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1.Law for Recycling of Containers and Package
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Figure2

Actual performance related to plastics other than PET bottles
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Figure3

Trends in bidding for the various recycling methods for
plastics other than PET bottles

60

L

o
o )

/O/

A
T

Q Material recycling
O Blast furnace

A Coke oven

& Gasification

* Liquefaction

20

Composition ratio(%)

[V T

T NN

-

2000

2002

2004 2006

Fiscal year

2008

Figured

Large Scaled Chemical Recycling Facilities

Blast furnace 3
Coke oven 6

Liquefaction 2

19 Facilities:

Monomer 2

Mogami Kiko (Sinjyo)
Liquefaction: 3t/d

(Yoroi)

Orix Resource Recycling Service

: 450t/d

Mizushima Eco-Works (Kurashiki)

- 555t/d

JFE Steel (Fukuyama)
Blast furnace : 40,000t

Ube (Ube)
: 30,000t

Kyoei Steel (Onoda)
1 25,000t

Nihon Steel (Yahata)
Coke Oven: 20,000t

Nihon Steel (Oita)

(complied with C&P recycling law, 2009)

Sapporo Plastic Recycling
Ligquefaction: 14,800t

Nihon Steel (Muroran)
Coke Oven: 20,000t

JFE Steel (Chiba)
: 20,000t

Nippon Steel (Kimitsu)
Coke Oven: 50,000t

JFE Steel (Kawasaki)
40,000t/30,000t
Blast furnace/Coke Oven

Showa Denko (Kawasaki)
1 60,000t

Cokes Oven: 25,000t

PET Refine Technology (Kawasaki)
Monomer B to B: 22,000t

Teijin Fiber (Tokuyama)
Monomer B to F: 62,000t

Kobe Steel (Kakogawa)
Blast furnace: 10,000t

Nihon Steel (Nagoya)
Coke Oven: 50,000t

Withdraw from B to B (F: Fiber)




2. Recycling technologies

Figure5 The flow seat of utilization for blast furnace reducing agents
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Source: JFE Steel Co.

Figure6 The flow seat of utilization for coke oven fuels
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Figure7

Carbonization room
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Figure8

Pressurized Two Stage Gasification Process for Waste Plastics

Capacity:10,000 tons/y for household plastic waste including PVC. Producing hydrogen gas for
synthesizing ammenium. Demonstration eperation was completed in Sept 2000. Commercial
operation has started in January, 2001, (NEDO authorized technology development in
corporation with Ube Industries. Ltd and Ebara Cor jon)
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Figure9

Process Flowchart for the Liquefaction Plant |
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Figurell

Recycling under C&P Recycling Law RP F

(Refuse Paper & Plastic Fuel)

RPF Production process
Appearance of RPF P
- Used paper and plastic waste Primary crusher
from domestic-waste system /
Wind sorter

w ( Magnetic sorter
—— Manual sorting
S/ .’ [ Aluminum extractor
- /, /) | Vinyl chioride remover

TSN

3 Heavy matter Y v |
5 Magnetic matter [, to
=

RPF products (diameters of 40 mm)

Diameter: 6 — 50 mm m /{ —_—
Used paper and plastic waste A\l
Calorie: 5,000 — 10,000 kcalfkg from indusirial-waste system RPF material oy
(Can be adjusted by varying fieludng PYOC!
paper content.)
Demand for RPF 2006 1,050 Kt
Ash content: 7 % max. 2008 1,310 Kt
Application: Boiler fuel, RPF power Production 2006 700 Kt
generator, etc.
Source: Japan RPF Association,

The Recycling Economy Times

Figurel2
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3. New recycling technologies

Figurel3
Liguefaction by Catalyst Cracking using Spent FCC Catalyst

Waste Plastic, Spent Catalyst,
Slaked Lime

Fixed Spent
l Catal/yst
Rotational Dram

0 0il/Gas Separator

Waste Catalyst

Dechlorination
Agent

Residual
Substance

Source: The University of Kitakyusyu

Tablel Table2

Result of Catalyst Cracking by Waste

FCC Cat. (PE)
Paraffin[vol%] 19.3
Carbon No. Distribution Composition Olefin[vol%] 24.7
T Waste
N W
N I NOCetl3] C?l:l{;] 1ring-aromaticlvol%] 418
B et —
7Y i N W nPardffin | 60 110
] LA Uy P P T T 1
Py LI Oreffin 0 25 2rings-aromatic[vol%] 6.6
L]
o Emomomn i-Paraffin 0 115
| Aomstie | 1~2 | 450 3rings-aromaticlvol%] 7.8

Source: The University of Kitakyusyu




Figurel4d
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Source: The University of Kitakyusyu

