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Example of “Industrial symbiosis”
Jurong Island, Singapore
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Locations of key industries

Steel works

Refineries – Petroleum industry

Ethylene plants – Petrochemical industry

LNG tanks

Potentials to develop industrial 
symbiosis
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What is co-production technology?  
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Goal and scope�

� To expand system boundary to evaluate total 
environmental impacts

� To investigate environmental impacts of Co-production 
technologies (for Industrial symbiosis)

• Gasification plant
• Dry ice (cryogenic energy ) production plant 
with CHP

Steel works



Methodology

�Industries (capacity, location)
�Waste heat distribution
�Demand and supply of products, energy 

2�To conduct LCA for co-production technologies

��- CO2 emissions-

1� To investigate where to apply co-production technologies 

3�To optimize the transport of products by Linear 
Planning method

4�To investigate total environmental impacts



Co-production technology

Current technology

11st st StepStep

To assess the reduction 
potential of environmental 
impacts by co-production 
technology.

To compare with current 
technology. 

22ndnd StepStep

To assess the reduction 
potential of environmental 
impacts in a industrial cluster 
scale. 

To investigate the demand and 
supply of energy and products.

To develop a model   

33rd Steprd Step

To assess the reduction 
potential of environmental 
impacts in a regional 
(country) scale. 

To develop database.

To integrate with other 
tools.   
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Where to apply co-production technologies?

- Waste heat distribution in industries in Japan

Waste heat amount Waste heat distribution

Apply Co-production 
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Waste heat distribution in steel works
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Co-production technology (1)

High-temperature

Waste heat

�High efficiency gasification plant with 
high-temperature waste heat (600�)
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Co-production technology (2)

Low temperature 
waste heat

�Dry Ice (cryogenic energy ) 
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LCA for Co-production technologies

Fig.  CO2 emission intensity for co-products (kg-CO2/kg)
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Location of steel works in Japan



Location of methanol consumer in Japan



Location of steel works and methanol 
consumer in Japan



Total CO2 emissions  - Core technology

Fig.  CO2 emission intensity of methanol
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Total CO2 emission reduction potential in Japan

CO2 emission reduction potential by co-production technologies:
Methanol: 0.34 ton-CO2/ton-methanol
Dry ice: 0.13 ton-CO2/ton-dry ice

Current demand in Japan:
Methanol: 1.8 million ton/y, 
Dry ice: 0.24 million ton/y

Total CO2 emission reduction potential in Japan:
Methanol: 0.6 million ton/y
Dry ice: 0.03 million ton/y



Other possible application of dry ice

Low temperature crushing of PP pellet

PP pellet (3mm diameter)

 

 

Microscope of crushed pp pellet 
(200µm/div)

 



Low temperature crushing of PP���Conventional technology

Low temperature crushing of PP���by dry ice

PP pellet�
1 kg

Liquefied N2�
9.68 kg

Crushed PP�1 kg

PP pellet�
1 kg

Dry ice�
3 kg

Crushed PP�1 kg
 

 CO2 emissions�
2.33 kg-CO2

CO2 emissions�
0.23 kg-CO2

∆2.10 kg-CO2

Potential demand of crushed PP: 0.017 million ton/y (0.64% of total PP)
CO2 reduction potential: 0.036 million ton-CO2



Conclusion�

• Methanol production by co-production technology 
(gasification plant) will reduce CO2 emissions by 91% 
compared with conventional technology (92% reduction in 
production, 90% reduction in transport) 

• Total CO2 emission reduction potential in Japan by methanol 
production : 0.6 million ton-CO2

• Dry Ice (cryogenic energy) production by co-production 
technology will also reduce CO2 emissions by 64% compared 
with conventional technology. Total CO2 emission reduction 
potential in Japan is 0.03 million ton-CO2.  

• Other CO2 reduction potential by applying dry ice is being 
investigated, such as low temperature crushing of PP pellet
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✿ For further information;  
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