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Executive Summary
Electronic waste is a growing problem worldwide. The need to have newer, faster, more
powerful electronic products coupled with a lack of awareness of the hazards of improper
disposal of these products is creating an environmental problem. This problem is an unintended
consequence of corporations striving to stay ahead of the competition in meeting customer
demands for new ways to simplify lifestyles and improve communications and connectivity to
social networks and work.
Concerns over the growing waste stream of electronic wastes finding their way into
municipal landfills is not a new concern brought about by the recent interest in global warming.
As early as 1978, organizations and government departments started worrying about the impact
on the environment from the projected growth of electronic wastes. Environmentalists and
academia started writing about the potential growth of electronic waste materials long before the
dot com explosion of the 1990s.
Estimates by the US Environmental Protection Agency (USEPA) and non-governmental
environmental organizations place the number of computers becoming “obsolete” at several
hundred million every year (USEPA 2010). The older desk top computers with Cathode Ray
Tube (CRT) monitors contain up to four pounds of lead (Ravi, Shankar and Tiwari 2005) which
poses hazards to human health. When these monitors are improperly discarded and disposed of
into municipal landfills, the lead and the chemicals used for fire retardants can leach into the soil
and water supplies. The Silicon Valley Toxics Coalition (SVTC) linked the numbers of products
being disposed of with human health concerns in the early 1980s (Davis and Smith 2003).
Even when these monitors are recycled by consumers and companies, the monitors and other
electronic products often end up in the recycling operations in developing countries. Not only are
vii

these operations cheaper than the cost of properly recycling the electronic products in countries
like the United States and the European Union, but these operations are often dangerous and
uncontrolled as seen in certain areas of China (Leung, Cai and Wong 2006) and Africa (I. A.
Aniyie 2009). The result is residents coming into direct contact with carcinogenic substances and
those substances leaching into the soil, water, and biota of these areas. One such area in China
now depends on imported water because of the levels of contamination resulting from the
electronics recycling operations (Cui and Forssberg 2003).
The European Union put stringent controls in place in 2003 with the Waste Electric and
Electronic Equipment (WEEE) and Restriction of Hazardous Substances (RoHS) (European
Union 2003) to prevent the growth of the electronic waste stream and reduce the volume of
hazardous substances used to make products that may end up in the scarce landfills of Europe
(Kokkinak, et al. 2001). These directives have helped to stop the introduction of hazardous
materials into the manufacture of electronic products and have had some positive spill-over into
manufacturing operations in other countries (Boon 2006). However, some companies and
countries have found work-arounds to the directives by exporting recycling materials to
developing countries. Discoveries at the Port of Rotterdam as recent as August 2010 revealed
shipments of electronic products ready for export to African countries for “recycling” (Mann
2011).
Not all efforts to recycle/discard electronics are negative. The return of electronic
products from consumers and retailers through the reverse logistics processes has helped to
legally process electronic products that come back as a result of product exchanges, corporate
sponsored take back programs and programs such as the Missouri-Kansas Goodwill electronic
recycling program. Products going back from these programs are processed under close scrutiny
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and require permits from a state and the processor must keep detailed records of the disposition
of the recycled products (Hoffman 2011) .
Unfortunately, the reverse logistics industry does not process all of the discarded and
obsolete electronic products. Products from the United States, the European Union, and other
industrial countries continue to find their way to African and Asian developing countries. The
cost of recycling/disposal in developing countries is much lower than industrial countries due to
labor costs and less stringent or less enforced environmental rules and laws.
The continued pressure to create innovative, faster, and smarter consumer electronic
products coupled with liberal returns policies and a “try it before you buy it” consumer mentality
continues to create electronic waste. The value of electronic products going backwards through
the supply chain was estimated at $677 billion in 2010 (Blumberg 2010).
In order to reduce the growth of electronic waste a four prong approach is necessary. The
second phase is an awareness campaign to educate the public and corporate personnel on the
hazards of improper disposal of electronic products similar to the successful campaigns to
recycle cans, plastics and glass. The second phase of the campaign is encouraging producers to
design products with the environment and reverse logistics in mind. The third prong of the attack
needs to be a comprehensive study sponsored by the USEPA or the United Nations
Environmental Program to capture practices and procedures – both good and bad – that can be
the basis of a comprehensive education program. The final phase of the recommendations to
reduce the e-waste stream and improve the handling of electronic products at their end of life is
to develop a national legislation to control the handling and disposal of electronic products.
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Environmental Impacts – Personal Computers and Cell Phones

1.0 Introduction
What is electronic waste (e-waste)? Electronic waste is any product with a battery or a
plug that has reached the end of its useful life. CRT monitors as shown in Figure 1-1, are a
classic example of electronic waste or e-waste. “Although electronic waste is less than 10% of
the current solid waste stream, it is growing 2-3 times faster than any other waste stream. In
1998, of the 20 million computers taken out of service, only 2.3 million, which is slightly more
than 10%, were recycled. Between 2000 and 2007, as many as 500 million personal computers
will become obsolete” (USEPA 2007).

Figure 1-1: CRT Monitors Awaiting Disposition (Author’s photo)
Concerns over electronic waste are not a new nor is this an issue that surfaced simply as a
result of renewed interest in the environment. Disposing of unwanted and obsolete products is
part of the supply chain process of reverse logistics (see definition below). Reverse logistics is a
process that has been around almost as long as there has been recorded history. The historical
solution to product disposal or obsolete items was simple – just throw the item away or burn it in
1
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the family burn pit. The recovery of disposed, unneeded or obsolete products discovered by
archeologists has helped to provide a picture of historical periods. The products that are disposed
of today will help future archeologists get a picture of our society.
Reverse logistics can be defined as: “A complete supply chain dedicated to the reverse
flow of products and materials for the purpose of returns, repair, remanufacture, and/or
recycling” (APICS Dictionary, 12th Edition 2008). Another definition of reverse logistics can be
found in the online textbook, Operations Management - “the process of moving products from
their intended final destination, for the purpose of capturing value, or for the proper disposal of
the products” (Walden 2010).

1.1 Purpose of the Report
A new niche industry is growing to deal with the disposal and recycling of electronic
waste. There have been a limited number of industry and academic studies into the growth of the
electronic waste problem. However, there does not appear to be a study that ties the reverse
logistics processes and practices to tackling or reducing the environmental impacts from the
disposal of electronic waste.
The problem with the recycling and disposition of electronic waste is a growing issue.
The increasing rate of technological innovation leads faster product obsolescence. This rate of
change coupled with the continued growth of exports of discarded electronic products to
developing countries has helped to feed the growth of electronic waste as an important issue.
Countries and companies pay lip service to the growing problems and the potential
impacts that this issue may have on the environment. The problem is that these potential
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problems are no longer potential; there is evidence worldwide of the impacts of electronic waste
on water purity, air pollution, and impacts to biota, and humans.
The goal of this project is to research the environmental and economic impact of the
problem of electronic waste and make recommendations on how the supply chain industry can
help minimize the environmental problems through an analysis of reverse logistics processes,
best practices, and the application of these processes.

1.2 Nature of Problem/Issue
“Recycling – from E-Waste to Resources,” launched at a meeting of hazardous wastes
experts in Bali, Indonesia, predicts that by 2020 e-waste from old computers will have jumped
by 500 per cent from 2007 levels in India, and by 200 to 400 per cent in South Africa and China,
while that from old mobile phones will be 7 times higher in China and 18 times higher in India”
(UNEP 2010a).

According to CalRecycle, a department of the State of California:
“E-waste is a popular, informal name for electronic products nearing the end of their
‘useful life.’ Computers, televisions, VCRs, stereos, copiers, and fax machines are
common electronic products. Many of these products can be reused, refurbished, or
recycled. Unfortunately, electronic discards is one of the fastest growing segments of our
nation's waste stream……In addition, some researchers estimate that nearly 75 percent of
old electronics are in storage, in part because of the uncertainty of how to manage the
materials. Combine this with increasing advances in technology and new products headed
towards the market and it is no wonder that "e-waste" is a popular topic.” (CalRecycle
2011)
The U.S. Environmental Protection Agency (USEPA) estimated that of the twenty
million computers that became obsolete in 1998, less than 13% were properly disposed of or
recycled (USEPA 2001). By 2005, the Consumer Electronics Association estimated that “304
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million TVs, computers, VCRs, cell phones and monitors were removed from US households”
(USEPA 2001). Many states are looking at legislation that criminalizes the throwing of
electronic waste into landfills. The focus remains on the disposal of the products. The disposal
of electronic waste is not a new concern; “In 1998, a National Safety Council (NSC) Study
estimated about 20 million computers became obsolete in one year” (USEPA 2007). “In 1999,
the National Safety Council issued the first large-scale survey and analysis of electronic product
recycling and reuse in the United States” (USEPA 2007).
However, there is another aspect of the issue that needs to be tied to the electronic waste
issue. There have been many studies into the growing field of reverse logistics. Part of the
reverse logistics process is the handling of electronic items, arranging for the recycling of these
products that contain potentially harmful and toxic materials, and the proper disposal of these
products.
As a result of the attempts to reduce the improper disposal of electronic waste in the
United States and other developed countries, e-waste has now become a global issue. This study
will look at the impacts that this problem has had in several countries that are trade partners with
the United States. Also, as the numbers of computers becoming obsolete and unable to run newer
programs increases, as the number of cell phones become replaced by smart phones continues to
grow exponentially, and as the number of electronic products that can be replaced more cheaply
than they can be repaired increases, this problem of recycling and processing electronic waste
materials will continue to grow.
The goal of this study is to identify the magnitude of the problem while linking the
reverse logistics processes and capabilities to the potential solutions to minimize the impacts of
the growing international problem.
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2.0 Literature Review
Disposal of Personal Electronic Devices
Jennifer Kurz published a study in 2006 that frames the root of the e-waste problem. In
her study she states that the products that were designed to make life easier and less complicated
have created an unintended consequence of hazardous materials being disposed into public
landfills as a result of a growing throwaway society (Kurz 2006). Rodrigue, Slack and Comtois
examined the new markets being created by the processing of returned products (Rodrigue, Slack
and Comtois 2001).
The United Nations Environment Program study, “Recycling – From E-Waste to
Resources,” postulates that “toxic and hazardous elements are present in e-waste” (Schluep, et al.
2009, 6). A United Nations report in 2010 (United Nations 2010) on electronic waste, reported
that the rapidly increasing global sales of cell phones and electronic equipment will result in a
growing mountain of discarded materials and components. This reported growth in e-waste
provides a foundation for the studying of the sources for electronic waste from individuals,
companies, and countries. The 2010 United Nations study also discussed the impacts to
resources management and the impacts on the control of toxic wastes. The DoSomething.org
website provides some additional statistics on the size of the e-waste problem and some of the
sources of e-waste (DoSomething.org 2011).
Another United Nations Environment Program study entitled, “Call for Global Action on
E-waste,” provides a picture of the international impacts of the “recycling” and disposal of
electronic products. This study focused on the local problems in Kenya as an example of the
5
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results of the processing of “recycled” electronic waste materials in developing countries.
According to this study, “some 20 to 50 million metric tonnes of e-waste – which includes lead,
cadmium, mercury and other hazardous substances – are generated worldwide every year as a
result of the growing demand for computers, mobile phones, TVs, radios and other consumer
electronics” (UNEP 2006). Gullet, et al. studied and reported on the impacts of US and European
recycled products being exported to other countries. According to their study as much as 80% of
the “recycled” products from the US end up in developing countries (Gullett, Linak, et al. 2007).
Achim Steiner, in an article entitled, “Business Daily (Kenya): Tackling the electronic
waste menace,” stated:

