Devedopment of Japanese Recycling Policy for Electric HomeAppliances by the Addition of
Plagtics Recycling

Hirofumi Aizawa!, Yasuhiro Hira®, Shinvichi Seka®

'Office of International Strategy on Climate Change (former office: Recyding Promotion Office), Ministry of the
Environment, Japan, 1-2-2 Kasumigaseki, Chiyodaku, Tokyo 113-0021, Jgpan

“Environment Preservation Center, Kyoto University, YoshidaHonmachi, Kyoto 606-8501, Japan

Introduction

The Jepanese system for recyding dectric home appliances requires manufacturers to achieve the designated
recyding target yidd rate (%; weight basis) for each appliance. Target appliances are air condiitioners, cathode ray
tube (CRT) TVs, refrigerators and washing machines. The recyding target yidd rate is the minimum weight of
recyced materids as a percentage of the total weight of collected appliances Therateis defined for each appliance
(eg., 50% for refrigerators). In this system, recycling means that recycled materids have a positive vaue and can
be sold on the market.

Aswe previoudy pointed out (Aizawaet d., 2008), liquid crystd displays (LCDs), plasmadisplay pands (PDPs)
and clathes dryers should be added to the target appliances. To add these appliances, new recyding yied rates are
required. We dso suggested that developed recycling techniques have enabled Jgpan to achieve high recycling
yidds since the beginning of the recycling system. Particular progress has been madein plagtics recyding.

For the further development of the recycling system, new recyding target yidd rates should be established for
exiging appliances. The purpose of thissudy isto propose new recycling target yield rates by including plagtics.

Materialsand M ethods

The method usad for current recycling target rates was goplied. The current method is based on the average
content of recycled subgtances in a target gopliance and the recydling efficiencies for the substances (Life and
Environment Council, 2001). Thefollowing equetion was used to cd culate the recyding terget yield rate:

E
k=i

where “r” isthe preliminary recyding yidd rate, “c” is the content of a substance (weight/weight), and “y” is
the recydling efficiency for asubstance. “k” indicates each subgtance, such asiron, copper and duminum. “k”
dsnindudesglassfrom CRT TV sats “r” iscaculated by summing “¢” multiplied by “y” for each substance.

Recyded substances are assumed to be metals such asiron, copper and duminum from al appliances and glass
from CRT TVs. An 80% recyding efficiency is used for each substance except the duminum of ar conditioners.
This means that 80% of glass from CRT TVs and metds from dl gppliances are consdered to be recydable. For
the duminum of air conditioners, afigure of 50% is used due to the difficulty in separating it from copper, which
is used together with auminum in heet exchangers. The compositions of severd target appliancesare used as 10to



20 years old because gopliances in this age range will be disposed of. The sum of the average content of each
recycled substance multiplied by its recycling efficiency isrounded up to the neaerest 5%.

The new recyding target yield rates are derived by consdering following five points 1) assuming the recyding
process for the newly added appliances, 2) updating the recycdling efficienciesfor metas, 3) assuming recycling of
plagtics, 4) assuming recycling of circuit boardsfor PDPs and LCDs dueto their high proportion by weight, and 5)
using updated compostion datafor al gppliances. For the last point, we used updated compaosition data provided
by the Association for Electric Home Appliances, Japan (AEHA).

Reaults

1) Assumed process for newly added agppliances- We assumed the process for added gppliances for a
product-specific disassembly line as for existing appliances under the cooperation of the AEHA and the Jgpan
Electronics and Information Technology Industries Association (JEITA). The process is assumed to be amilar:
hand-disassembly line, then sdlection, then shredding or crushing. Because the pands of PDPs and LCDs are
complex gructures, we assume that currently panels are not recycled. From the assumed recycling processes, we
supposethat dothes driers can be added to the dismantling line for washing machines

2) Updated yidd for metals- Recyding yields for metals and plagtics are cdculated from recycling results. From
longitudind studies, the totd metals recyded as a percentage of totd trested weight in recyding plants has been
congtant or gradudly increesing for most gppliances (Ministry of Environment, Japan (MoE), 2008). Congdering
the tendency to use pladtics as a subdtitute for metds, it seems that actud recycdling yields for metds have been
increasing. A comparison of the assumed metal composition and recyding results for fiscd year 2006, that is, five
years after the recyding sysem started, shows that goproximately 90 to 100% of metads were recyded (Life and
Environment Council, 2001: MoE, 2008). We use the mean vaue, 95%, astherecyding efficiency for metds.

3) Yidd for platics- Recyding efficiencies for plagtics are caculated from current results. There are no plagtics
recycling gatidtics for dectric home gppliances. However, there is a category “other recycded materids except
metd and glass’ in officid datidtics. Plagtics are included in this category and are considered to account for ahigh
proportion of the “other recycled materids’. The results show that the amount of “other recycled materids’ has
been steadily increasing (Table 1).

