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Products Updating and Diversity from 1900 to 2020

StEP, UNU, and UNEP IETC have been
working extensively on e-waste issues
and made an attempt to look into the
future of the problem in order to initiate
policy level discussions on the challenges
and opportunities ahead. Having insight
into the future will help policymakers and
industries, as well as other stakeholders,
to make better strategic decisions.
Forecasting is also necessary vis-a-vis
strategic concepts towards sustainable
development, such as circular economy
and the UN's Agenda 2030.

Wae cannot expectimmediate success with
these concepts without an active search
solutions. The complicated nature of
production, use, and disposal of electronics
require significant changes in order for the
processes to become sustainable.
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Evolution
of “Four
Big Items”
from
1970s to
2000s In
China
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Elements Distribution in the Evolving
Products
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MetalElement Use Intensity in Products
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Natural resource reserve is depleting... SW!tchasia
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Concept of WEEE/E-waste Whatis Ewase?

100% -

*WEEE Is waste electrical and electronic
equipment.

“*E-waste is a term used to cover items
of all types of electrical and electronic
equipment and its parts that have been
discarded by the owner as waste
without the intention of reuse. (StEP)

2019 SWITCH-Asia LEADERSHIP ACADEMY ON CIRCULARECONOMY (O Dec. 2, 2019, Beijing

) Electronic

waste

:  Electric

waste




switchasia

@® REGIONAL POLICY ADVOCACY fundeq by e

European Union

Scope of WEEE

Category 4. Category 5:

Category 1: large Category 2: small Category 3: IT &
gory J gory dory consumer equipment lighting equipment

household appliances household appliances Telecoms equipment

Category 9: monitoring Category 10:

: Category 8: medical : S
Category 7: Toys gory & control equipment automatic dispensers

Categoty 6: equipment systems
electrical &

electronic tools

The scope of the WEEE directive is 10 categories of EEE.
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OIS

Television, TV, refrigerator, RG;
washing machine, WM; air
conditioner, AC; microcomputer,
MC; range hood, RH; electric
water-heater, EWH; gas water-
heater, GWH; printer, PT;, copier,
CP; fax machine, FM; monitor, MN;
mobile phone, MP; single-machine
telephone, SMT.
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Total E-waste Generation in China =~ =~
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|. Resource stock in e-waste
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Weight-share Fe Al Cu plas-  Agl(ppm) Aulppm] Pd(ppm)]
tics
Monitor-board 30% 15% 10 % 28 % 280 20 10
PC |f’ ™ ' ™ - Y
" Mobile phones (a) PCs & Laptops (b) Urban Mine (a+b)
Mob 1400 million units/year 350 Million units/year Mine production  Share
Port ,250mg Ag= 400t Ag x1000mg Ag= 350t Ag Ag: 22200t/a 3%
DVD| x 24mg Au= 38t Au x220mg Au= 77t Au Au:  2,500t/a 5%
Calcf x 9mg Pd= 14t Pd x 80 mg Pd = 28t Pd Pd: 200t/a  21%
X 9g Cu= 14,000t Cu x ~500g Cu=175,000t Cu Cu: 16Mt/a 1%
~1300 million Li-lon batteries| | ~180 million Li-ion batteries
x 38g Co= 6100t Co x 65g Co= 11,700t Co Co: 88,000t/a 20%
\ J \ J \ y

M. Reuter et al.,, "Metal recycling: opportunities, limits, infrastructure, A Report of the Working Group on the Global Metal Flows to the International Resource Panel," (UNEP, 2013).
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E-waste’s impact on demand for crucial metals
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World mine Demand for Years of reserves | Consumption met by

electronics (%) left recycled materials (%)

production per
year

Bonding wire, contacts, etc. 2,500 tonnes 12 45 43

Contacts, switches, lead-

Silver free solder, conductor, etc. 20,000 tonnes 30 29 16
Tin Lead-free solder 275,000 tonnes 33 40 26
C Cables, wires, connectors, -
opper PCBs transformers 15 million tonnes 30 61 31
Flat screen displays, 480 79 13 0

semicondutors

Source: McCann, D.; Wittmann, A., Solving the E-Waste Problem (Step) Green Paper: E-waste Prevention, Take-back System Design and Policy Approaches. United Nations University/Step Initiative: 2015.
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Il. Toxicity in e-waste

