
Chapter 8
A Primer on E-Waste

Tonya Boone and Ram Ganeshan

Abstract This Chapter introduces the concept of e-waste. The chapter highlights
how countries are regulating e-waste and how firms that sell electronic and electrical
equipment are tackling e-waste with supply chain initiatives.

8.1 What is E-Waste?

Electronic waste or e-waste (often referred to as Waste Electrical and Electronic
Equipment (WEEE)) is the term used to describe old, discarded, surplus, obsolete, or
broken electrical or electronic devices (any device that runs on electricity or batteries)
regardless of whether an appliance is still functional or not. It includes computers,
phones, consumer electronics, and household appliances that have reached end of
their useful life. Figure 8.1 gives a breakdown of the contents of e-waste1.

The fast pace of technological change, shortening life spans of devices, high rates
of obsolescence (or replacement) in developed countries, and the growing demand
for electrical and electronic equipment (EEE) devices in the developing countries
have all contributed to the rapid growth of e-waste.

In 2009, approximately 53 million metric tons of e-waste was generated world-
wide and about 13% of that weight was recycled2. Estimating the quantity of e-waste
can be complex for several reasons. First, different products have different life spans
and each user will use the product differently making it difficult to predict when a
product will become eligible as “waste.” Second, once the product reaches the end

All web sites referenced in this Chapter were accessed 15th August 2010. We would like to thank
Karen Marshall and Shoumya Prodhan for helping research issues on e-waste.

1 EMPA Swiss Federal Laboratories for Materials Testing and Research (definition according to the
European Union) http://maps.grida.no/go/graphic/what_is_e_waste.
2 http://www.bbc.co.uk/news/world-10851645.

T. Boone (�) · R. Ganeshan
Mason School of Business, College of William and Mary, 23185 Williamsburg, VA, USA
e-mail: Tonya.Boone@mason.wm.edu

R. Ganeshan
e-mail: Ram.ganeshan@mason.wm.edu

T. Boone et al. (eds.), Sustainable Supply Chains, 107
International Series in Operations Research & Management Science 174,
DOI 10.1007/978-1-4419-6105-1_8, © Springer Science+Business Media New York 2012



108 T. Boone and R. Ganeshan

Fig. 8.1 Whats in E-waste?
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of its primary life span (or the 1st user), it officially enters its “end of life” and its
management by the user is also uncertain. At this stage, it can be recycled, landfilled,
or (some portions) incinerated as waste. The product, however, can also be reused
for a “second life” or can simply be put in storage. Those items that are either reused
or in storage will eventually be recycled, landfilled, or incinerated at a future date.

The estimation of e-waste can be thought of in terms of flows. Historical sales
figures give an estimate of the potential amount of recoverable devices in use or
storage. Landfilled and recycled amounts give a picture of how much of that potential
amount is recycled. Focused policies and strategies can optimize the “recovery rates”
to close the loop in the supply chain.

In 2005, the US EPA estimates that 304 million electronic devices (computers,
TVs, VCRs, cell phones, and monitors) were discarded from US households. The
Consumer Electronics Association (CEA) estimates that of the devices that were
discarded, about two-thirds were still functional.

Used or unwanted electronics in 2005 amounted to approximately 1.9–2.2 million
tons. Of that, about 1.5–1.8 million tons was landfilled, and only a fraction—
345,000–379,000 tons—was recycled.

Figure 8.2 shows the sales for popular electronic products in the US from 1990
through 20053 along with the “end of life” management for the year 2005 for these
products. In 2005, for example, 3.56 million tons of electronic equipment was sold
(and 1.5–1.8 tons entered the waste stream) and 636,000 tons of it was desktops. In
2005, 608,500 tons of desktops became eligible for “end of life” of which 349,000
tons were either reused or put into storage4, 186,500 tons found their way to a landfill,
67,800 tons were recycled, and 5,300 tons were incinerated.

3 Data is from the US Environmental Protection Agency: http://www.epa.gov/osw/conserve/
materials/ecycling/manage.htm.
4 Note that devices that become eligible for end of life were actually sold in previous years—so
while current year sales is one point of reference, previous year sales are a better benchmark. Dell
and Apple, for example, use sales 7-years prior to compute recycle rates. These devices that go into
storage or reused are technically not “retired” but will find its way to the waste stream in the future
either from storage or after it is reused.
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While e-waste represents only 2–5% of municipal waste, it is the fastest growing
form of waste, not only in the US, but also globally. The United Nations Environmen-
tal Program estimates that by 2020, e-waste from old computers will have increased
from two to four fold from 2007 levels in China, and five-fold in India. E-waste from
discarded mobile phones will be about 7 times higher than 2007 levels in China, and
18 times higher in India. By 2020, e-waste from televisions is expected to be double
from the 2007 baseline in China and India.

