
TOHOKU UNIVERSITY

Yoshioka Lab., Graduate School of Environmental Studies, Tohoku University

6th Regional 3R Forum in Asia and the Pacific

The use of waste plastics as 

chemicals and fuel 

Tohoku University, Japan

Prof. Toshiaki Yoshioka



Mechanical recycling of PET bottles

1：solution of bags 2：compression

3：separation by hand 4：crushing



Mechanical recycling of PET bottles

5．washing 6．Wind sorting

Recycled PET flakes



Recycle Products from waste PET bottle
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The kinds of Resins and Additives in Plastic 

Materials (2013)Resins

Thermoplastics resin 85

Thermosetting resin 37

natural macromolecule, others 35

Total 153

Additives

Plasticizer 46

Stabilizer 39

Oxidation inhibitor 30

Ultraviolet absorbing agent 42

Antistatic 18

Flame retardant 24

Organic blowing agent 5

Lubricant 7

Antifungal 17

Crystalline nucleus agent 2

Total 230



Feedstock Recycling Facilities ( -2013)

Kobe Steel (Kakogawa)

Blast furnace: 10,000t

Nihon Steel (Yahata)

Coke Oven: 20,000t

Nihon Steel (Oita)

Cokes Oven: 25,000t

Teijin Fiber (Tokuyama)

Monomer B to B: 62,000t

Nihon Steel (Nagoya)

Coke Oven: 50,000t

JFE Steel (Chiba)

Gasification: 20,000t

Nippon Steel (Kimitsu)

Coke Oven: 20,000t

Sapporo Plastic Recycling

Liquefaction: 12,000t

Nihon Steel (Muroran)

Coke Oven: 20,000t

Rekisei Oils (Niigata)

Liquefaction: 6,000t

JFE Steel (Fukuyama)

Blast furnace/Coke Oven : 40,000t

Ube（Ube)

Gasification: 30,000t

PET Refine Technology (Kawasaki)

Monomer B to B: 22,000t

Showa Denko（Kawasaki)

Gasification: 60,000t

JFE Steel (Kawasaki)

40,000t/30,000t

Blast furnace/Coke Oven

（complied with C&P recycling law, 2005)

11 Facilities:

Monomer       1

Blast furnace 3

Coke oven 5

Gasification 3

Liquefaction 0

(Total  357 Kt/y)



Amount of contract for each recycling method in 2013

Categories
Amount

(tons)

Share for total

(%)

Share for FR

(%)

Feedstock

Coke oven 192,503 29 61

Blast furnace 38,232 6 12

Gasification 85,463 13 27

Liquefaction 0 0 0

Total 316,198 47 100

Mechanical 356,626 53

Total of CP-P 672,824 100



Outline of Steel Making Process

Sintering machine

Molten iron

Slag

Coking coal

Iron Ore

Steam coal

(pulverized coal < 200mesh, 80%)

Pig iron making process Steel making process

converter

continuous 

caster

Rolling process

Steel products

Slabs/Billet

Converter gas

Blast furnace gas

Coke oven gasTar

Coke oven

Coke

Coal

Sintered ore

--1000 C

--1200 C

Blast furnace

--2000 C

--1500 C



Usage of waste plastics in blast furnace
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Usage of waste plastics in cake oven
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Gasification (KPR process)
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Outline of Gasification (KPR process)
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Outline of liquefaction process flow
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Cost estimation in the liquefaction of packaging waste plastics

Sales of Waste Plastics Amount of

treatment

Unit price JPY Total/1000

JPY

ratio/%

Amount of treatment 14000 t 68,000/t 952,000 94.8%

Product oil Total sales 51,800 5.2%

light oil (sale) 1106 KL 20/L 22,120 2.2%

middle oil (sale) 420 KL 50/L 21,000 2.1%

heavy oil (sale) 434 KL 20/L 8,680 0.9%

Total sales 1,003,800 100.0%

Running cost Amount of

treatment

Transport unit

price/JPY

Total/1000

JPY

ratio/%

light-oil (shipment) 1106 KL 16.3/L 18,028 1.8%

middle-oil (shipment) 420 KL 2/L 840 0.1%

heavy-oil (shipment) 434 KL 2/L 868 0.1%

Expenses 896,375 86.7%

Total running cost 916,111 91.3%

Gasins 87,689 8.7%



Comparison of the composition of residues with ilmenite
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Energy capacity of fuel, materials, and resources
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Reduction of CO2 emissions in key industries 

by waste plastic use

Coal

consumption (t）
CO2 

emission（t）

CO2 

reduction（t）
Reduction

ratio(%)

5,54 million

6.32 million

3.0

4.2
56.92

→42.85 million

149.35

→143.03 million

Power 

generation

Steel

industry

Cement

industry

80.04

→ 64.39 million

184.72

→179.18 million

3.46 million 15.3
9.50 million

→0

21.92

→18.56 million

Paper/pulp

industry 1.27 million 16.4
5.11million

→0
12.73

→10.64 million



Circles of 50km and 100km radius around the 

each basic industry plants in Japan
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Transfer Technology (TransTech)

Present society suffering from some issues

Ideal future society

Selection of Tech.
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TransTech

New Tech.
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New Tech.

New Tech.



Thank you for your attention!
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