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Development of a Dynamic Model for Assessing Environmental Impact Associated
with Cyclic Use of Steel

Ichiro DAIGO, Daisuke FUIIMAKI, Yasunart MATSUNO and Yoshihiro ADACHI

Synopsis : Steels are produced 1n large quantities and being recycled at high rate in Japan However, recycling of steel scraps would lead to the enhance-

ment of contamination of undesirable tramp metals in steel scraps So, the limitation of recycling of the steel scarps would be expected 1n the

near future This may increase n the production of virgin steels and environmental impacts associated with total steel production 1n Japan

The authors have developed a dynamic model to assess the maximum recyclable ratio of steel scraps and the total environmental impacts

caused by the steel production in Japan The model 1s based on population balance model (PBM), material pinch technology in corporate

with LCA The amount of steel scraps generated 1n Japan and their concentration of tramp metal during 1990-2030 were estimated by PBM

The maximum recyclable ratio of steel scraps in each year was calculated by material pinch technology, in which assessed were optimal bal-

ance between the amount and quality of steel scraps and those of steel products The total CO, emissions caused by steel production 1n Japan

during 1990-2030 were estimated by LCA
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Fig 1. Schematic diagram of material flow of 1ron.

7] &, pLUOHM - FRROBEAREELT|ELEZY
DM, YFED (O] EEEEL 55, [Oftt] £
Bt AREZMMEL 2300, [OHMHEE] BE &
5, fMARERBICHERAINIBIOML S, [T
20597 BREETSE, [OfMEE] 26 (@M
22597 REBEELF WL DOMNYUEED [OOSR
PO B&LTHRLONS, HL, #MIZREOEEA
IR, BB AXINEDT, ZOEEMIELZE DN
ENTOFHEL % 5,

ZO%, HHIhZHEPRESh, FHBARE» S
[(@EFEA2 F v T | WRELBENE NS, LrALEHNS,
BRIEHINETOWMMY, (QBEAZ 7 v 7] &
LTHERE N B b Tidka <, EARBEEREMIC KT 55
D&, KEWFAHMEL28DEH 5, [QEHRKER
2597, [OMIZA2 v 7] BHXU [@EEFREAY T v
T A, BERIZBWWTRELERE B R F5 v TOET
Thbd, INHAY Ty TO—HIFE@H IR, RDH [©
ERNzr5 9T BB,

Tk, PV AV N ERRBEEKIZIESZ20 T
TOBEOHR, fMEEOHENEC L L, $iFE LT
BHRHEAECENZAYZ 79 THEKRTEEELLR
5,
2.2 REaL—2a3 NI RAEFICLBRIS9 S
REB OB LM PO CuBHEEOEN

Fig 1O F )7L 70—0OHhT, [QARREZRY T v
T e [OMIA2 5y 7] &, SMO%E L F—FRIC
RETHEALTIENTES, ThERA0 T 9 TDRE
B3, FFOMMLER, WMMHEEE»S, 2079 TH
ERLBRITAEDEEIILTRDBIENTE S, ZHIIK
LT [®@EEEAZ S v T &, SMOLRE - BE~OMFH
%, WRHEGER:, BE» OB FRICRET S, 5
FIZb A2 [@EEZA2 7 97| ORERIL, W
MO YBELDROLFERREL ZN 6 AMER I -R1S0HKF

172

watrs, KL -3 3 »/35 2 ZEF )L (Population

Balance Model- PBM) Y% FIWWTHEH T B3I L 4 TZ %,

BEDZ Y 7y TRAERICONERZ T ALY, Wil&E%

#L5%, [QEANZA2 59T ) BEKD B,

M BOER ICHM P Ic G SR b T vy T L X Vb
(Cu) DIRE L, EXRMICIIRSICHERE, EIREHE
MENBETEDLL L, LALENS, HHFEANGE
VY4 o T BRI, BEPOHREE*TEICHHETE
BOBAICE, B CurEBRERAS 7 v TEHIZIRAT S,
WoT, R SERMEE SN BIZDOh, BHFEAY
Ty THHD CuDIRE SREMICEAL, 7T v TD
BIEHLL T ZENTHERIND, SMARBNIZY + 4
INEOCuRARAEEREL, [@EHEZAY 5 v 7] FoD
CuBBEORELEIE KD S, ,

