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Dynamic Material Flow Analysis for Stainless Steels in Japan and CO, Emissions Reduction Potential by
Promotion of Closed Loop Recycling

Yuma IGARASHI, Ichiro DAIGO, Yasunari MATSUNO and Yoshihiro ADACHI

Synopsis : Stainless steels are corrosion resistant alloys which are widely used in consumer goods and industrial equipments. Stainless steels contain
scarce and energy intensive elements such as Ni, Cr, Mo, efc. So, closed loop recycling is preferable for sustainable production of stainless
steel. However, some parts of stainless steel are not separate from ordinal steel scraps in recycling processes and not recycled as “stainless
steel”. The objective of this study is to analyze the dynamic material flow of stainless steels in Japan and assess CO, emissions reduction po-
tentials by promotion of closed loop recycling of stainless steels in the future. First, the authors analyzed material balance of input elements,
i.e. Fe, Ni and Cr, in the production of stainless steels in 2002 to figure out the material flow of stainless steel which can not be obtained from
statistics. The amount of post-consumer stainless steel that would come into society in the future was estimated by PBM (Population Balance
Model). It was found that only 2% of post-consumer stainless steel of Fe—Cr alloys was collected as stainless steel scraps and the rest was
collected as ordinal steel scrap. On the other hand, approximately 95% of post-consumer stainless steel of Fe-Ni-Cr alloys was collected as
stainless steel scraps. CO, emissions reduction potential by the increase of 1% in closed loop recycling of stainless steel scraps of Fe-Cr al-
loys was estimated at 75000 t/year by using LCA.

Key words: alloying element; Substance Flow Analysis; Population Balance Model: Life Cycle Assessment: collection ratio.
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Table 1. Missing flux data and methods for obtaining the data.

Missing flux data

Methods

Generation of in-house SS scraps of Fe-Cr alloys

Generation of in-house SS scraps of Fe-Cr-Ni alloys

Generation of industrial SS scraps of Fe-Cr alloys

Generation of industrial SS scraps of Fe-Cr-Ni alloys

Estimation from

Statistics and

Generation of obsolete SS scraps of Fe-Cr alloys

hearings with experts

Generation of obsolete SS scraps of Fe-Cr-Ni alloys

Generation of post-consumer SS products

of Fe-Cr alloys

Population balance

Generation of post-consumer SS products

of Fe-Cr-Ni alloys

model(PBM)

Consumption of Ferronickel

Material balance

Consumption of Ferrochromium

analysis
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Table 2. Production of stainless steel and resource consumption in 2002 in Japan.

Amount | Fe Ni Cr contents
[1.000 contents | contents | [%]
tonl [%] [%]
B Pig iron 9781 | 94.0%1
ferronickel Analysis | Analysis 22.5%16
ferrochromium Analysis 40% 55%
In-house SS scrap 5531
§ Fe-Cr alloys 209 84.5% 15.5%
E Fe-Ni-Cr alloys 344 73% 8.13% 18.87%
E Industrial SS scrap 260!
; Fe-Cr alloys 81 84.5% - [ 15.5%
= Fe-Ni-Cr alloys 179 | 73% 8.13% 18.87%
; Obsolete SS scrap 4220
é Fe-Cr alloys { 84.5% 15.5%
Fe-Ni-Cr alloys 418 73% 8.13% 18.87%
Ordinal steel scrap 4451 97.5%
Export of SS scrap 121 73% 8.13% 18.87%
Import of SS scrap 131 73% 8.13% 18.87%
13Cr hot rolled SS 316" 87.5% 12 2.5%
18Cr hot rolled SS 63210 83.0% 17.0%
E Ef Ni-Cr hot rolled 88 198010 | 73.0% 8.0% 19.0%
% ﬁ Ni-Cr-Mo hot rolled SS 17010 73.0% 10.0% 17.0%
Z = | Hot rolled heat 35510 | 86.25% I 13.75%
‘ & % resistant steel ‘
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Table 3. Lifetime distribution functions for each product.

Product category Distribution | Mean life | Variance
functions | time[year] |
Construction Gamma 30 112.5
Industrial machines 30 12.5
Elcctrical equipment 12 4.5
Machines for house or office 30 28.125
Automobiles™ | (1)Cars 9.6-13 4.4-8.0
(2)Trucks 8.5'13 9.4-22
Other transportatién 40 21.125 |
Containers 3 1.125
Others 15 12.5

*1 Lifetime distribution of automobiles was obtained by 0.9 X (1)+0.1 X (2)
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Fig. 1. Stainless steel material flow in Japan.
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Fig. 2. Generation of post-consumer stainless steels from each product category during 2003-2030 in Japan, (a) Ni—Cr and (b) Cr.
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