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Abstract : In this paper the environmental problems related with the discarded electronic appliances, known as e-waste.
Moreover, the current and the future production of e-waste, the potential environmental problems associated with their

disposal and management practices are discussed.
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INTRODUCTION

There is an increasing acknowledgment of our impact
on the environment due to our lifestyle, while the need to
adopt a more sustainable approach concerning our
consumption habits emerges as of particular significance.
This trend regards industrial sectors affecting the
consumption habits and, especially, electronic industry
where the short life cycles and the rapidly developing
technology have led to increased e-waste volumes. The
majority of e-waste elements are led to landfills. However,
their partial recyclability, due to their material composition
along with the unavoidable restrictions in landfills, has
led to the development of retrieval techniques for their
recycling and re-use, highlight- ing the significance of
e-waste recycling, not only from a waste management
aspect but also from a valuable materials’ retrieval aspect.

E-waste Production

The global e-waste production is assessed at 20-50
Mt/year [1], equal to 1-3% of the estimated global
urban waste production (1636 Mt) [2, 3]. PCs, cell phones
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and TVs will contribute 5.5 Mt in 2010 and will amount
to 9.8 Mt in 2015. In wealthier countries, e-waste will
stand for 8% of the urban waste volume [4]. Each
electronic item’s participation in the annual e-waste
production, E (kg/year), depends on each electronic
item’s mass, M (kg), its quantity (number) in the market
and consumption, N, and its average life cycle, L (year).

E=MN/L (1)

Electronic computers with an average 3-year life
cycle [5] contribute to a greater extent to the total e-
waste flow compared to refrigerators and electrical cook-
stoves, having an average life cycle of 10-12 years.

Particularly for the European Union, the e-waste
quantities increase by 3-5% per year [6], a rate three
times faster than the urban solid waste. During the 1990-
1999 periods the quantities produced in EU-15 were
approximately 3.3-3.6 kg/resident, while estimated
quantities for the 2000-2010 periods vary between

3.9-4.3 kg/resident [4]. Using the equation (1), Swiss
is estimated to produce 9 kg/person/year [7], the European
population 14 kg/person /year [8], with the total EU-15
production amounting to 5.5 Mt/ year and, in case of EU-
27, 8.3-9.1 Mt/year [9]. USA produced approximately 2.6
Mt [2], while China produced 2.5 Mt in 2005 [10].
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E-waste in India: As there is no separate collection
of e-waste in India, there is no clear data on the quantity
generated and disposed of each year and the resulting
extent of environmental risk. The preferred practice to get
rid of obsolete electronic items in India is to get them in
exchange from retailers when purchasing a new item. The
business sector is estimated to account for 78% of all
installed computers in India. Obsolete computers from the
business sector are sold by auctions. Sometimes
educational institutes or charitable institutions receive old
computers for reuse. It is estimated that the total number
of obsolete personal computers emanating each year from
business and individual households in India will be around
1.38 million. According to a

report of Confederation of Indian Industries, the total
waste generated by obsolete or broken down electronic
and electrical equipment in India has been estimated to be
1,46,000 tons per year.

Impactes of E-wastes: Electronic wastes can cause
widespread environmental damage due to the use of toxic
materials in the manufacture of electronic goods.
Hazardous materials such as lead, mercury and hexavalent
chromium in one form or the other are present in such
wastes primarily consisting of Cathode ray tubes (CRTs),
Printed board assemblies, Capacitors, Mercury switches
and relays, Batteries, Liquid crystal displays (LCDs),
Cartridges from photocopying machines, Selenium drums
(photocopier) and Electrolytes. Although it is hardly
known, e-waste contains toxic substances such as Lead
and Cadmium in circuit boards; lead oxide and Cadmium
monitor Cathode Ray Tubes (CRTs); Mercury in switches
and flat screen monitors; Cadmium in computer batteries;
polychlorinated biphenyls (PCBs) in older capacitors and
transformers; and brominated flame retardants on printed
circuit boards, plastic casings, cables and polyvinylchloride
(PVC) cable insulation that releases highly toxic dioxins
and furans when burned toretrieve Copper from the wires.
All electronic equipments contain printed circuit boards
which are hazardous because of their content of lead (in
solder), brominated flame retardants (typically5-10 % by
weight) and antimony oxide, which is also present as a
flame retardant (typically 1-2% by weight)).Land filling
of'e wastes can lead to the leaching of lead into the ground
water. If the CRT iscrushed and burned, it emits toxic
fumes into the air .
rechargeable battery types, all of which contain toxic