8.2 Why is E-Waste Such a Big Issue?

8.2.1 Material Depletion

Electrical and electronic equipment contain a wide range of materials made of metals,
plastics, organic compounds, and other substances—some valuable, some toxic,
some both. One concern is the high use of virgin minerals to make the EEE devices—
without sufficient oversight this can lead to significant depletion of mineral resources.

Figure 8.3a, b show the typical material composition of a cell phone5 and a com-
puter6. Typical materials include base metals like copper (Cu), aluminum (Al), iron
(Fe), and tin (Sn); special metals such as cobalt (Co), indium (In) and antimony (Sb);
and precious metals such as silver (Ag), gold (Au) and palladium (Pd). According
to UNEP7, a single cell phone contains, for example, 250 mg Ag, 24 mg Au, 9 mg
Pd, 9 g Cu, and 3.5 g Co for the battery. Considering 1.2 billion cell phones were
sold globally in 2007, this amounts to 300 tons of Ag, 29 tons of Au, 11 tons of Pd,
11,000 tons of Cu, and 4500 tons of Co! UNEP estimates that in excess of 45 billion
dollars of minerals are mined yearly for EEE equipment. This adds up to 30% of
the world mine supply of Ag, 12% of Ag, to 13% of Pd and to 15% of Co, 50% of
Sb, and 30% of Cu8. Given that only 15–20% is recovered to be recycled, this is a
significant depletion in both base and precious metals just from EEE.

Figure 8.4a shows the estimates for different materials in electronic devices land-
filled, recycled, or incinerated in the US in 2005. The chart also identifies, for each
material, how much was recycled or landfilled (Fig. 8.4b). This chart is based off
the statistics in Fig. 8.2b—composition and weight of each material for the range of
devices in Fig. 8.2b is estimated; and the sum of each material across all relevant
devices in 2005 is computed9. For example, 117,913,190 pounds of copper became

5 “Cell phone composition.” UNEP/GRID-Arendal Maps and Graphics Library. 2006. UNEP/
GRID-Arendal.
6 http://www.unep.org/publications/ebooks/kick-the-habit/.
7 http://www.unep.org/PDF/PressReleases/E-Waste_publication_screen_FINALVERSION-sml.pdf.
8 Ibid. 8.
9 Data is from the US Environmental Protection Agency: http://www.epa.gov/osw/conserve/
materials/ecycling/manage.htm.
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eligible for end of life. 21.4% of that quantity was recycled and 76.4% made its way
to the landfill. The remaining 2.2% was incinerated. For the sample of materials in
Fig. 8.4, the recycling rate is between 13% and 27%—too low to stop significant
depletion of mineral resources.

8.2.2 Energy Required for Production

EEE device production is an energy-intensive process. Metals and substances have
to be mined and processed; components for the device made and shipped to the
assembly sites (typically in Asia); and the completed product eventually shipped to
the various markets—largest being in developed countries.

Over 60 substances are typically required for EEE devices and since only a small
fraction is recovered through secondary production (recycling operations), most of
the materials have to be extracted through mining operations. Figure 8.5a gives the
CO2 emissions for both primary production and recycling operations for some of
the common metals in EEE devices10. For example, primary production of copper
releases 1.25 tons of CO2 for every ton mined. The EEE industry used 4.5 million
tons of copper in 2006—it adds up to 5.625 million tons of CO2. In contrast, recovery
of copper from secondary sources releases 0.44 tons of CO2/ton recovered.

Since the concentration of precious metals is much lower in ores, it takes a lot more
energy to extract them through mining operations. For example, primary production
of gold releases 16,991 tons of CO2 per ton mined. The annual demand for gold
in EEE is around 300 tons making the total CO2 releases for gold production for
EEE devices around 5.1 million tons. Figure 8.5b lists the CO2 emissions from other
precious metals.

Life cycle analysis of EEE devices indicates that production is a significant part
of the carbon footprint. Figure 8.5c highlights CO2 emissions from the manufacture
of common components11. The manufacture of flat LCD screens, for example, has
a footprint of 185 kg of CO2. Millions of LCD monitors are sold each year; and
many LCDs contain substances of concern—so in addition to the energy burden,
the production and the disposal has the potential to cause significant harm to human
health and environment.

Figure 8.5d shows the lifecycle of an Apple computer12 and a typical Nokia
phone13. The CO2 emissions from production accounts for about two-thirds of each
device’s footprint. For devices with short life spans, such high production footprints
are common. Washing machines and refrigerators, on the other hand, last much longer
than cell phones or computers and consequently, most of their carbon footprint will be

10 http://www.bir.org/assets/Documents/publications/brochures/BIR_CO2_report.pdf.
11 http://www.unep.org/publications/ebooks/kick-the-habit/.
12 http://www.apple.com/environment.
13 http://www.nokia.com/environment/devices-and-services/creating-our-products/life-cycle-
thinking.
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from product use. Such life cycle analysis suggest appropriate end of life management
for EEE devices. Increasing a computer’s lifespan by 10%, for example, can reduce
its life cycle impact by 8.6% while recycling it only reduces it by.43%14. So incentives
for reuse or extending lifespan will conserve energy and reduce e-waste. In case of
refrigerators and washing machines, replacement at end of life with energy efficient
appliances will save energy.

