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E-waste generated per
capita in 2014

Kg/person

M E-waste per capita

World region

Source: United Nations University-Institute for the Advanced Study of Sustainability. 2015



Global challenges of E-waste

Chemical nature and
global distribution?

= Environmental and
health impact?

= Governance?
= Management strategy?

!

Recommendations for

management approach




The International Union of Pure &

Applied Chemistry E-waste Project
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Chemical Nature and
Global Distribution



Example - Elements typically
found in a mobile phone
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Examples of hazardous
chemicals in E-waste

Heavy metals
and metalloids

Brominated
flame retardants

Plastics

Lead Glass

ee.g. barium, mercury, aluminium, cadmium, copper
®e.g. arsenic

*e.g. hexabromocyclododecane (HBCDD), polybrominated
diphenyl ethers (PBDE), polychlorinated biphenyl (PCB)

*e.g. bisphenol-A, polychlorinated biphenyls (PVC)

se.g. Lead



The known legal flow of E-waste

UNFAIR FLOW

Most electronic waste from developed countries ends up in poor nations that lack
regulation. China processed around 70% of the world’s e-waste in 2012; the rest
goes to India and other countries in eastern Asia and Africa, including Nigeria.

E-waste flow

0 283
B |
E-waste generation in 2014
(kilograms per capita)

42 MILLION
TONNES

E-waste generated
each year

WORLD ASIA AMERICAS EUROPE AFRICA OCEANIA

41.8 million 16 137 116 19 0.6
tonnes million million million million million

0 The United States produces the e Norway generates the most e-waste
largest total amount of e-waste per per person, at 28.3 kg per capita.
year, at 7.1 million tonnes.

African nations produce little e-waste, o China ranks second for total e-waste
with Equatorial Guinea creating most generation (6 million tonnes), but low
(10.8 kg per capita). relative to its population size

(4.4 kg per capita).

°
Zhang B. and Guan D. 2016. Nature, 536: 23-25 enature



... and the illegal dark tra
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There is currently no system for tracking legal or illegal (under international law) shipments of electronic waste, and
therefore, there is no quantitative data on volames or even all of the true destinations. Some electronic waste is shipped
as “working equipment” only to end-up as waste upon arrival. This map indicates information collected through investi-

gations by organizations such as the Basel Action Network, Silicon Valley Toxics Coalition, Toxics Link India, SCOPE (in
Pakistan), Greenpeace and others.

Source: http://www.sustainelectronics.illinois.edu/policy/international.cfm [accessed 7th September, 2016]



http://www.sustainelectronics.illinois.edu/policy/international.cfm

Health and Environmental
Impacts



Treatment of E-waste

Dismantling and Recycling of metal Recycling of E-
pre-processing contained E-waste waste plastics

Waste Printed Circuit Board Recycling

o Source: https://www linkedin.com/pulse/what-e-waste-pcb-recycling-process-plant-julia-ge



Example - Trade chain practice

in India

Recycling products

(e.g.
plastics/metals/glass)

Domestic:
Public/private
institutions via
commercial
dealers

Extraction/crushing/ Disposal
processing/treatment

Scrap dealers Dismentlers Crude
products

Modified from Chatterjee D. 2015 e




Conceptual model of a typical
E-waste recycling site in Nigeria

-~ W

iy g Ay (
14 ~ . 8 - L
o - TN [ P\ g - -
- K | - e .
{ % i ' . (8
j ot )8 - . - . - { o) a

*F Discharge to
e Aquatic Habitat

)




Environmental Impact - spatial distribution

of heavy metals in the study site
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Isimekhai KA et al. 2017. Environmental Science and Pollution Research. DOI 10.1007/s11356-017-8877-9



Potential health impacts

Adapted from: http://ewise.co.nz/the-impact-of-ewaste/

Brominated flame retardants
(BFRs)

Suspected of hormonal interference
(damage to growth & sexual
development).