2.3 EVFEBROBERICLDI R Ty TORKFIARE

E DB

AR L7k 512, BFEICRET IR0 797, FHIER
A0 7y TOBISREENICHLTEOT, BFEITHNTH
Be UTORNMETREM 4 RET 3 208 Hhb 5, 22T, A
77y TGO L MFOFREDOMT, BLEE,S
WEDFARE/NT V A BB T 5 Y FRITEERNS,
Zhizk0, BEIZEITE A2 5 9 TORKFHARE L
HICHSAEERARDEIENTE S,

AFLTI, UTOFMEISRE, iy F@hdk s
EHT 5,

1) HESOEES, BIFEBIFIC %35, SiFS, $hex
RT3y TeTB, £, BFETORSLEEIZ,
BIBBALEVEDET S,

2) 2.2 CROEEED [QEAZR2 - 7] BEED &

CCuBHRE,»S, BEICERNZ22 7 9 TRER,

ISR CuEFEE A T THE (Limiting Curve D

Source #£[X7) %IEEIT %,

FHEDO [Q BIFMHE] OFEBRLFEENICuEH

BEA»S, MENCEFAMORER, fiMicHcud

AFEEZTTHER (Limiting Curve ® Sink #X ") 4 i

¥ %, Limiting Curve ® Source $[X] & Sink #R[X]| 2328 2%

LTWianh (EYFR4 v b P0fFME) 25T 35,

(QENZ 2 7 v 7] BHVBIFCOMEE* LOI55

A, BFTL20 79 THHEL, 220 7y THAE

rRALEEZE0DET 3, HL, —RICERELIE

RN BEIFRMOEEIZ, BEMAILET S Z EHR

HELKRAN 22 79 TEPET 22 LI3IERENTH

%, 1T, ERIFCHET ZEMMAHMICIE, R

DIEENESEBRE R Z v T S IEFICHET

%, TOLRHOE &, BIFHML L O3RIFHSIZBI L

T, Limiting Curve @ Source ##[Xl & Sink #7[X] % fE& L |

EVyFRA4 TV PPAHEHLEZOWHEBIZENT, 2425y

TORANATRE KD S5, (FWESH,) &k, &

3)

4)



SFEAD Limiting Curve lIZB W TE Y FR 4 ¥ b HBIHET 3
Biais, BREAZ I 9 THIZER SN B CuDREHE
&y, FHTERY [QEINZ 2 79 7] MRET
52 EERT,
S) [QizfFf) #FEESEET S ICLTEL, $h#kE
=Rk,
2.4 HSLATORMEEICLVBERINZBEEERFO
BREZT(LOER
2 3TKRD, BEICEOWTERNR Y 7 v TERAMAE
TEHEREIZEWT, BN TOMSIEEICLDFER SN
SEBEI A, A TH A LT A XV b (Life Cycle
Assessment, LCA) (& D #4589, ZDf4, ENEKk
TOMBEREIZ L DFERK SINIBHAN L L, Sik»o0
S E L K U%BSIE (22359 7) 26 0OMEFELEIC &

DIEFRSINBEFEAROBRME 55, ThEhDEERIC,

LCAIZK DR R ENFRFRML A2 HT ALY, A&
HIB5ZLTRODBZENTE B,

Pk, RSB THE L 2@ T 7L OME 4 Fig.
2108 T . KEFLEZG, 2030F % TORDPEOREIC
BIIBENZ S 7 T ORKHFAEHEE & Stk ST
B2 L TEAZEKTCOMBIEEICLDER SN IBEAR
BOREEERH L, &k, KR TIE, BEARL
LTCOo,HF B A MET L 7=,

3. BMORHRELRAWVET—%

FENTICH 720, KR T, DTO &S 123 %%
L7z, &7, AWEF— 2 04T T,
3.1 MHOSBEEEBERE

SRS, B & BRSNS AR L, 2 h kA REF
IZERAF, BAFICXBIL, afEEICKRAELAT, ZLTK
SRS, SATERNC 4FENE, FL&BIC sFEMED AR 32 fEkE
IZHFAU Az, 22T, SN, SMEEHERTD Y
e, oM, B, RM RN, #R, #E), Zoft
(e, B, B, G D4BIZE LD 8D TH B,
7o, HEOSEIT, $ilmatERTONEE, KA,
R, EHE, M7 oo, HWE (EEEWE, BX0E
WA, REEF - 3 HMEESR, AAE, SEEmHE, 20
X ) , AesH, ZofA (ZofEEREH, X
TR, BEEEAME - MTH) o7 iz e, 2561
M A MA C8FEfHE L2 DTh 512,
FEROBIEICE DV BERFEOFMMEEEICBEL T
&, a0 L BEFORENIZE VA 5 1970~20004E-0D 7 — 4