An estimated 20 to 50 million tonnes of electronics waste is generated annually which,
according to one estimate, if loaded on railway trucks would produce a train that would
stretch once around the world. The growth in electronics is unlikely to abate any time
soon, especially as disposable incomes rise in the rapidly developing economies. Thus, it
represents a major challenge to the work of UNEP (Steiner 2008).
The United Nations Environment Program report, “Recycling of ‘Specialty Metals’ Key
to Boom in Clean-Tech Sector, From Solar and Wind Power to Fuel Cells and Energy Efficient
Lighting,” states: “moving the global economy towards environmentally-friendly, clean
technologies will increasingly hinge on rapid improvements in the recycling rates of so called
‘high-tech’ specialty metals like lithium, neodymium and gallium” (UNEP 2010).
Angela Cropper, the UNEP Deputy Executive Director, in her remarks to the 2010
National Stakeholders Workshop on E-Waste and Electronic Equipment (United Nations 2010),
discussed the increased rates of obsolescence of electronic products and the growing problem of
the disposal of the end of life products.
The Environmental Health Perspectives Journal (Schmidt 2006) studied and reported on
the rising trade of electronic “recycling” products in Nigeria. Although the products are shipped
6
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as recyclable, according to this study, “up to 75%” of the products sent to Nigeria are not
reparable or recyclable. The impact according to this study comes in the form of toxic leaching
into the soils and water supplies. Aniyie (2009) details the growing influx of electronic products
into Africa and looks at the impacts on the environment and the biota from the disposal and
unsafe recycling of waste from other countries. This study breaks down the quantities and
contents of the products being disposed of in Africa.
These discussions are important as they help frame the international problems in
developing countries as a result of the attempts to capture recyclable materials and precious
metals from discarded and “recycled” electronic wastes produced by developed countries but
processed in developing countries. These problems are not limited to African countries as
demonstrated in the studies that focus on activities in Asian and Pacific Rim countries.
Hoeveler (2009) looked the electronic waste issue from the New Zealand perspective and
the impact of the growing waste stream on the economy and environment of New Zealand.
McKenna (2007) studied and detailed the global movement of electronic waste materials and the
impact on this problem from the consumer demand for new electronic products.
Luo, et al., (Luo, Cai and Wong 2007) studied and reported on the contamination of river
waters in China and the resulting health related issues in areas near known electronic waste
“recycling” and disposal sites. This contamination was also found in the muscles of fish from the
local waters. Leung, et al., (Leung, Cai and Wong 2006) studied and reported on the sediment
testing of soils in the area of Guiyu, China. This particular region of China is known as a center
for recycling computers, printers and televisions. The results of their study showed a link
between the materials dumped from the recycling operations and the health issues in the region.
Huang, Shang and Deng documented the size of the e-waste problem in China (Huang, Shang
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and Deng 2006) while the Xinhua News Service documented the flow of e-waste into China
(Xinhua News Service 2007).
Cui and Forssberg (Cui and Forssberg 2003) studied the production of electric and
electronic equipment and the corresponding waste stream produced by these products. Cui and
Forssberg detailed the specifics of the European Union Waste Electronics and Electrical
Equipment (WEEE) regulations and implementation guidelines. Boon stated that the WEEE
Directive established penalties for violating the provisions of the directive (Boon 2006), but
Mann’s report shows that although there are regulations in place there are still efforts to
circumvent the system by exporting e-waste to developing countries (Mann 2011). While an
article in INFORM made it clear that European countries can make the WEEE directive more
stringent with stronger penalties for violating the directive (INFORM 2003).
Ni and Yeng (Ni and Zeng 2009) reported on the increased levels of toxicity in soils and
water supplies in China as a result of the “dumping” of electronic waste materials. This study
also looked at the growing flow of electronic waste into other developing countries in Southeast
Asia and Africa. This report states that the levels in China are reaching crisis levels. Luo, Zong,
and Wong looked at the impacts of the electronic recycling impacts in China from the the flame
retardants on computer cables known as Polybrominated Diphenyl Ethers (PBDE) (Luo, Cai and
Wong 2007).
The impacts in China are important to this study because of the volume of electronic
waste being exported to China and the impact on the work force in China. These environmental
impacts have the potential to come back to the United States in the products that are imported
into the United States from China. Research by Gullet, et al, estimated that as much as 80% of
the e-waste in the United States is shipped to China (Gullett, Linak, et al. 2007).
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Recycling and Disposal in the United States
The following literature sources point to the issues of the disposal of recycling and
disposal of the personal electronic devices in the United States and help to establish a baseline
for the magnitude of the issues in the US. Ferguson and Brown described the traditional method
of disposing of obsolete and returned products through landfills and incinerators (2001).
Jang and Townsend (2003) discussed the disposal of electronic waste and electronic
devices and the magnitude of the leaching of known harmful materials to include lead from
cathode ray tubes and the use of the Toxicity Characteristic Leaching Procedure (TCLP) to
measure the leachate from eleven Florida landfills. Lindberg and Wallschlager (Lindberg, et al.
2001) discuss the findings of mercury in municipal owned landfills in Florida. Their work looked
at the link between electronic waste and landfill gases containing gaseous mercury.
The National Resources Council of Maine (Maine 2004) listed the hazardous substances
found in electronic waste streams and the major responsibilities for cities and manufacturers to
protect the environment from the listed substances. The Electronics Take Back Coalition1
(Electronic Takeback Coalition 2011) compiled a summary of data to help quantify the size of
the electronic waste problem. This study also identifies some of the producers and responsible
parties for electronic wastes in their annual report card. The E-waste Center
(www.ewastecenter.com)2 compiled a listing of sources of electronic waste. In addition, the
Center’s study compiled statistics on the size of the electronic waste stream.

1

For more on the Electronics Take Back Coalition (Coalition 2011), see:
http://www.electronicstakeback.com/home/
2
For more on the E-Waste Center and their programs (What is "E-Waste"? 2011) see:
http://www.ewastecenter.com
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Legislation Issues and Product Design
Sachs in the Harvard Environmental Law Review (Sachs 2006) linked the design process
in manufacturing to the end of life disposal/recycling of electronic waste. The study looked at the
externalities of the design process on the environment.
Andrews (2009) discussed the Basel Conventions and the increase in the trade of
electronic waste between developed and developing countries. This study looked at the link
between the guidelines of the Conventions and the growing numbers of electronic waste.
Courtney (2006) detailed the programs in place in the European Union, the provisions of the
Resource Conservation and Recovery Act (RCRA) in the United States and the growing waste
stream resulting from the proliferation of products in the electronics industry.

Reverse Logistics
The literature available on reverse logistics operations helped to establish a baseline for
analysis of the current and potential benefits that the proper handling of personal computing
devices and cell phones can have on the economy and the environment.
Walden (2009) outlined the reverse logistics process in commercial industry and in the
US military and detailed the steps necessary to process items in the reverse logistics pipeline.
Nagurney and Toyasaki (Nagurney and Toyasaki 2005) proposed a framework for modeling the
reverse logistics network for electronic waste and attempted to identify the producers of
electronic waste. This study looked at practices in the US, Japan, and Europe.
In their book Going Backwards, Rogers and Tibbin-Lembke ( 1998) provide the first
commercial study into reverse logistics practices and provide a start point for the analysis of
reverse logistics operations as they pertain to the handling of electronic products. The data in
Going Backwards provides a thorough understanding of the intricacies of reverse logistics and
10

Joseph Walden

EMGT 835

also provides statistics for a baseline development of reverse logistics problems and potential
solutions.
Michael Blumberg estimated the size of the worldwide reverse logistics inventory at
approximately $677 billion with the US’ part of this problem at about $132 billion (Blumberg
2010). Jerry Davis and Curtis Greeve’s research provided a baseline for the average expenditures
by corporations on reverse logistics in the US (Greeve and Davis, Reverse Logistics Matters
2011). Rupnow wrote a series of articles in the Reverse Logistics Magazine on the magnitude of
the reverse logistics operations in the US (Rupnow 2010) (Rupnow 2006).
Harrity and Stock looked at the sources of electronic products as well as designing the
network to handle the returned items in the reverse logistics process (Harrity and Stock 2007).
While this creates a start point for analyzing the processes, Forbes Magazine reported the size of
the reverse logistics operations in the United States at approximately $100 Billion in 2005
(Malone 2005) and Greve-Davis reported at a conference in 2011 that the size reverse logistics in
the US had grown to over $200 Billion annually (Greve-Davis 2011). In a 2005 article in the
Reverse Logistics Magazine, Rodney Moore estimated that the number of products being
returned in the US may be as high as 8% of sales. These figures point to the size of the reverse
logistics operations and the opportunities to improve the volume of items that could be properly
recycled.
Newman’s report on the activities of ReCellular to capture value from recycling shows
the potential impacts from properly recycling cell phones and other electronics (Newman 2009).
The interview with Samuels (Samuels 2011) and Nicholas (Nicholas 2011) also showed what
can be accomplished when companies focus on creating a sustainable future. The interview with
Hoffman (Hoffman 2011) showed what could be accomplished when a non-profit organization
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becomes involved with the reverse logistics and recycling operations for consumer electronic
products.
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3.0 Procedure and Methodology
The research procedure followed for this field project was a combination of a detailed
document search, site visits, and interviews with individuals working in the reverse logistics field
and individuals working with recycling of personal computing devices3 and cell phones.
Document Search
The document search for this field project consisted of reviewing online documents
focusing on the environmental impacts and hazards associated with the disposal or improper
“recycling” of electronic waste. The initial online search through Google Scholar focused on all
aspects of the life cycle of electronics to provide an initial assessment of the amount of materials
available on the topic. The second phase of the online research was to review articles and
publications discussing the reverse logistics pipeline with a focus on electronic products.
This online search was necessary to establish the availability of materials and previous
research on the topics of reverse logistics and electronic waste. Using the initial phases of the
research as a baseline, the scope of the project was narrowed from all electronic waste to
personal computing devices and cell phones. The initial research revealed that a project focusing
on all electronic waste was possible but would be too broad in nature to produce a quality
project.
Library Search
Upon completion of the initial online search, a more detailed search was conducted by
narrowing the scope of the search and reviewing published scholarly articles using the University

3

For the purpose of the research and discussion, the term personal computing device includes desk top
computers, laptop computers and hand held computing devices such as personal digital assistants.

13

Joseph Walden

EMGT 835

of Kansas Library. This research phase narrowed the search into three distinct areas. The first
area of research focused on electronic waste issues broken into two categories – electronic waste
activities and research in the United States and research publications on international electronic
waste disposal/recycling activities.
The second area of research in this phase of the project looked at the research articles and
journal publications related to reverse logistics activities and processes. Like the electronic waste
research, this area of the project looked at United States specific activities and international
related reverse logistics activities and practices.
The third area of research in this phase of the project looked for scholarly publications
and works that tied the recycling and disposal of electronic waste to reverse logistics processes
and activities. The completion of this phase of the research established the foundation for site
visits and interviews.
Site Visits
As part of the fact finding portion of the research, a series of site visits were conducted to
capture information on the practices of consumers, recyclers and government agencies in
handling and recycling of electronic waste. The Franklin County, North Carolina waste refuse
disposal site was visited to observe the sorting and separation of electronic waste items from
other waste disposal processes. This location was selected based on advice from a local resident
that Franklin County had an active e-waste sorting and recycling program.
Additional site visits included the United States Department of Defense Reutilization and
Marketing Office, a local recycling center in Lawrence, Kansas, the University of Kansas
Information Technology Center, and sites in South Africa. The sites were selected based on
14
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locale and availability, and provided an overview of operations between commercial industries,
educational institutions, and governmental operations.
Interviews
Personal interviews were used to support and supplement the published research and the
information gathered in the site visits. The goal of the personal interviews was to get first-hand
accounts of what leading companies and institutions were doing in the handling and processing
of electronic waste. The information gathered from these interviews helped to provide a clearer
picture of what could be done in the reverse logistics industry to help reduce the improper
disposal of computers and cell phones.
In addition to the interviews with personnel involved in the recycling of electronic
products, the opportunity to talk with some key personnel in the reverse logistics business
became available at the 2011 and 2012 Reverse Logistics Association International Conference,
Interlog 2011 in Los Angeles, and the 2010 and 2011 American Production and Inventory
Control Society (APICS)4 International Conferences. Some of these discussions were arranged
prior to the conferences to ensure the availability of the subject matter experts and some of the
discussions came about as a result of a chance encounter with individuals knowledgeable in the
handling of electronic waste materials. Interviews were also conducted with the Missouri-Kansas
Goodwill Industries, the University of Kansas Information Technology office and US
Government personnel.