E-WASTE IS TOXIC

e-Waste contains dangerous amounts
of toxic substances, such as—

Lead and
cadmium in circuit
boards and cathode ray
tubes (CRTs);

Brominated
flame retardants
on circuit boards,
plastic casings, and
cables, that releases
highly toxic dioxins and
furans when burned to
retrieve copper from
the wires;

Mercury in switches,
circuit boards, and flat
screen monitors;

MERGURY easily accumulates

in living organisms and concentrates
through the food chain, especially in
fish. This affects not only the people
who dismantle our electronics, but also
the billions of people around the world
who consume fish.

Mercury is known to cause serious
damage to the human body. The
developing fetus is highly susceptible
through maternal exposure to mercury.

22%
An estimated 0 of the

yearly world consumption of mercury
is used in electrical and electronic
equipment.
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Flow of WEEE in China

______________________

Sorting
dismantli

______________

Second
utilization

Sorting
dismantling ;
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Global flow of E-waste switchasia I
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How to improve recycling rate: collection

Malin collection channels:

» Individual collector

» Second-hand market

» “Old for New” Policy

» Repair store

» Treatment enterprise

> Pilot of renewable resources
»Production enterprise

> Internet + : APP

Individual

Second-hand
market
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How to improve recycling rate: collection

Home collection
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How to improve recycling rate: technical efticiency
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Outlining management progress of switchasia

e-waste in China
A

WEEE Regulation
S B and
_— RoHS Regulation
Easy burning and National Pilot
acid leaching
2000 2009 2012

-»<Co-existing phase »=-—— Development phase-—— s Health operation phase———— >

Improper
dismantling phase
Source: Zeng X, Li J, Stevels ALN, & Liu L (2013) Perspective of electronic waste management in China based on a legislation comparison between China and the EU. Journal of Cleaner Production 51(0):80-87.
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Directive 1994/31/EC on Hazardous Waste |

Directive 1994/62/EC on Packaging and Packaging Waste sw I t c h a S i a

Law on the Prevention of Environmental Pollution from Solid Waste ® REGIONAL POLICY ADVOCACY European e

G661

2002
ya

\
=
‘Draﬂed Directive 2002/95/EC on restricting the use of hazardous substances in electrical and electronic equipment ‘

Drafted Directive 2002/96/EC on Waste Electrical and Electronic Equipment | W E E E

Cleaner Production Promotion Law

_ Crin: regulation in

EU

Rivised "Law on the Prevention of Environmental Pollution from Solid Waste" h O b b | e

|Directive 2005/20/EC on Packaging and Packaging Waste |

€002

002

<002

900¢

‘Direcliue on the Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic Equipment

‘ Directive on Waste Electrical & Electronic Equipment

1002

[Ordinance on Management of Prevention and Control of Pollution from Electronic
and Information Products

Registration, Evaluation, Authorization and Restriction of Chemical Substances

8002

Administrative Measure on Pollution Prevention of Waste Electrical and Electronic Equipment

6002

[Circular Economy Promotion Law

“Old-for-New” Implementation Measures for Household Appliances
Directive 2009/125/EC on Energy-related Products

oLoe

Directive 2010/75/EU on Integrated Pollution Prevention and Control

1102

[Administration Regulation for the Collection and Treatment of Waste Electric and Electronic Products
o e e o o o o o o o e S s s @

cloe

Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on WEEE |
Regulatory Measures for Collection and Disposal Fund of Waste Electrical Appliances and Electronic Products

v10¢ ¢lLog
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Regulations and policies related to e- switchasia
waste

€ 2003, Technical Policies of Pollution Prevention and Control for Waste Batteries

92006, Technical Policies of Pollution Prevention and Control for Waste Household Appliances and
Electronic Products

92006, Pollution Control Management Method for Electronic Information Products

92007, Administrative Measures for the Prevention and Control of Environmental Pollution by Electronic
Waste

92009, The Regulations for the Administration of Recycling and Treatment of Waste Electric and Electronic
Equipment (Chinese WEEE)

92010, Technical specifications of pollution control for processing waste electrical and electronic equipment
€2009-2011, “Old for new” policy

