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Self Introduction
• Yasuhiko Hotta, Chettipappan Visvanathan and
Michikazu Kojima “Recycling rate and target setting:
challenges for standardized measurement” Journal of
Material Cycles and Waste Management 18(1) • February
2016.
• Aya Yoshidaa, Atsushi Terazonoa, Florencio C.
Ballesteros Jr.b, Duc-Quang Nguyenc, Sunandar
Sukandard, Michikazu Kojima, Shozo Sakatae, “Ewaste recycling processes in Indonesia, the
Philippines, and Vietnam: A case study of cathode ray
tube TVs and monitors” Resources Conservation and
Recycling 106:48-58 • January 2016
• Kojima, Michikazu, Aya Yoshida and So Sasaki,
“Difficulties in applying extended producer
responsibility policies in developing countries: case
studies in e-waste recycling in China and
Thailand”, Journal of Material Cycles and Waste
Management , 2009, Volume 11, Number 3, Pages 263269, Springer.
• Atsushi Terazono, Shinsuke Murakami, Naoya Abe,
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Bulent Inanc and Michikazu Kojima, et al.”Current
status and research on E-waste issues in
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Concern on E-waste in
Japan
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Shift of Major Issues on E-waste in Japan
Late
1960s1970s

1980sEarly
1990s

1990s
2000s
-

Tokyo Metropolitan
government
Difficulty to treat e-waste by local government
Improper recycling, causing pollution (not well reported). considered to put
responsibility of
Pollution control regulation was introduced
treating e-waste on
Oil
and enforced. Industrial waste was also
producers. But not
Shock
regulated, but enforcement was weak.
implemented.
Illegal dumping of residues
Illegal dumping
from e-waste recycling
in Teshima
Montreal Protocol
Illegal dumping site was closed.
regulating CFCs.
Recyclers should
RoHS (Restriction of the Use
Less E-waste collection by private sector. Rising
of Certain Hazardous
Cost of Treating E-waste by local government.
Substances in Electrical and
Home Appliance Recycling Act (Enforced in 2001) Electronic Equipment (EU)
Export of Secondhand goods and E-waste mixed
Hike of price of rare metals
with other metal scraps. Fires from stockyard for
mixed metal.
Act on the Promotion of Recycling of Small Waste Electrical and Electronic
Equipment (Enforced in 2013) , Revision of Basel Act (Enforced in 2018) ,
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Registration of Stockyard and Standard for Stockyard

Beginning of Concern on E-waste
Recycling
• In early 1970s, Tokyo
• Home Appliance
Metropolitan Government
Recycling Law was
considered to put
enacted in 1998, and
responsibility of treating
entered into force fully in
some wastes including e2001.
waste on producers. The
the law was
idea was not implemented. • Before
enacted, various studies
• Due to Oil Shock, recycling
were conducted.
were also highlighted.
• Some of studies were
• Manufacturers formulated
conducted by private
Home Appliance Recycling
companies and industrial
Association in 1974, which
association.
was merged into Association
for Electric Home Appliances,
in 1980.
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Improper Treatment of
Shredder Dust of
E-waste and ELV
Concern on E-waste in Japan
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Improper Treatment of Residues form
Recycling Process
• The most notorious illegal dumping case in Japan
was Teshima Island case. From the early 1970s to
1990, more than 600,000 tons of waste including
shredder dust of ELV and e-waste was illegally
dumped on the island. A part of them were burned
without pollution control measures.
• Police investigated the site in 1990 and stopped the
operation. This case triggers the movement toward
proper management of automobile recycling and
home appliances.
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Illegal Dumping site in Teshima

↑Activities to remove contaminated soil and
remediate hazardous substances, which took 15
years until 2017. Treatment of contaminated
water is still continued.
←The illegally dumped waste preserved in
information center in Teshima. September 2015.