SAMORBRAIHIZ 503 B BUSEARTA I B AT 72 8 DIYREE 57 L D RS

+ Module1:: |

“*Module:3-

Calculation of scrap

Database for steel
production in the past generation by PBM
(Volume, Impurity)

(Volume, Impurity)
*_Module:2 / “*Module:4 £+

Analysis of the maximum
recyclable ratio of scrap
by Pinch Analysis

Scenario for steel
demand in the future
{Volume, Impurity)

“iModule?5¥

Assessing the environmental
impacts caused by
total steel production

Fig 2 Outline of the model for analysis of change in envi-
ronmental impact associated with crude steel pro-
duction n Japan.

B, R0, HBTOFERAEROENEA - B3R
FAMICBAL THE, 1945F & Tl 572, fHL , 1945~1969
FICB L TREINOSMEERRICBET 257 -2 L2 AF
TEhED 70T, ZTOHBOFEMBEERRIZ 5D 5+
A - RS OB A IZ1970FEDEALFEL & D LIRGE

LT, K- BRASMIMOWHEREZHRE LA, 2L T,
20305 TOFRICK T2 MHFOEFER L, HBDOIFk
DOFBL»GHMMEER+TPHIL, ZHCEERREZ Y Ty
TEMLZAZ 79 TRES % R UTKRD 72, FFRTHE
IZ2onTid, #%ibd 5,

OB AEIL, HEICMBETH 5D THEBL 7,
girr, 2259 7OMMA, B X OBREIZ & B HiA o R
EHAICBEL TIE, 2001 4ELIFE € 20004 L R TH B &
L7z, BASEAIZBEL TiE, $at 2 & & E 0 HitE5iHm A
BOF—4nBoh=0T, ZhaEMNEERIZEDNT
FERNCEL S UHEEE U 72, SIS K 5 Siit oo R b A
BILTid, BEFOMEL2 S, SMOFRAMART — 4 %
AFLDY, ZhxEREEEICE SO CHBENIZE S L
L7, BL, BEEAFACBEL T3, ABEREHO
HEREFHEEAK» S, AFHE CEHELLONT v
27) 18 & 70 OHERNFMHE R %KD, Z IF R
WMABRERET S Z L THRMOBBEREARZ KD 2,
o, BiiEhB 22059 TRBERAI T TDAREL, B
RREZ2 59 TEMLZAY 75 TEENTHBEENS &
DE L7,

L EIINT 5ERRER Y 5 TREBAICBELT
X, XS F -2 &8, 2 LTIROZFIIENT
EEDLLBEOEREL -, SMEBERICETAMITZ Y
Ty TRERIZ, 7)) vy EKREHE ICE D E RN
FREREREL, Table 1O X IZBE L 72,

1 KAETE, 1977 FE TRIFCL2TMERLTHONTED, ZOBESHEL 72, 2000FEI2H T, FREMBERDOZX 27 , 713, H3%RETHD

METH5,

72 BSOS TIR, TEBHIME] &, BHEE 7o 212 Eh TR0V, PBM EEMT BENCEMLE 5 ) 2 OFRRENNI AR L 57
O, KRX TR 2o ZOFRIZIE, BEBZEORMEL + 7 5 s DEESKE ADINEMER R, 5, FHIBLE 7 ) 7 OHMEERARFL -,

HEOFHAE + 5, 2 OFEMMETERIE, TR

124t/ EBXEEDLEREESER. b5 0 219/ EXBEDEEERTEML L7,

173 I



$% & 48 Tetsu-to-Hagané Vol 91(2005) No 1

Table 1 Ratio of industrial scrap generation to steel con-
sumption (%).