92012, Catalog of WEEE Recycling (Batch 1)

€ 2015, Catalog of WEEE Recycling (Batch 2)
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Electrical and Electronic Equipment(2011-2015)
In November 2010, «Guide on the Development Plan of the Treatment and Disposal of Waste Electrical and Electronic

Equipment

Catalogue [0 In September 2010, «The catalogue of disposal of Waste Electrical and Electronic Equipment (The first list) »
°
°
o

|

In December 2010, «Administrative Measures on Qualification Permit of the Treatment and disposal of Waste
Electrical and Electronic Equipment » and «Guide on Qualification Verification and Approval on Treatment

Enterprises of Waste Electrical and Electronic Equipment »

In September 2010, «Notice on the Formation of the Development Plan of the Treatment and Disposal of Waste }

Treatment Enterprises of Waste Electrical and Electronic Equipment

system

/nformation> [0 In November 2010, «Guide on Establishment of Data Information Management System and Information Submission of

Fund Equipment »
® InMay 2012, «Administrative Measures on Collection and Use for Treatment Fund of Waste Electrical and Electronic
Equipment

® In November 2010, «Guide on Subsidy Approval of Treatment Enterprises of Waste Electrical and Electronic }
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2000 2000 2012 2020

Informal recycling

* Before 2000, the majority of e-waste in China
was processed in backyards or small workshops
using manual disassembly and open burning.

* The techniques used in recycling of e-waste
are often primitive, without the appropriate
facilities to safeguard environmental and
human health.
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China is not only the largest producer and consumer of

electronics, but the country ever most seriously polluted from

illegal e-waste importation and informal recycling.
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Where We Need to Start?

Lack of environmental
law and enforcement

} Developing country

Complete environmental

regulation; towards maximum
recycling

High recycling effy

Complete
environmental
Landfill and regulation
Incineration

High Environtnenta| Copcern

Recycling
facilities Complete environmental regulation, without

full consideration on resource recycling
Developed country
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2000 2009

Separating the funnel and panel glass
—
@ Li-ion battery

—

by core shredder

The treatment of
Li-ion battery
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Share of treated WEEE
100 I I - - —
| I I I I
2012 2013 2014 2015 2016

80
Year
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BTV ®mComputer ™ Washing machine Refrigerator M Air conditioner

50
40
30
20
10

0

Unit amount ratio (%)

Data source: CHEARI
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1. Close-loop technical system is emerging 2" 559229
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2. E-waste recycling industry switchasia

490
About 109 licensed and a1 ]
certified enterprises across 302 -
the country had been 343
authorized to receive the 294
subsidies,  creating a 245
I 196
capacity to process 150 o
million units of WEEE @5 bateh (N3 7
@ 4th batch (N=15)
annually. O 5% batch (N=3) 08
49
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China’s formal recycling rate of e- switchasia
waste and those comparisons

A) 90 45
(A) -e—-By unit -e—=By weight (B)

80 40

10 R 35

% 60 —0 % 30

8 50 & o5
2 S

= 40 3 20
S o

©'30 —* T 15
x =

20 S 10

10 5

0 0

2010 2011 2012 2013 2014 2015 2016 U.S.(2013)  EU-27(2009)  China (2014)  Worldwide
Year (2009)

The formal recycling rate was increased from 5% in 2006 to 35% in 2014 (by
weight), which was higher than the average of EU.

Zeng, X.; Mathews, J. A,; Li, J., Urban Mining of E-Waste is Becoming More Cost-Effective Than Virgin Mining. Environmental Science & Technology 2018, 52, (8), 4835-4841.
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Funded by the

3. Resource performance
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4. Environmental performance

* Assuming 5% of recycling rate and 25% composition of
Lead in CRT funnel glass, the Lead emission reduction
in 2013 was about 1,800 tonnes. Approximately 2.1
tonnes CFC refrigerant could be collected for safe
disposal, which means the equivalent CFC has been
declined to discharge.

* All of this additional activity has stimulated the
economy by creating more than 10,000 new jobs in the
e-waste recycling industry.
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Summary of experience

1) The most effective regulatory core in China, in contrast to the regulations in
developed countries, is the ‘old-for-new’ policy and the WEEE ‘producer-
pays' funding.

