STEEL CONSTRUCTION
TODAY & TOMORROW
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Fig. 1 Development of Eco-processes in the Japanese Steel Industry

'70s | '80s | '90s | 00s | ’10s
First oil crisis Kyoto Protocol
® Innovation and improved Artificial intelligence, improved
efficiency of process logistics efficiency N
Continuous casting, continuous Pulverized coke mgechon Next-generation
annealing and processing line  coal moisture control coke-oven technology
@ Effective utilization of Gas holder, gas turbine
byproduct gas compound power generation N
® Recovery of  Blast furnace top-pressure recovery Regeneration
waste energy turbine, coke dry quenching burner -
[} Rec¥cllng use of
waste material

»

Waste plastlcs used
tire, dust, sludge

Fig. 2 International Comparison of Unit Energy Consumption
in the Steel Industry

Index set Japan as 100 (unit consumption per ton of steel produced)

140

130
130
120
110
100
90
80
70 Japan Korea Germany China France Brazil India Russia USA

Source: RITE— Estimate of Unit Energy Consumption for 2015; Conversion to indices by
the Japan Iron and Steel Federation

Fig. 3 Basic Concept for Long-term Measure to Mitigate Global Warming in the Japan
Iron and Steel Federation (Three ecos+innovative technology development)

Eco-process
Further improvement of world-class
energy use efficiency in iron- and
steelmaking processes

Eco-product Eco-solution
Contribution towards CO2 emissions Contribution towards CO2 emissions reduction
reduction at the stage of steel application as the on a global scale through transfer of Japanese
end product through supply of high-performance steel industry’s world-class energy-saving
steel products —eco-products are indispensable technologies mainly to developing nations
in structuring low-carbon society and their diffusion in those nations

Innovative technology: COURSESO0, ferro coke

Extremely-innovative technology: hydrogen-applied reduction process, CCS, CCU



Fig. 4 Transition in International Cooperation Programs to Support Eco-solutions

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Japan-China Steel Industry Environmental Protection and Energy Conservation Technology Conference (2005~)

The Public and Private Collaborative Meeting between

: : Indian and Japanese Iron and Steel Industry (2011~)
Bilateral and regional
cooperation programs
ASEAN-Japan Steel

Initiative (2014~)

gnouolglea:aet';gln APP (Asia Pacific Partnership) GSEP (Global Superior Energy Performance
programs Steel TF (2006~2010) Partnership) Steel WG (2010~2015)
) . EPCO (Environmental Polic ECO (Environment Committee
ENCO (Environment Committee) (~2009) Commi(ttee) (2010~2013) Y (2014(~) )

“CO:z Breakthrough Program”: Participating with COURSE50 (2003~)

CO: Data Collection (2007~)

International Cooperation Development of ISO 14404 (2009~)

Krogrqm_s (Wor(ljd Stt]ee| SO 14404 —"International standard for the calculation of CO2 emission from steel plants’
ssociation and others) e Issue of the standard for steel plant with blast furnace and electric arc furnace in
2013 and steel plant with electric arc furnace and DRI facility in 2017

Fig. 5 International Comparison of Energy Saving Potentials in the Steel Industry (2011)

EJ
N w N (&) o
I e
w o
GJ/t steel
EJ
©ooooo0o0
— = NN W W
o o1 O o1 O O;
® |
e
o ||
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. .
D || -
w o
GJ/t steel

1 Y
N = 0.00 — == [ | — || — = — | |
World China India OECD Russia Ukraine United Brazil Korea Japan Canada South  Other
Europe States Africa
[ CDQ (or advanced wet quenching) COG recovery [l Blast furnace improvement [l Improved BOF gas recovery [l Switch from OHF to BOF
Efficiency power generation from BF gas Reduced electricity use from continuous casting ® Savings potential (GJ/t steel)

Source: Energy Technology Perspective 2014 of IEA

Photo 1 Steel products conducive to reducing CO2 emissions

@ Motors for hybrid and electric vehicles: @® Automobile and industrial machinery parts:
Improved fuel efficiency, higher output Multi-stepping, downsizing and lighter weight of
and downsizing of motors attained by transmission gears attained by the use of high-strength
the use of high-efficient, non-oriented gear steel—Improved fuel efficiency
electrical steel sheet

