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World Outlook for Iron Source Demand —Comparison with Energy Outlook—

Sumio KozAawA, Kimitoshi YONEZAWA and Fumitaka TSUKIHASHI

Synopsis :

To maintain the sustainable use of iron source, there are global challenges due to mass effect such as the recent rapid growth in steel con-

sumption, a large impact on climate change etc. Although R&D of iron and steel has been made for years, there is still significant potential of

technological innovation to solve those challenges with a greater unified effort by the industry-academic-government. Therefore, it is neces-

sary for deciding the amount of R&D’s investment to share the common world-wide iron source demand outlook based on engineered re-

searches of mathematical modeling and continual improvement, which lag behind those of energy. As it is expected to improve models of

long-term forecasting of world iron source demand, priority issues are to specify the driver which governs the demand, and formulate a sim-

ple and rational hypothesis of the linkage.
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Fig. 1. World crude steel production, 1900-2005.

ERLL VS FEBTROA ) N—2 3 VIZEEF LD
T3, BENIEZ 50 - BN ORKE R CHEiitsEic &k 5
FEIBR Y 2 kS ZE = 2 L ¥ — RO UCE LR ORE L 5 5
2, A ERESRIMICIEARLY 22T 227 b BEINT
HIGAITE, WERREME - BlET 3L F —HFIHE T
37912, KRBTSR D BB T 0¥ 25D & 0 kg
) 7 SRAEL B 36 A EANCKRET L T B BELRHE T,

ENICRE, ERESRGEORAEIC LS L, St E
1X 1998 4F % JRIZ 2005 4F- £ TO 7THERIZH R T45%, HA
TH203%ML, ZhFh, 11448, LI1fEtE k-7,
HROHEMEREIL, 1973FEDF AN 3 v ZEEE TR
KUt 7B AT THERE L, 20009128 (&5, 20024F-12
IfEtE, 20042 10B B L BERKREFANKL TS
(Fig. 1o HARFEANOMHEIAAERE L, 1973F0D 148 193277 t 8
BEREZED, BETIZZOKBIZEHEL TE TS, Z
D&z, SEOEERIIBEINMERIZH25D0D, BT L
LRFOBMEIZ—F L TEN,

RPE T, BEMOFHTH 2EMIz>NT, Rk
VAL T 22 PAEBELEMETH 530X — &K
L, ZOVAL7 =2 PEHTOFHOEER KN~V A T
T2 MIIDOWTOTEZNAH OB EFHEIZDONTR
N3,

2. BERVCIZILFXEF—IIHTIREHBRY
WIRIRIEREN D EEM

2.1 REHREHEROEEM

PREDS B, EFRSEOFELFRTh 288G A
R, HICAHRERIL 100FE I ETH 5, Fig. 222545
M5B &I, AEREL MO G TOEIE L T 5
LB, ARG, BMEXAT, KEAEERiLE
THHWICHkE ATHERREETH 3,

ZOHTE, HBRPOIFHEE TR L C& BT,
Fel$5.00%, Ci1X0.02% & K& &EMnDH 559, COKFE(L
AMTHBARPLAMDIMAFIL, FeL RHFEDTH O,

TR ABBEICE Y B CEILAMBOTEICREEhzL L

THEEMEFRE L TOFIIERENTH S LEbLNS,

FIR R CRME RO B/ASHE COREDRFEEL L LT,
IS4 FOBELLEFBREOBBEAE T oS, #$¥iAaT
FEESMOMBIHKEM»ED &, 2000F TEIAD
B8 D 50%¥ < A, CVRD, Rio Tinto, BHP-Billiton® 3
MOMETIZH 550D, SIARAROIKIE, thoE
FIZHARREE? /N E S HREPISHH L T B A0,
TR D RACE HERHR OFEFIZ % 5 =013, GHOERK
(0il Window) FIRRIC, HURAED, WHE, KEFORGLE
YT BMEND DO, RICERIEERD Y — 2 IRE
ENTW3, HRGIZFERREAE DTN § S IEFE %=
H¥ w5 —J T, BHP-Billiton 1 23 Z% /N Queensland J1 D
KRS REHDO3IND 22 5D TETH D, Rio Tinto®
Glencore fEDEH & HE E Ly, 8GOV TE, Em



"Price(U$/kg)

107!