Academic Studies before Enactment
of Home Appliance Recycling Law
• Sakamura, H et.al.(1995) “Elution of Toxic Elements
from Waste Electric Appliances under Pseudoenvironments” Environmental Science Vol.7, No.1
pp.35-41 (Japanese, with English abstract).
• Sakai, et.al. (1991) “Hazardous Materials in
Shredder Wastes and their Appropriate Treatment
System”, Journal of the Japan Society of Waste
Management Experts, Vol.3, No.2 pp.33-42
(Japanese, with English abstract).
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Studies by From Association of
Industry
• Kamae, S. (1993) “Recycling of Wastes Caused by
Used Electrical and Electronic Appliances” Journal
of the Japan Society of Waste Management Experts,
Vol.4, No.4, pp.295-303. (in Japanese, with English
abstract)
• Matsumura, T. (1997) “A Recycle System of Used
Electric Home Appliances” The Journal of Japan
Institute for Interconnecting and Packaging
Electronic Circuits, pp.76-78Vol.12, No.2 (in
Japanese).
11

Increase of Treatment
Cost of e-waste
Concern on E-waste in Japan
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Increase of treatment cost by
local government
• As economic development, amount of waste generated
increases, waste contents become more complex. Local
governments in Japan were bothered by the increase of
waste treatment cost.
• In early 1970s in Japan, Tokyo Metropolitan Government tried to
impose waste collection and treatment responsibility on difficult
waste such as plastic packaging, home appliances and tire. Although
it was not possible to impose new responsibility on producers at
that time, industries started to study the recycling technology and
conduct pilot collection program in 1970s in Japan.
• After various efforts to reduce waste were conducted by local
government in 1980s and early 1990s in Japan, EPR systems was
applied to packaging and container waste and specific home
appliances around 2000.
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Treatment of hazardous
substances
• As attention on environmental concern are growing,
hazardous substances in e-waste should be handled
carefully, recycled or disposed carefully.

• Dust contaminated with hazardous substances, such as PBDE,
which were used in TV and other home appliances.
• CFCs, used in Air Conditioner and Refrigerator, are Ozone
Depleting Substances.
• Lead in solder

• These substances have been prohibited gradually, but
some products being used still contain these
substances.
• To protect occupational health and the environment,
proper treatment is necessary.
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The necessity of cost sharing
mechanism of new items

CFC collection from Air Conditioner,
Akita, Japan, September 2009.
Collected CFC were burned in
incinerator, with pollution control.

• As technology
developed, new
materials and parts are
used. It is likely that
new materials and parts
are not recycled in
market basis.
• New materials and
parts may damage
environment, unless
proper treatment is
conducted. Additional
cost sharing mechanism
is needed.
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Dust Control in Home Appliance
Recycling Company
Filter for
collected
dust

Airflow to
worker

Dust
collection
Dust collection system
is installed in home
appliance dismantling
facility in Tokyo, Japan,
2007.
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To Prevent Fires from
Scrap Yard
Concern on E-waste in Japan
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Fire of Metal
Scraps
• The number of fire cases
from mixed scrap yard has
increased for 10 years.
• Metal Scrap frequently
causes fires. In some cases,
these fires have harmful
effects on living
environments, including bad
odors and traffic related
problems.
• It is difficult to identify
causes of fires, but batteries
which are mixed with other
scraps are regarded as a
trigger of fires.

December 18, 2015. Fire at metal scrap
yard in Funabashi, Chiba. ↑.
December 24, 2015↓ Photo by Kojima
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Scientific Research
• Some researches have been conducted.
– FY 2008-1010 A research project by National
Institute for Environmental Science, National
Research Institute for Fire and Disaster, and
others.
– Cause of fire: It is difficult to identify the
causes of fires in mixed metal scrap yard. But
it is pointed out that batteries, especially
Lithium Ion Battery, might be the cause of
fires.
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To prevent fire
• Registration of Stockyard for e-waste and
others which may contain hazardous
substances.
• Guideline for Stockyard
– To prevent soil contamination, apply
appropriate measures such as concrete floor
and drainage.
– To prevent fire, properly segregate battery
and oil. The height of pile of scarps should be
controlled. etc.
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Pollution from E-waste
Recycling
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Recovering Gold from parts from
IC tips of mobile phone

No control of
emissions and
effluents. Bandung
Indonesia,
September 2010.

Extracting Gold and
Silber from E-waste

By using cyanide and others, extracting
gold and silver from e-waste and
others, without pollution January 2012,
Philippines.

Extract copper from coated cables

Burning coated cables to extract copper.
Vietnam January, 2011.
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Emitted Refrigerant

• Compressor was removed from refrigerator, before
waste refrigerators were delivered to e-waste recycling
facility. Such practices is called, “cherry picking” or
“Scavenging”. It indicates that refrigerant was emitted
to the air.
(October 2017, Malaysia)
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Why is regulation on e-waste
needed?