4

APICS – The Society of Operations Management was originally the American Production and Inventory Control
Society and is the largest international operations management professional organization. For more on APICS see
http:www.apics.org.
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The interviews and discussions helped provide data and anecdotal information on the
activities, processes and opportunities in the reverse logistics area concerning electronic waste
handling, disposal and recycling.
Methodology
The analysis of the gathered information is arranged to show the magnitude and impacts
of the practices of handling electronic waste in the United States and in the international
community. The practices and analysis of the reverse logistics operations are also arranged by
what is being done in the United States and what is being done (in some cases mandated) in the
international community.
Using the previously conducted and documented research into electronic waste and
reverse logistics, the site visits and the personal interviews and conversations, this field project
looks at reverse logistics best practices and compares and contrasts the practices and programs
for the handling of electronic waste in the United States with International practices and
programs. The best practices and the comparison and contrast analysis provides the basis for the
recommendations for future research and work in the proper handling and recycling of electronic
waste.
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4.0 Presentation of Data/Information
Section 4.1 explains supply chain management in general and the subsidiary function of
reverse logistics in particular. Section 4.2 reviews the electronic waste issue from a United States
perspective while Section 4.3 looks at the international issues to include programs attempting to
stem the flow of electronic waste into the environment. Section 4.4 summarizes all of the
research data and provides analysis and conclusions; Section 5 provides recommendations for
future research.
The Computer Industry Almanac reported in 2006 that the numbers of personal
computers in use rose from approximately 100 million machines in 1990 to approximately one
billion computers by 2005. When this exponential growth in the numbers of computers is
coupled with Moore’s Law5 of obsolescence there is a large e-waste problem worldwide. This is
not just a United States problem. This paper will help build the awareness of the dangers of ewaste along with the current and potential hazards to the environment form the improper disposal
of electronic products.
Electronic waste continues to grow as part of the waste stream not only in the United
States but around the world. As the demand for newer, faster, more capable electronics increases,
product designers work to meet these consumer demands. As new products become available,
the old, outdated, or no-longer desired products have to go somewhere. Electronic products
become obsolete and lose their value quickly. For example a computer more than one generation
old has little to no commercial resale value. However, the components of that computer do have
value in the form of precious metals and other recyclable materials. The obsolete computer and

5

Moore’s Law states that the number of transistors that can be placed on a circuit doubles approximately every
two years.
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the accompanying monitor also contain materials deemed to be hazardous to the environment.
When these electronic components and other electronic items are not properly handled and
recycled, leachate may be released to the soil and potentially to aquifers. Improper handling in
the recycling process also releases hazardous compounds into the air and water near the
recycling sites.
Table 4-1 shows the potentially harmful materials in computers and monitors found in
disposal and recycling sites in Nigeria (I. A. Aniyie 2009):

Name

Use

Location

Effect/Disease

Cathrode ray tubes (CRT);
Batteries; PVC cables; Paints

Renal toxicity; Anemia; Colic;
Insomnia; Kidney Damage in the
form of Chronic Tubulointerstition;
Sensory and intellectualimpariment;
Retarded psychomotor development;
Blindness; Seizures and coma in
children

Lead

Metal joining; radiation shield;
Lead acid; Stabilizers in PVC
cables; Spray painting; Foundry
work; Battery component

Cadmium

As cadmium metal in some
switches and solder joints;
Phosphor coating in CRT;
Ultraviolet stabilizers in PVC
cables; in rechargeable batteries

Housing; CRT; Batteries; PVC

Damage to kidney and bone
structure; Renal toxicity; Prostrate
cancer

Mercury

Lightening components for flat
screen display units; Switches
and relays; Battery components

Batteries; Housing; Medical
equipment

Renal toxicity; Muscle tumors;
Mental retardation; Cerebral palsy;
Inhibits enzymatic activity

Antimony

Flame retardant; Metal solders;
Diodes; Additive in plastics;
manufacture of lead starter
batteries

Housing; CRT

Skin problems; Dermatitis

Arsenic

Doping agents

Transistors

Cancer of skin, lung, liver

Beryllium

Thermal and electricity
conductor

Connectors; Mother boards and
finger clips

Skin disease' Acute lung irritation;
Berylliosis; Lung Cancer

Nickel

Electroplating; Structural work

Steel housing; CRT

Cancer of lung and nasal sinuses

Chromium

Decorative or hardener of steel
housing; Corrosion protection of
untreated and ungalvanized steel
plates

Steel housing

Cancer of lung and nasal cavity;
Damage to DNA
Lung fibrosis; Asthma

Cobalt

Structural work; Magnetivity

Steel housing; CRT
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Location

Effect/Disease

Chloroflurocarbons
(CFCs)

As refrigerants, propellants

Domestic and commercial
refrigeration and air
conditioning/heat pump
equipment; Air conditioning and
heat pump units; Aerosol products;
Portable fire extinguishers;
Insulation boards, panels and pipe
covers; Pre-polymers

Depletion of the stratospheric ozone
layer and increase in the earth's
temperature; Significant increases in
skin cancer in humans and dramatic
changes in weather patterns; Damage
to crops and to marine phytoplankton

Barium

To protect computer users from
radiation

CRT, Vacuum tube

Brain swelling; Muscle weakness;
Damage to the heart, liver and spleen

Toner

Printing

Printers

Respiratory tract infection

Flame retardant

Plastic housing of electronic
equipment and circuit boards

Suspected immune and endocrine
system disruptors; Capable of
interfering with normal brain
development in animals

Polychlorinated
Biphenyls (PCBs)

Insulating Fluids; Flame
retardant; Transformer oils

PVC and ploymer; Electrical
transformers and capacitors;
Paints; Printing inks

Suppression of immune system;
Damage to the liver, nervous as well
as the male and female reproductive
systems

Silica

Glass; Solid state devices

CRT

Silicosis

Housing; Casing; Insulators

Endocrine disruptor; Capable of
causing damage to DNA and sperm
function in humans; Capable of
causing intersex in fish

Casing of monitors

Acutely toxic to aquatic life; Causes
contact dermatitis; Endocrine
disruptor

Brominated Flame
Retardants (BRTs)

Nonylphenol (NP)
Triphenyl Phosphate
(TPPs)

As antioxidant in plastics

As flame retardant

Table 4-1: Electronic Components and Hazardous Elements (Aniyie 2009)6
These components are potentially leached into soil and aquifers when obsolete
computers are improperly thrown away. Some of these same components and materials are found
in old television sets, many of which became obsolete with the analog to digital conversion in the
United States. The components that do get into the recycling system may still leak contaminants
into the environment as a result of the recycling methods and techniques.
The disposal of electronic waste is not a new problem. The first articles on this topic
appeared as early as the late 1970s. At that time, the only personal computers to worry about

6

Used with permission, see Appendix A
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were the Commodore VIC 20’s and a fledging new personal computer company known as
Apple. As personal computer use expanded in the 1980s, technology continued to improve
leaving older computers obsolete and expendable. As computers become faster and more capable
and programs become more memory consuming, more and more computers will become
obsolete. The first link between electronic waste and environmental/health concerns was
discovered in California in 1981 in the Silicon Valley area. The drinking water was discovered to
contain waste by-products linked to IBM plants and electronic manufacturing processes.
Coincidentally, as of 2007, there were nineteen Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) Superfund sites linked to technology companies in
the Silicon Valley area (McKenna 2007, 118).
According to the Silicon Valley Toxics Coalition:
Electronic waste (e-waste) encompasses a wide range of discarded electronic devices
such as computers, mp3 players, televisions and cell phones. Just one computer can
contain hundreds of chemicals, including lead, mercury, cadmium, brominated flame
retardants (BFRs) and polyvinyl chloride (PVC). Many of these chemicals are known to
cause cancer, respiratory illness and reproductive problems. These chemicals are
especially dangerous because of their ability to migrate into the soil, water, and air and
accumulate in our bodies and the environment (SVTC 2011).

This stream of electronic waste continues to grow faster than other forms of municipal
waste, yet the USEPA estimates that only about 15-20% of electronic waste is recycled.
Although states enacted laws to help control the disposal of electronic items, the Silicon Valley
Toxics Coalition reported that California, one of the first states to pass e-waste legislation,
exported approximately “20 million pounds of e-waste in 2006” (SVTC 2011). Figure 4-1 from
the Silicon Valley Toxics Coalition displays some of the more serious human health impacts
from the improper disposal of electronic products.
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Figure 4-1: Toxic Chemicals in E-Waste (SVTC, Body Burden n.d.)7
Image courtesy of Silicon Valley Toxics Coalition

The United Nations Environmental Program estimated in 2006 that “between 20 and 50
million metric tonnes of Electronic Waste (E-Waste) is now being generated globally each year;
representing more than 5 percent of all municipal solid waste” (UNEP 2006a). Much of this
110,000,000,000 pounds of waste is exported from developed countries to undeveloped
countries.
Alan McKenna wrote in the Environmental Law Review:

7

“Body Burden,” used with permission of SVTC. See Appendix A
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For those individuals who have recently purchased a sleek, ‘clean,’ new computer, prime
concern when unpacking it was likely to be that the new machine would function
properly. What is unlikely to have been in the forefront of the minds of the new owners
was the fact that their machines, which arguably environmentally portray a benign
existence, contain a multitude of potentially hazardous materials, lethal to all forms of
life…
A particular concern is the vast amount of E-Waste originating in the developed world
that has on an ongoing basis been transported to poorer states. It has been estimated that
500 shipping containers a month, loaded with second-hand electronic equipment, pass
through Africa’s biggest port, Lagos (McKenna 2007).
Why does the United States ship e-waste to other countries rather than recycling or
disposing of the waste here? “It has been estimated that it is 10 times cheaper to export cathode
ray tube monitors to China than to recycle them in the United States” (McKenna 2007, 123). Part
of this cost is tied to the cost of labor in China versus the United States, the same factor that has
driven manufacturing off-shore from the United States to China and other developing countries.
Another driving factor is that environmental regulations are more lax or easier to by-pass in other
countries than in the United States. Some of this may be an unintended consequence of strict US
environmental regulations. The recycling of Cathode Ray Tube monitors requires specialized
equipment and processes. These processes and requirements “makes the United States policy in
respect of export recycling potentially a catalyst for an environmental disaster” (McKenna 2007,
123).
An e-waste website in India states,
Landfilling e-waste, one of the most widely used methods of disposal, is prone to hazards
because of leachate which often contains heavy water resources. Even state-of-the-art
landfills which are sealed to the long-term. Older landfill sites and uncontrolled dumps
pose a much greater danger of releasing hazardous emissions. Mercury, Cadmium and
Lead are among the most toxic leachates. Mercury, for example, will leach when certain
electronic devices such as circuit breakers are destroyed. Lead has been found to leach
from broken lead-containing glass, such as the cone glass of cathode ray tubes from TVs
and monitors. When brominated flame retarded plastics or plastics containing cadmium
are landfilled, both PBDE and cadmium may leach into soil and groundwater. In addition,
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landfills are also prone to uncontrolled fires which can release toxic fumes (What are the
Most Hazardous Wastes? n.d.).8
In a whitepaper entitled, “Poison PCs and Toxic TVs: California’s biggest environmental
crisis that you’ve never heard of,” the Silicon Valley Toxics Coalition states that more than
“6,000 computers become obsolete” daily in California alone (SVTC 2004). These computers
usually end up in landfills or are relegated to storage in houses or storage sheds. The cost of
managing this e-waste exceeds $1.2 Billion in California according to the SVTC.
Even printer cartridges, seemingly harmless little pieces of used plastic, pose hazards to
the environment. Recycling these little cartridges is relatively easy since most of the newer
cartridges come with a return mailer in the package. However, without proper handling, the
black carbon dust inside the cartridges poses environmental hazards. Hewlett Packard and Xerox
have placed return labels in their larger cartridges and return envelopes in the smaller packages
for years. Image Microsystems has developed a technique to recycle printer cartridges and
computer casings into road signs that are more durable and less costly to replace than the
prevalent aluminum signs.
Getting these potentially hazardous electronic products and components back from the
consumer into the supply chain for the purpose of capturing value and protecting the
environment is the purpose of the reverse logistics system. Section 4.1 looks at the processes of
reverse logistics and the supply chain functions needed to help prevent the risks to the
environment while making the process customer friendly and accessible.

