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TOWARDS GREEN ELECTRONICS
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Abstract: Electronic devices are composed of numerous materials, many of which include hazardous chemicals
such as heavy metals, hexavalent chromium, beryllium, brominated flame retardants, and polyvinyl chloride.
The presence of these toxic compounds poses significant risks not only during the production and manufacturing
stages but also throughout the entire lifecycle of the products, including their disposal. Recycling electronic
devices is not a comprehensive solution to the e-waste crisis, as it can introduce additional challenges related to
the hazardous materials involved. The paper highlights the environmental and health impacts of these toxic
chemicals at every stage of an electronic product's lifecycle. To address the e-waste crisis, the paper outlines
potential solutions and emphasizes the importance of transitioning to environmentally friendly electronics. It also
encourages individuals to take proactive steps to promote sustainable practices in the electronics industry.
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1. INTRODUCTION

Obsolete electronic products, if not reused, are often processed to reclaim metals and recycle
plastics. However, even advanced recycling technologies can lead to environmental pollution,
exposing workers and nearby residents to harmful metal fumes and dioxins from the smelting of
certain materials. This highlights the critical role of product design in ensuring safe waste management
practices.

The market for consumer electronics is experiencing rapid growth, with significant sales figures
reported in 2008, including 1,22 billion mobile phones and 302 million computers [1]. The gaming
console sector is particularly notable for its rapid expansion, with 409,9 million units sold that same
year [2]. Furthermore, the growth of IT data centers has contributed to the IT sector being responsible
for 2% of global CO, emissions in 2007 [3] a figure expected to rise significantly in the coming years.

2. THE TOXIC LIFECYCLE OF ELECTRONIC PRODUCTS

Branded products are merely the visible outcomes of a complex global industrial network that
prioritizes cost reduction in material resources and labor, often at the expense of social and
environmental standards. The lifecycle of electronic devices begins with the extraction of raw
materials, which poses significant environmental risks and endangers workers during production and
disposal.

Manufacturing has increasingly shifted to regions with cheaper labor, such as Latin America,
Southeast Asia, India, China, and parts of Eastern Europe. This trend often correlates with poor
environmental practices, leading to contamination from hazardous chemicals used in production.

At the end of their lifecycle, electronic products contribute to a growing e-waste crisis, with an
estimated 20 to 50 million tonnes generated annually [4]. While developed countries have advanced
waste management facilities, much of the e-waste is illegally exported to Asia and Africa, where
rudimentary recycling methods expose workers, including children, to toxic substances.

The informal recycling processes prevalent in these regions exacerbate the dangers associated
with hazardous materials in electronics. Studies have shown alarming levels of toxic emissions from
burning materials like PVC cables and circuit boards, leading to severe environmental contamination
and health risks for local populations [5], [6].

Despite the growing e-waste problem, electronics companies report that only a small fraction of
their products are responsibly recycled, with less than 40% of branded PCs and under 9% of branded
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mobile phones being accounted for [7]. This indicates a significant gap in producer responsibility, as a
large percentage of these devices are likely disposed of improperly. The escalating volume of obsolete
electronics poses a potential crisis, necessitating that corporations acknowledge and address their
responsibilities in managing e-waste effectively [8].

3. E-WASTE -"NOT IN MY BACKYARD"

The UN estimates that some 20 to 50 million tonnes of e-waste are generated worldwide each
year, comprising more than 5% of all municipal solid waste. The quantities of e-waste generated are
predicted to grow substantially in the future both in industrialised countries and in developing
countries, which are expected to triple their output of e-waste by 2010 [9].

The United Nations University’s latest estimate of current waste electrical and electronic
equipment arising across the EU Member States is between 8,3 and 9,1 million tonnes for early 2000s,
while the estimated amount currently collected and treated is allegedly some 25% of that, leaving a
>’hidden flow’’of 75% remaining to an unknown fate. The total amount of e-waste arising in the EU is
predicted to grow annually between 2,5% and 2,7%, reaching about 12,3 million tonnes by 2020s [10].
While producers in the EU have been made responsible for dealing with e-waste under new
regulations, and e-waste exports fall under shipment regulation banning its export to non-OECD
countries, evidence shows that such export is still happening — by either illegal means (trafficking),
through regulatory loopholes or under the pretext of reuse and charity donations to developing
countries.