Unlike metds, the recyding feasibility of plasticsis affected by factors such as color, type and Sate of deterioration.
Possible factors afecting plagtic qudity are ease of dismantling, dirtiness, date of contamination, date of
deterioration, type of pladtic, whether composite or Sngle, and the presence of paints or inflammable detergents.
Therefore, the qudity of plagticsfor recyding must be conddered. We assume that target waste plastics are pladtics
that can be recyded to plagtic products such as household appliances or dectric gppliances (subdtitutable for virgin
plagtics). In particular, Japan has dready established a Japanese Indudtrid Standard (JIS) for plagtics for use in
dectric home appliances, “marking for identification of pladic parts for dectricd and dectronic equipment
(C012)." This standard requires the marking of plagtic parts such as flame retardants (FR), recycled plagtics and
dismantling assgance. In paticular, the marking sysem includes pladtics recycled by closed-loop recyding



(recyding from plagtics of ectric home appliancesto plagtics of dectric home gppliances). This meansthat Japan
has dready promoted effective plagtics recycling on the manufecturers side. Our caculation of new target rates
that include plasticsis meant to promote plagtic recyding on therecyders sde.

On the bads of information from recyders, we assume high qudity plagtics to be plagtics sold for more than 10
yen/kg (about US$H0.1/kg). The information obtained shows that the recycling efficiencies of high qudity plastics
are 2, 40, 20, and 40%, for air conditioners, CRT TV, refrigerators and washing machines (Teble 2). Dueto alack
of datafor PDPsand LCDs, we assumethét the efficienciesfor PDPsand L CDs are same asthose of CRT TVs

Table 1 Pladticsrecyding resultsfor target gopliances

2000 2002 2003 2004 2005 2006 2007
Air condiioners 434 (196)1,487 (2%6)2,430 (3%) 3185 (4%) 4,742(6%) 5552 (79%) 6,969 (9%)
CRTTVs 4,291 (5%)5,756 (6%) 7,481 (8%)9,823 (10%6)15,820 (15%6)21,645 (18%6)27,190 (20%)

Refrigerators 1,909 (190)4,890 (3%)9,115 (6%)10,888 (7%0) 14,999 (9%)22,762 (14%)25,741 (16%)

Washing machines 828 (296)2,652 (4%6)6,365 (8%0)8,903 (10%)15,190 (16%6)19,385 (20%)21,709 (23%)

(Unit: tonnes)) (Sources. MoE, 2008; AEHA, 2007)

Note Fguresin parentheses indicate the rate for “other recycdled materids’ in totd trested weight, induding non-meta
materids. The table shows the “other recycled materias’ from annud recyding results since there is no category of
plastics. However, most of the category can be considered as plastics on the basis of information from manufacturers.

Table 2 Edimated recyding yidds of high or middle grade plagtics

Air conditioners CRT TVs Refrigerators Washing machines
High or middle grade plagtics 2% 40% 20% 40%
Low gradepledtics 98% 60% 80% 60%

Thetablewas prepared by the authors on the basis of information from manufacturers. Weight percent.

4) Yidd for circuit boards- Circuit boards in PDPs and LCDs accounted for more than 10% of the weight.
Therefore, we examine the addition of circuit boards to the recycling target yidd rate. Circuit boards can be
roughly divided into two kinds. One is power boards, which control the eectric power to an appliance; these are
caled “low qudity boards’ by recyclers. The other kind is control boards, which control visudization, and these
are cdled “high qudity boards’ by recyclers. We add control boards which include precious metds such as gold.
Information obtained from JEITA shows that control boards account for 24% of dl dircuit boards in LCDs and
20% of dl circuit boardsin PDPs. This result was obtained from the dismantling and counting by recyders of 97
LCDs and PDPs actudly collected by retalers. Because the boards were dismantled by hand, it is assumed that
there were no losses through the dismantling process. Therefore, we use 24% and 20% as the respective recycling
efficenciesof circuit boardsin LCDsand PDPs

5) New recyding target rates- With the new recyding efficiencies and new compostions, the newly caculated



target recyding rates were higher than current rates by 10 to 15% (Table 3). The new recyding target rate for
PDPs and LCDsis 50%. For CRT TVs, we did not caculate anew recycling target yidd rate due to their unique
Stuation: 1) the globd shift from CRT TVsto PDPs and LCDs and 2) the expected large-scd e replacement and
digoosd of TVshbecause of the shift from andog to digital broadcasting to be completed by 2011.

Table 3 Comparison of current and proposed recycling target yield rates

. . . Weshing
Air conditioners CRT TVs Refrigerators ) PDPs& LCDs
mechines
Current rate 60% 55% 50% 50% -
Proposed rete 70% 55% 60% 65% 50%

Condusion and Discusson

We propose new recyding target yidd rates including plagtics which are higher than the current target yield rates
by 10 to 15%. This shows a possible new direction of plagtic recyding policy in Japan. Management of FR by
closadHoop recycling is one possible new policy, rather than continua chains of phasing out FR, examining the
risks of new dternatives, and then phasing out the dternatives.

Plagticsin TVsmay contain FR. For example, Sakai et d. (2006) estimate that 27 kg of DBDE is emitted annudly
from recyding plants of dectric home appliancesin Japan. Information from manufacturers shows that no PBBs
or PBDEs have been usad by domestic manufacturersin LCDs since 2002 or in PDPs since 2007. A dosed-loop
recycling palicy for plastics should be carefully implemented, in view of the risks associated with the dterndives.
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