7



Fig. 6 Development of High-strength Steel Products and Future Development Potential

1960s 1 1970s 1 1980s 1 1990s 1 2000s 1 2010s 1
Change in social background and need
g;g\fllvt%conomic mglrg\f,fei%eeﬁy Collision safety Global warming Kyoto Protocol Paris Agreement
Mild steel High-strength steel Extrahigh-strength steel
(ease of processing) ~440 MPa ~580 MPa
grade grade

Automotive ste_e_l_sheet

T .

______Potential for higher tensileSiengtiuD>

Bridge cable Steel cord Piano wire Theoretical tensile strength: 10.4 GPa

0 1 2 3 4 5 6 7 8 9
Tensile strength (GPa)

Table 1 Tarﬁets for CO2 Emissions Reduction by the Use of Three Ecos

in the Japanese Steel Industry
Implementation of Plan to Phase | Phase Il
Achieve Low Carbon Society (~2020) (~2030)
5,000,000 tons-CO2* 9,000,000 tons-CO:2
SEpIEEEES (reduction from BAU) (reduction from BAU)
Eco-solution 70,000,000 tons-CO:2 80,000,000 tons-CO:2
Eco-product 34,000,000 tons-CO2 42,000,000 tons-CO2

*Of the emissions reduction target of 5,000,000 tons-COz, while concentrating on the reduction
of 3,000,000 tons-CO:z by means of energy savings and other self-efforts, the emissions
reduction attained by the increased collection of plastic wastes and other waste materials
compared to the FY2005 collection return is to be counted as the emissions reduction return.

Fig. 7 Roadmap towards (Scenario for) Development of Extremely-Innovative Technologies

10 11

Technological development peculiar to the steel industry 2010 2020 2Q30 20.40 2050 2100
counseso | Hudroger-appted eduction melhod n it | PRSI

Super COURSE50 EJ);g;zgeS;c?gepslf a;zegggggmgitgg cSjtitgeilavl\/acf;'tks) Stepping-up - -

et ontes | oSt aneoy ot umaen " O ovccomert GRS
CCS Recovery of CO:z from blast furnace gas Development EL%?E&SL
ccu S)oy;i;stij?gsof CO: arising at steelworks Developi

CCS: Carbon capture and sequestration CCU: Carbon capture and utilization
Technological development for socially common infrastructure

Zero emissions at Zero emissions in system power supply by use of
power source nuclear power and renewable energy Development

Practical
operation

Carbon-free Low-cost mass production technology by use of nuclear Develoomen Practical

hydrogen power and renewable energy P operation
Development of low-cost storage technology, selection Practical

ces/ccu of burying site, conversion to valuables Develop gperation
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Fig. 1 System Boundaries Used in LCI Calculation Methodology

Conventional system boundary
From raw material mining to product shipment

w Production of [
: er}lng Iof raw - iron and steel H »
: materials products '

System boundary in ISO 20915 and JIS Q 20915
From raw material mining to product shipment in which the recycling effect is taken into account

Mining of raw Sdchon Of
materials ‘ g?gd%ré?sstee »

Use of
steel sci@p

»

Taking into account the recycling effect

ReC@'very of
*é‘éfscrap

Fig. 2 LCI Calculation Methodology Adopted in JIS Q 20915

Environmental effect (index)

2.0

1.5

1.0

0.5

Az LCl covering the process B1

Scrap recycling effect
A

: LCl occurring
from mining of natural due to scrap input
resources to shipment of

iron and steel products

(Scrap recycling effect is not

taken into account)

A+B1+B2 :
LCl that reflects scrap
recycling effect

Source: “Fig. 3 Concept of LCI Calculation for Steel Products” in JIS Q 20915

Fig. 3 Scrap Recycling under Market Economy (2017)
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Source: International Steel Statistics Bureau, World Steel Association, the Japan Ferrous Raw Material Association

13

2,644



Fig. 4 Environmental Burdens Occurring during Regeneration of Steel Products

Even after the “end products” reach an end of their service life,
the “material” used for producing the end product is regenerated
while maintaining the characteristic properties peculiar to iron.