While end of life decisions are dependent on the device, the high energy needed
to manufacture and use the product coupled with the low recycling rates in EEE are
responsible for significant greenhouse gas emissions.

8.2.3 Toxicity/Health Issues

E-waste contains many toxic substances—metals such as lead, mercury, cadmium;
organic compounds such as brominated flame retardants (BFR), PCB polychlorinated
biphenyls (PCB), and polyvinyl chloride (PVC) that either are proven or suspected
to cause damage to the environment and human health. Table 8.1 highlights some
of the commonly occurring toxic substances in e-waste, their applications, and their
potential for causing human harm.

Toxic substances in EEE are typically in solid and non-dispersible form, so there
is little danger of human and environmental harm during the course of their normal
use. The primary cause for concern is the improper management at the end of its life.

Found in plastic casings of personal computers, CRT monitors, and printed circuit
boards, BFRs—including common forms such as Polybrominated diphenyl ethers
(PBDEs) and Tetrabromobisphenol-A (TBBP-A)—can persist in the environment
and bio-accumulate in living organisms, causing liver and thyroid toxicity. PCBs
are organic compounds used in EEE in electric transformers and capacitors, and as
additives in sealants and plastics. PCBs pose risks to the nervous, reproductive and
immune systems. Both BFR and PCBs can be released into the environment when
computer parts are shredded or heated. PVC is used to insulate cables and wires and
release toxic dioxins when incinerated in the open.

Cathode ray tube televisions and computer monitors have lead built into the glass
to stop radiation leakage. If improperly disposed, lead in CRTs can leach into the
ground and eventually into the water table. Lead is also used in battery production,
metal products such as solder and pipes, and devices to shield X-rays. If ingested or
inhaled it can harm the nervous system, kidneys, and reproductive system.

Small amounts cadmium is present in electronic contacts and switches. Highly
toxic, cadmium persists in the environment and bio-accumulates in living organisms.
Printed circuit boards with CPU units, specialty chips, resistors, and capacitors may

14 Williams, E. D., Y. Sasaki. 2003. Energy analysis of end-of-life options for personal computers:
Resell, upgrade, recycle. Paper presented at the 2003 IEEE International Symposium on Electronics
and the Environment. Boston, MA: May 19–23.
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Table 8.1 Toxic substances in e-waste

Substance Typical Uses Suspected Human Harm

PCB (polychlorinated
biphenyls)

Condensers, transformers Risks to nervous and reproductive
systems

Brominated fire
retardants (BFRs)

Fire retardants for plastics
(printed circuit boards,
connectors, cables insulation)

Several compounds suspected to be
toxic

Polyvinyl chloride
(PVC)

Cable insulation Phthalates like DEHP and dioxins are
suspected toxins

Arsenic Lead shot, Electrical circuits Toxic, Carcinogenic
Beryllium Magnetrons, x-ray transparent

windows, heat transfer fins in
vacuum tubes and glass lasers

Toxic, lung disorders

Cadmium Batteries, plastics Damages the lungs, causes kidney
disease, and irritates the digestive
tract

Hexavalent chromium Rust-resistant coating to
metals/pigment in plastics

Carcinogen

Lead CRT screens, batteries, printed
wiring boards

Can harm nervous system, kidneys,
and reproductive system

Mercury Fluorescent lamps that provide
backlighting in LCDs

High levels may damage the brain,
kidneys, and developing fetuses.

Nickel Batteries Allergic reactions

also contain beryllium, arsenic, and lithium, which could cause human health and
environmental concerns if improperly managed.

Mercury, used in flat screen TVs and in certain batteries and switches is highly
toxic, bio-accumulates, and may cause neurological and kidney damage.

The recycling of EEE is a complex and expensive process when done right. The
presence of toxic substances calls for specialized technology and regulatory controls
to recover materials for future use and the safe capture and disposal of substances of
concern.

8.2.4 Global Trade

According to the Basel Action Network15:

There is an ugly underbelly of economic globalization that few wish to talk about. Under
the guise of simply utilizing the “competitive advantage” of cheap labor markets in poorer
areas of the world, a disproportionate burden of toxic waste, dangerous products, and pol-
luting technologies are currently being exported from rich industrialized countries to poorer
developing countries. In effect, rather than being helped to leap-frog over dirty development
cycles directly toward clean production methods, developing countries are instead being
asked to perpetuate some of the world’s most toxic industries and products and are even
asked to become the global dumping ground for much of the world’s toxic wastes.

15 http://www.ban.org/main/about_BAN.html.
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Some argue that the export of EEE devices from Organization of Economic Co-
operation and Development (OECD) to non-OECD countries is largely for reuse;
still others argue that the export makes its way to responsible recyclers so EEE can
be recycled cheaply and safely; but there is no denying that—despite international
treaties—thousands of tons of e-waste unscrupulously makes its way to developing
countries.