These products contain several
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substances that can contaminate the environment when
burned in incinerators or disposed of in landfills. The
cadmium from one mobile phone battery is enough
to pollute 600 m3 of water. The quantity of cadmium in
landfill sites is significant, and considerable toxic
contamination is caused by the inevitable medium and
long-term effects of cadmium leaking into the surrounding
soil. Because plastics are highly flammable, the printed
wiring board and housings of electronic products contain
brominated flame retardants, a number of which areclearly
damaging to human health and the environment.

Impacts of informal recycling: The accrued
electronic and electric waste in India is dismantled and
sorted manually to fractions such as printed wiring boards,
cathode ray tubes (CRT), cables, plastics, metals,
condensers and other, nowadays invaluable materials like
batteries. It is a livelihood for unorganized recyclers and
due to lack of awareness, they are risking their health.
Waste component which does not have any resale or reuse
value are openly burnt or disposed off in open dumps.
Pollution problems associated with such backyard smelting
using crude processes are resulting in fugitive emissions
and slag containing heavy metals of health concern.
Proponents of e-waste recycling claim that greater
employment, new access to raw materials and electronics,
and improved infrastructure will result. These will further
boost the region’s advance towards prosperity. Yet the
reality is that the new wealth and benefits are unequally
distributed, and the contribution of electronics to societal
growth is sometimes illusory. Most e-waste “recycling”
involve small enterprises that are numerous, widespread,
and difficult to regulate. They take advantage of low labor
costs due to high unemployment rates, internal migration
of poor peasants, and the lack of protest or political
mobilization by affected villagers who believe that e-
wastes provide the only viable source of income or entry
into modern development pathways. They are largely
invisible to state scrutiny because they border on the
informal economy and are therefore not included in official
statistics.

Waste Management Strategies: The best option for
dealing with E wastes is to reduce the volume. Designers
should ensure that the product is built for re-use, repair
and/or upgradeability. Stress should be laid on use of less
toxic, easily recoverable and recyclable materials which
can be taken back for refurbishment, remanufacturing,
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disassembly and reuse. Recycling and reuse of material
are the next level of potential options to reduce e-waste.
Recovery of metals, plastic, glass and other materials
reduces the magnitude of e-waste. These options have a
potential to conserve the energy and keep the environment
free of toxic material that would otherwise have been
released. It is high time the manufactures, consumers,
regulators, municipal authorities, state governments, and
policy makers take up the matter seriously so that the
different critical elements depicted in Figure 1 are
addressed in an integrated manner. It is the need of the

hour to have an “e waste-policy” and national regulatory
frame work for promotion of such activities. An ¢ Waste
Policy is best created by those who understand the issues.
So it is best for industry to initiate policy formation
collectively, but with user involvement. Sustainability of
e-waste management systems has to be ensured by
improving the effectiveness of collection and recycling
systems (e.g., public—private-partnerships in setting up
buy-back or drop-off centers)

and by designing-in additional funding e.g., advance
recycling fees.