Fez20s3 Fe Fe
Natural Iron- and Steel Fabricated End of service Steel Iron- and Steel
resource steelmaking product (end) life of fabricated scrap steelmaking product
process product product process

Fig. 5 Maintaining of Quality during Regeneration

=l ® || ® o ®

Impurities can be removed

Photo 1 Magnetic separation of used steel
products from waste materials

Photo: The Japan Iron and Steel Federation

_
Iron (Fe) Aluminum (Al) Magnesium (Mg) Titanium (Ti)
Source: Modification of the “Report 232_269 by Taketo Hiraki et al” submitted at the 23rd
Annual Conference of Japan Society of Material Cycles and Waste Management (2012)

Fig. 6 Microstructure Control to Impart Diverse Properties

Process Continuous Reheatlng’ Roughln% F|n|sh|ng

casting ™ furnace = Hot leveler = Online water cooling process

Change of rolling

temperatures Further reinforcement of toughness by

the combined use of rolling and cooling

Reheating Rough  Finish Cooling
rolling  rolling

Change of metallic

structures
Grain growth - q Accelerated Intermediate Slow cooling:
control Recrystallzation| | Drawing | | ¢ocjing: Martensite || cooling: Bainite || Ferrite/Perite
Source: Nippon Steel Monthly (June 2007) More than 800 MPa  600~800 MPa  500~600 MPa
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Fig. 7 Production of Steel Products in the World (Steel Products via Blast
Furnace Method and Electric Arc Furnace Method)

(million tons)
1,800
1,600 m Other methods
Blast furnace method
1,400 Electric arc furnace
method
1,200
1
1,000 1o o0 1210 120 419 1200
880 880
800 820 870
650 750
610
600 55y 539 560
400
450 430 409 410 470
200 290 290 310 320 357 370 P, 450 420
0

Source: World Steel Association

Fig. 8 Circulation of Iron and Steel Products in the World (2018)
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Fig. 9 LCl in Lifecycle of Iron and Steel Products
Iron ore-derived
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LCI Xre: 0.5  furnace casting
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*0.5 in terms of calculation  Scrap recycling rate RR: 0.9
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Fig. 10 Concept of LCI Calculation for
Steel Products
(Lifecycle Average)

CO2 emissions in steel

t lif le (t-
Average value — product lifecycle (t-CO2)
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Lifecycle production
of steel products (t)

Fig. 11 Concept of LCI Calculation for
Steel Products Based on
Recycling
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Fig. 12 Number of Lifecycle and
Transition of LCI
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Fig. 13 Relationship of LCls between
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Source of Figs. 9~13:
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Ichiro Daigo: Associate Professor at Depart- Pasan Dunuwila: Project Researcher, Department of Materials

ment of Materials Engineering, Graduate Engineering, Graduate School of Engineering, The University
School of Engineering, The University of of Tokyo. He acquired his B.Eng., M.Eng., and Ph.D. (Engi-
Tokyo. He received Ph.D., M.S. and B.E. neering) from Toyohashi University of Technology, Japan. His
degrees from Kyoto University. He has devel- research interests primarily lie on the upliftment of economic,
oped many analytical models and tools and environmental and societal well-being of industries through the
pioneered research in Industrial Ecology. His tools such as Material Flow Analysis, Material Flow Cost Ac-
achievement has been published in many counting, and Environmental and Social Life Cycle Assessment.
academic articles and books. His works have been published in several reputed journals.