107¢
1072 07 1 10

HROBIFFHERL— F L £ - RTHARY & D IBER—

10° 10* 108 10° 107

Production(kt)

Fig. 2. Relation between production and price of resources.®

BEROMBIZZETOMEE U THELLTE TS, A
HIZDOWTE, k2> 5 E b 2ERICH 52, £DOD
EXxcfwatt (Y v —) I2K5%F b, OPECHEEDX
B hosgft, £ Y v —DOMAZEBTONTE TS,

BEAITE, PEOERMBKE hHEE S5 LKA VT
L EIREN B RIUZ 2 » T B $EIEA MRS 1F 2003 £F- 7>
5Bl L 2005 4 I IE AT I 50% B5-, FORHR 32005
R IZHTEE L 120%E L2830 LTw5, FEiZ2WTiE,
WTII 7S L LT 2003 5121220 K LB T H - 7= flifE 43 2006
FATIE S0 FLAE TEL, GSETHEFEWHAIZKLS
ML DO DB SN EBREL K> T 5,

LA T 2BNLEN 5880, BRISKIFERRFE A3k
Boh, SRILBERICMA, KBERDOZ-ODOEE, ¥, b
B20IHBED-DOH], [FEE V5724 VT T DR
WEERD, FDD, Y=V T 4 =L FTORKIEA
VI I EEDIEYIREDOKR X BB ADREEL 5 5
L RIIHRIAET S0, Y —v T4 =L FRRE Y
B 33 BEFRBEOIRPIFRGIZHIAZ N S 0% THH
ISR L, HERIISHRZEC TS DELH 5,

2.2 HIRERSE

EKAEDO T 3L ¥ —F#2RCO, B & E, 200145 TH
L139 B fit, WaR& U TEEEEFITIV40% DR & 7> T
W5, EFXERMICBT ST 2L X —EHCo,EHE T,
2001 FEFIZHNT, $#EH34%, 1LF13% %2 50, 22¥E L
A (ExAVF) 2T - K B (BUR) 2 &0 %M
REED L OPEHILZ60% FBA T WB 19, 7=, HIEREYIZ
RTe, $MzEIL, 2003FDEEEMICH T 5 Co,HEH
HD26% EHH L T3 17,

F72, GHIEOBARORYMEHRARIZED 281G, R
ANF—FHRICED 3EE, EEREVORIEALTEIC
6 B EE, EEREREPSDSORERDEFBERIC
Hd5EE, NOKEEDEFERERICHY ZEIAIR, 7
nZEN, 14% (20024E %), 11% (20024F&), 8% (2001 4%

), 10% (19994-F), 13% (19994F-F) LAh->THKhH, T
FNLX—  BREAROKELEETHLIENTH1 B,
X/, 25y TEN - ME o L, BNEED -
DD CO, P ED, $RIEG AR LT 5 8k - 7 o+ 2
DIBLITF &/hEw (e, FRIELME, BIFHLE
I BRANCO,HED A VRV P LT hZ?
110.458, 0.013, 0.136 C-ton/Fe-ton) '?, L 7z4% > T, #hEk
REOBSN2 5, $IERN (Bh, k225 v 7%) OF
e a2 TR L, PREAN A8 - 8o v 2%
2B AT I F b, HERBREE XSRS R T 0 S B
AEBINTRLU T MEL D B,
2.3 YRAI7 7 FOEEM

20064E 3 HIZRE & 7258 ZHARL S 3 i BL AT IS 5
Tid, 585 M TBUTMZER R IRE OREEDHE % %925
JKHETEZENBETHIELRHE N T A, ERIC
WLUTE726 SNBMFICER L7z BIZeE & aHili DL
AEHET L, BEDRERILTEZEI2&D, HEMRED
BorLEAK3ZELEx->TWNS,
ZOBE»S, EHIE, [HFnickF 545 - BRIC
W BHERMBEOKRR] 20, [FFnitk T 2420 -
RHENME] 2 v, BEEHE] 2EL LEHE, (1)
ROEIIIBHRSMBETE I EE2RFLEZ (F 22722 b
DR (IRFR)) o