Most developing countries lack the capacity and appropriate infrastructure to
safely manage e-waste that are either imported or locally generated. Large quantities
of e-waste that are imported are improperly handled and often informally recycled
in “backyard” operations “where some of the poorest laborers in the country dis-
assemble and process them using crude, unsafe methods—like breaking open CRT
monitors with hammers, ‘cooking’ circuit boards to remove chips, sweeping printer
toner dust from cartridges and using dangerous acid baths to extract gold. Workers
rarely have any protective equipment, like gloves or masks. And they are unaware
of the risks of contamination to which they are exposed16.”

In the last ten years NGOs such as the BAN17, Greenpeace18, SiliconValley Toxics
Coalition19 and investigative news programs such as Frontline20 and 60 min21 have
documented the informal recycling operations of e-waste often by children under
appalling conditions in Ghana, Nigeria, India, Pakistan, and China.

The solution to the toxic trade is a combination of strong national or regional legis-
lation on extended producer responsibility; banning toxic trade; providing producers
incentives to design products that are not harmful to human health and environment;
and at the end of life, promoting take back and processing that is local, safe and cost
effective while creating jobs.

8.3 How Can E-Waste be Addressed? What are Countries
Doing?

8.3.1 Basel Convention

The Basel Convention on the Control of Trans-boundary Movements of Hazardous
Wastes and Their Disposal, commonly referred to as the “Basel Convention,” seeks
to protect human health and the environment from the dangers posed by hazardous
wastes, including e-waste. The convention uses a three-step strategy to achieve its
objectives. The first step is to promote clean production practices that minimize

16 http://www.electronicstakeback.com/wp-content/uploads/Q_and_A_on_Exporting_Issues.
17 http://www.ban.org/.
18 http://www.greenpeace.org/usa/en/news-and-blogs/news/poisoning-the-poor/.
19 http://svtc.org/blog/e-waste/the-plight-of-electronics-refurbishers-in-india/.
20 http://www.pbs.org/frontlineworld/stories/ghana804/video/video_index.html.
21 http://www.cbsnews.com/stories/2008/11/06/60 min/main4579229.shtml.
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the generation of hazardous wastes. The United Nations Environment Program is
working closely with businesses to identify and disseminate “best practices” as part
of its efforts to promote this goal of the Basel Convention. Second, the wastes that
are generated are best managed locally. This warrants strong commitment from
municipalities, governments, and businesses to set up the required infrastructure to
safely manage wastes. The convention has developed multiple technical guidelines to
aid in this process. Finally, perhaps the most important aspect of the Basel Convention
is the control of hazardous waste across international boundaries. Specifically, the
“Basel Ban” amendment bans the transport of hazardous waste from the developed
countries to the developing or under-developed nations.

8.3.2 Spot Light on EU’s WEEE/RoHS/REACH Legislation

EU’s landmark legislation on the Restriction of Hazardous Substances (RoHS, Direc-
tive 2002/95/EC22) restricts the use of specific hazardous materials found in electrical
and electronic equipment. The banned substances include lead, mercury, cad-
mium, hexavalent chromium, polybrominated biphenyls (PBB) and polybrominated
diphenyl ethers (PBDE). The WEEE Directive (Directive 2002/96/EC) promotes the
collection and recycling of EEE equipment. The directive is based on the producer
responsibility approach—it makes the producer or distributor responsible for man-
aging the product at the end of its useful life. It provides for the creation of take back
policies where consumers return their used e-waste free of charge. The Directive
also mandates recycling rates on classes of WEEE. Both the RoHS and the WEEE
Directives have been in force since February 2003.

Another legislation that is having a significant impact on EEE devices (and even-
tually e-waste) is EU’s “REACH” legislation (EC 1907/2006). It deals with the
Registration, Evaluation, Authorization and Restriction of Chemical substances. The
law entered into force on 1 June 2007. It requires firms placing components or prod-
ucts in EU member countries to register all substances in their devices in a central
database run by the European Chemicals Agency (ECHA). The Agency manages the
database, co-ordinates the evaluation of suspicious chemicals and maintains a public
database in which consumers and other interested parties can find hazard information
of the substances in devices.

The REACH legislation also calls for the progressive substitution of the so-called
“substances of very high concern” when suitable alternatives have been identified.

The EU is currently in the process of recasting the WEEE and RoHS with the
intent of improving the recycling rates. The new proposal sets mandatory collection
targets equal to 65% of the average weight of EEE introduced to the market over the
two previous years in each Member State.

