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Introduction 1

Foundation: Nov. 1971

PresentMembers: 18 carporaions (resin manufactures,
3 organzation, 4 sppotting members

Mission:

To reseech and devéop systens for optimal processing of plast waste
and effective use of proessed aste as a reswce, aml to pomote the use
of thesesystans.

Recent actiities wih enphasis:

- Devdopmentof regycling technologies fomplagics waste.
(Recycling of CD produts, ayriculture PO films)

- LCA based sty on bemfit of plasticsuse andecycling methal of plastics
(Eco-€fficiengy andysis of dastic contaners &paclkaging wast treatnent
underthe recyclinglaw)

- Communication on usefulessof plastics andinderstandingpnenery recovey,

andpromotionof correct undrstanding on plastics among chilen
(Environmental educatiom sclool)



Introduction 2

Life Cycle Benefit of Plastics

¥ Today plastics are gerywhere. Itisused n cars, homes, offices,
clothes, ¢c.

¥, Plasticsarethe material of choice because they make it possble to
balance modern day need with environmental concems.

¥, This bendit can been raalized through their total li fe cycle, een after

their end oflife.
Lightness
- Various Functions
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¢ —Contri bution to resour ce efficiency -
Production in producti on of plastic products Collec tion /
- Cost Performance —Contri bution to resour ce efficiency in use Jecycling

Good Bficessabilit —Resource with high combustion energy

Dl —Various recycling methods ar e possible.
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-1
Legislative Famewok for Fomation

(Basic famework lav) (Enforeement Jan 201)

| |
(Proper waste nanagement)  (Enforeement Apr 2001) (Promotion o recycling) (Enforcemert: Apr 2007

(Individual piodud recycling law)
| | | | |
(Full enforce.; Apr 2000) (Enforeement Apr 2001) (Enforcement May 2002 (Enforeement Apr 2001) (Enforeement Jan 205)

(Enforeement Apr 2001)

SourceMinistry of Economy, Trade andndusty 6



Industrial Strudure Cound Guidelnes
for Waste and Recycling

The guiddines Indicate masues to be taken by businessers f
waste treatment and rextyng with aimof pronoting voluntary

actions, withrespect to 3 product categaes and 18 business
sedors.

Plastic produccdaegay:

lte Voluntary Target

PET bottles Collection rate 80% (2014)
EPS fi$ boxes and packagingrfhome appliance
Recycling rate 75% (2010)
PVC agriculture films Recyclng rate 70% (2006)
PVC pipes and fittings Recycling rate 70% (2010)

Z



Cloth
Home ppliami

Home Appliance
Recyding Law

ELV
Recyding Law

(1)
\j Automobiles

ca. 10%

Industrial Sructure

Council Guid€elines
by Produa Category

Containers and
Packaging
Recyding Law

Food recycling
Law

(business waste oy)l

Municipal

Paper:
< ca. 25%

Containers/
Packaging:
ca. 25%

<

Solid Waste

Industrial Waste

Law for Promotion of Effective
Utilization of Resources

. :

Position of Guiddines inLegislative Framework

Construction:
18%

Reducing waste
genemtion
(‘Reduce’ g@licy)

Reusing parts
etc.
(‘Reuseé policy)

Recyding as
raw materials
(‘Recycling’ policy)

Agri culture:

Product Related Measures

Food

30/?/

- Save esources
- Design for environmert
- Selectively collect and reycle prodicts, efc.

By-products (wade) Related Measures

22%

Processors:

Electricity,
gas, heat,
water
utilitie s:
22%

- Promote ecycling of by- produds, et.

Effective use of resources

- Prevert by- product generation <

Green Rurchasing Law

Annual total; ca. 50million t

Chemical: 5%

Mining: 7%

\

Others: 10%

J

Congruction
Materials
Recyding Law

Animal Excrement

Law for
Management of

Food Recyling
Law

Industrial Structure
Council Guiddines
By Industry Sector

Source: MHA|

Annual total: ca. 400million t 8
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Flow of Plastic ProductdVastes, and Recyclingoo4)

- ‘

Unit: 1000t




Trend of Plastic Producton, Consumption, ¢

Waste Discharge, Recycling Ratio
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* Treatment of Plastics Waste (20

O Landfill

O Incinerat. without energy
recovery

O Incinerat. with heat utilizat.

O Incinerat. with power generat.
O Solid fuel

B Coke oven/Blast

furnace/Gasificat./Liquefact.