Construc| Machine | Automob | Containe
Others
tion S 1les rs
-1984 4 53 10 87 16 9 8 4 3 47
1985 4 34 1113 17 4 85 3 38
1986 415 11.39 17 9 85 3 29
1987 3 95 11 66 18 4 8.6 321
1988 376 11 92 189 86 312
1989 357 12 18 19 4 87 3 03
1990 341 12 02 18 6 88 2 64
1991 3 25 11 86 17 8 89 2 26
1992 3 08 117 17 9 1 87
1993-1999 292 1] 54 16 2 91 149 |
2000- 7 89 12 82 14 92 178 6 53

Table 2. Lifetime distribution functions, parameters and
collection ratios of obsolete scrap for each prod-

uct type.
Appiication Distnbution §  Mean Iife Variance Collection
functions | time [years ratio [%]
Construction Infrastructure Gamma 30 113 50
Buildings 30 *' 113~
Machines Normal 12 22 80
. (1) Gamma 96-14 44-93
Automobites |2 (2) Gamma 55 45 90
Trucks Gamma 85-13 94-22
Containers — 1 — 93
Others Normal 12 22 80

*1 In scenario lll, these values were changed to the following

Mean Iife time 30 for the years 1945-1998 and 90 for the years after 1999,
variance 113 for the years 1945-1998 and 1010 for the years after 1899

*2  Lifetime distribution of cars was obtained by 09 x (1) +0 1 x (2)
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Table 3 Cu concentration m converter steel products in

2000.
Cu concentration {wt%)]
Application
Lowest Highest
Sheets 0 001
Ordinary Sections 0008 0053
steel Bars 0 005 0038
Others 0 005
Special steel 001

Table 4 Cu concentration 1n EAF steel products 1n 2000.

Cu
Application concentration
[Wt%]
Construction 0304
Machines 0285
Ordinary |Automobiles 0287
Steel Containers 0287
Others 0274
Exports 0274
Special Steel 0105

Table 5 Cu concentration {wt%] in each type of scrap

Converter Electnc arc
steel furnace steel
In-house scrap 000717 *' | Average *’
Ordinary steel *2 8
Industrial scrap it 000726 Average
Special steel 00100 ** 0105 *
Construction 000981 ** |Time dependent
B [Machines 0404 ** 0683 **
@ 6 6
E Automobiles Press 2 80 2 80
RE Shredder | 0403 *5 0684 **
kel
£ | & [Contamners 000530 ** 0287+
7]
. Others 00170 ** 0275 *°
ié Construction 00100 ** 0105 *3
gls [Machines 0408 *° 0503 *°
® +6 +6
% |Automabiles Press 2 80 2 80
8 Shredder | 0408 *° 0503 *°
& [Containers 00100 *? 0105 "3
Others 00100 *3 0105 **

*1 Average Cu concentration in all ordinary converter steel
products

*2 Average Cu concentration in industrial scrap from all
ordinary converter steel products

*3 Literature data (Ref 18)

*4 Calculated by Cu concentration in converter products and
their share in each product

*5 These values were calculated in accordance with the
balance of total Cu inputs and outputs from automobile scrap
and machine scrap in electric furnaces

*6  Literature data (Ref 13)
*7 Average Cu concentration in all ordinary EAF steel

*8 Average Cu concentration in industnal scrap from all
ordinary EAF steel products

*9 Same values as in Table 4

B->T, FROZHFIZENTRETE 225 9 THDCu
BESEKRT 546, 1K - BEHABFHEMOCuERR
FEA04% % FRRIZHERT 52, it cu BB IRE X
—Eehb, /o, HEICERI IR, @EMEFELC
L7,

—%, BANZ2 79 TOCuRAIRE %, TR HZB
{2 Table SI28Y, Rfb L7=&k 52, A - BBRHABIFHR



MOCUBHIRENEZ L IZEHT 270, K - #H
BIFSAM P ORET B2 5 v 7O CuRHBE ILFES
mﬁéo%hu,mmﬁtﬁﬁéi*-ﬁwmﬁﬁﬂﬁ

D CuBHIRE (0.304%) #8112, #@ED LK - BIF
%H@i%ﬁ%ﬁ;wﬁa(¥%W)@%mﬁﬁﬂ 5EHE

IZk0RSDA, 2, ABEISPE I RERE WS 22
T 7d, WEHARICE>TCuEHBENAEXL EL S
DT, LA, Yalby&—IIHMHLED,

WA XN BHMICEEL T, ENTHE XN BHH &
FEORMNABERENBEEDE LA, MAZY T v FIIH
psfiol
FERRET L o 7o, B2 2 T 0 T, ERAC T
TOAEL, BEFRMZENZTHRERIZWHIL 228
Haehase L,