The situation in the US is quite different. Despite certain US States implementing their own e-
waste equipment initiatives and some of the major companies beginning to take producer
responsibility by setting up voluntary take-back and recycling schemes, e-waste remains unregulated
at the federal level, exports of e-waste to non-OECD countries are legal and national levels of
collection are far too low to make an impact. According to the US Environmental Protection Agency
[11], 18% of PCs, laptops and monitors reaching end-of-life in 2007 were collected for recovery,
along with 18% of TVs and 10% of mobile phones. But without sound regulations and even a
comprehensive data assessment, these figures are likely to be optimistic as the EPA’s definition of
recovery includes exports of e-waste to developing countries, which is unacceptable. All in all, the
hidden flow of e-waste escaping responsible recycling in the US may be as much as 80% or more.

For non-OECD countries such as China and India with large informal recycling sectors, it is
simply not possible to even estimate the percentage of the hidden flow of e-waste. In these rapidly
industrialising countries the demand for the recovery of valuable raw materials, as well as cheap
labour, feeds the import of e-waste from developed countries, which adds to the growing domestic e-
waste problem. In India, 99% of domestic and imported e-waste is estimated to end up in the informal
recycling sector [12], with a high toll on health, safety and the environment and a rather poor rate of
material recovery. Other regions are also under threat of illegal imports of e-waste, such as African
countries where donations for refurbishment and reuse are simply a pretext for the dumping of non-
repairable devices.

Thanks to uncovering of the hidden flows - Greenpeace investigations revealed e-waste being
illegally exported to Pakistan and Ghana for crude recycling and dumping. For example, in February
2009, Greenpeace revealed the results of an in-depth investigation that revealed a broken TV delivered
to Hampshire County Council in the UK was tracked being exported illegally to Nigeria [13]. This is
just one example of the illicit trade in e-waste that is happening in many parts of the world.

Hidden flows include:

e From the US to Africa/Asia: no laws, legal export

e From the EU to Africa: illegal export or under cover of reuse/donation
e From the EU to Asia: illegal export or under cover of recycling
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o From Japan to South-East Asia: export under trade agreements

4. HAZARDOUS CHEMICALS IN ELECTRONIC PRODUCTS

Lead can be found in solders, although decreasingly, in the glass of cathode ray tube (CRT)
monitors and as a stabiliser in PVC. Lead is highly toxic and exposure to lead can result in irreversible
damage to the nervous system, particularly in children [14], which can lead to intellectual impairment.

Mercury, used in lighting devices for most flat screen displays, can damage the brain and central
nervous system, particularly during early development [15].

Cadmium, used in rechargeable computer batteries, contacts and switches and in older CRTSs, can
accumulate in the body over time and is highly toxic, primarily affecting the kidneys and bones.
Cadmium and its compounds are also known human carcinogens [16].

Beryllium, used as a metal alloy in electrical contacts and as beryllium oxide in the semi-
conductor industry, is a human carcinogen and inhalation of fumes and dusts can cause lung disease
[17].

Compounds of hexavalent chromium, used in the production of metal housings, are highly toxic
and are human carcinogens [18].

Some BFRs used in circuit boards and plastic casings do not break down easily and can build up
in the environment, and some BFRs are also highly bio-accumulative (build up in the body). Longterm
exposure to certain polybrominated diphyenylethers (PBDESs) has been linked to abnormal brain
development in animals, with possible impacts on learning, memory and behaviour. Some BFRs can
also interfere with thyroid and oestrogen hormone systems and exposure in the womb has been linked
to behavioural problems. Incineration or any kind of burning of plastics containing BFRs can cause the
release of persistent dioxins and furans [19] - [21].

PVC is a chlorinated plastic used in some electronics products, including for insulation on wires
and cables. Although not directly toxic, PVC is a major source of pollution and chemical hazard at all
stages of its life cycle. In its softened form (as found in cables), PVC requires the use of additives such
as hazardous phthalates, including di(2-ethylhexyl) phthalate (DEHP) and di-n-butyl phthalate (DBP),
which are known as reproductive toxins. Incineration or any kind of burning of PVC can cause the
release of persistent and toxic chlorinated dioxins and furans [22] - [24].

5. CLIMATE CHANGE AND THE IT INDUSTRY

The climate change impact of the IT industry on emissions is being recognised more widely and
starting to be addressed. What is less well known is that IT has the potential to be a big part of the
solution to climate change. The industry's carbon footprint is currently growing, and much green IT
potential remains unrealised, or lacks detailed studies showing how or where overall emissions can be
reduced.

Greenpeace is pressuring the biggest names in the IT industry to move quickly to produce climate
solutions and reduce their own emissions. The IT sector creates 2% of global greenhouse gas
emissions, but IT services and products have the potential to cut the world's emissions when applied in
industry, buildings, transport and power sectors.