The EU’s WEEE and RoHS Directives serve as the baseline for similar laws
around the world (see Table 8.2). Japan, Canada, Australia, China, and India all have

22 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri = CELEX:32002L0095:EN:HTML.
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Table 8.2 Summary of laws impacting e-waste

Country/ Laws or Directives [signed into law]* Key Idea
Region

EU WEEE Directive (2002/96/EC) [2003] Extended producer responsibility
Mandated recovery rates for specified

groups of products
RoHS (Directive 2002/95/EC) [2003] Restricts use of lead, mercury, cadmium,

hexavalent chromium (CrVI),
polybrominated biphenyls (PBB) and
polybrominated diphenyl ethers
(PBDE)

Registration, evaluation, authorisation
and restriction of chemicals
(REACH) (EC 1907/2006) [2007]

Restricts the production and use of certain
chemicals

China The china restriction of hazardous
substances [2006]

Legal threshold established for lead,
cadmium, mercury, hexavalent
chromium, polybrominated biphenyls
(PBBs), and polybrominated diphenly
ethers (PBDs)

The management regulation on the
recycling and treatment of disposed
appliances and electronics products
[2009]

Extended producer responsibility

Japan Law for the promotion of effective
utilization of resources [1991, 2000]

Schemes similar to EU WEEE

Home appliances recycling law [1998] Governs recycling of home appliances
Act on confirmation, etc. of release

amounts of specific chemical
substances in the environment and
promotion of improvements to the
management thereof [2007]

Voluntary improvement of the
management of chemical substances by
business operators

India E-waste (management and handling)
Rule, 2011 [2011]

Extended producer responsibility

laws that either ban hazardous substances or use the extended producer responsibility
approach to promote recycling and reuse of electronic equipment.

There is currently no Federal mandate to recycle e-waste in the USA. However,
twenty-five states have passed legislation on restriction of hazardous substances and
recycling of EEE devices. The laws vary widely on what is covered and how it is
implemented, but they typically use the Producer Responsibility approach, where the
parties responsible for putting the product into the market are also responsible (partly
or completely) for managing it at the end of its life. California uses the Advance
Recycling Fee, where the customer pays a fee at the point of sale. These payments
are used to recover and recycle e-waste by qualified recyclers. It is estimated that
about 65% of the population of the US is now covered by a state e-waste recycling
law.23

23 http://www.electronicstakeback.com/promote-good-laws/state-legislation/.
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Table 8.3 Combating e-waste

Category Strategy

Raw material use Use fewer inputs
Use less of each input
Use recycled content
Use recyclable content

Elimination of Hazardous Substances Eliminate and substitute substances of concern
(RoHS/REACH compliance)

Use precautionary principle
Work with suppliers to establish timeline for

elimination of substance of concern
Design for recovery Design for disassembly

Modular construction
Manufacturing Use renewable energy

Reduce waste
Product use Energy efficiency

Longer lasting products
Take back Work with retailers, federal and state agencies to

recover product
Educate customers
Have convenient “drop off” points
Lobby for producer-responsibility laws

Rep. Gene Green (D-TX) and Rep. Mike Thompson(D-CA) introduced the bill
SR 2284, the “Responsible Electronics Recycling Act of 2011” in Congress to make
it illegal for US to send toxic e-waste to developing nations. The bill has bi-partisan
support and is also backed by many firms including HP, Apple, Best Buy, and
Samsung.

On 15th November 2010, President Obama issued a presidential proclamation
declaring 15th November as “America Recycles Day”—to increase awareness on
the issues of e-waste and to promote recycling of EEE. In the proclamation, he
also announced that he was creating an Interagency Task Force within the federal
government “to prepare a national strategy for responsible electronics stewardship,
including improvements to Federal procedures for managing electronic products24.”

8.4 What are Firms and Their Supply Chains Doing to Reduce
E-Waste?

Firms are focusing primarily on three areas to tackle e-waste: (1) Design choices,
(2) Manufacturing efficiency, and (3) Effective take-back programs. Table 8.3 gives
a summary of the major initiatives.

24 http://www.epa.gov/epawaste/conserve/rrr/2010recycles.prc.rel.pdf.
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8.4.1 Raw Material Use

Green design or Design for the Environment (DfE) are terms used to describe design
choices that reduce the impact on the environment. The primary idea is to incorporate
the impact from the product’s life cycle when designing a product. This would include
all stages—from extraction of raw materials, manufacture of its components, product
use, and eventually its take back at end of life. With burgeoning laws on extended
producer responsibility around the world, designing for efficient use and recovery is
becoming a necessity for many EEE firms.

When it comes to raw material use, the thrust is to use fewer materials (“dema-
terialization”), use less of each input, use recycled content and finally use material
that can be recycled. For example, the Dell’s “Studio Hybrid” desktop is about
80% smaller than standard desktops. The Dell “Optiplex 960” desktop contains 10%
post-consumer recycled content plastics and many of Dell’s displays contain 25%
post-consumer recycled content plastic. HP prints manuals for their LaserJet printers
on elementary chlorine free bleached virgin or recycled paper or puts it on disk to
reduce paper use. Apple uses aluminum cases and arsenic-free glass for many of
their devices for ease of recycling at end of life.