On:(on/vn)X(Vn/E)XE ........................................ ( ] )

BlZIE, O, & MEH n D “BRALRRHIRAIR & & 72 &5 T
HRRRR, vV, 2#EMnD “HILRET R, E4 2
ROZBRUKERVLEE 75, BELZ10f5ICT5L5 %
EHHaMEom bs o FTuL s b4/ RN=Y gy
(B VIF AR FVEH B 1/10 2§ 5 & 5 2Hisl

BHEEDOHEFN T O 24 I R— 3 V) BTbhRe,

EBRRBE (0/V,) % YK IC& 2 —BiLRE
WlAREE & UL, BEROD 17100 “REAL SR R E B TR

717



I 718

$k &80 Tetsuto-Hagané Vol. 93 (2007) No. 12

BEMELTIRRKERUMHEERTZ S L2 5,
0,/V,=1-1/10=0.9 & %% % (WFZEBAFEATIZ LR 90% HIlI%)
O, tt2ny - BRHAMEREHAL (V/E) & IR R E
HEBEABAENIETE 278 L, BEMiDYUZY -
TE 1% EBETIE, 0,=09X0.01XE=0.009EL %5, —F
T, BEMmICBWTHEE S L1505 &5 Wik &
ERE  Thbh, ZORIERBIHERSBHAFX
FTBELYLTHAI0%DYALT 2o PEAT BB,
0,=(1—-1/1.1)X0.1XE=0.009E & 2 0, ZORIZEDHIF
IZIFTEFEORRE & 725312

BEiCik 7= & 510, BIRGIK - &8, KRG E &
Wo -EREFICHELZ -6 L TWBAREE{LIZE Y
T, $FRIILF - ERICEELVY AL T 22 V&R
LT3, $EES T 212535 T3 ¥ —5h% L5
2 CO, P BIFHA OGS, SRS O mmE (L5 0 gk
B Fid, 72& 2 [FREBROFRR - B LOBlE,2 5
MIRICR A 2L LTY, FEHEMEEREI0EBL NI
2x7 7 b EATLHFSIATHELSRRAMIZES
BENZPIZE-T, [MMEMBORRES /) N—v g
ZHEUTHE - BIRIETTT 2] SOBRY» L DEEEHR
B ->TL %, LT, BIEDOVALT =27 N DEH
DOEMNAZREEZ THRIZERL, BEFREICE T 5 RN

OIS & > THEBMNRAR 2 G0 KD H D)5
ERET LTS BERH B,

3. IRILX—ORIERESE

¥, BERZOMBEMERICLERT, REFBEZD
ETFILPERICAE IR TOVB XN F - HTOETIL

BT 5.
3.1 EEHEE B/ ANREOHRAIXILE— - EF
p1 2

HRIINE-BEEREEL THBHEBEIZL W, 2030
FHEE CTARFMGEHEE U2EEIE, FEEREREE LT,
IEA, EC, OPEC, &EBF L~ Tk, EIA CKE=x %
A —&, TaLF¥—-E#E), ARERE S L TIXIEE]
((BF) BERT X —-BFIFERT), Z DfIZPIRA, PEL,
CGES (R I LF—-ffELY &4 —), L2 LDTHEFE
MdH B, IPCC, MASA-WEC (FEFRIGH ¥ X 7 & 5 Hilff7E
iR ORI L E—28), IAE ((Bf) =3 L ¥ —RE
TERFZE) 1%, 2100FE £ TO R OBMEH 4+ EE
LTWw3,

Table 113, BHERHIZ K 520205 & TH T XL X —HE
THIA KL T3, AR TORBNAEZ ALY -

Table 1. Comparison of Energy Forecasts for Consumption Growth Rates, 2002-2020.