8

According to the Indian website, ewaste.in, the average Cathode Ray Tube monitor or television contains
approximately four pounds of lead. The danger of lead in the environment is common knowledge and has been for
over forty years.
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4.1 Supply Chain Management and Reverse Logistics
“Once around the world is the length of train required to hold the 20-50 million tons of electronic
product e-waste discarded globally every year” (Rupnow 2006).
The Supply Chain Council introduced the Supply Chain Operations Reference Model
(SCOR) in 1996 to provide a standard model to describe the functions inherent in every supply
chain. The first eight versions of the SCOR model contained the functions of Plan, Source, Make
and Deliver as functions inherent in every supply chain. In version 9.0 the Supply Chain Council
added the function of Return or reverse logistics to the model. According to the Supply Chain
Council a supply chain runs from a supplier’s supplier to the customer’s customers or from the
sourcing of the raw materials all the way to the sale of the product to the intended end user and
the possible return of the product back to the supply chain through reverse logistics operations.
In 1998, Dr. Dale Rogers and Dr. Ronald Tibben-Lembke conducted the first study into
reverse logistics in commercial industry. This study publicized the need to focus on reverse
logistics activities in order to help protect the environment, reduce waste streams into landfills
and capture value that could improve bottom line profits. The preface to the published study
states: “Reverse logistics is a new and emerging area, and as such, only a limited amount of
information has been published to date” (Rogers and Tibben-Lembke 1998, xix). Rogers and
Tibben-Lembke defined reverse logistics as:
The process of planning, implementing, and controlling the efficient, cost effective flow
of raw materials, in-process inventory, finished goods and related information from the
point of consumption to the point of origin for the purpose of recapturing value or proper
disposal. More precisely, reverse logistics is the process of moving goods from their
typical final destination for the purpose of capturing value, or proper disposal (Rogers
and Tibben-Lembke 1998, 2).
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What does reverse logistics have to do with electronic waste? Reverse logistics is a
relatively new concept under the supply chain management umbrella. However, reverse logistics
has been around as long as there has been logistics operations. It has only recently been
recognized as a branch of the supply chain tree. One of the earliest reverse logistics operations in
history was the movement of the Israelites out of Egypt and back to Israel. Today the US Army
is undergoing the largest reverse logistics operation in history in the shipment or redeployment of
equipment and materials out of Iraq and Kuwait back to the United States and Germany. The US
Army conducted its first review of reverse logistics processes after Operation Desert Storm in
1991 and conducted a formal study in 1999.
“Inserting logistics into recycling and the disposal of waste materials of all kinds,
including toxic and hazardous goods, has become a major new market” (Rodrigue, Slack and
Comtois 2001, 1). Environmental issues have helped to spur the growth of the reverse logistics
industry. Part of the growth in reverse logistics can be traced to legislation prompted by the
European Union’s Waste Electrical and Electronic Equipment (WEEE) Directive. WEEE
“requires manufacturers to develop a policy for the collection and reuse of products at the end of
their life cycle. These laws aim to shift waste management costs to producers, reduce volume of
generated waste and increase use of recycled materials” (Kokkinak, et al. 2001, 1).
The size of the reverse logistics industry in the US has grown from an estimated $35
billion (Rogers and Tibben-Lembke 1998) in 1998 to over $100 billion in 2006 (Malone 2005) to
over $200 billion in 2010 (Greve-Davis 2011) to in excess of $750 billion in 2011 according to
the Reverse Logistics Association. The Reverse Logistics Association was formed in 2003 to
address the issues surrounding reverse logistics in commercial industry. The first annual Reverse
Logistics Conference in 2004 attracted less than 100 attendees and 15 vendors that dealt with
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reverse logistics functions. The 2011 Conference attracted over 1500 attendees and 67
companies that offered reverse logistics services or training. The sponsors for the 2012 reverse
logistics conference included Dell, Best Buy, Wal-Mart and Hewlett-Packard.
A study in 2010 by Greve-Davis, a consulting company specializing in reverse logistics,
revealed that “between 9% and 14.6%” of company revenue was spent on reverse logistics
(Greeve and Davis 2010). One of their services is capturing and analyzing information and
consulting on reverse logistics operations. Figure 4-2 shows some of the latest statistics on
reverse logistics.

•
•
•
•
•

Manufacturers spend between 9% and 14% of sales on reverse logistics!
Retail returns, on average, are over 8% of total sales.
In 2010 the Consumer Product Safety commission ordered over 400 recalls!
US Consumers return over $200 billion of goods every year, only 20% are actually defective!
Time delays in processing returns cost 10% in recovery value for every month they are held!

Figure 4-2: Reverse Logistics Facts (Greve-Davis 2011)
Unlike normal forward supply chain operations, items going in reverse must be inspected
and sorted to determine the condition of the product. After determining if the product is
resaleable in its current state, disposition of the product must be decided. The solution is simple
if a product can be repackaged and returned to the shelves of retailers. If a product can be
refurbished, repaired or remanufactured and returned to retailers or outlets for resale, the product
must pass through more reverse logistics processes before being returned to a saleable condition.
If a product is obsolete or no longer has sales value, the product must be properly stored or
disposed of.
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One of the problems with items going backwards in the supply chain is the inability to
forecast the quantities of products coming into the distribution center. This is further complicated
by the inability to forecast the actual condition of the products coming back from customers and
stores.
Once the product reaches the distribution center or a central returns processing center,
“the product lifecycle plays a very different role in reverse logistics than it does in forward”
(Tibben-Lembke and Rogers 2002, 280). It is this lifecycle aspect that impacts the return of
electronic products. As products become obsolete or dated, the value of the product diminishes in
the market place and becomes a candidate for disposal or recycling of metals and hazardous
components. In the electronics industry this is also known as the end of life of the product.
“The traditional approach of many manufacturers towards used or so-called ‘end-of-life’
(EOL) products has been to ignore them.... In the past the majority of used products were
landfilled or incinerated with considerable damage to the environment” (Ferguson and Brown
2001, 534). It is this traditional approach that creates the leaching of lead, mercury and other
hazardous materials into the water and soil. The reverse logistics industry does not process all of
the end of life/obsolete products. A recent report shows that the percentage of products processed
in the formal reverse logistics chain is minimal compared to the numbers of displaced/obsolete
products:
It has been estimated that about 60 million computers enter the market every year in the
USA and over 12 million computers are disposed of every year. Out of these only about
10% are remanufactured or recycled. The remaining may lead to enormous amount of ewaste to be generated in a few years: 4 billion pounds of plastic, 1 billion pounds of lead,
1.9 million pounds of cadmium, 1.2 million pounds of chromium, 400,000 pound of
mercury, etc….Due to shortening of product life cycles, for products like consumer
electronics the recovery of value from these consumer goods, after use, is becoming a
necessity (Ravi, Shankar and Tiwari 2005, 328).
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“The goal of manufacturing companies is to ship goods through their plants to their
customers…These same companies, however, do not want products to be returned for any
reason” (Krumwiede and Sheu 2002, 325). The truth is that as much as companies do not want
products to come back, they do in fact return from the intended users or customers to retail and
wholesale facilities. Because of this producers and product designers must plan for the return of
products. In 2010, the worldwide electronics reverse logistics marketplace was estimated to be
approximately $677 billion (Blumberg 2010, 33). Of this figure, “the US represents 20% ($132
billion) of the world market” (Blumberg 2010, 33).
Reverse logistics continues to grow rapidly as companies continue to offer liberal returns
policies. “For some industries like electronics and consumer goods, the returned products are in
valuable resalable condition with NTF (No Trouble Found) rate that can reach 80% or 90%”
(Rupnow 2010, 50). The problem for electronic waste is not the 80% or 90% of items coming
back with nothing wrong with them, the problem comes from the items that are returned that are
defective or not saleable and from the items that are replaced by consumers who dispose of the
replaced product.
On average reverse logistics activities make up approximately 4% of total logistics costs
to a company” (Krumwiede and Sheu 2002, 326). According to the keynote presentation at the
2011 Reverse Logistics Association by Gailen Vick, the costs for companies now averages 7-8%
of total logistics costs. “Reverse logistics can be particularly crucial for e-commerce as the rate
of returns can be as much as 50% of goods shipped through normal logistics channels”
(Krumwiede and Sheu 2002, 326). Electronics products purchased over the internet add to the
growing stream of returned products and require e-commerce companies to consider the impact
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of returns. “The disposition process involves decisions and actions associated with the fate of a
product once a customer demonstrates product dissatisfaction” (Krumwiede and Sheu 2002,
328).
Customer dissatisfaction may arise from a number of situations including, customer
remorse, customer inability to operate the product or from a defective product. A study
sponsored by the Warehousing Education and Research Council and the APQC9 identified the
main reasons for returns as excess stocks, marketing returns, end of life/warranty returns, intransit damage, product recalls, shipping errors, not compatible with current systems, wrong
size/color/model, a better price elsewhere, missing parts, and dissatisfaction with the product
operations (Harrity and Stock 2007).
“By identifying where costs lie and the effect that current processes have on reverse
logistics results, organizations can determine the best physical network solution, enabling them
to execute and efficient, cost-effective flow of returns from customer to final disposition”
(Harrity and Stock 2007, 29). This is critical to controlling the inputs to the waste stream from
electronic recycling and disposal operations.
“The Center for Logistics Management at the University of Nevada conservatively
estimates that 6 percent of all goods may be returned, but concedes that the true number may be
closer to 8 percent” (Moore 2006). “Computer manufacturers are in a race to render their own
hardware products obsolete at a rapid pace…Meanwhile, the pile of used computers grows
mountainous. About twelve million computers a year end up as ‘e-waste’ and a single computer
can contain 700 distinct compounds” (RL Staff 2006). It is not just the computers, cell phones,

9

APQC was formed in 1977 as the American Productivity and Quality Center.
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and MP3 players that are discarded that contribute to the e-waste stream, the computers and
electronic products (examples might include stereos, fluorescent light ballasts, and clocks)
placed in businesses or household storage are potential sources for the e-waste stream.
“If the product isn’t designed for reverse logistics, it’s not designed right…Computers
that are designed to be disassembled quickly move through reverse logistics quicker” (RL Staff
2006). In addition, if the design for the product considers the environment as part of the design
process, the volume of the waste stream can be reduced. This involves using recycled materials
and recyclable materials in the product design. Some companies are doing a good job of this.
“Many manufacturers are working to reduce their returned product landfill percent from
35 percent down to approximately 25 percent of product. Sun’s progressive product designs have
help cut e-waste down to under five percent” (RL Staff 2006). This is a great start. According to
Paul Rupnow of the Reverse Logistics Standards Committee, “good companies recover 80% to
90% on items returned, but the average is closer to 40%” (Rupnow 2006). This leaves a large
opportunity for improvement and corporate responsibility.
The Oracle website states their corporate responsibility as:

Electronic components and equipment naturally reach an end of life. Oracle believes we
have a responsibility to design and plan for this phase in our products' life cycles. As a
result, Oracle has implemented a global product returns program that recycles, reclaims,
and reuses components or entire systems. End users can return their end-of-life
equipment to Oracle for recycling, reuse, or proper disposal (Sun 2012).
It is this attitude that is needed for all companies to help reduce the waste stream. If more
companies adopted this attitude the percentage of products improperly disposed of could be
significantly reduced. Oracle claims that they will contact any customer that wants to recycle a
product within 48 hours.
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In addition to the millions of computers discarded each year, approximately “100 million
cell phones are retired each year in the U.S. Currently only a small percentage of those phones
are refurbished or recycled……every second about 23 new mobile handsets roll off the world’s
assembly lines” (Rupnow 2006). While computers may be purchased to supplement current
capabilities, most consumers do not purchase a new cell phone as a spare; therefore most new
cell phones purchased produce a new candidate for recycling or disposal.
While the number of new products continues to increase at a rapid rate, the numbers of
products that need proper disposal and recycling grows. The reverse logistics community is
responsible for getting the products back from the consumers or retail stores and should be
looking for opportunities to reduce the e-waste streams. Sections 4.2 and 4.3 show that although
companies should be looking for opportunities to reduce the waste stream, perhaps this is not
happening.