8.4.2 Elimination of Substances of Concern

Another major impetus for designing for the environment involves the elimination
or the phase out of hazardous substances from electrical and electronic devices.
EEE firms are working with suppliers first to identify chemicals and substances in
components and devices, evaluate them, and substitute any substances of concern
with safer alternatives.

Electronic supply chains are complex—material is moved and processed in several
echelons before it reaches the manufacturer. So identifying and disclosing product
chemistries of substances in the product lifecycle warrants collaboration between
multiple tiers of suppliers in the supply chain.

While some substances are scientifically proven to be harmful to human health
and environment (for example those that are identified in RoHS legislation), there
are others that under reasonable scientific grounds are suspected to cause significant
harm, but lack sufficient scientific evidence of its risks. In such cases, the “precau-
tionary principle” is often used as a foundation—action should be taken to eliminate
or substitute such substances even if the risks lack full scientific certainty.

Many substances of concern such as PVC and BFRs have well-established supply
chains and suppliers will have to retool and/or develop newer materials and technolo-
gies to replace them. It is typical of environmentally progressive firms to establish
a timeline to implement the elimination or reduction of such substances as newer
supply chains are structured and innovative but safe alternatives are developed.

Manufacturers like Nokia, Dell, Apple, Sony Ericsson, IBM, Intel, Motorola,
Panasonic, Phillips, and Sony all have substance management programs, supplier
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responsibility initiatives, and typically provide a timeline on when substances of
concern will be substituted by safer alternatives.

For example, Nokia maintains a “Nokia Substance List”—a continually updated
list of substances that they “have banned, restricted, or targeted for reduction with the
aim of phasing out their use” in their devices. They work closely with their suppliers
and require full declaration of the substances used in their devices.25 In addition, they
explore opportunities for using new, more environmentally friendly materials, such
as bio plastics or recycled metals and plastics. All of its new models have been free
of PVC since the end of 2005; and all new models of mobile phones and accessories
launched in 2010 were on track, in line with their goals, to be free of brominated
compounds, chlorinated flame-retardants and antimony trioxide.

Sony Ericsson products are free from PVC and BFRs, with the exception of a
few components that are still being phased out. Sony Ericsson has banned antimony,
beryllium and phthalates from new models launched since January 2008. Motorola is
phasing out BFRs by substituting it with a halogen-free laminate that is cost effective,
while meeting fire safety standards. Toshiba has replaced BFR-containing plastic
casings in electronic parts with inherently flame-resistant polyphenylene sulfide.

There are several NGOs working in conjunction with businesses to monitor and
phase out substances of concern, The International Chemical Secretariat (ChemSec),
for example, maintains a list of substances of high concern (the SIN (Substitute it
Now!) list) based on the EUs REACH criteria. Firms can use it to evaluate their
substance management programs and share knowledge on safer substitutes. Several
industry-wide platforms are also helping in supply chain collaboration. Phillips, for
example, uses BOMCheck, a web-based platform where suppliers from multiple tiers
can declare substances in their components. Phillips then cumulates all declarations
so they know the concentrations of various substances in their products. They can
use it for compliance (REACH declarations) and monitoring their own substance
management programs.

8.4.3 Manufacture and Use

Firms are addressing the vast amounts of energy used to manufacture EEE devices;
and in the eventual use of these devices in many ways. First, EEE companies are
investing in supply chain efficiency and carbon foot print reductions. This entails
energy efficiency and investing in renewable sources of energy. Second, efforts are
also underway to manufacture devices with significant recycled content, reducing
the amount of energy required to process it. Third, the products are more energy
efficient and last longer, reducing the energy burden to use and replace it.

25 http://www.nokia.com/environment/strategy-and-reports/environmental-strategy.
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Dell, Apple, HP, Phillips, Motorola, have all, for example, made significant
progress in mapping the carbon footprints of many of their products through its life
cycle26 so that they can focus on abatement schemes.

23% of Motorola’s energy, for example, comes from renewable sources; Apple’s
facilities in Cork, Ireland; Austin, Texas; and Sacramento, California, converted
to using 100% renewable energy27. HP and Google have made investments in effi-
cient data centers and employee travel programs significantly reducing their energy
consumption.

Devices have also become more energy efficient. Energy efficient components and
software routines to optimize energy usage have also contributed to energy savings
during the product use stage of the life cycle. Second, EEE firms are also designing
products to last longer and with enough flexibility to upgrade without replacement.
Advances in battery technology are making batteries last through more charge cycles;
reliability of standardized components make the device last longer while using less
energy.

There are also several labeling programs that identify energy efficient devices. For
example, one of the goals of the US EPA’s ENERGY STAR program is to reduce
greenhouse gases by identifying and promoting energy-efficient devices. The Elec-
tronic Product Environmental Assessment Tool (EPEAT) is a registry of electronic
devices managed by the Green Electronics Council (GEC). The GEC evaluates de-
vices on multiple sustainability criteria that include design, production, energy use
and recycling.