The IT industry can and should be at the vanguard of climate solutions. We have all seen how
tech companies compete with each other to provide the newest, fastest, and shiniest gizmos to power
our lives. It is only natural that they now apply that knowhow and compete with each other to see who
can provide the best (and profit the most from) IT climate solutions.
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Many IT companies, including HP, Nokia, Microsoft, Sun, Cisco and Ericsson, Google, Dell,
IBM and Lenovo have already said that they are able to provide IT solutions that will reduce projected
global greenhouse gas emissions by 15% by 2020. That’s a big portion of the 40% reductions needed
in industrialised countries by 2020.

Because Greenpeace wants to take IT’s potential to drive transformational change and make it
reality, they have launched Cool IT Challenge, an effort to expose the IT industry’s inadequate
leadership in tackling climate change and challenge them to do better. Greenpeace began its Cool IT
Challenge in February 2009 with a letter to the CEOs of the major IT companies asking them to take
specific action prioritising climate change in 2009. They then scored the companies according to their
responses to specific requests in that letter, which urged them to show leadership by:

e Providing IT solutions and accurately measuring the impacts these solutions provide for the
rest of the economy. These solutions come in vital areas in such as grid transmission,
transport, and building efficiency;

e Lobbying for a strong international and national climate legislation. Strong legislation will
create a stimulus for an increase in demand for IT driven climate solutions by the rest of the
economy;

e Reducing their own emissions and increasing their use of renewable energy.

The Cool IT Challenge is updated periodically to show which of the world’s biggest tech
companies are leading the way on tackling the most urgent climate priorities. Decisive action is
needed now from global IT giants to help lead the way in the clean tech revolution that’s needed to
tackle climate change [25].

6. CONCLUSION

International environmental organizations, particularly Greenpeace, advocate for major
electronics manufacturers to adopt several key principles. These include embracing "Individual
Producer Responsibility,” which entails financial accountability for products at the end of their life
cycle. Additionally, there is a strong push for the elimination of toxic substances in product design,
promoting the use of safer alternatives. The overarching solution to the e-waste crisis is seen as rooted
in improved product design.

What steps you can take towards helping to green the electronics sector? Browse our campaign
webpage on www.greenpeace.org/international/campaigns/toxics/electronics and engage with us in
greening the electronic sector. Check regularly Greenpeace Guide to Greener Electronics. When
buying electronic products, use the Guide to identify the makers of greener models available for
purchase and to choose only manufacturers consistent in their efforts to green their act and who offer
free take-back globally. Take action to turn IT companies into climate leaders at
www.greenpeace.org/coolit. If you’re disappointed with your favourite brand’s environmental
performance, do let them know! When your device becomes obsolete return it to the manufacturers for
them to ensure a sound waste management — if you face refusal, make a complaint and let us know
what kind of response you receive! Talk to your friends and relatives about the dangers of toxic
chemicals in electronic devices and the growing problem of e-waste — the more people who share your
concerns, the more people will demand that producers live up to their responsibilities. Get involved!
You can join global community of online Greenpeace activists or use your own website or blog to
spread the word, you can volunteer or work for Greenpeace, make your life a little greener by
following our tips for green living or you can share with Greenpeace your own ideas. Details of how to
do all of these things can be found on our website at www.greenpeace.org/international/getinvolved.

7. REFERENCES
[1] www.gartner.com/it/page.jsp?id=904729, December 2024.
[2] www.npd.com/press/releases/press_090202.html, December 2024,

584



ACCHE

Annual conference on Challenges Kopaonik, Serbia, 03. -07.2.2025.

of Contemporary Higher Education

[3] www.gartner.com/it/page.jsp?id=503867, December 2024.

[4] UNEP: E-waste: the hidden side of IT equipment’s manufacturing and use — Early Warnings on
Emerging Environmental Threats No. 5, United Nations Environment Programme, 2005.

[5] Gullett, B.K. & Linak, W.P.: Characterization of air emissions and residual ash from open
burning of electronic wastes during simulated rudimentary recycling operations — Journal of
Material Cycles and Waste Management (2007) 9:69-79, 2007.

[6] Li, H., Yu.L. Sheng, G, Fu,J. & Peng, P.: Severe PCDD/F and PBDD/F Pollution in Air around
an Electronic Waste Dismantling Area in China — Environmental Science and Technology 41,
2007.

[7] Chan, JK.Y., Xing, G.H., Xu, Y., Liang, Y., Chen, L.X., Wu, S.C., Wong, C.K.C., Leung,
C.K.M. and Wong, M.H.: Body Loadings and Health Risk Assessment of Polychlorinated
Dibenzo-p-dioxins and Dibenzofuransat at an Intensive Electronic Waste Recycling Site in China
— Environmental Science and Technology 41 (22): 7668-7674, 2007.