@ Material recycling
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Category

Method of recycling

Positioning under law

Material recycling
(Mechanical recycling)

Recycling to make
- Plastic raw material
- Plastic product

Prevail over chemical
recycling in C&P
recycling law

Chemical recycling
(Feedstock recycling)

Degradation to monomer

Blast furnace (as reducing agent)

Coke oven

Energy recovery

Gasificat Chemical
_a5| Ica '_On’ feedstock
Liquefaction

Fuel

Cement kiln

Incineration with power
generation

Solid Fuel (RDF, RPF)

- Not accepted by home
appliance recycling law.
- Being positioned by
amended C&P recycling
law

12



Material Recycling Process PET Bottles)

Saurce Caunal for PET Bottle Recyling
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Large Scaled Chemic&8lecycling Facilities

15 Facilitigar =~ " T T T T T T T T s
Sapporo Plgtic Recycling
Monomer 2 _ P —
Blast furnace 3 Liqueaction: 12,000t
Coke oven 5 /

Liquefadion 2

Nihon Steé(Muroran)
Coke QGven: 20,00(x

(Total 470 Kt)

Rekise Oils (Niigata)
Liqueaction: 6,000t

JFE Steel (Fukuyama)

Blast furnacACoke Qren: 40,000t

T

UbeBébe)
: 30,000t

Nihon Ste&(Yahaa) —

Coke Qren: 20,000 /

Nihon Steé(Oita)
Cokes @en: 25000

.\

JFE Seel(Chibg
. 20,000t

Nippon Sted (Kimitsu)
Coke Gren: 20,00

Blast

JFE $eel(Kawasaki)
40,000t/30,00Q

furnac#Coke Qren

Showa DenkoBleawasaki)

: 60,000t

Mononmer B to

PET Reerse(Kawaski)

B: 22,000t

Telijin Fiber (Tokuyama)
Monomer B to B: 62000t

Kobe Seel(Kakogawa)
Blast furnace 10,000t

Nihon Steé(Nagoya)
Coke Qren: 50,00

14



Gasification Process

Gasification process

Plastic waste gasmcatlon furn ace gasmcatlon furn ace

from houselolds

Oxygen
+ Steam

Shredder

Gas scribbing :
Oxygen = Synthetic
+ Steam facility gas

RDF molder

Examples ofuses 6
sY_|nthet|c gas
Granulated blast -M ectjrr%n%?

Non-
combustible furnace shg - Ammonia
- Acetic acid _
- Other basic chemicals
- Fudl cells
- Fuel sourcefor high
efficiency power
gengation

Effective utilization

15



Liguefaction Process

Liquefacti on process

e ‘EXhaUStg‘aS_ .................................
Plastc waste Hydr ogen fr?n&busrtnifm' " Recovered
H yarocnloric aci
from houselolds chioride gas conde nsation and hydrochloric
recovery) acid
Deaerating
drum
2 5 Exhaust gas
LT
% S Melted plastics
© 5,2 5
T oe o
o £ 5 2.
£33 Product £388 Product oil
o S38e
= 5=
2 Pyrolysis ©s3
drum
Power
gener ation
Residue
Dehydrochlorination _ Steam
unit Heating
furnace
Residue Waste
extraction and Residue heat boiler Water

energy recov ery



RPF (Retise Paper & PlastiFuel)

Diameter; 6 — 50 mm

Calorie: 5,000 — 10,000 kcal/kg
(Can be adjusted by varying
paper content.)

Ash content: 7 % max.

Application: Boiler fuel, RPF power
generator, etc.

RPF Production process

Demand for RPF 2006 1,210 Kt
2010 2,000 Kt

Production 2005 600 Kt

Source: Japan RPF Association,
The Nikkan Kogyo Shimbun
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-1 Eco-efficiercy Analysis of Plastic C&P \Wste Treatmnt
under C&P Recycling &w — Boundary-(2006)

Waste
Plastics

1

Sorted
colle ction,
Transpor tation 1
under C&P La w

1

Home

Note 1: MR: Mechanical Recyclin g, CR: Chemical Recy clin g, ER: Energy Recovery

Selection,
compre ssion,
packing

BBalingBé

MR
—

= Bales =—p

Transpor -
tation 2

-*..->--.

ER Inciner ation
=== With Power 4
gener ation

ERBf
====» CementKi In 1

ER3
---’ RPF n o

LF

—>plstum acq-
—
—p-
=

: Processin g complied with C&P Recycling Law
: Processin g not complied with C&P Recycling Law

Reclaim ed

Blast furnace
Reducing agent

Coke oven
feedstock

Syntheti ¢
gas

==» Electricity

..p Cement
fuel

"> RPF

—p Dispo sed
resin
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Efficiency of Recycling of

Plastic C&P Waste under La
- Relative Ratio to prodce repacing products -

T

e, -

08, . I

7.

OFs. .

oFs..

4.

oFs. . 1

2.

oft..

0 (s@nfl B v,
Fodk 1 SAVEE

B (30 Dbo

This resdt shows the
conparison in pocesing
between reagling and
production of repladng
produds.

Vaues br MR harea bg
dependence onequivalency to
virgin resn.

Here is slown the cas of 30 %
virgin resn sibditutionrato.