IEA EIA EC IEEJ PIRA PEL
2002-2020 2002-2020 2000-2020 2000-2020 2002-2020 2002-2020
Total (World = All Fuels) 1.9 2.3 1.9 2.1 24 2.1
By Region
OECD 1.1 1.1 1.1 1.1 1.0
North America 1.2 1.3 1.1 1.2 1.2
Europe 0.9 0.7 0.9 1.2 0.9
Asia 1.3 1.1 0.9 0.4 0.6
Non—-OECD 2.6 3.5 3.2 3.3 33
Europe and Eurasia 1.5 2.1 1.6 2.1 1.3
China 2.9 5.3 4.1 5.5 4.6
Other Non—OECD Asia 2.9 3.4 3.8 2.6 35
Middle East 3.0 2.8 3.0 44 4.1
Africa 2.6 3.2 2.9 2.6 2.8
Central and South America 27 3.0 3.2 2.1 24
By Fuel
_____ oib 1.8 1.7
_____ 2020 Oil Price: $/bbl | 26{ 251} 384i 210
Natural Gas 26 27 2.7 3.1
Coal 2.7 1.5
Nuclear 1.6 22
Renewable/Other 3.2 2.1

Sources: IEA: International Energy Agency, World Energy Outlook 2004 (Paris, France, October 2004),
EIA: Energy Information Administration, Intermnational Energy Outlook 2006, DOE/EIA-0484(2006)
(Washington, DC, June 20086), EC: European Commission, World energy, technology and climate policy
outlook 2030 (WETO) (Bruxelles, Belgium, 2003), IEEJ: Institute of Energy Economics, Japan, Asia
Energy Outlook (Tokyo, Japan, March 2004), PIRA: PIRA Energy Group, Retainer Client Seminar
(New York, NY, October 2005), PEL: Petorpleum Economics, Ltd., World Long Term Oil and Energy

Outlook (London, United Kingdom, May 2005)
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Fig. 3. Mathematical models of assessing global energy—climate change.
Source: Research Institute of Innovative Technology for the Earth (RITE)
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Table 2. Apparent Steel Use 2005-2007.

million metric tons {(mmt)of finished Change % per
steel year

2005 2006e 2007f 05 - 06 06 - 07
EU (15) 139.4 150.0 147.7 7.6 -1.6
EU (25) 158.8 171.5 169.6 8.0 -1.1
Other Europe 29.3 321 34.0 9.5 6.0
cis 43.5 46.5 50.9 7.0 9.4
NAFTA 139.7 1561.8 150.8 8.7 -0.7
South America 323 36.0 38.6 11.6 71
Africa 224 246 25.7 10.0 4.4
Middle East 34.0 373 40.6 9.6 8.9
Japan 78.0 78.6 80.8 0.8 2.8
India 38.1 41.9 45.7 10.0 9.1
Rest of Asia (excl. China) 117.8 118.5 121.8 0.6 2.8
Australia and New Zealand 7.9 7.8 7.9 -16 13
World (excl. China) 701.8 746.7 766.4 6.4 26
China 327.0 374.0 413.0 14.4 104
World 1,028.8 1,120.7 1,179.4 8.9 5.2

Source: International Iron and Steel Institute

ToTn3, 19934FELIFK, IEADHR T 3L ¥ —FEETH| Table 3. Real Steel Demand 2010-2015.

3, BEREGE INAZT -2 D22% RO RBREIZNE ST Tromd 0 2010 Trend 201015
B0, 23 LPRIOEHRSIE, BAKEL T 2L X —F| (%lyear) 2010f (mmt) {%lyear)
AL, EErOTUMEABRIZS S Z LIZEZELT EU(15) 20 157 13
W3, HRAHTEREFMOREN»23%UANTH 55— T, EU (25) 25 183 17
WEOAMMESEEOTEZ, FHLTHI8%E K- T cis 5.0 57 40
W3, ZOESIC, TALX-FBELELAT 3 FELERIE NAFTA 19 160 24
BHEBRETHD, XX —MRIZE 3B ITEIGKE South America 3.9 40 37
ICRELHELEEATELY, TXILF-FRETROKLE Japan 04 83 0.1
BERZEIZIDEDN TV, India 7.0 54 27
China 8.4 489 62
4. HEOREELESE South Korea and Taiwan, China 3.1 78 19
Rest of World 40 177 40
BIRRRZ DN — 2 X Z LEDOFMERIZOVWTOHE World 49 1318 42
BN 4 BGEET . ISR REBUFL ~L, Afi%ed World excluding China 3.0 831 29
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Table 4. Crude Steel Supply and Demand Assumed by MITI, 1985—1990.

