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Analysis of Recycle System of Material with Decrease in Stock Growth Rate and Its Application to Steel
Akito Torand Junichi Sato

Synopsis : Recycling of various materials has been urged worldwide for environmental reasons. Promotion of recycling is expected

to reduce the environmental pollution caused by material production. However, recycling of materials leads to increase

in concentration of impurities in the material, which usually lowers social utility of the use of the material. Therefore,
establishment of analyzing methods of the whole recycling system is needed to evaluate the effect of recycling totally.

In this study, we proposed an analytical model for recycling system and developed formulas for the comprehensive
evaluation of recycling system, assuming that the stock of materials in our society will continue to increase but will

converge to a certain level.

Our proposed method can be used for forecast and evaluation of material production, recycling ratio, concentration

of impurities, environmental load, etc.

By applying this model to iron and steel materials, quantitative trade-off relation between the improvement of

environment and deterioration of the quality by copper accumulation was made clear.
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Fig. 1. Actual accumulation of Iron Stock in Japan
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Fig. 2. Model of recycle system of material used in the analysis.
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Table 1. Use of steel and life expectancy of steel in
various products.

percentage [Mode(years)
EF Steel |Construction 21% 25
Civil Eng. 8% 35
Construction(others) 6% 30
Others 3% 12
BF Steel |{Construction & Civil 11% 25
Industrial Machines 8% 10
Electrical Machines 5% 14
Business Machines 2% 12
Ships 4% 12
Automobiles 22% 9
Trains 1% 20
Containers 3% 1
Others 5% 12

Average of BF Steel  12.7years

Average of EF Steel  26.9years
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Fig. 3. Relation between life expectancy of steel in
products and discard ratio from the society.
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iron stock with various recovery rate b.
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Fig. 7. Calculated amount of CO, in the atmosphere
from the recycle system with various recov-
ery rate b.
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Fig. 8. Trade-off between CO, in the atmosphere
from the recycle system and concentration
of Cu in iron stock.
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Table 2. Parameters used in the calculation.

Converging amount of iron stock : S 1.6 billion ton

Rate of decrease in stock growth : B 0.028
Life expectancy of iron products : T 21 years

Recovery ratio : b 80%
Tramp element additonrate: g 0.10%
CO2 absorption rate of the earth : 2%/year
CO2 discharged from BF process : 0.4tC/t
CO2 discharged from abandonment : 0.013tC/t
CO2 discharged from EF process : 0.1tC/t
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