2) Environmental maintenance and management costs have been internalized
to significantly change the e-waste flow and destroy the economic incentives
that historically drove the informal recycling sector.

3) China needed to develop its own approach to recycling WEEE; it would not
have been feasible to try to duplicate other countries’ experiences or
processes.

4) An effective and practical management system has been well established,
including permitting, reporting, auditing, inspection, information systems,
and funding systems.
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and subsidies

25 m Levying from producer
£ 20 Maximum subsidy for recycler
2 20.00
a
215
2
3 10 12.31
I 10.77
E 5 6.92
2

mbalance between fund levies switchasia

10.77

o W Wl gl W

1A% Refrigerator Washing Air conditioner Microcomputer

machine
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Total quantity (billion USD)

04
o AN -

2013 2014 2015 2016 2017
m Fund levy = Subsidy

The imbalance between fund levies and subsidies may lead to an unsustainable WEEE funding policy.
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2. Procedure of subsidies utilization

Tedious procedures M e ;3

oy o Prod /i t 2 , Customs
related to auditing the T }\~\ R

. ¢ MEP/EPBs S \i i rest treasury
ol.aeratl.ons and N 1\ P e NN v
dispersing the subsidies M T M @
Treatment Downstream MOF

have decreased the Entegorise Enterprise :
efficiency of the S e |
payment system. Recycler

= =P Fund - —) WEEE == Supervision
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3. Expanding of e-waste recycling industry switchasia

* The e-waste recycling industry has grown so rapidly that
neither domestic nor foreign processing technologies
have been fully transferred or utilized.

e Currently, because the deep recovery industry for e-waste
in China is still in its infancy, the government subsidies
include grants for e-waste pre-processing involving
dismantling and mechanical treatment.
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4. Eco-design for environment
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5. New catalogue of e-waste

 The new catalogue, which adds nine new categories of e-
waste to regulation requirements, puts enormous pressure on
some stakeholders.

*In light of the current low recycling rate (<35%) for
microcomputers, refrigerators, and air conditioners, the nine
added WEEE categories create enormous challenges to the
government planning and recycling enterprises arrangement.

 The management system—both software and hardware—wiill
have to be redesigned and the recycling capacity enlarged.
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Global E-waste Generation Map switchasia
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1. Regulation

Basel Convention

[Basel Action Network

[Global e-Sustainability Initiative

[Mobile Phone Partnership Initiative

[ StEP initiative

[ PACE
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o o REACH WEEE
RoHS directive ErP directive o o
directive directive
[ [ [ [
Switzerland Germany Belgium Netherlands | |  ......

The Basic Environment ‘

Law

The Basic Law for
Establishing the
Recycling-based

Society

Waste Management Law for Promotion of
and Public Cleansing Effective Utilization of
Law Resources

Household Appliance Small Appliance
Recycling Law Recycling Law
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4. Administrative
3.The Ordinanceon Measureson
Management of Pollution Prevention g, Regulation on
1. Notificationon 2. The Technical Prevention and of WEEE; Technical  Management of the
Importation of the Policy on Pollution Controlof Pollution Specifications of Recycling and Disposal
Seventh Category Preventionand from Electronicand Pollution Controlfor of Waste Electrical and
Waste Control of WEEE Information Products Processing WEEE Electronic Equipment
(MEP) (MEP No.115) (MIIT) (MEP) (NDRC; NPC, MEP; MIIT)
“ 2
®Banthe import @Set principles of 3R’ ®Requirements for Preve 1€ ® Mandatory recycling of
of e-waste and ‘polluter pays product eco- des:gn, pollution caused by  e-waste
principle’; ® Restrictionsonthe  the disassembly, ® /mplementation of Extended
® Stipulates use of hazardous recycling and Producer Responsibility;
eco-design; substances; disposal of e-waste; @Establish of a special fund to
® Provisions for the ®Requirements for ®License scheme for  subsidize e-waste recycling;
environmental producers to managing e-waste @ Certification for second
collection, reuse, provide information recycling companies hand appliances, and
recycling and about their recycling companies
disposal of WEEE products
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Status for global e-waste management
in terms of legislation

Legend ‘ / *.’ ‘
++ ,‘( i D A ) - ‘

0 ‘ .T;\

No information

+» E-waste legislation in force in over 90 jurisdictions, planned in 20+
+ 2,000+ pieces of legislation affecting e-waste management
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Although 66% of the world’s
population is covered by e-
waste legislation, more efforts
must be made to enforce,
implement, and encourage
more countries to develop e-
waste policies.

