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Development of Methodology for Analyzing the Average Number of Times of Use and the Average Residence Time of
Iron Element in Society by Applying Markov Chain Model

Ichiro DAIGO, Yasunarit MATSUNO, Keticht N. ISHIHARA and Yoshihiro ADACHI

~

Synopsis : The life cycle of steel begins in the mining of ron-ore from the earth Steels are produced 1n steel works and used 1n various products Some

of the steels are recycled at the end-of-hife of the products and used as a resource for the production of steel products n electric furnace,

while the other steels are used just one time n products and go nto landfill As the recycle ratios of steel from used products increase, the av-

erage number of times of use and residence time of Iron element that comes into society as iron ore and goes out from the society as landfill

will increase So these values indicate “sustainability of material use” i a society In this work, a methodology was developed for analyzing

the average number of times of use and residence time of Iron element 1n a society by applying Markov chain model It was calculated that

the average number of times of use and restdence time of Iron element 1n a society based on the matenal flow of steels 1n Japan 1n 2000 are

2 67 and 62 9 years, respectively Both of these values are significantly dependent on the recycle ratio of steels from civil & building facilities

and automobiles It was indicated that the average number of times of use and residence time of Iron element 1n a society would increase up

to 3 17 and 75 8 1f the recycle ratio of steels from civil and building facilities increase from 50 to 60%

Key words : Markov chain, number of times of use, material flow, recycling, residence time, steel
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Fig 1 Diagram of material flow and state of 1ron element
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Table 1 State transition table of elemental iron (FY 2000).
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1 Converter crude steel 0§ 7,457] 45,421 0 0 0| 0 0 0) 0 0 0| 0] 23,998, 0] 76,876
2 Converter in-house scrap 6,825 0, 0 0 0 0| 0| 0 0 428 0 0 0 204 0} 7,457
3 Converter Steel products 0 0 0] 9,147] 3,353] 8,887] 1,269] 2,462 0 0 0 0] 6,802} 13,502 0] 45,421
4 Use in construction 0, 0] 0] 0 0 0) 0 0} 8,202 0) 0 0 0) 0] 8,202) 16,404
5 Use in machines 0 0 0 0| 0 0 0 0 5,200| 0 0 0 0 0] 1,300} 6,500
6 Use In cars 0 0 0 0 0 0 0 0} 7,712 0 0 0 0 0] 857] 8,568
7 Use in containers 0 0 0 0 0 0 0 0] 1,324 0 0 0 0 0 110] 1,435
8 Use n other products 0 0 0 0 0 0 0 o] 2,760 0 0 0 0 0] 690] 3,450
9 Obsolete scrap 0 0 0, 0 0| 0 0 0 0] 22,324 0 0 0] 2,874 o} 25,198
10 JEAF crude steel 0 0 0 0 0 0 0 0 0 0] 2,977] 27,348 0] 3,578 0] 33,903
11 ]EAF in-house scrap 0 0| 0 0| 1] 0 0 0 o] 2,977 0! 0 0 0 0] 2,977
12 |EAF steel products 0 0 0} 17,0601 1,529] 1,921 153} 1,771 0 0 0 0] 1,031} 3,882} 0] 27,348
13 |industnal scrap 0 0 0 0 0 0 0 0 0 8,663 0 0 0 0 0] 8,663
14 Export 0 0 0 0, 0| 0 0 0 0 0 0! 0 0 0 0 0
15 JWaste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 2 Collection ratio, average lifetime and distribution
function of each application.

Collection | Average lifetime | Distnibution
Apphcation ratio[%] [\9ears] function
Construction 50 30 Gamma
Machines 80 12 Normal
Automobiles 90 13 Gamma
Containers 92 3 1 -
Others 80 12 Normal
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Table 3 Transition probability matrix 4 of 1ron by state (FY 2000)
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Converter crude steel 000]010]059]000J000}000]000]000J000J000J000J000J000]J031]000
Converter in-house scrap 092100031000}1000]1000]000J000]10001000]0.06]000]J000§J000]003}000
Converter Steel products 000]000}000]020J0071020]003]005J000J000J000J000f015]030]000
Use in construction 000]000]000]1000}]000]000}J000J000]J050}J000]000]J000J000]1000]050
Use in machines 000]000}000]000]J000J000}J000J0001080J000fJ0004000J000]000]020
Use in cars 000]0001000]000]1000]0001000]J000J090}§000}4000J000J0001000]0 10
Use in containers 000J000J000]000J0004000]000]J000J092}000§000J000}J000}000]008
Use in other products 000]000]000]000J000}1000]000]J000}J080J000J000J000J000}000]020
Obsolete scrap 000§000]000]000J000J000]000J000J000f089J000J000J000}011]000
EAF crude steel 000J]000]000]000]000J000J000}1000]0003000§009J081J000}011}000
EAF in-house scrap 000]000]000]000]000J000J000J000]J00041001000J000]J000}000}{ 000
EAF steel products 000]000]000]1062]006)1007]001]1006]J0004000§0004J000J004}014]000
Industrial scrap 000J000Jooojooojooojooojooojooojooofio0fooojooojooojooo]ooo
Export 0001000]000]000J000}000]000)J000}J000J000J000J000J000]J000} 000
Waste 000]000]000]000J000J000]000]000}000]J000]000J000]J000]000]000
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Fig. 2 Transition of the state of 1ron element.
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ATHIEEHT 5,
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(Table 4) ,