[8] Greenpeace International: Toxic Tech: Not in our Backyard. Available at
www.greenpeace.org/international/press/reports/hiddenflows, 2008.

[9] UNEP: E-waste: the hidden side of IT equipment’s manufacturing and use — Early Warnings on
Emerging Environmental Threats No. 5, United Nations Environment Programme, 2005.

[10] www.greenpeace.org/international/news/e-waste-nigerial80209, December 2024.

[11] US EPA: US EPA 2007 - Management of Electronic Waste in the United States, draft, April 2007
Epa530-D-07-002, 2007.

[12] Manufacturers’ Association for Information Technology (MAIT) (2007): Press Release, 13
December 2007: First MAIT-GTZ study reveals extent of e-waste challenge. Available at:
www.mait.com/pressupdatel.jsp?ld=77, 2007.

[13] Greenpeace International: ~Toxic Tech: Not in our Backyard. Available at
www.greenpeace.org/international/press/reports/hiddenflows, 2008.

[14] Canfield, R.L., Henderson, C.R., Cory-Slechta, D.A., Cox, C., Jusko, T.A., Lanphear, B.P.:
Intellectual impairment in children with blood lead concentrations below 10 ug per decilitre —
New England Journal of Medicine 348 (16): 1517-1526, 2003.

[15] UNEP: Global Mercury Assessment, United Nations Environment Programme (UNEP)
Chemicals, Geneva, Switzerland. Available at: www.chem.unep.ch/mercury, 2002.

[16] Elinder, C.G. and Jarup, L.: Cadmium exposure and health risks: recent findings — Ambio 25,5:
370-373. International Agency for Research on Cancer, IARC (1993): Cadmium and Cadmium
Compounds — in International Agency for Research on Cancer (IARC) monograph: Beryllium,
Cadmium, Mercury and Exposures in the Glass Manufacturing. IARC monograph, Vol. 58,
444pp ISBN 9 28 321258 4, 1996.

[17] International Agency for Research on Cancer, IARC: Beryllium and Beryllium Compounds — in
International Agency for Research on Cancer (IARC) monograph: Beryllium, Cadmium, Mercury
and Exposures in the Glass Manufacturing. IARC monograph, Vol. 58, 444pp ISBN 9 28 321258
4. Field, S. (2001): Toxic Beryllium: New Solutions for a chronic problem — Environmental
Health Perspectives 109(2): A74-A79, 1993.

[18] ASTDR: Toxicological profile for chromium — United States Public Health Service, Agency for
Toxic Substances and Disease Registry, September 2000. International Agency for Research on
Cancer, IARC (1990): Chromium — in International Agency for Research on Cancer (IARC)
monograph: Chromium, Nickel and Welding. IARC monograph, Vol. 49, 677pp ISBN 9 28
321249 5, 2000.

[19] Polybrominated  biphenyls (PBBs), polybrominated diphenylethers (PBDEs) and
tetrabromobisphenol- A (TBBPA or TBBA).

585



Kopaonik, Serbia, 03. — 07.2.2025.

Annual conference on Challenges
of Contemporary Higher Education

[20] Darnerud P.O.: Toxic effects of brominated flame retardants in man and in wildlife —
Environment International 29 (6): 841-853 Legler, J. & Brouwer, A. (2003): Are brominated
flame retardants endocrine disruptors? — Environmental International 29 (6): 879-885, 2003.

[21] IPCS: Polybrominated dibenzo-p-dioxins and dibenzofurans — Environmental Health Criteria No.
205, International Programme on Chemical Safety, UNEP/ILO/WHO, ISBN 92 4 157205 1:

303pp, 1998.
[22] Langezaal, I.: The classification and labelling of Carcinogenic, Mutagenic, Reprotoxic and
Sensitising substances — publ. European Chemicals Bureau, Joint Research Centre, Ispra, Italy:

193pp,
http://ecb.jrc.it/documents/Classificationlabelling/The_CL_process_in_general_and_substances i

n_Annex_l_with_CMR_and_sensitising_properties.doc, 2002.

[23] Stringer, R.l. & Johnston, P.A.: Chlorine and the environment: an overview of the chlorine
industry — publ. Kluwer Academic Publishers, Dordrecht, The Netherlands. ISBN 0-7923-6797-9,

429pp, 2001.
[24] Greenpeace International: Toxic Chemicals in Computers, Reloaded. Awvailable at
www.greenpeace.org/international/press/reports/laptopreport2, 2007.

[25] www.greenpeace.org/coolit, December 2024,

586