Note: ++ : implemented controls, + :
new command and control regulations,
0 : control regulations under
development, and - : no regulations.
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Collection experience: EPR

. Registration of Financing of Financing of Munlc!pal Control of
Countries . : . recycling
appliances collection recycling activities results

EAR on behalf of Onlv liahtevele Complete CGs Federal Env

o104 the Federal Env. for>(/ZGL? y Municipalities Producer/importers  can € Agenc '
Agency recycled/sold gency

SWICO, SENS, Producers/import Experts reporting

None SLRS and ors Producers/importers None to the Swiss Env.
INOBAT Agency

PROs: Elretur,
DPA on behalf of RENE, ERP Municipalities

the Danish Env. with the (partial Producers/importers None Miljostyrelsen

Authority exception of refunding) (Umweltbehdrde)
CG4
Naturvardsverket PROs: El- Producers/import Forleaeimpeias |Neome N

(Env. Agency) Kretsen, EAR  ers

Note: CG: collection group; DPA: Dansk Producentansvarssystem; EAR: ‘Stiftung ear’; PRO: producer responsibility organization.

2019 SWITCH-Asia LEADERSHIP ACADEMY ON CIRCULARECONOMY (O Dec. 2, 2019, Beijing



2. Recycling technology switchasia
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E-waste recycling facilities
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E-waste Recycling Practice

USA China
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Year mm Total generation Year I Recycled
B Total e-waste generated (Mtons) mmmm E-waste recycled (Mtons) =—Recycling rate (%)

- Recycling rate by unit = Recycling rate by weight

Globally, only 20% was recycled through appropriate channels.
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E-waste Collection In the USA (2014) switchasia

@© GecNames, MSFT, Navteq

Total reported collection 2014 = —— tons
1107 92000
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E-waste Recycling in the US switchasia
(2013/2014)

H -
Recyc{lg ﬁS 24

Data source from USEPA (2016) 177000
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Licensed e-waste
. : 441 |-
recycling companies &
. 392 |-
urban mining bases
343

245

196

147

@ 1% batch (N=42) 98

@2 batch (N=21)
@ 3 batch (N=28) 49
@ 4t batch (N=15)
(5% batch (N=3) Zeng et al, 2016
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E-waste collection and recycling in the EU  switchasia B

European Union

Collection per capita (kg/capita) Recycling rate in 2016 (%

ICELAND _

“Kyiv
UKRAINE
N\

hisindgu
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_Ankara &
Yereva - 5 3 -
~ TURKEY - | 4 . RS : JAnkara

) 20 40 [ . TURKEY" -
Recycling rate (%) .
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Awasthi et al., 2018 Data source: Eurostat, 2018
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Environmental performance of e-waste recycling ~ switchasia
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3. Detoxification and eco-design
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Electronic packaging evolution nelidald

Flip Chip to Compliant .
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Source: R. R. Tummala, in Electronic Packaging Technology, 2005 6th International Conference on. (IEEE, 2005), pp. 3-7.
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Material substitution

Y

Pb-Sn solder

P
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Lead-free
solder
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Product updating

UL T
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Detoxification of e-waste: case of CR

Lead Glass
solution
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4. Summarization for gaps and lessons

»Basic knowledge to recognize e-waste is not adequate

<lack of systemic legislation system and unclear
responsibility of stakeholders

“Fundamental facilities have been established, but high-
valuable utilization and_industrial_distribution_are not
smMooth

»Eco-design should be improved
Detoxification of e-waste remains at the start
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Four levels of product, component, material, and switchasia
substance for e-waste management
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Material

macroscopic
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tic / \
Met
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Substance
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New solution
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Four patterns of the way forward

v'"Most developed countries: technologies innovation and facilities

expansion of e-waste recycling

v'"Most developing countries: legislation improving and collection

channel strengthening

v'Small countries or regions: mobile plant

v'Some countries with little e-waste generation: synergic recycling
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Thank Youco

Implemented by

environment
programme
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