4.2: Electronic Waste in the United States

Technology designed to make life easier and more comfortable is rapidly making many
lives more difficult and less comfortable. The fast dropping cost of technology has
allowed people the luxury of buying new electronics instead of repairing or upgrading
their existing item. Through our disposable culture might be convenient, this convenience
comes at a cost: hazardous pollution in the form of electronic waste (Kurz 2006, 307).
E-waste is a problem reaching epidemic proportions in the United States. Consider these
facts from the DoSomething.org website:
1. Less than 20% of the 400 million electronic items dumped each year are recycled.
2. Although e-waste is only approximately 2%-5% of the municipal waste stream in the
United States, it accounts for almost 70% of toxic wastes in landfills.
3. Approximately 15% of obsolete computers in the US are recycled.
4. Of the 50 million plus cell phones replaced each month only 10% are recycled
(DoSomething.org 2011).
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The USEPA estimated as early as 2000, that the life of a computer was rapidly becoming
shorter than the previous three to five years life span. “In the United States, reactions to the
problems of e-waste are varied, creating a patchwork of inconsistent regulations that suggest the
need for a unified strategy” (Schmidt, e-Junk Explosion 2002).
“In the US, we scrap about 400 million units per year of consumer electronics, according
to recycling industry experts” (Electronic Takeback Coalition 2011). Reliability is part of the
issue contributing to the e-waste stream. For example, “SquareTrade analyzed failure rates for
over 30,000 new laptop computers covered by SquareTrade Laptop Warranty plans and found
that one-third of all laptops will fail within 3 years” (Sands and Tseng 2009). This leads to
additional sources for e-waste or additional laptops stored at residences thus becoming potential
future sources of e-waste.
The United States also faces a growing toxic burden from electronics. In 2004, about 47
million personal computers and about 25 million televisions were sold in the United
States, and by 2006, over 160,000 computers and televisions, weighing approximately
3500 tons, will become obsolete each day. The average U.S. consumer now retires cell
phones every one and a half to two years and computers every two to three years. The
free cell phone, discarded after a year or two, has become the prime problem of a
throwaway society in the digital age (Sachs 2006, 60).
Thus, computers are not the only point source for e-waste. With new handsets, new
technologies, new features and smarter phones, a subscriber can get a new phone free or almost
free every two years. “This leads people to stop using working cell phones simply because there
is something newer, possibly with more features. The “dead cell phone” drawer, with discarded
phones, PDAs, and MP3 players, and a tangle of chargers and cords, is a common occurrence in
homes” (Electronic Takeback Coalition 2011). Almost every home in the United States can
claim to have at least one old cell phone in a drawer awaiting disposition to a recycling center or
landfill.
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Older televisions and computer monitors with Cathode Ray Tubes (CRTs) exacerbate the
problems created when old, obsolete computers are improperly discarded. “In 2009, broadcasters
switched from analog to digital TV signal. Millions of Americans tossed out perfectly good,
working analog TVs either because they don’t want to hassle with using a converter box on their
old TV, or they want to view TV using the HDTV technology” (Electronic Takeback Coalition
2011). Monitors and televisions with CRT technology contain lead to protect the users from
radiation emanating from CRT. The glass in the CRT monitors contains as much as twenty
percent lead (Kurz 2006, 308). The 315 million computers that became obsolete between 1997
and 2004 contained “a total of more than 1.2 billion pounds of lead” (SVTC 2004). This lead is a
potential leachate substance and polluter of soil and water sources.
EPA's regulations establish two ways of identifying solid wastes as hazardous under the
Resource Conservation and Recovery Act RCRA. A waste may be considered hazardous
if it exhibits certain hazardous properties (“characteristics”) or if it is included on a
specific list of wastes EPA has determined are hazardous (“listing” a waste as hazardous)
because we found them to pose substantial present or potential hazards to human health
or the environment. EPA's regulations in the Code of Federal Regulations (40 CFR)
define four hazardous waste characteristic properties: ignitability, corrosivity, reactivity,
or toxicity (USEPA 2009).
Under this definition, it would be hard to characterize e-waste as hazardous with the
exception of the toxicity or listing criteria. The University of Florida conducted a USEPA
sponsored study on leachate from computer monitors and other electronic waste materials, to
include cell phones. The electronics were tested using the Toxicity Characteristic Leaching
Procedure (TCLP) to simulate landfill conditions. Each of the electronic products tested using
the TCLP produced leachate of “lead above hazardous waste levels” (Kurz 2006, 310). The
dangers of lead poisoning led to the banning of lead based paints in the United States in 1977.
Separate leachate tests were conducted on eleven landfills in Florida in 2001 and 2002. These
tests were conducted using the Toxicity Characteristic Leaching Procedure (TCLP), the Wet
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Extraction Test, and the Synthetic Precipitation Leaching Procedure (SPLP) – a test that
simulates the conditions from rainwater on leaching. Additional tests were conducted using the
leachate collection sumps at five Florida solid waste landfills for comparison with the TCLP and
SPLP results. The tests from the municipal solid waste landfill leachates using SPLP produced
lower concentrations of lead than did the TCLP tests. Although this may point to a problem with
the conservative nature of the TCLP, the results still show lead and other metals in the leachate
collected at the landfills (Jang and Townsend 2003).
Another set of tests in Florida revealed mercury in landfill gases. This study was
prompted by the discovery of elevated levels of mercury in fresh water fish in Florida by the
Department of Environmental Protection. This study sought to “quantify the sources of mercury
and their cycling between the atmosphere and aquatic ecosystems, especially the Everglades”
(Lindberg, et al. 2001). This study identified batteries and florescent light bulbs as the primary
source of the elevated gaseous mercury levels in the landfill gases. Although not part of this ewaste study, this increase in mercury in the air from landfill gases will continue to rise with the
“green” push to move to compact florescent light bulbs if these bulbs are not properly disposed
of and simply thrown away.
Consumer electronics already constitute 40% of lead found in landfills. 15 About 70% of
the heavy metals (including mercury and cadmium) found in landfills comes from
electronic equipment discards. These heavy metals and other hazardous substances found
in electronics can contaminate groundwater and pose other environmental and public
health risks (SVTC 2004).
Lead is not the only substance leaching into water supplies and soils from the improper
disposal of computers and other electronics. “Other hazardous materials used in computers and
other electronic devices include cadmium, mercury, hexavalent chromium, PVC plastic and
brominated flame retardants. Mercury, for example, leaches when certain electronic devices such
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as circuit breakers are destroyed” (SVTC 2004). The health impacts and dangers of hexavalent
chromium leaching into the water system in California were the basis for the movie Erin
Brockovich. “E-waste that is improperly processed can release its dangerous contents into the
environment, where it can find its way into groundwater supplies or spread through the
atmosphere” (Pak 2008).
Recycling the products seems to be the responsible initiative. However, “it is estimated
that fifty to eighty percent of e-waste turned in for ‘recycling’ in the United States is shipped to
Asia” (Kurz 2006, 314). The Resource Conservation and Recovery Act (RCRA) covers the
waste deposited in landfills but Subtitle C exempts households as producers of hazardous waste
and therefore does not prevent the disposal of electronic waste into municipal landfills by
individuals. One estimate in 2006, postulated that as many as “sixty-one-percent of those
[computers] sold in the United States since 1981 are presently in storage awaiting disposal”
(Courtney 2006, 207).
“When most Americans think of the biggest environmental problems facing our
generation, discarded electronic products would hardly make it on their lists…The aggregated
effect of e-waste creates substantial environmental and health issues both domestically and
abroad” (Pak 2008, 243). As great as the impacts may be from e-waste, there is still no
nationwide policy on the handling of these products. Twenty-two states have or are working on
legislation to help stem the tide of the e-waste stream. These laws do not prevent the
outsourcing of the recycling activities to other countries. This practice creates some of the
problems discussed in Section 4.3, below.
E-waste accounted for approximately “2% to 5% of the total municipal waste stream in
the United States” in 2000 “and is estimated to have increased four times in just the few years
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following” (Pak 2008, 246). One of the contributors to the growth of the waste stream is the
growth of computer usage. The increased sales of computers coupled with the increasing shorter
shelf life of the computers resulted in an estimated 500 million obsolete personal computers
between 1997 and 2001 (SVTC 2004).
The cost to repair a personal computer or printer has reached the level that it is actually
cheaper in most cases to replace rather than repair the product. This produces a throwaway
mentality for society. The throwaway society produces “five to seven million tons” of electronic
waste annually” resulting in a “projected three billion units of consumer electronics that will
enter the e-waste stream by the year 2010” (Pak 2008, 247-248). Figure 4-3 shows the typical
flow of materials from raw materials to the finished goods to disposal and the resultant pollution
and waste stream creation from improper disposal.

Raw Materials

Producer

Waste

Products

Retail
Waste/Obsolete Products
Air

Consumer
Burn Waste
Consumer
Waste

Land Fill

Bury Waste
Leachate

Figure 4-3: Flow of Goods: Creation of the E-waste Stream

36

Joseph Walden

EMGT 835

“Product externalities are generally less noticeable than the archetypal production
externality of factory emissions, but aggregated across millions of items, the environmental
impacts of products can be substantial” (Sachs 2006, 51). One computer or one cell phone may
not impact the environment of the United States or any other country, but when millions of these
products are improperly dumped into municipal landfills, there is a problem.
At the post-consumer stage, products such as computers, batteries, and cell phones can
leach heavy metals and other hazardous materials into landfills and can release
carcinogens upon incineration…U.S. environmental law remains over-whelmingly
focused on regulating industrial sources of pollution and often neglects the externalities
from products themselves (Sachs 2006, 52-53).
”In 2009, Americans generated about 243 million tons of trash and recycled and
composted 82 million tons of this material, equivalent to a 33.8 percent recycling rate. On
average, we recycled and composted 1.46 pounds of our individual waste generation of 4.34
pounds per person per day” (USEPA 2010). While this shows a slight increase over the
previously released 2007 figures, the recycling rate for electronics is only about fifteen-percent
according to the USEPA. “Of the 2.25 million tons of TVs, cell phones and computer products
ready for end-of-life (EOL) management, 18% (414,000 tons) was collected for recycling and
82% (1.84 million tons) was disposed of, primarily in landfills” (USEPA 2010). “Concerns have
been raised that toxic chemicals will leach from these devices when disposed” (Jang and
Townsend 2003). In fact, “electronics are responsible for 40% of the lead and for about 70% of
other heavy metals (including mercury) found in U.S. landfills” (Sachs 2006, 57).