Finally, design is also addressing disassembly—at the end of product life, the
product can be taken apart easily and more of it recycled using less energy.

For example, HP computers use common fasteners and snap-in features and avoid
the use of glues and welds where feasible. This makes it easier to manufacture and
disassemble the products at the end of life. HP workstations and “DC series” desktop
products have a tool-less chassis for easy upgrade and recycling at end of life.

8.4.4 Take-Back

Take back of a product—its retrieval at the end of life—is an essential element of
“closing the loop” in EEE supply chains. Companies take back products to recover
substances and components or for remanufacturing or establish themselves as a
market for secondary materials collected by others. In many parts of the world with
extended producer responsibility laws, take-back is often mandated, so addition to
economic, social, and environmental reasons for take-back programs, firms do it to
comply with local laws.

26 See the Chapter on “Carbon Footprinting: A Supply Chain Approach” for more details on how
to reduce carbon footprints.
27 http://www.apple.com/environment/progress/.
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There is no single model for the effective take back of products. Members of the
supply chain—manufacturers, retailers, consumers, NGOs, non-profits, and local
and national governments share responsibility for take-back.

8.4.4.1 Customer Education

First, customers and users should be encouraged to recycle EEE devices at the end
of life. In a survey of cell phone users in New York, for example, 60% said that
they simply stored cell phone at the end of life. 23% donated it to charity or to
family member or traded it in with their carrier. 7% trashed it, and 4% sold their
phones28. The proportion of users who recycled it was less than 9%. Such low
recycling rates are common among a broad spectrum of EEE devices. Given that
large portions of such devices are recyclable (for example, 80% of the phone can
be recycled), it is incumbent on local governments, retailers, and manufacturers
to run campaigns to encourage recycling. Second, customers and users need to be
informed on how devices can be recycled; and have access to a waste management
infrastructure that is convenient to use. In many countries and municipalities, it
is illegal to trash EEE devices. Local governments in partnership with businesses,
qualified waste management companies, NGOs, or non-profit organizations that
promote E-cycling, often have “recycling drives” to recover EEE devices and such
collection days are widely advertised to the public. Retailers and manufacturers are
now proving detailed information on products can be recycled or dropped off in
conveniently located locations.

8.4.4.2 Retail and Manufacturer Programs

Many retailers—in partnerships with governmental agencies, NGOs, and
manufacturers—offer take back programs of most EEE devices. In the US, for ex-
ample, Best Buy, Staples, Radio Shack, all have programs where customers can drop
off their unwanted devices or in many cases, get credit towards a purchase.

Manufacturers offer multiple channels for product take back. Many take back
devices from customers directly, often free of charge, at selected drop off points or
via the mail. Nokia, for example, offers take-back in 85 countries, both at their retail
stores and via more than 4,500 service centers29. Others partner with authorized
recyclers or waste management companies to collect EEE devices. For example, in
addition to direct take back, LG has partnered with Waste Management (WM) to help
customers recycle its EEE devices in an environmentally safe way. Customers can
bring unwanted LG products to any participating Waste Management “eCycling”
drop-off center and recycle them free of charge30. Another common model is for

28 http://www.nokia.com/corporate-responsibility/cr-report-2007/environment/products-and-
services/take-back-and-recycling.
29 Ibid. 27.
30 http://www.lg.com/global/sustainability/environment/take-back-recycling.jsp.
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manufactures to form a “collective” to recycle devices and to comply with local
laws. Panasonic, Toshiba, and Sharp founded the Electronic Manufacturers Recy-
cling Management Company (MRM), whose objective is to “manage collection and
recycling programs in the United States for electronics manufacturers and others, in-
cluding state and local governments31.” MRM is setting up a national infrastructure
to collect electronic devices. So far 25 manufacturers and retailers (including Mit-
subishi andVizio) participate in MRM programs—and according to MRM 90 million
pounds of electronics have been recycled since 200732.

Another example is the Rechargeable Battery Recycling Corporation (RBRC)
established in 1995 by the members of the rechargeable nickel-cadmium battery
industry. With 28,000 participating retailers, the RBRC launched a nationwide
industry-funded recovery system to take back and recycle nickel-cadmium batteries.

8.4.4.3 National and International Initiatives

Many local, national, and international organizations (governments, NGOs, non-
profits, etc) are also partnering with businesses and other interested parties to help
promote recycling of e-waste.

For example, the US EPA has partnered with leading consumer electronics manu-
facturers, retailers, and mobile service providers33 to create the “Plug into eCycling”
program that “fosters and promotes opportunities for individuals to donate or recycle
their electronics34.”

The goals of the partnership are to promote recycling and reuse of electronics,
conserve valuable resources, and to recycle recovered devices in a responsible way.
According to the EPA, in 2008, Plug-In eCycling partners collected and recycled
68 million pounds of used consumer electronics in the US.

