/EC) (or the WEEE Directive) and the Dineeton Restriction of the
Use of Certain Hazardous Substances (2002/95/BGhéRoHS Directive).
The WEEE and RoHS directives entered into force2@nJanuary 2003,
although the first draft was conceived since 198befriwal 2008). The
WEEE directive calls for overall reduction of e-weasand the adoption of
sound disposal methods, while the RoHS calls fonmr@hensive management
of e-waste by product regulation and restriction oartain hazardous

chemicals.

The RoHS Directive is meant to prevent the genamatif hazardous waste.
This is achieved by substituting various heavy isetdead, mercury,

cadmium, hexavalent chromium) and two brominataché retardants (BRF) -
polybrominated biphenyls (PBB) and polybrominatgahdnyl ethers (PBDE)

- with less hazardous material in the new electr@md electrical equipment
which were put on the market from 1 July 2006. Ru#iS Directive specifies
the maximum concentration values allowable for esghstances; which is
0.01% by weight for cadmium and 0.1% by weighthef bther five substances
in production of homogeneous material (such asviddal types of plastics,

ceramics, glass, metals, alloys, paper, boardhsesid coatings).

On the other hand, the aim of WEEE is to limit tb&al quantity of waste
going to final disposal site by increasing the odicygy of electrical and
electronic equipment (EEE), where producers (inolgd EU based
manufacturer, reseller and importer of equipmerg)raquired to set up a take-
back system so that WEEE can be returned free afgehand collected
separately. This has resulted in increasing adoptib Extended Producers
Responsibility (EPR) principle in e-waste law of Biémber countries; which

has also penetrated into countries outside EU sgchina (Wagner 2009,
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Khetriwal et al. 2009). Apart from product take-ka@EEE also places two
other responsibilities upon producers; first, f@remading awareness among
private household users about the directive’'s sgpacollection and return
system and its role in contributing to reuse, réogcand other forms of
reco