{ Ec*o—r"rrbef.fr'ugl
hazardous substances

{ Inventory ]

Desien for

Collection of
recveling fee

environment

{ Safe disposal of ]

Bureau of Indian
- i Recyclin Standards Manufacturers / Manage recveling
ocumnentarion ; £ : £
Centre Assemblers fee
Safery of the 3 5 E WASTE 2
e p = Collection POLICY E-Waste Create Public
workers : ;
Centre FRAMEWORK ‘ Agency awareness
Compliance . P d Registration of
with permits Consuniers Regulation Cor.f an ; i
: ustoms St
of imporits
Pay recveling Disposal at Purchase eco-labelled Tracking collection
fee collection centres products and recveling

Fig.1. Element of e-waste management system in India

Extended producer responsibility: (EPR) is an
environmental policy approach in which a producer’s
responsibility for a product is extended to the post
consumer stage of the product’s life cycle, including its
final disposal. In principle, all the actors along the product
chain share responsibility for the lifecycle environmental
impacts of the whole product system. The greater the ability
of the actor to influence the environmental impacts of the
product system, the greater the share of responsibility for
addressing those impacts should be. These actors are the
consumers, the suppliers, and the product manufacturers.

Consumers can affect the environmental impacts of
products in a number of ways: via purchase choices
(choosing environmentally friendly products), via

maintenance and the environmentally conscious operation
of products, and via careful disposal (e.g., separated
disposal of appliances for recycling).

Suppliers may have a significant influence by
providing manufacturers with environmentally friendly
materials and components.

Manufacturers can reduce the life-cycle
environmental impacts of their products through their
influence on product design, material choices,
manufacturing processes, product delivery, and product
system support The system design needs to be such that
there are checks and balances, especially to prevent free
riders.

The goals of the product designer could include
reducing toxicity, reducing energy use, streamlining
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product weight and materials, identifying » The replacement of CRT screens with LCD
opportunities for easier reuse, and more. Manufacturers screens

have to improve the design by: (i) the substitution of
hazardous substances such as lead, mercury, cadmium,
hexavalent chromium and certain brominated flame
retardants;(ii) measures to facilitate identification and re-
use of components and materials, particularly plastics; and
(ii1) measures to promote the use of recycled plastics in
new products. Manufacturers should give incentives to
their customers for product return through a “buy back
approach” whereby old electronic goods are collected and
a discount could be given on new products purchased by
the consumer. All vendors of electronic devices shall
provide take-back and management services for their
products at the end of life of those products. The old
electronic product should then be sent back to be carefully
dismantled for its parts to be either recycled or re-used,
either in a separate recycling division at the manufacturing
unit or in a common facility.

Collection systems are to be established so that e-
waste is collected from the right places ensuring that this
directly comes to the recycling unit. Collection can be
accomplished through collection centers. Each electronic
equipment manufacturer shall work cooperatively with
collection centers to ensure implementation of a practical
and feasible financing system. Collection Centers may only
ship wastes to dismantlers and recyclers that are having
authorization for handling, processing, refurbishment, and
recycling meeting environmentally sound management
guidelines.

CONCLUSION

Electronic equipment and therefore e-waste are
everywhere in our society. They are characterized by a
complex chemical composition and difficulty in quantifying
their flows at a local and international level. The pollution
caused by their irregular management substantially degraded
the environment mostly in poorer countries, receiving them
for recycling and recovery of their valuable metals. As for
the consequences on ecosystems, human health and environ
mental restoration of areas burdened by certain polluters
generated by e-waste (e.g. Li and Sb), there are no
sufficiently documented scientific studies. Motivated by
the minimization of environmental effects caused by the
generated e-waste, many technological changes have been
effectuated. The following are indicated:

» The introduction of optical fibers

» The introduction of rechargeable batteries, etc

Non-governmental organizations and citizens
movements press for the elimination of hazardous
substances in electronic appliances, resulting to
manufacturers competing for a more “green” profile. Some
indicative results of the above pressures are:

»  The production of “halogen-free” appliances, not
contributing to the production of PCBs and
dioxins (but their production is more expensive
environmentally)

» The replacement of bromide combustion
retarders with more environment-friendly ones
based on phosphorus.

Summarizing the above, e-waste separation from the
rest of solid waste and their recycling for the recovery of
valuable raw materials and basic metals is essential. The
management system has to be rationally designed so that
the environmental benefits from the collection,
transportation, management and the financial benefits from
the recovery are not set-off by the required resources and
energy consumptions for the system operation.
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