Polychlorinated biphenyls
(PCBs)

Immune suppression, liver damage, cancer
promotion, nervous damage, reproductive
damage and behavioral changes.

Dioxins & Furans

Skin disorders; liver problems;
impairment of the immune system;
the endocrine system and
reproductive functions; affect
developing nervous systems &
some types of cancers.
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Key legal framework

Basel Convention
Waste Shipment Regulation (WSR)

Restriction of Hazardous Substances
Directive (RoHS)

Extended Producer Responsibility
(EPR)

Directive on Waste
Electrical/Elecironic Equipment (WEEE)



WEEE directive in EU "take-
back” regulation

Tragets for MS until 2016: National - 45% POM (3yrs)
. implementation in collection from
- Membt_er State Collection4kg MS legislation households
per capitalyear - (ReUse), 65% POM
3 Dec2008 (ReUse), Recycli 4 Recycling and collection OR 85%
- {reUse), kecycling an Recovery 55— 85 % waste generated
Proposal ry o
P Recovery 50 -80 % from 2016 forward

for Review

| 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 |2015 | 2016 | 2017 |2013 | 2019 |2020

! I I

13 Aug 2005:
Collective financing for
- Separ_ate. “historical” equipment ends
collectionin 2011 for small equipment
place 2013 for large equipment
- EEE before this
is “historical”
-- Marking of
EEE

POM (3yrs) = put on market during previous 3 years

° Source: Ormala E. 2015 . °



Challenges in the implementation
of regulations and policy

Different implementation
o harmonized policy # harmonized implementation
o temporal & cultural dimension about waste
o political unwillingness to regulate corporations too strictly

Difficult implementation
o Finding illegal trade = needle in haystack (risk assessment)
o Requires expertise (not present with all agencies)
o Limited resources
o Information with different agencies
o Different agencies with different goals

Prosecution & Sentencing:

o demanding investigative work

o slow prosecution

o low fines
Transnational trade: different jurisdictions, awareness,
economics



E-waste as a criminogenic
market?

= Case of Ghana:
o Different priorities/concerns (no legislation on e-waste)
o Massive informal collection & recycling
o Local consumption of new/second hand products

“You can make money by “recycling” e-waste in poorer
environmental and social conditions, since this provides you

the precious metals with lower labour costs” (Corporate
respondent 13).

Bisschop, L. (2015). Governance of the illegal trade in e-waste and tropical timber: case studies on
transnational environmental crime. Green Criminology Series, Ashgate Publishing. (ISBN 978-1-
4724-1540-0)



There’s more to governance

than government

Understanding the big picture

Harmonized rules are needed to facilitate
economicly sustainable solutions

A formal global protocol on E-waste trading
Strengthen domestic regulations

Encourage transfer of knowledge e.g.
monitoring, processing and recycling

Stakeholders’ responsibilities



E waste Management



Making E-waste management
sustainable

Less wasteful consumption

Circular economy

Cleaner production & smaller material footprint
Reverse logistics credits

Life cycle analysis to identify environmentally sound
end-of-life option

Better treatment and disposals

e-waste valorization



Example: Improve recycling
behaviour-mobile phones

h
‘ 1%
1%
Argentina

2% s /¥

m Kept as spare

= Gave to friend/Tamily

I m Soldftraded for a new
phone
= Lostistolenbroken
= Recycled
Source: OrmalaE. 2015 m Other

Developing Developed



Examples of E-waste recycling

EU Recycling scheme:

Average cost 4 cents /
sold phone

Canada:

Thailand:

Proposed green
tax 1,56€/ sold

Recycle My Cell —
program.