Figurel5
Moving-bed reactor (bench plant)
o Special features
2\{:‘ t ! 1. Use sand as a heating medium
Feed hopper | | Gas | 2. Control temperature
gy Reactor 3. Control residence time of sand-
for a conveyor ¥ J, Electric heater polymer mixture
= J 4. Polymer mixed with catalyst

| *Reactor 1200 mm length
] 500 mm isothermal zone
TOmm 1D
T *Serew-conveyor, valuable rate

]L of rotation

*Temp. = temp at the outer surface
Fig. Catalytic conversion module

of a reactor
*Residence time = the period of
sand traveling the 1sothermal zone

Source: National Inst. for Adv. Ind. Sci. & Tech. (AIST)




Table3

Comparison of the Moving-Bed Reactor with
a Tank Reactor

Moving-Bed”  Tank'!?

Capacity, t/d 2.4 0.9

Oil yield, wt%2 99 85

Coke recovery, wt%?) 1 10~15

Fuel consumption, wt%?) 12~13 30~35

Heat-transfer area, m? 2.09 1.93

1)Feed:Polystyrene. 2) To feed. 3) 1200mm H x 1000mm Dia. Source: AIST
Figurel6

Tomakomai Thermal Power Station:Facility Flow

for Generation of Electric Power
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Figurel7
Tomakomai Thermal Power Station:Schematic Diagram

Plant Capacity
Flow Fluid
1, Output: 74MW —> Steam
(at Generator Terminal) Water —
2, Fuel Consumption ——> Exhaust Gas -
1705t/ day Air 66kV”_Hokka|do )
3, Steam Condition —— Fuel/Chemical$/Agh Electric Power”Line

:Temperature 400°C

:Pressure 6.08 MPa

4, Thermal Efficiency N A _——————
02 Boiler . N
:27. 1% (gross) -— IémISSIOHS 1
5, Boiler:Two(2) I1' NOx :<200ppm
6, Turbine:One(1) 2. SOx: <S0ppm

' .o L . I3, Particulates
7, Ambient Condition (Desig | <0.04g/m3N 1
1)Dry Bulb Temp:15°C |4, Dioxins 1
2)Relative Humidity: 75% \ 1 <0-Ing-TEQNm3 )
3)Barometric Pressure :7q [ Boiler Feed Water P S, r===7
oiler Feed Water Pump ~

Slaked Lime Condensate Pump
Activated Carbon

— o O—
CEB AT Bag Filter

“A”Heavy Oil
for Start Up
Heater
. Induced Draft Fan Stack
Forced Draft Fan
Bottom Ash Fly Ash
Picturel

IEE=

Source: Sanix Inc.
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4. Waste to Energy

Table4 . .
Increasing Trend Field
and Future Prospect
Source:PWMI
kt/y
2001 2002 2003 2004 | 2005 |Future

Material Recycling 1464 1522 1,643 1,811 1,841 [++
Liquefaction 17 17 17 13 8 -
Gasification 34 35 62 98 67 %
Blast Furnace &

Coke Oven Raw material 158 202 251 192 208(+
RDF +RPF 289 322 434 552 617 |++
Waste Power Generation 2,065 2,043 2,164 2,151 2315 |++

Figure18 Gasification process for ELV
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Source: Toyota Motor Co.
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Summary of Waste to Energy

1. Trend of waste plastic treatment in Japan
*Material recycling and energy recovery are increasing rapidly.
*Ministry of the environment and Tokyo metropolitan make a
policy that waste plastic treatment should be changed from landfill
to energy recovery.

2. Relation of energy recovery to recycling laws
-Home appliance recycling law excluding (now)
-End of Life Vehicles recycling law including (main technology)
-Containers and Packaging recycling law including (liquefaction,
gasification, RPF)

Thinking that best available waste plastics treatment is energy recovery
is expanding.

5. Conclusion

-Over 500 thousands tons waste plastics were recycled and 19 large size chemical
recycling plants were operated under the Containers and Packaging Recycling Law.

- Several kind of technologies were developed such as, blast furnace reducing
agent, coke oven fuels, gasification, liquefaction.

-New technologies are developing such as, liquefaction by catalyst cracking using
spent FCC Catalyst, fuel oil production using a moving-bed reactor, new technology
of energy recovery process for waste plastics using circulated fluid bed boiler,
next generation stoker furnaces for municipal waste and so on.

-Material recycling, energy recovery as RDF including RPF and waste power
generation is prospected to increase rapidly.

- Thinking that best available waste plastics treatment is energy recovery is now
expanding in Japan, and all kind of recycling laws except Home Appliance
recycling law are permitted to utilize energy recovery technologies.
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