The Solve the E-Waste Problem (StEP) initiative is a UN supported global public-
private initiative that includes charter members such as Phillips, Hewlett-Packard,
Microsoft, Dell, Ericsson, and Cisco Systems, in addition to governments, NGOs,
academic institutions, and recycling/refurbishing companies. Their declared aim is
to “plan, initiate and facilitate the sustainable reduction and handling of e-waste at
political, social, economic and eco-logical levels35.” They serve as clearinghouse of
ideas on policy, and on the reuse, recycle, and redesign of EEE devices.

31 http://www.sharpusa.com/AboutSharp/SharpAndTheEnvironment/Recycling.aspx.
32 http://www.mrmrecycling.com/index.htm.
33 Some prominent partners include Best Buy, Dell, HP, Nokia, Panasonic, Samsung, Sony,
AT & T, and Verizon.
34 http://www.epa.gov/epawaste/partnerships/plugin/index.htm.
35 http://www.step-initiative.org/.
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8.4.4.4 Responsible Recycling

Responsible and energy efficient recycling to recover materials is a critical element
after take-back. Recycling to recover material from EEE is a labor intensive, tech-
nically complex, and without controls, a dangerous process. The recycling supply
chain for e-waste consists of three main steps: (1) take-back and collection of EEE
(2) sorting, dismantling and pre-processing and (3) refining of recovered material
and disposal of waste including toxic waste36.

Sorting and dismantling is largely a manual process and can be done at local
levels with proper training. Recovery of materials, especially precious metals that
are present in lower concentrations, is technically complex, and requires high levels
of investment in technology and process management to recover them. Also, controls
need to be in place to capture hazardous waste and dispose them in a safe manner.

Consequently, it is important for both customers and organizations to use certified
recyclers who recycle EEE devices safely and efficiently. Unscrupulous recyclers
either improperly treat e-waste or simply ship EEE devices to developing countries
under the guise of “reuse.”

By verifying that an electronics recycler adheres to environmental, safety, and
public health controls, accredited certification programs enable customers to make in-
formed decisions and increased confidence that their end-of-life electronic equipment
will be dealt with in an environmentally responsible manner. The e-Stewards certifi-
cation program is an initiative launched by the Basel Action Network and it identifies
“recyclers that adhere to the highest standard of environmental responsibility and
worker protection37.” Samsung, for example, is an e-Stewards “certified” company.
Samsung’s certification “confirms that e-waste collected within the Samsung Recy-
cling Direct program will not be exported to developing countries, incinerated, or
buried in municipal landfills.38” The e-Stewards Certification requires recyclers to
protect consumer data throughout the recycling process—so Samsung’s processes
has controls to make sure that data on their devices are secure and is appropriately
destroyed39.

Developed by the EPA, States, manufacturers, recyclers, trade groups, and NGOs,
“Responsible Recycling” (R2) practices is another standard adopted by the electron-
ics recycling industry to certify recyclers. The R2 Practices are a set of voluntary best
practices for the electronics recycling industry that reduce the environmental impact,
improve worker health, and improve safety performance of electronics recyclers.

36 Ibid. 7.
37 http://e-stewards.org/certification-overview/.
38 http://www.samsung.com/us/article/an-e-stewards-enterprise-certified-environmental-accounta-
bility.
39 A recent investigative report by PBS’ Frontline program (http://www.pbs.org/frontlineworld/
stories/ghana804) showed that the export of e-waste to developing countries has given rise to data
fraud—criminals getting access to customer data and using them inappropriately.
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8.5 Conclusions

The solution to e-waste requires a concerted effort from all parties in the electronics
supply chain. Customers of EEE, who drive the market for such devices, should
demand greener products from manufacturers. Many NGOs such as Greenpeace and
Electronics Take-Back Coalition rank manufacturers and devices on their environ-
mental performance. Third party certifications such as EPEAT and ENERGY STAR
evaluate devices on energy efficiency should advice product purchase decisions. The
adage “Reduce, Reuse, Recycle” encourages using devices longer, promotes reusing,
and at end of life, recycling it via certified recyclers.

Businesses need to redesign products with low environmental impact, stream-
line supply chain to reduce their footprint, and at end of life take-back, recover
components and substances closing the loop in the supply chain.

Local and national governments should pass and enforce laws on extended
producer responsibility, partner with businesses to implement e-waste reduction
programs, and educate its citizens on how to manage e-waste at the end of life.

NGOs, non-profit organizations, international agencies also have an important
role to play—informing the public, being a watch dog and a “whistle blower,”
establishing best practices, and lobbing for better legislation.

All parties—customers, businesses, governments, and NGOs and non-profits have
made significant progress over the last decade in reducing the e-waste problem. With
better laws, progressive corporate strategies, informed and demanding customers, we
are confident that the volume of e-waste will significantly be reduced in the coming
years.