Blaine Smith from Green Stream International discussed the cell phone recycling
operations of his company in a recent electronic interview. Green Stream focuses on cell phone
refurbishment, remanufacture, and recycling. According to Smith, the exact percentage of
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phones recycled is not available, but is close to 60%. In 2010, Green Stream recycled 22 tons of
cell phone scrap from the phones that they could not fix and resell. (Smith 2011).
ReCellular’s Steven Samuels stated in an electronic interview that his company received
“6-6.5 million handsets in 2010” (Samuels 2011). Fifty-percent of these cellular handsets were
refurbished and returned to service. The products that were not returned to service (those with no
resale value or those that have been damaged beyond repair) were recycled. ReCellular grinds up
the phones and separates out the plastics which are used to fuel the smelting of the precious
metals in the phones. This process keeps “more than 1.6 million pounds of toxic waste out of
landfills” and prevents “enough greenhouse gases to equal 1,676 cars being taken off our roads”
(Newman 2009). According to Samuels, in 2009 ReCellular processed and reclaimed 75 pounds
of gold and 25,000 pounds of copper through its recycling programs (Samuels 2011).
“In 2007 the sales of computers in the U.S. was over 70 million units, but the installed
base of computers will only increase by about 11 million units. This is due to a replacement sales
rate of about 84% of total yearly sales.” (C-I-A 2008). Each of the computers that make up the
replacement sales in the computer industry represents a potential obsolete and disposed
contributor to the e-waste stream.
One method gaining acceptance in the United States to reduce the contributions to the ewaste stream is recycling of the products through the retailers and producers. “Recycling is both
a means of preventing the land disposal of toxic metals in e-waste and recovering some value.
The Computer TakeBack Campaign, an advocacy coalition, is developing and campaigning for
appropriate models for managing e-waste” (Davis and Smith 2003).
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The Missouri-Kansas Goodwill Industries sponsored a program in 2011 to complement
the commercial take back programs. In a program entitled “100 Ton E-waste Initiative,” The
Goodwill sponsored a program to promote awareness of electronic waste and collect unwanted
electronic products. According to Stuart Hoffman, The Goodwill actually collected 230 tons of
waste through this program. Of the items collected, four-percent was refurbished through The
Goodwill Industries and resold and the remaining ninety-six-percent was environmentally
recycled to ensure “that no material will end up in a landfill nor sent out of the country”
(Hoffman 2011).
“The Electronics TakeBack Coalition (ETBC) promotes green design and responsible
recycling in the electronics industry” (Electronics TakeBack Coalition 2011). The ETBC has
developed a scorecard on computer and electronics manufactures to measure how well the
companies are doing in helping to reduce the e-waste stream. “Dell leads the entire industry in
the number of collection sites and collection volumes, earning the highest grade (a B). Dell
started with a mail back program, but has added a considerable ground game with its partnership
with Goodwill’s Reconnect program and with Staples” (Electronics TakeBack Coalition 2011).
According to the ETBC website, “When we drop off our old computers at an e-waste
collection event, or have a recycler come and get them from our offices, we want to believe that
the recycler is going to do the right thing: to reuse them if possible, and handle them in ways that
are safe for workers and the environment” (Electronics TakeBack Coalition 2011). Most
consumers assume that recyclers are working to help the environment. This may not be the case
as will be seen in Section 4.3.
The problem is that many electronics recyclers don’t actually recycle the electronics they
collect from us. They can make more money by selling old electronic products to
exporting waste traders than by processing it here in the U.S. Traders send it to
developing countries where workers earn extremely low wages (often a few dollars per
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day) and where health and safety and environmental laws, enforcement, infrastructure
and citizens’ rights are very weak (ETBC 2010).

4.3 International Issues with Electronic Recycling

In November, 2002, the European Parliament passed Directive 2002/96/EC entitled
Waste Electrical and Electronic Equipment (WEEE). This was not a new topic of discussion for
the European Parliament. In 1996, a review of waste management in the European Union stated,
“the generation of waste cannot be avoided; it should be reused or recovered for its material or
energy” (European Union 2003). In 1997, the Parliament passed a resolution to promote the
reduction of waste and recommended consideration of life cycle analysis for products to consider
the impacts on the environment.
The report of the November 2002 proceedings of the European Parliament stated:
The amount of WEEE generated in the Community is growing rapidly. The content of
hazardous components in electrical and electronic equipment (EEE) is a major concern
during the waste management phase and recycling of WEEE is not undertaken to a
sufficient extent…the objective of improving the management of WEEE cannot be
achieved effectively by Member States acting individually. (European Union 2003).
With the WEEE directive the European Union established a program to “cover all
electrical and electronic equipment used by consumers and electrical and electronic equipment
intended for professional use” (European Union 2003). Article 1 of the WEEE Directive states
the objectives of the directive: “as a first priority, the prevention of waste electrical and electric
equipment (WEEE), and in addition, the reuse, recycling and other forms of recovery of such
wastes so as to reduce the disposal of waste” (European Union 2003). However, according to
Aniyie, “75% of about 8.7 million tons of e-waste which is generated annually within the
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European Union is not accounted for and not part of the internal recycling process (I. A. Aniyie
2009, 97).
The related Directive 2002/95/EC, Restrictions of Hazardous Substances (RoHS), banned
the use of heavy metals such as lead and the use of brominated fire retardants in the production
of electronic products. The WEEE and RoHS directives went in effect in August 2003 with
targets for treatment and collection of WEEE for December 2006. According to letsrecycle.com
in 2005, the directives set a “compulsory producer responsibility for financing the management
of consumer electronic and electrical waste” and banned the use of heavy metals and brominated
fire retardants in electronic manufacture by July 2006. (Waste Electrical and Electronic
Equipment (WEEE) 2005). Much like environmental regulations in the United States, EU
countries are free to set more stringent requirements than the WEEE Directive for environmental
protection (INFORM 2003).

After Europe first mandated recycling electronics like televisions and computers, two to
three million tons of electronic waste was turned in last year, far less than the seven
million tons anticipated. Much of the rest was probably exported illegally, according to
the European Environment Agency. Paper, plastic and metal trash exported from Europe
rose tenfold from 1995 to 2007, the agency says, with 20 million containers of waste now
shipped each year either legally or illegally (Rosenthal 2009).

E-waste and its disposal is a global issue. “In New Zealand, e-waste is commonly
disposed of in landfills, but there are hardly any figures for the quantity of TVs, computers or
monitors that end up at such sites” (Hoeveler 2009). Hoeveler estimated that e-waste in New
Zealand accounts for approximately 2-3% of the total waste stream (Hoeveler 2009, 133). As an
island nation this poses a threat to leachate in the water aquifers and potentially reaching the
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ocean biota. New Zealand has a Resource Management Act which is similar in nature to the US
RCRA. However, according to Hoeveler, television sets, monitors and computers were not
classified as hazardous in New Zealand and “usually ended up in landfills when disposed”
(Hoeveler 2009, 134).
The problem of e-waste in Africa is not as much internally driven as in New Zealand but
a problem none the less. In Africa, the problem is primarily from the export of e-waste by
developing countries. “Upon a walk through the major streets of Africa, one finds dumpsites
made up of a motley collection and remains of electronics and electrical appliances… these
dumpsites clog canals and channels meant for run-off water” (I. A. Aniyie 2009). The Basel
Conventions were adopted to prevent making developing countries the landfill for the rest of the
world. One researcher coined the term “toxic colonialism” to describe the exporting of e-waste
(Andrews 2009, 169).
The Basel Convention on the Control of Trans-boundary Movements of Hazardous
Wastes (Basel Conventions) addresses the e-waste trade problem. Environmental guidelines for
the handling of e-waste prompted a rise in the costs of properly disposing of e-waste products in
countries that enacted legislation to control e-waste. The Basel Conventions were first drafted in
1989 and went into effect in 1992.10 The goal of these Conventions is to have the country that
produces the waste be responsible for the proper disposal of the waste. However, many
companies and individuals get around the Basel Conventions and WEEE by selling the products
as refurbishable electronics rather than properly disposing of e-waste.

10

For more on the Basel Conventions go to http://www.basel.int/
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However, the Basel Conventions did not specifically designate electronic waste as a toxic
substance in 1989. The 1995 Amendment to the Conventions banned the trade of hazardous
materials but did not ban the ‘sale’ or trade of products that could be refurbished or rebuilt into
saleable products.11 This failure to ban certain products created a loophole. In addition to
creating a loophole, the 1995 Amendment has not been ratified by several major players in the ewaste business.12
One report goes as far as stating, “Africa has become the world’s latest destination for
obsolete electronic equipment” (Schmidt 2006). The Resource Conservation and Recovery Act
allows the overseas export of obsolete electronic products as long as the products are classified
as recycling and not disposal. With the economy still reeling in Africa, companies there are
willing to risk accepting junk in the search for recyclable materials in the e-waste containers.
Since it is not specifically banned by the Basel Conventions, e-waste makes it way to
Africa as recyclable/reusable electronics, sometimes with African Governmental agreements.
Often electronic products such as computers are shipped under aid programs to help “improve”
the digital capabilities of the countries even though the shippers know the products to be junk (I.
A. Aniyie 2009, 98).
The cost of recycling the e-waste is lower in countries such as Nigeria. As a result, the
developing countries find it profitable to send the electronic waste products to developing
countries for disposal. “It is estimated that while it costs about $50 to recycle a personal
computer in the United States, unscrupulous importers pay no more than $15 a piece” (I. A.

11

The United States has a similar regulation to cover the trade of electronic products. These products are not
treated as hazardous as long as they are sold into commerce.
12
According to the Basel Convention website (www.basel.int/ratif/ban-alpha.htm) only 69 countries have ratified
the Amendment as of April 13, 2011.
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Aniyie 2009). A good importer of these products in Africa can extract as much as $25 worth of
useable materials before throwing the remaining waste to a junk pile (I. A. Aniyie 2009). While
this may not sound like a bad business model, the components that are not reused become ewaste in the developing country. Estimates put the flow of electronics and electrical items at 500
containers per month into Nigeria’s largest port of Lagos (Schmidt, Unfair Trade 2006, 234).
The companies in Nigeria accept the electronic junk shipments in the hopes of recycling some of
the parts into usable electronic products for resale.
The situation in China is not much different. One estimate in 2006 forecasted that the
amount of electronic waste in China will reach at least “500,000 TV sets” per year (Huang,
Shang and Deng 2006). Even though studies show a large disposal problem in China, the surveys
conducted as part of Huang’s study reported that 97% of TVs and 98% of computers were
recycled (Huang, Shang and Deng 2006).
China customs uncovered 49 cases of hazardous waste smuggling last year, involving a
total of 8,002 tons of solid waste, Xinhua learnt from the General Administration of
Customs (GAC) on Wednesday. The GAC said most of the cases involved industrial
waste and domestic waste from the European Union, the United States, the Republic of
Korea and Japan (Xinhua News Service 2007).
“As the world’s largest importer and recycler of e-waste, China experiences increasing
pressure to alleviate the environmental consequences of e-waste handling” (Ni and Zeng 2009).
Although China and India have recently approved legislation to control e-waste, the practice of
dismantling used electronics “in mostly unsafe manners” (Ni and Zeng 2009) continues to create
environmental problems in China. Up to 80% of the millions of tons of e-waste generated by the
United States end up in China (Gullett, Linak, et al. 2007, 69). This fact by itself is interesting
since China established the Prevention and Mitigation of Environmental Pollution by Solid
Wastes Act in 2000.
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Yet investigations revealed that the major e-waste recycling operations in China are
primitive. These include toner sweeping, open burning, cathode ray tube cracking and
dumping, circuit board recycling, acid stripping of chips, plastic fragmentation and
melting, and dumping various waste residues (Ni and Zeng 2009).
The processes in these e-waste operations expose the workers to carcinogenic particles.
The practices used in these operations not only expose the workers but since the particles
become embedded in the clothing and on the skin, these dangerous compounds are taken home
with the workers. “Numerous banners reading along the lines of ‘Dealing in imported used
electronics is an act of smuggling’ can be found in the streets of Guiyu, yet an illegal e-waste
recycling business remains active in the region” (Ni and Zeng 2009).
In Guiyu, “Sediment from the Lianjiang River was found to be contaminated by
polychlorinated biphenyls (743 mg/kg) at a level approaching three times the Canadian
Environmental Quality Guidelines” (Leung, Cai and Wong 2006). Located approximately 150
miles northeast of Hong Kong, Guiyu (Guangdong Province) has moved from being a traditional
rice growing region to an “e-waste recycling center for e-waste arriving from the United States,
Hong Kong, and from other countries” (Leung, Cai and Wong 2006). The process to recover
copper wire from e-waste involves the burning of cables containing polybrominated diphenyl
ethers (PBDEs) used to produce flame retarding protection for the cables. These PBDEs “have
been found in relatively high concentrations in abiotic environment including sediment, sewage
sludge and biota such as farmed and wild fish” (Luo, Cai and Wong 2007).
The computer casings and circuit boards are processed by burning which produces “toxic
fumes and ashes containing polycyclic aromatic hydrocarbons… These e-waste activities cause
severe damage to the environment and expose the workers and local residents to toxic
chemicals” (Leung, Cai and Wong 2006) via the air, skin absorption, and through the food that
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the indigenous population consumes. In addition, the contaminants were also discovered in the
soil in the province, in local fish and in human milk (Leung, Cai and Wong 2006, 22).
The problem of e-waste contamination in Asia is not limited to China. Toxics Link, an
environmental watch dog organization in India opened a newsletter with: “When global climate
change seems to have drawn most of the attention on account of rising temperatures across the
planet in the recent times, this World Environment Day, Toxics Link, called for an associated
focus on the worsening challenge of electronic waste, particularly in India” (Toxics Link 2007).
“Studies so far reveal that the total e-waste generation in India is approximately 1.46
million tonnes a year….The projected growth for e-waste generation in India is about 34% year
on year” (Pinto 2008). Pinto goes on to state that in addition to the internally generated e-waste
in India, the country also imports up to 50,000 metric tons annually (Pinto 2008).
Korea is also becoming concerned about e-waste. In 2004, three million computers and
over 15 million cell phones became e-waste (Yoon and Jang 2006). Although Korea put laws in
effect in 2003 to help control e-waste, according to Yoon and Jang, the program is not as
effective for smaller electronics such as laptops and MP3 players as it is for larger electrical
products such as refrigerators and washing machines (Yoon and Jang 2006, 329).
Just as the recycling programs may not be working in the US and other countries, the
option of incinerating e-waste with other solid wastes is not a good option either. “The
incineration of e-waste pollutes the local environment and the air to a great extent. Several
studies in this field have revealed that soil, plants and animals situated close to e-waste
processing sites are contaminated by toxic substances” resulting from the burning of e-waste
along with normal municipal wastes (Hoeveler 2009, 124).
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As more countries enact legislation like the WEEE and RoHS Directives, there is a
growth industry in the exporting of electronic waste to get around the laws. “Sidestepping
international laws that are regulating the management of e-waste, many industrialized countries
are shipping their e-waste to countries such as China, India or Pakistan under the guise of
recycling or reuse purposes and increasingly trade their e-waste illegally” (Hoeveler 2009, 127).
In the United Kingdom, “The Environment Agency has made illegal WEEE exports a priority,
and it emerged late last year that half the 18 cases it was investigating in relation to waste exports
related to electrical waste” (Mann 2011).
“The WEEE Directive covers a wide range of products with provisions addressing
product design, collection, treatment, recovery, financing, consumer information, and penalties”
(Boon 2006, 734). Just because a directive is in place, does not mean that people will not find a
way to try to get around the laws. For example in the UK:
The 14 defendants facing charges in relation to the Environment Agency’s largest ever
investigation into alleged illegal exports of waste electrical equipment from the UK to
Nigeria are set to stand trial in October 2011.
The Environment Agency said that the charges relate to 11 containers of hazardous waste
electrical and electronic equipment (WEEE) being exported to Nigeria, containing a total
of 158 tonnes of material (Mann 2011).
The exporting of e-waste to other countries poses additional threats to workers and the
environment. “People working with e-waste in any form are exposed to extremely toxic
substances and their health may be severely harmed, improper disposal of e-waste in landfills or
incinerations can result in dangerous substances finding their way into groundwater supplies or
the atmosphere” (Hoeveler 2009, 118).
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This section looked at the international aspects of recycling and dumping of electronic
products. Section 4.4 analyzes all of the information to help form the conclusions and
recommendations contained in Section 5.

