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Background 
Low-carbon in business operations and civilian sectors is 
relatively easily achieved to substantial extent by introducing 
currently available technologies such as PV, battery, FC, heat 
pump, super insulation, supply and demand control etc. 

While low-carbon in industries is relatively difficult, especially 
in Japan where advanced energy saving technologies have 
been already installed in each factory. 
To reduce the CO2 emission from industries, shift of raw 
material and fuel from fossil resources to low-carbon 
resources such as  wastes, biomass and waste heat 
will be required. 
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Toward low carbon industry 

A hybrid type industry which uses not only fossil resources but also utilizes wastes 
and renewable resources (co-processing) as much as possible will be effective to 
gradually promote the transition to the low carbon industry. 
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Hybrid system for promoting green innovation 

Current  
system 

Future (ideal) 
system 

Gas station 
Hybrid 
vehicle 

Petrol-driven 
vehicle 

Electric 
vehicle 

<Typical existing example> 

Plug-in station 

Transitional 
system 

A plug-in hybrid vehicle can ease drastic investment for building plug-in 
stations and make it possible to transit gradually from a petrol-driven vehicle 
to an electric vehicle which is one of the ideal transportations. 
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Advantages of apparent upgrade 

 Highly-efficient use of wastes/biomass/waste 
heat and resulting greater CO2 reduction effect 
 
 

 Expansion of potential demand 
 
(In general, the demand side of upgraded use has 
large and stable demand) 

 
 

 Flexible supply-demand control can be achieved 
by the co-processing with fossil fuels 

Cascade 

Upgrade 
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High quality wastes 
(Mixed plastics, paper) 

Low quality wastes 
(Others including kitchen waste) 

Pre-treatment 
center 

Hybrid 
industry 

Incinerator 

Combustible 
MSW 

Sorted 
collection 

Filtering function (Physical separation) 

Recycled raw 
material & fuel 

<After filtration> 

Electricity 

e.g. 100km 

(P.G. with low efficiency) Methane 
fermentation 

Combustible 
MSW 

Hybrid 
industry 

Incinerator 
(boiler) 

Steam 

Filtering function (Energy conversion) 

less than several km 

Mixed collection 

<After filtration> 

Filtering function to use various energy sources 
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Example of apparent upgrade use-1 

Co-combustion of woody biomass in a coal 
fire power plant 

G.E. > 40% 

Biomass boiler and generator 

G.E. 15 - 20% 

Apparent upgrade use 

Wood 

Coal 

Wood 

Reference case (biomass boiler) 

Coal-fired power plant 
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Example of apparent upgrade use-2 
Coke oven chemical recycling of waste plastics 

Coke 
Oil 

Apparent upgrade use 

Gas 

Coke oven 

CC power plant 

G.E. 50% 

Reference case (Incinerator) 

Coal 

Waste plastics 

Waste plastics 

G.E. 15 - 20% 

Incinerator 
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Reference case (Incinerator) 

Garbage 

G.E. 15% 

Incinerator 

Steam supply from incinerator to thermal power plant  

Garbage 

Apparent upgrade use 

Example of apparent upgrade use-3 

Incinerator 

Steam 
(300ºC) 

Net G.E. 30% Fossil fuel 

Thermal power plant 

(Ogawa et al., 2014) 
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Molded plastic 
Blast furnace 

Blast 
furnace 
feedstock 
recycling 

Coke oven 

Coke 
oven 
chemical 
recycling 

Gas(40%) 

Pig iron 
Iron ore 

Gas 

Gasification furnace 

Gasification 

(NH3) 

Liquefaction 
Pyrolysis tank 

Coke(20%) 

Oil(40%) 

2000℃ 

400℃ 

600～ 
800℃ 

1,300～ 
1,500℃ 

Synthetic 
gas 

1200℃ 

Coke and 
pulverized coal are 
substituted 

Coke, heavy oil 
and naphtha are 
substituted 

NH3 
production 

City gas (natural 
gas) is substituted 

Naphtha or heavy 
oil is substituted Oil 

Molded plastic 

Molded plastic 

Molded plastic 

Chemical recycling technologies 
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Efficiency of hybrid industry 

0 10 20 30 40 50 60 70

WPG (high-efficiency)

WPG (ave. in Japan)

Gassification (NH3)

Red. agent (coke sb.)

Red. agent (coal sb.)

Coke oven

Cement (yield 75%)

Cement (yield 90%)

Max. theoretical eff.

Electric power generation efficiency equivalent (%) 

The efficiencies of recycling in material industries are compared with those 
of waste power generation (converted to power generation efficiency). 

Incinerator 
(Waste power generation) 

Recycling in 
material industries 
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Social system for hybrid industries 
The Containers and Packaging Recycling Act  was 
established in Japan in1995 

860kt of plastics out of 4500kt of municipal waste plastic 
was collected under this act in FY 2013 and rest of 
plastics was incinerated in incinerators. Still there is 
considerable room for the promotion of hybrid industries. 
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Waste 
Dispersed 
wastes source Existing 

facilities 

Material industries etc. 

Smart recycling 
center 

To realize hybrid industry 

Versatile solid 
raw material 
& fuel  

Material 
industries etc. High-quality 

Low-quality 

Combined recycling plant 
+ 

Incineration Fermentation 
We propose a recycling system which enables sorted collection of wastes from the 
dispersed wastes generation points and produces versatile recycled law material for 
the best use of each waste with high efficiency owing to the scale merits of industries. 

Hybrid industry 

Biomass 
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Combined energy recovery system 

G.E. 30% 
(maximum) 

Source: Kawasaki Heavy Industries, Ltd.  

Hofu City Clean Center (Combined plant) 
started the operation in 2014 
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• To promote green innovation in industries, a hybrid 
industry which utilizes fossil resources as well as 
wastes and renewable resources actively would be 
effective. 
 

• For the improvement of overall efficiency of whole 
energy supply and demand system, apparent upgrade 
use of wastes, biomass and waste heat will play an 
important role.  

Summery 
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Thank you for your attention! 
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