• Different backgrounds of e-waste recycling regulation
can be observed
• Pollution from recycling process
• Improper treatment of residues
• Increase of treatment cost by local government or recycler

• Regulations try to change responsibilities of
stakeholders, cost sharing mechanism, and design of
products, such as change of materials.
• Various policies will be discussed in next lectures and other
lectures in this course.
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Competition between
Formal and Informal
Recycler
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Competition with formal and
informal recycler
• Formal recycler with pollution control and
protection of labor safety, and informal
recycler without appropriate protection
measures are competing each other to
collect e-waste.
• If enforcement of pollution control is weak,
formal recyclers collect a limited volume of
e-wastes, while informal recyclers collect
large volume of e-wastes.
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Copper Cable Recycling

Open burning of plastic-coated
wire to extract copper. Vietnam,
August 2009.

Nagget system to separate
copper and plastics,
December 2012.
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Removing IC tips from Printed Circuit
Board

↑ Machines to remove IC tips and other
parts from Printed Circuit Board, Hong
Kong, December 2011. Removing IC
them from Printed Circuit Board. Nov.
2011, Guang Dong, China

↑Removing IC tips and other parts
from Printed Circuit Board. Nov.
2004, Guang Dong, China
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E-waste Recycling Facility in
Nangjing, China
• Equipment to recover
IC tip by melting
solder and equipment
to recover gold.
• With Motorola,
program for collecting
mobile phone is
conducted in China.
But it is short of
collection.
December, 2004
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Pollution from Recycling System
• The major problem in
recycling in developing
Asian countries is dirty
recycling .
• Even if formal recyclers
invested in advanced
facilities, they may face
lack of waste for
recycling, in market base
recycling.
• Some policies should be
implemented to change
this situation.

← Extracting
metals from
Printed Circuit
Board, Guiyu,
China, （Nov.
2004）

← Dirty lead
recycling which
contaminate soil in
Vietnam, ( Dec.
2005)
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DIFFICULTIES APPLYING EPR IN
DEVELOPING COUNTRIES

Examples of Orphan(1)
To implement EPR, it is necessary to identify producer
or importer of goods. But if smuggled goods, imitated
products and no brand products dominates market, it
may be difficult to put responsibilities to all of
producers and importers.

Probably, faked products, which
design are same, but have LG logo
and Sony logo. July 2007, in Vietnam.

No brand TV which are made from used
TV monitor with new casing. Customer can
choose brand name. January 2007, in
China.
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Example of Orphan(２）
Probably
smuggled
secondhand fax
machine from
Japan, found in
secondhand
market in
Guangdong
China. It is
mentioned that
customer service
for this machine
is only provided
in Japan.
Transformer is
put into the
machine.
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Volume of orphan
• It is difficult to estimate the volume of orphan.
– According to an estimate, market share of
unbranded air-conditioner, which are made by
small manufacturer, was considered to be 20-30 %
in Thailand early 2000s.
– A survey conducted by NIES and Kyoto University
in FY 2010 shows that more than half of desk top
computer used in households in South Korea are
unbranded one, which were made by small shops
or by consumers by themselves.

Who bear the cost of orphan, instead
of producer of orphan?
• Government
– In packaging and container recycling regulation in
Japan, small scale producer using packaging and
container are exempted from bearing financial
responsibility of producer. In stead of small scale
producer, local government bear the recycling cost,
because local government pay the cost of disposal of
waste packaging and container.

• Consumer
– In computer recycling system in Japan, consumer
using orphan computer should pay recycling fee.

Reducing the volume of Orphan
• It is the responsibility of government to
reduce some type of orphan such as smuggled
products, imitated products and unregistered
products, if appropriate regulation exists. One
of the option is to collect recycling fee from
them, if the government caught them.

Scavenging / Cherry Picking

Some parts are removed from e-waste,
before formal recyclers receive e-waste.
(2005, Taiwan)

• E-waste collector
may remove
valuable parts,
before e-waste is
sent to formal
recycling company.
It is called,
scavenging.
• Scavenging may
reduce the benefit
of formal recycler.

What kind of measures can be
implemented to reduce scavenging?
• If parts removed in advance to send e-waste
to formal recycler are recycled without
environmentally sound technology, collection
system should be carefully designed.
• Buying price of e-waste without some parts
should be lower than e-waste without missing
parts.

Conclusion
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Science Policy Business Nexus
Science
-

Assessing the Impact of
Improper E-waste
Management
Finding Appropriate Policy
Finding Appropriate
Technology

Policy
-

Regulation on pollution
control
Define the Responsibility
of Stakeholders
Enforcement

Business

- Design for Recycling
- Collection
- Recycling, Disposal
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