BeB@r refaencepurposeBé

Recycling method

Replacing product

Material recycling

Virgin resin (30%)

Gasification Synthetic gas
Coke oven Coal
Blast furnace Coal

Recycling method Replacing product
Incineration with Electricity

power generation

Cement fuel Coal

PRF Coal

19



Resource saving effect of Recycling of
Plastic & P Waste under Law (2005)

Output Saving to getreplacing product
Recycling —— _ Resairce + Equivalent
method eplacing | Quarity Energy petoleum
product (1,000t%)
(1,000GJ) (1,0001)
Matenal Virgin plastics
recycling* (30%) 89 949 20
Gasfication | Synthetic gas 172 818 17
Coke oven Caoal 174 3,755 79
Blast Coal 36 813 17
furnace

* Values for MR have a g dependece on equivalencto virgin resin.

Here is shown the case of 30 %rgin resin substitution atio.
Calaific value of petoleum 47.6GJ't

20
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1-2 Eco-Efficiency Analyss Resit of Plastic
C&P Waste Treatent (2006)

Less imp

Ecological
Impact

Economics

OSt

* ER1 (Incineration with power generation), ER2(Cement kiln),
ER3(RPF), FR3(Gasification) are the most desirable
techniques in terms of eco-efficiency.

» The eco-efficiency of MR is about the same as that of LF
assuming that virgin resin substitution ration is 30% .

* LF is the worst choice among all cases.

MRBUMechanical Rec ycling
BeR Yield: 50 % resid ue (incinera tion ):50%
Virgin Resin Subs titution Ratio: 30%Bé

FR1B®Blast Furnace

FR2B€okes Ov en

FR3BGasification

ER1Bincineration with electricity Generation
(Electric ity Generation Efficiency: 20%)

ER2BTement Kiln

ER3: RPF

LFBU Landfill

40
21



1-3 Image on Plasti Recycing in Future

Sorted plastics
ca. 1 mil. tons

Unmixed plastics:

PET bottles

Material recycling

Blast furnace /
Coke oven

C&P Recycling
Law

Incineration, together with kitchen waste and
sludge, with power generation/heat utilization
(Gasification and melting power generation

system)

Cement kiln, RPF and Blast furnace are
alternatives for plastic waste with lower halogen

content

Material recycling

Municipal Mixed plastics
Plastics
Waste
Unsorted plastics
ca. 4 mil. tons
Mixed plastics
ca. 3 mil.tons
Unmixed plastics
Industrial ca. 1.5 mil.tons
Plastics Colloct ]
Waste ollection under

Home Appliance
/ ELV Recycling
Law

ca. 0.5 mil.tons

Unmixed plastics

Material recycling

Mixed plastics

Blast furnace / Gasification

/ Power generation /
Thermal recovery

Home
Appliance / ELV
Recycling Law




-1
Recycling Costs and Costs in Sorted Collection

‘Recycling cost®orne bybusinesgscontinueto increase, duéo the
drasticincreae ofplastic & P recycling wst.
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- Additionally nomnal costborne ly municipalities insortedcdlection,
rough selecton & siorage of C&P wasteBea 300 Billion Yen(estimated by

Ministry of Envi ronmert)
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MR’s Priority and its Consguence

MR ratio(%)
vl

MR ratio among total recycling
methods recently shows a big
Increase, due to its priority over
chemical recycling methods.

Saurce Japa Cotainers ad Packaing
Recycling Associdion

Yt %l % %S %ebtic%e Lt E%de

24



1,000/t
%

Reasonof High Recycling Cost

Contract Price for Recyding

19677 Toa% ZEEt:” 28638t 2@@%\05
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- Average contract rec ycling
price o f plastic C&P stays high,
due to hig h price of material
recycling arising from its priority
over other recycling methods.

- Increase of collection volume
cont inues .

-Balance i n recycling capacity /
collec tion volume is ti ght.

Sourc&iapa Cotainer aml Pakage Reygcling
Associdion
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11-2

Issue of Recyclig of PET Bottles

- Burden of collection cost on municipalities and strong demand for PET in China
caused some municipalities’ movement to export collected PET bottles in order
to recover a cost in their sorted collection.

- Consequently the decrease of recycling quantity under the law is taking place.
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Export of Waste PHiic to Asian Countmes
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Conclusion

Plastics are resource effiatematerials in the phases of
production and use, and still vatie as resouss in the phase
of end of life. End of life plags after use shdai be cdlected
and utilized by appropriateeatinods including energy recovery
without land filling to avoid \sual pollution such as litter.

The nost suitable rethod shoull be selected for collection and
utilization d waste plasticby taking intoaccount LCA,
econonics evaluation, locatonditions and voluntary
approaches. Thecanease ofocial understanding on energy
recowery is particliarly importan.

It is vital to involve Asian deeloping countries in discussion
In future, as their inflences on envonment and resource
consunption are rapidly grwing and getting crucial.
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Thank you for your attention

Plastic Waste Management Ingté

SumitomorokkaBldg.,1-4-1Shirkawa,Chuo-ku, Toko

104-0033,Japan
Tel;81-3-3297-811 Fax;81-3-297-7501

Web site http://wwwpwmi.or.jp
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