4.4 Analysis and Conclusions

Electronic waste is recognized as a growing problem not just in the United States but
around the globe. This is not a new revelation. The potential problems attributed to this
unintended consequence of the digital age were predicted long before the actual problems
surfaced. Environmentalists and industry insiders recognized the potential problems as early as
the 1978.
The digital revolution started with the goal of improving and simplifying lives. The new
products designed to improve communications and quality of life produced new problems. There
is an entire generation that grew up with computers, cell phones and portable digital music
players. Not only have they grown up with these devices, but now all users of these devices
expect newer, faster, more powerful devices. When these new devices are produced, everyone
wants the new product. The iPhone 4, the iPhone 4S, new generation MP3 players, and the new
generation iPods and iPads are examples of the “need” for faster and more powerful products.
What happens to the old products when these new products are released and marketed as
better than the previous generation of products? Some of these displaced products end up in the
basement or storage sheds. Some of the products can be found on internet sites such as eBay,
Craig’s List, etc. Other products find their way to recycling operations. The danger to the
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environment occurs when the old or defective products find their way to municipal landfills or
unlicensed dumps.
What happens to the products that are defective or simply do not meet the needs of the
customer? Discussions with the Sony sales representatives at the Reverse Logistics Conference
in Las Vegas in February 2011 would have one believe that every returned product is recycled. If
this were true, there would be no problems with e-waste streams. Capturing the value of the
recycled products and reducing the energy necessary to produce new products is where reverse
logistics is critical. The reverse logistics operations are critical to reducing the waste stream
through recycling, refurbishing, or remanufacturing the returned products.

4.4.1 Reverse Logistics and the Return of Electronic Products

Reverse logistics is not a new process under the supply chain management umbrella. It is
however an area of supply chain processes that has grown in interest as the value of the returns
grows and as companies have discovered that they can capture value from the returned products
either by refurbishing, remanufacturing the product, or recycling the components of the
electronic products for use in other products.
Reverse logistics in retail operations has its roots in the promises of Montgomery Ward’s.
In the 1890s this retailer provided a 100% guarantee and promised customers a full refund if not
satisfied. Reverse logistics in large scale operations has its roots in military operations. Upon the
surrender of the Confederate forces in North Carolina in 1865, General Sherman simply dumped
unneeded supplies before moving north to link up with the forces of General Grant. At the end of
World War II, there was over 77,000,000 square feet of storage of excess and unneeded supplies
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stored throughout Europe by the US Army. Disposal of products after Operation Desert Storm
involved reverse logistics operations as well as burying of products in the Iraqi and Saudi
deserts. The shifting of sands in the desert left some of these supplies exposed and available for
use by enemy forces in Operation Iraqi Freedom and the burning of materials proved to be
environmentally hazardous.
The Reverse Logistics Association defines reverse logistics as any process that takes
money away from the operation after the sale of the product to the intended customer (Vick
2011). This may be true, but the other side of reverse logistics is that there is value in the
products going backwards through the supply chain. Reverse logistics can be better defined as
any product going backwards through the supply chain from the intended end user for the
purpose of capturing value. Critical to this study is the ability of the reverse logistics operations
in capturing the value from electronic products and helping to reduce the growing increase of ewaste finding its way to municipal landfills.
Reverse logistics operations seek to capture value from the items going backwards
through the supply chain. Reverse logistics companies such as GENCO/ATC have carved a
niche in the supply chain. By helping companies solve reverse logistics problems through
outsourcing, the Third Party Service Providers (3PSPs) enable companies to focus on their core
competencies. The goal of the 3PSPs is to get products back into the retail supply chains for
resale or prevent the products from finding their way into the solid waste landfills or other
disposal sites.
Reverse logistics in the US has grown from the estimated $60 billion (Rogers and
Tibben-Lembke 1998) in 2001 to $100 billion in 2006 according to Forbes Magazine. With
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seven to nine percent of every sales dollar represented by products going backwards and
approximately 25% of Christmas sales being returned, the value of reverse logistics in the United
States is now over $300 billion, with as much as $132 billion in electronics in the reverse
logistics pipeline in 2011 (Blumberg 2010).
Part of this ‘returns-value’ is driven by the attitude of ‘try it before you buy it.’ Some of
the returned products are a result of buyer remorse. These products, unless tampered with, can be
refurbished and repackaged for resale. The new focus for many companies has shifted to reverse
logistics operations. The new focus is to capture value from the obsolete products and products
replaced by the newer products.
With the total numbers of items being returned growing every year coupled with the
growth of new products in the electronics arena, the reverse logistics pipeline is becoming
clogged. With the estimates for over 700-million computers becoming obsolete in the next
several years and estimates for several-hundred-million cell phones becoming obsolete every
year worldwide, the potential waste stream is growing faster than the reverse logistics companies
can process the wastes. The good news here is that the number of Third Party Service Providers
(3PSP) companies that are entering the electronics recycling industry is growing.
Growing concerns for the environment has helped to focus the efforts of members of the
Reverse Logistics Association on helping to reduce the flow of e-waste into the solid waste
landfills. The efforts to reduce the e-waste stream by Third Party Service Providers (3PSPs) are
only partially driven by the concern for the environment. As more citizens become concerned
about the environment, companies are discovering that a focus on sustainability and Green
operations contributes to the green of the bottom line. These profitable operations have helped to
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raise awareness and helped to slow the growth of the e-waste making its way into the municipal
landfills.
The growth of the Green and sustainability movement has prompted twenty-two states to
discuss or enact legislation on the disposal of e-waste. These laws and regulations have also had
an effect on the reverse logistics operations. Unfortunately this effect has produced an export
reverse logistics chain that moves the e-waste products to developing countries to perform the
recycling operations. The cost to recycle and/or capture the precious metals and components
from the discarded/returned electronic products is much cheaper in the developing countries and
these countries do not have the same worker protections and environmental regulations as the
United States. Section 4.4.2 will look at the relationships between the United States, the
European Union (home of the Waste of Electronics and Electrical Equipment and Reduction of
Hazardous Substances directives) and the flow of e-waste to the developing countries.

4.4.2 The United States, the European Union and Developing Countries
“Electronic equipment has become a mainstay of our way of life in the U.S. and Mexico
and throughout the rest of the world between the TVs in our homes, computers on our
laps and on our desk and cell phones in our ears. Disposal of e-waste represents a loss of
valuable resources and can potentially pose an environmental threat if improperly
managed” (EPA 2011).

The management of electronic waste is not a new topic and laws and regulatory guidance
is not a new aspect of this problem. The State of California put emergency CRT rules in effect in
2001 and passed e-waste legislation in 2003 with modifications to the statutes in 2009. The
European Union adopted the Waste Electrical and Electronic Equipment Directive 2002/96/EC
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and the accompanying Reduction of Hazardous Substances Directive in February 2002 to stem
the tide of electronic waste on the Continent.
By 2010, twenty-two states in United States had or were working on e-waste legislation
and guidelines. The California Electronic Waste Act supplements the US RCRA. The RCRA
does not prohibit the disposal of electronic waste by individuals – also known as exempt small
quantity generators. The United States Government not only allows the disposal of electronic
products into landfills, it also allows the export of electronic products as long as they are
exported as recycling or for reuse.
Companies in California exported hundreds of tons of electronic products to developing
countries such as India and China in one year as a way of getting around the e-waste legislation.
And since the products were exported as recycling it was legal under RCRA. In addition, the
export of obsolete and defective products to developing countries may save money as the cost of
recycling is cheaper in these developing countries. The flip side of the export situation is the
environmental and human hazards being realized as a result of uncontrolled recycling and
disposal practices.
The processing of electronic products in China has produced contaminated soils and
water leading to the discovery of carcinogenic contaminants in fish and fish eating birds. The
unsafe practices of trying to capture value from the outdated and defective electronic products
are proving to be not only harmful to the workers themselves but also to the families of the
workers and the biota in Guiyu Province.
In addition to India and China, the disposal of electronic products from the United States
and the countries of the European Union are having an impact in Africa. Reports by the United
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Nations, and other studies, show the magnitude of the e-waste discard problem in African
countries such as Nigeria. In the port of Lagos, Nigeria as many as 500 containers a month filled
with electronic “recyclable” products arrive from countries and companies trying to evade the
cost of recycling in countries and states with e-waste legislation.
Companies in the African countries, like in the Asian countries, accept the products
because they can recycle some of the products and computers into saleable products and then
dispose of the unusable components. What appears to be a win-win – companies get paid to ship
products to Africa and the African companies make some profit off of the recycling – is really a
win-win-lose. The lose part comes from the disassembly of the products and the improper
disposal of the products after all recyclable parts are removed. The improperly disposed e-waste
can contaminate the soil and water supplies of African countries. These products contain known
hazardous metals such as lead and chromium as well as carcinogenic fire retardants.
Efforts to reduce the flow of e-waste exports through initiatives such as the Basel
Conventions and the efforts of the Basel Action Network have not stopped the reverse logistics
operations moving the waste to developing countries. The required compliance with the EU’s
WEEE Directive has helped to slow the e-waste stream by making producers more responsible
for their products and the recovery of these products. WEEE and RoHS do not stop e-waste. As
long as consumers demand faster, smarter, more powerful electronic products there will be a
continued growth in the e-waste stream.
Legislation in the United States and the EU can control the disposal of electronic
products from large quantity generators by placing the onus on the product manufacturers. Some
companies are initiating take back programs and product exchange programs to encourage
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consumers to properly dispose of their unwanted electronic products. However, consumers
continue to store their displaced products in their homes thus preventing an accurate
measurement of the numbers of electronic products that could potentially be disposed of in
landfills. And the legislation on e-waste only prompts companies to recycle the products through
developing countries.