Average cost:
0.1€ / phone

Several
initiatives,

Future cost
estimated to be 1-
3€ / sold phone

SA: proposed fee
level was 4.5
EUR per phone
(was cancelled)

Australia:

Levy for Mobile
Muster program
Annual fee
around 0,3€ / sold
phone

‘ - = planned
- = enforced
= - = avoided

Source: Ormala E. 2015 ©



Examples - Advances in material

science for cleaner production

Synthesis of heteroarchitectures formed by
graphene oxide for low cost high performance
supercapacitors

High performance supercapacitors - polypyrrole
nanotubes coated with Ni(OH),

Hybrid materials for hybrid energy storage -
supercapacitor and batteries in one

Renewable polymeric materials for elecironic
applications



Examples - Advances in recycling

technologies for metals recovery

Recycling technology

State of recovery metals

Species and effect of
recovery metals

Advantages of
environmental and

Pyrometallurgy

Mild extraction

Biometallurgy

Electrochemical

Supercritical

Vacuum metallurgy

pure solid metals

solution

Solution

pure solid metals

solid mixture of metals

solid single metal

® Source: Ermolin M.S. and Fedotov P.S. 2017

almost all metals; high
recovery rate

almost all metals; recovery
rate related to the reagents
and reaction condition

only for a few specific
metals; considerable recovery
rate for Cu, Zn, Au etc

only for specific metals; high

recovery rate

almost all metals; high
recovery rate

only for high vapor pressure
metals; high recovery rate

technological aspect

totally-commercial; owing
some dust chamber and
exhaust gas treatment plant

low toxicity; simple and easy
accessibility; relative low
environment damage

environment-friendly; low
cost of investment

high recovery efficiency; low
cost of investment; mature
technology

high recovery efficiency; low
cost of investment; low
environment damage

environment-friendly; short
technological process



‘There is no such thing as
waste ...’

PLATINUM ALUMINIUM COPPER

o §

0.000012 oz. 0.88 0z

-t

http://www .electronicspecifier.com/around-the-industry/do-you-have-a-goldmine-in-your-pocket

Also contains rare earth minerals

From cathode-ray-tube funnel glass to zeolites

Indium from LCD display

From old printed circuit boards to Cu-Sn nanoparticles



Second chances

Electronic waste-derived aluminosilicate for wastewater
freatment

Recycle e waste -plastics and particleboard as wood-plastic
composite

Polymers from waste printed circuit boards reinforcing as fillers
in polypropylene composites

E-waste plastic powders as asphalt binder additives
E-waste art

Computer parts clock by Wendy Birchmire
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The IUPAC e-waste task group

Belgium
Dr Lieselot Bisschop (Ghent University)

Egypt
Prof Nadia G Kandile (Ain Shams
University)

Finland
Prof Mari Lunstrém, Prof Erkki Ormala,
Dr Ben Wilson (Aalto University)

Germany
Dr Heinz Ruedel (Fraunhofer IME)

Hong Kong

Prof Ming-Hung Wong (Education
University of Hong Kong)

India

Prof Debashish Chatterjee (University
of Kalyani), Ankit Kapasi (Sustainable
Environmental Solutions), Dr

Kirankumar Surati (Sardar Patel
University)

Ireland
Dr Fiona Walsh (Maynooth University)

Israel
Dr Yehuda Shevah (Independent
Consultant Engineer)

Nigeria
Dr Oluseun Elizabeth Popoola (Yaba
College of Technology)

Norway
Dr Knut Breivik, Dr Abbasi Golnoush
(Norwegian Institute of Air Research)

Russia
Dr Mikhail S. Ermolin, Dr Petr Fedotov

(Russian Academy of Sciences)

Spain
Prof Rafael Luque (Universidad de
Cérdoba)

South Africa
Prof Liliana Mammino (University of
Venda)

Sweden

Prof Christian Ekberg, Dr Teodora
Retegan (Chalmers University of
Technology)

Thailand
Dr Nantika Soonthornchaikul
(Thammasat University)

UK

Dr Avtar Matha (University of York), Prof
Hemda Garelick, Dr Diane Purchase
(CHAIR) (Middlesex University)

USA
Dr Bradley W Miller (US EPA)

Uruguay
Dr Nelly Manay (Universidad de la
Republica)



World by Susan Stockwell (2011)