3. BITKREEE

3.1 FHFERARY, FHMSHEFROEH

20004F-35 U B IRREHERLHEZR1T S|4 (Table 3) & FVy, EH
NTHZL XV P BERFRHESE UCERE - fAS =%,
SHERETOFEMBIR N, FERDIE:, Fiottamd

M7, 2 U CRAMICHE S X OWES N BHERP &

B U7z, #R%E, Table SITRT, FHHEMAERGL0.77[0,

EItt WIS 17 1 & E -7z, gk L XV b DERIF
L U CTEPICERA ST %, REMITEHD S h 2SR
130732&, ENTREINSMHE0268 LD LT BH2ICK
BLEWEERE LTS, ZOBA, B Xh-FitoEH
BIEIZEREL THhAWD T, HEREBKA 11BN 200 E
2 >TWwa,

Z 2T, REEHERSWERITHI B (Table 4) &, TXT
DTV AV P PEEIIBEEI NS ZTIZ, BERGEL
TR I NS BIEN,,, FEMRBIEC, 52 e
T, 25 L7, f55R% Table 612783, I HBIKIL 2.67
B, it SHHEEREIT 62 9 & K » 7, HIERE TOR
HEEER5 L, IARERA?D 2EEHEERELS, XIS
EEHEAA04380TH 5, TARBBHADEMSKEVDIZ,
BIFEMOHERERE LTRELEAEHDTNE I Ln

Table 4 Transition probability matrix B of 1ron by state (FY 2000).
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el 5] €81 s| €l < sl e=g| B S| 3 s E| &
g% £al 00 54 c © cl o8 S S < © 5 <
2 g g £ 0 3 o 5 ° 2 v £ 2 3
|15 1|8 gl = 2 of & wl %] =
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Converter crude steel 000]014]1086]000}000]000J000J000]000§000}000J000]000]000
Converter in-house scrap 0941000]000J000J000}000J000]J000}000]006]000J000}000] 000
Converter Steel products 000]000]00010291011]1028}1004]008jJ000J000]J000]J000]021]}000
Use in construction 000J000)1000J0001000]000]1000jJ000]050}1000]J000J000}000]}050
Use in machines 000]000]J000]J000}000]J000J000]J000J080}J0001000{000]000]020
Use In cars 000]0001000]000}1000]1000)000}J000]090}000}000]00040001010
Use in containers 000]0001000]000§000J000}000J000f092]0004000§000]000{008
Use 1n other products 000]000]000]0001000J000J000]000]080]J000}000{000]000]020
Obsolete scrap 000]000J000]J000]000}000j000]000}000]J100]000f000]000]0O00
EAF crude steel 000]000]000J000J1000}000]000J000J000J000]010J090]000] 000
EAF in-house scrap 000]000J000J000]000}J000]J000j000Jo00)100]000J000}000}0O00
EAF steel products 000J000]000J073]007]008[001]008]000§000]000]Jo00]004]000
Industnal scrap 000]000§000§0001000J000J000]J000J000}100]J000fJ000]J000]000
Waste 000]000]000J000J000]000]000J000}J000}J000}000]J000{000] 000
Table 5. Results of calculation of Eqs (5)—(8) based on transition probability matrix A
ltems N, Average number of times used in each state (Times) P, Probability of final statelr. Average number [T, Average
Use In Use in Use in  |Use in other] of times used in all |residence time
construction] machines Use in cars containers { products Export Waste states (Times) in use (Years)
Results 0 443 0076 0 162 0021 0068 0732 0 268 0 769 171

Table 6. Results of calculation of Egs. (5), (7) and (8) based on transition probability matrix B

Items N ., Average number of times used in each state (Times) . Average number [T, Averagel
Use in Use in Use in Usein Joftimes used in all |residence time In

construction] machines Use in cars containers others {states (Times) use (Years)

Results 172 0233 0438 0052 0 226 2 67 62 9
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Fig. 3 Average number of times of use and residence time
of Iron element during 1990 to 2000.
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Fig. 4 Average number of times of use and residence time
of Iron element 1n each product.
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Fig. 5 Effect of the increase 1n collection ratio (by 1 point)
on the average number of times of use and resi-
dence time of Iron element 1 each product.
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