4.4.5 Conclusions

The problem of electronic waste is not going away in spite of potential legislation or
programs such as the Missouri-Kansas Goodwill’s “100 Tons of E-waste” program. These
programs do help increase awareness of the problem and help to take some of the products out of
the e-waste stream.
From grade school through college, students are bombarded with the need to recycle
paper, plastic bottles, and soda/beer cans. Almost every public grade school, middle school, and
high school in Kansas has a paper recycling dumpster in the parking lot to not only encourage
the recycling of paper but to also help raise money through the sale of the recycled papers. Boy
Scout troops have conducted paper drives for decades as a way to raise money while helping the
environment.
Schools have specially marked containers to deposit empty cans and bottles. These
containers help the schools raise money while helping to continually reinforce the need to
recycle these products to help protect the future of the environment. Even the USEPA’s website
focuses on recycling of paper, cans, and plastics.
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Nowhere is there a program that informs students or adults about the environmental
hazards from the improper disposal of electronic products. The average life of a computer has
dropped from five years a decade ago to under two years today. The “need” to have a more
powerful computer or the latest cell phone produces a steadily growing stream of electronic
waste. Some of this waste finds its way back into the supply chain via the reverse logistics
processes.
The reverse logistics system processes the items going backwards with the intent of
capturing value from the products. This has led to the development of a niche industry to recycle
electronic products. Some of these companies are 3PSPs and some of the companies involved in
the recycling of electronics are Original Equipment Manufacturers such as Sony.
These new 3PSPs are helping to reduce the growth in the waste stream and preventing the
export of electronic products for recycling to developing countries. The US Department of
Corrections through its manufacturing sector, UNICOR, is part of the recycling solution.
UNICOR uses prisoner labor to process recycled electronic products at labor rates comparable
with developing countries but is required to follow US environmental regulations and the
guidelines of the E-Stewards certification process. The E-Stewards program is based on the
Basel Accords.
The WEEE and RoHS Directives in Europe legislate the disposal of electronic products
and place the onus on the end of life products returns on the producers of the products. Since
getting the producers of the products are responsible for the recovery of the products, they
encourage consumers to properly dispose of the products.
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The WEEE Directive (and procedures) is the impetus and benchmark behind the take
back programs for electronics in the United States. These programs are sponsored by the
producers and/or municipalities to slow the flow of electronic products into solid waste landfills.
These programs are a good start but research and studies show a relatively small percentage of
electronics are properly recycled.
Products from Europe and the US are still making their way to developing countries
under the guise of recycling. The cost of recycling electronics, like the cost of manufacturing the
electronics, is much cheaper in the developing countries because of the cost of labor and the
differences in environmental regulations.
The products not making their way into the “recycling” streams either find their way to
landfills or remain in storage in households. The products making their way into municipal
landfills or illegal dump sites pose a threat to the environment in the form of heavy metals
leaching into the water and soils. The disposal of CRT monitors has been banned in Maine and
California because of the volume of lead in the monitors. This lead was manufactured into the
monitors to protect the users of the monitors from radiation – the unintended consequence of this
action is the potential hazard to the environment from the lead. This lead and the brominated fire
retardants in the monitors make the monitors a threat to the environment when not properly
disposed.
So, what is the solution to the e-waste problem? Placing the onus on the producer to
recycle the product under the WEEE and RoHS Directives may not be the solution. International
conventions such as the Basel Conventions have proven to be ineffective in controlling the
movement of e-waste to developing countries, primarily because not every country has ratified
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the conventions and even those who have may ignore the restrictions because of political or
economic reasons. This is not the win-win situation that companies would have consumers
believe. The contamination discovered in China in the soil, water, and biota is proof that these
controls are not environmentally safe.
The e-waste problem will continue to grow as the electronic products become more
sophisticated and integrated into everyone’s daily life. When a product is replaced the “obsolete”
product is stored in a drawer or basement, recycled – properly or improperly, or finds its way to
the municipal landfills or illegal dump sites.
There is value to companies and consumers from the proper handling of electronic waste.
The CRT monitors can be ground into sand and used in the production of faux marble products
as shown in Figure 4-4. The plastics can be used to build park benches and street signs. The
aluminum can be melted down for use in the automobile industry. The gold, copper and
palladium in the electronic products can be captured and reused thus reducing the depletion of
precious metals. This is where the reverse logistics industry can help reduce the e-waste stream.
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Figure 4-4: Faux Marble Produced From CRT Glass (Author’s photo)
If producer recycling and international conventions are not the answer, then how can the
e-waste problem be solved? Section 5.0 provides recommendations on helping to solve this
growing problem.
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5.0 Recommendations

One academic project will not solve the problem of electronic waste. The potential
solutions to the growing global problem of e-waste and the proper disposal of e-waste comprise a
four prong campaign plan.
First, public awareness campaigns are needed to provide consumers with the same level
of awareness as they receive for plastics, paper, and aluminum. Almost every school and most
public buildings have recycling bins for papers, plastics and cans. These programs have been
successful in making multiple generations aware of the need to recycle these products. In
addition, the schools know that they can make money for student activities through the recycling
of these products. The same considerations and fund raising incentives can help increase the
awareness that one person can make a difference.
The Missouri-Kansas Goodwill Industries 2011 “100 Tons of E-waste Initiative” is a
good example of the type of public awareness campaign necessary to educate and motivate
consumers to properly dispose of electronic products. The Goodwill’s program prompted
consumers to empty out their basements of electronic products at no charge with an incentive
being the chance to win a trip to Mexico by donating their products for recycling and reuse. This
program more than doubled its goal of 100 tons by collecting 230 tons of electronic waste. As of
2012 all Goodwill programs have partnered with a major computer manufacturer to form a take
back program for obsolete electronic products.
One major retailer recently announced an electronic products recycling program and
placed recycling bins for MP3 players, iPods, and cell phones in their stores and Sprint-Nextel
recently started publicizing a cell phone recycling program to benefit the Victory Junction Gang
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charity for children with severe medical problems. Sprint even provides prepaid mailing
envelopes for recycling of cellular handsets. Sprint also sets up mobile recycling sites at major
sporting events as shown in Figure 5-1.

Figure 5-1: Sprint Mobil Recycling Center at Kansas Speedway (Author’s photo)
A combination of awareness programs for students and other consumers coupled with
programs such as Sprint-Nextel, the Goodwill, Cell Phones for Soldiers, and ReCellular’s
recycling and refurbishment programs will help reduce the e-waste stream. The awareness
process at the Franklin County, North Carolina, Waste Disposal site has helped to reduce the ewaste stream in that county as seen in Figure 5-2. The county now mandates the separation of
electronic products from household waste discarded at the waste disposal site. This area is
staffed and monitored during hours of operations to prevent the dumping of electronic products
into the waste system.
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Figure 5-2: Franklin County, North Carolina Waste Disposal Site Electronic Separation
Area (Author’s photo)
Another aspect of the awareness program is evident in The University of Kansas’
computer recycling program. The KU program is outlined on the university website and the IT
office will pick up the obsolete items if asked. The program degausses the hard drives and sends
the obsolete computers to a certified contractor. This contractor certifies that the computers are
environmentally recycled and not send to landfills or foreign countries (Nicholas 2011).
The second part of the campaign is in the design process for the products. Designing for
the environment and life cycle management are not new concepts. Clemson University worked
on a Coke bottle that would decompose on the side of the road as early as 1969. The goal of
designing for the environment is to produce products from recycled materials or with materials
that can be recycled. Applying design for the environment into the design of electronic products
through the use of recyclable products coupled with mandatory recycling programs modeled on
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the European rules and regulations worldwide with strong penalties for violators will help reduce
the electronic waste stream and help protect the environment.
The third part of the recommendations to reduce the e-waste waste stream is a
comprehensive study of best practices in electronics recycling jointly conducted by the countries
that produce the e-waste and the developing countries that are processing the illegally dumped
products. This study could be sponsored by the USEPA and one or more of the major electronics
producers, or the United Nations Environmental Program. A comprehensive study of practices
will then be useful in developing an education program for corporations and individuals on the
benefits of proper recycling and disposal and a program for electronics producers on the benefits
of designing for the environment.
The final recommendation uses the first three recommendations as the foundation for the
fourth recommendation. The information gathered from the collection of products and successful
recycling and reverse logistics programs coupled with the results from a comprehensive study of
the practices in place to properly handle and dispose of electronic products could serve as the
basis for a national set of regulations for the handling of electronic products as the products reach
their end of life. This national program would not only establish the US as the world leader on
the responsible handling of electronic waste but could also be developed into an international set
of regulations or universally agreed upon conventions with severe penalties to create a
sustainable future for the environment.
A national policy is critical to reducing the electronic waste stream. Until producers and
users are incentivized or forced to properly recycle and process electronic waste, the percentage
of electronic waste in municipal landfills and exported to developing countries will continue to
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increase. The national policy has to force producers to design products for the reverse logistics
process and properly handle and reuse precious metals and materials to help create a sustainable
future and reduce the depletion of scarce raw materials.
Without education and training programs, sustainable design programs for electronic
products and universally accepted and endorsed rules for the proper recycling and disposal of
these electronic products, the e-waste waste stream will continue to grow and will continue to
have environmental and human health impacts.
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Appendix A: Permissions
1. Aniyie
2. Silicon Valley Toxics Coalition
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From: Ubulu - Uku <hyper27_12@yahoo.com>

[ add to contacts ]
To: joewalden@supplychainresearch.com
Cc:
Date: Thursday, March 10, 2011 02:49 am
Subject: Re: Permission to use part of your study

Dear Joe Walden,

The piece was written out of a desire to educate. I am honoured that someone of your
pedigree finds my paper of relevance. And will be thrilled to have a copy of the final project.

My regards.

ANIYIE, IA

--- On Wed, 9/3/11, joewalden@supplychainresearch.com joewalden@Hell wrote:

From: joewalden@supplychainresearch.com <joewalden@supplychainresearch.com>
Subject: Permission to use part of your study
To: hyper27_12@yahoo.com
Date: Wednesday, 9 March, 2011, 20:07
Aniyie,

I am working an project to study electronic waste. I came across your paper, "The Influx of Used Electronics into
Africa."

I would like permission to use your figure 2 as an exhibit in the study. I will be happy to provide you a copy of the
final project.
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Thank you in advance,

Joe Walden
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joewalden@supplychainresearch.com

-----Original Message----From: Silicon Valley Toxics Coalition [mailto:svtc@svtc.org]
Sent: Monday, April 4, 2011 04:17 PM
To: joewalden@supplychainresearch.com
Subject: RE: Permission
Dear Joe,
Thank you for your interest using the Body of Burden diagram from the SVTC website.
Please do feel free to use the image.
We ask that you give proper credit to SVTC (ie. “Image courtesy of Silicon Valley Toxics
Coalition”).
There are some images on the SVTC website that reference other organization.
In those instances, please do give them credit.
Thanks for contacting SVTC.
Corinna Dixon
Associate Director
From: joewalden@supplychainresearch.com [mailto:joewalden@supplychainresearch.com]
Sent: Saturday, April 02, 2011 6:15 PM
To: svtc@svtc.org
Subject: Permission
I am preparing a graduate paper on the environmental risks and hazards of electronic waste
disposal. The eventual goal of the paper is to develop a training program for middle and
high schools for earth day training.
In that light I would like your permission to use the diagram Body of Burden in the paper and training program as an
example of potential hazards from improper disposal of e-waste.
Thank you,
Joe Walden
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