3.3 /1NN YF—4

ENEETOMMEEI L OFRENIFEREAN RS R
5108720, ks & OHIMELE , FRELG O L
BXUWEBE (2259 7) 256 OMMEED co,PEHH
BRI, 221679, 0.048, 0.499 t-COM'I% HIW
726
3-4 {JRIFTVADERE

FROLF VAL T, LITISRTLSIZ3ED D
VT UK ERELR,
(1) NROHBEBFIZE S HFMOEERS, 20004

DHBEEDEEF—ETHD LT3,

(1) S#MOBEEER (1) ERLCET 5, EFEOHEIC
B ABEFREOBMAEA»S, PEICK T 5 EMA L
2079 TOBFEERAK, 2000 FELIEOHBH 22 5 v
T, BREEZ 2 59 T EEDREHDOENE DA SEIC
WitiEhs&d5, HL, MiAZX2 T 7id, ENEFEZ
27y TOEHH LR EEDEDET B,

() 1999 FE LD BEMOTFamH 3G I BHEML I N
5 LRFE LY, ERASMMOFE I HNT 5 LT 5, B
FH#MOFBEIL, AOEBLEEL 2 LT, —ALH20D
(a) (b)

R e
’g: 35,000 Scenario II

HETHEDT, Wi A2 T v TENEZELFINT,

FAMIBIAIANC 510 2 R BATEA R BN O 2 » OBIET 7 L O3

BEREMA—E L LD X510k, 72, SMBARIC
BILTE, MEICHHIL TS T 2D L L,

4, BRIV ER

4.1 PBMICLPEARRIVZ v IREEEHER

YF DA I~UITOD, 2000~2030F 25T 5 EN R &
7y TRE, BEREICKD /R A Fig 3()~3(e)IZRT,
HUFTIENTE, BIAZY 5 v TREBEDRELL
FE L, HEBML, 20308 Ti33570 itk 55, BE
DRI, FictAK - EEI»ORETEERAY T 9T
DERISERIL TS, Y FUFNTIE, #HY 2 — 2 2
2297, MLA2 5y 7, BEHROERZ T T 7D
—#2, Wl E B LI B 0, VF UL 1IEIZHR
BIRERENEL > TV5,

Fig 30)6bhnB X312, Y F)AUITBWTIE, §F
Kk 5 ERAFMOFERNWHHTH 212k, [
WMHERDERZ 2 5 9 TEMPZOMOD L F )X L D%
b, BFEBKOEER Y 79 FRIE, 20145 % ¥ —
JIZWDT B, /o, BRAFMOBEEDOR S, B
REEZA Sy TEMLAY 79 TEHARLT S, EN
207y THRER, 20004 - 212D L, 2030 T
32870tk %,

4.2 EVFEBITER ,

Fig. 4(a)~(d)iZ, ¥ 7 1A 1TD2000~20304-12F1F 3,
BIFHA 2B % & F M D Limiting Curve 277§, &
FUA T TRAMBEIIZM L AT &2 5 SnkiERIZ S
TRILTH B, ZHIZH L T Source i XNTARELF T 5,
N, 2279 THOFERENRFL &S ITHKL,
20T 9 TORNAEN L TBZEERLTNE, &,
Source BEXIDFHIHIZ H B{HE DK X H#7%, HEHEANR
DATVAERTRGTH 5, 2000~2030%F12H 0T, &
FALHC Source SR IX & Smk#RFEZZE L TH LT (K
FRAVIBRBELTELT), $XTDRY T v THF]

[Obs scrap (Others)
[10bs scrap(Containers)

O Obs scrap (Machines)
OObs scrap (Cars)

[O0Obs scrap {(Construction)
A Industnial scrap
EIn—-house scrap

2010 2020
Year

2000

2010

Year

2020 2030 2000

2030 2000

2010 2020 2030

Year

Fig 3 Generation of scrap in Japan during 2000-2030, (a) Scenario I, (b) Scenario 11, (c) Scenario III.
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