(mmt)
Actual value Actual value MITI Assumued value Actual value
Japan 1 1980FY | 1985FY 1990FY 1990FY
{ Domestic demand | 7587 7361|  6600-6800| 10047
|Rateofohange) | | (85/80 0970)| | (90/85 1.365)
Net export 31.52 30.15 19.00 - 22.00 124
| Production | 10739  10376|  8500-9000| M7
| (Rate of change) | | (85/80 0966)| | (90/85 1.134)
| (Rate of real GNP change) | | | (85/80 1.209)| T e0/85 T 1.258)
World total (reference) 1980CY 1985CY 1990CY 1990CY
Production 718.63 719.51 739.00 770.50
Sources: MITL: Ministry on International Trade and Industry, Toward a New—-generation lron and Steel
Industry (Tokyo, Japan, October 1987), JISF: Japan [ron and Steel Federation, fron and Steel Statistics
Directory (Tokyo, Japan), IISI: International Iron and Steel Institute, Stee/ Statistical Yearbook
(Brussels, Belgium)
Table 5. Crude Steel Supply and Demand Assumed by MITI, 1972-1977.
(mmt)
Actual value Actual value MITI Assumued value Actual value
Jpan | 1966FY_ | T A A 1977FY
' Domestic demand | 3950 | 7382 110.90 - 120.90 T 6230
 (Rate of change) | | (12/66 1869 | ... |..01/72 0844)]
Netowor T 240 205 [ T gai0] 335
'Production | 51.90 102,97 | 14500 - 15500 [ 100.65
(Rateofohange) | | az/e8 1988| | a2 osm
! (Rate of real GNP change) (72/66  1.839) (77/72 1.231)

Sources: MITL: Ministry on International Trade and Industry, fron and Steel Industry of '70s (Tokyo, Japan,
December 1873), JISF: Japan Iron and Steel Federation, fron and Steel Statistics Directory (Tokyo, Japan),
[ISI: International Iron and Steel Institute, Stee/ Statistical Yearbook (Brussels, Belgium)
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Table 6. Macro Forecasts for Apparent Consumption of Crude Steel in Japan by MITI, 1972-1977.

Cases Function type Explained variable Explaining variable Calculated value
) x) Apparent Consumption of Crude Steel
in 1977FY (mmt)
Case . . . .
I Linear Apparent Consumption of Crude Steel Domestic Capital Formation 123.40
Case . . . . .
- Linear Apparent Consumption of Crude Steel Indices of Industrial Production 118.44
Case , . ) ) . ,
o Single logarithm | Apparent Consumption of Crude Steel per Capita Time series 111.32
Cases Function R S d Length of regression
(Correlation) (Standard (Durbin-Watoson ratio) (Fiscal year)
error)
Case I Y=426.13+2557.86 X (15475) 0.97575 4127 1.8273 1960~1972
Case I Y=5198.23+269625 X (12248) 0.96202 5148 1.6339 1960~1972
Case II logY=1.74862-0.00102922t
=0.0755992t*
(=2.1231) (7.2134) 0.98047 0.0642312 2.0280 1953~1972
t:1953FY=1~1972FY=20

Sources: MITL: Ministry on International Trade and Industry, fron and Steel Industry of '70s (Tokyo, Japan, December 1973)
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Apparent Consumption (= Domestic Consumption) is defined as
“National production + import — export”.

GDP is calculated based on the annual real GDP and exchange rate of 2000.
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Fig. 5. Relation between GDP/capita and Apparent Consumption of Crude Steel/capita, 2000—2005.
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