Fig. 1. Comparison of Primary Energy Intensity of Steel by Country (Japan = 100)
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Fig. 2. Conceptual Diagram of IU Hypothesis
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Fig. 3. Trend of Steel Stocks in Japan
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Table 1 Global Crude Steel Demand and Scrap Supply

in 2050 and 2100 (unit: billion tons/year)

2050 2100
Crude steel Scrap Crude steel Scrap References
demand supply demand supply
Pauliuk et al. 2013 2.1 1.0 2.6 1.8 11)
Oda et al. 2013* 2.2 0.9 Not applicable 12)
Morfeldt et al. 2015** | 2.1-2.3*** 0.5-0.6 2.3-2.6 1.6-1.7 13)

* Reference case;

** Results of scenario demand stagnation in 2050;

*** The results of the three scenarios were denoted as a range
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Fig. 4. Conceptual Diagram for State Transitions of Steel-material Flows
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Fig. 6. Flow Chart for (a) Steel and (b) Steel Scrap (2014, Unit: million tons)
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A List of Presentation Titles and Presenters

at the Ninth Green Steel Seminar in 2019

Title

Presenter

Application of Environmental Product
Declaration (EPD) in Iron and Steel
Products

Masayuki Kanzaki
Director, LCA Center, Sustainable
Management Promotion Organization

Deference between Closed-type Recycling
and Open-type Recycling and Its Reflection in
the Lifecycle Assessment of Iron and Steel
Products

Ichiro Daigo

Associate Professor, Department of Materials
Engineering, Graduate School of Engineering,
The University of Tokyo

Lifecycle Assessment Methodology for Iron
and Steel Products Making the Most of Their
High Recyclability

Hidekazu Matsubara

Secretary, Committee on Environment-friendly
Steel for Construction, The Japan Iron and
Steel Federation

The Iron Cycle Connects People with the
Earth: Steel's Environmental Performance and
Recent Trends in the Japanese Steel
Industry’s Initiatives to Mitigate Global Warming

Yuki Yamamoto

Chairman, Committee on Environment-friendly
Steel for Construction, The Japan Iron and
Steel Federation
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(Reference: Scenes of the 2018
Green Steel Seminar in Tokyo)
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Fig. 1 Se

Photo 1 GINZA KABUKIZA, a complex facility building where a high-rise
office was installed on the Kabukiza Theatre

Photo 2 Full view of the new Kabukiza Theatre designed by carrying on the former theatre
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Fig. 2 Section of Theatre Seat Section
ML ‘ __ =
DA A

/ .
Profile line of former theatre

Photo 3 Theatre seats prepared by carrying on the design of the former theatre

Photo 4 Mega truss structure provided as the switchover structure between the theatre and high-rise
office tower
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Fig. 3 X-direction Framing Elevation
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Fig. 4 Details of Mega Truss Steel Framing
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x40x50

Photo 5 Mega truss with a span of 38.4 m and a
height of 13 m and manufactured
employing high-strength steel SA440

Photo 6 Hydraulic jack used to secure level
assembly of frames

Photo 7 Measurement of displacement of
frames during installation



Outline of GINZA KABUKIZA Project
Location: Ginza, Chuo-ku, Tokyo
Project owner: KS Building Capital Specific Purpose Company, Kabukiza Theatre
Development: Shochiku Co., Ltd. (trustee)
Main applications: Office, theatre, shop and parking lot
Area: Site area—6,995.85 m?
Building area—5,905.62 m?
Total floor area—93,530.40 m?
Material: Aboveground—Structural steel
Underground—Structural steel and reinforced concrete
Foundation—Reinforced concrete
No. of stories: Four basements, 29 storeys aboveground, two-storey penthouse
Maximum height: 145,500 mm
Design: Mitsubishi Jisho Sekkei Inc., Kengo Kuma and Associates
Structural design: Mitsubishi Jisho Sekkei Inc.
Construction: Shimizu Corporation
Design term: January 2008 to September 2010
Construction term: October 2010 to February 2013

Photo courtesy

Mitsubishi Jisho Sekkei Inc.

Kengo Kuma and Associates

Taisuke Ogawa/Taisuke Ogawa Shashin Jimusho
Mitsumasa Fujitsuka/Helico

Shochiku Co., Ltd.

Kabukiza Theatre

Photo 8 Traditional tile roof of Kabukiza Theatre and vertically-narrow spaced lattice exterior of
Kabukiza Building of GINZA KABUKIZA completed by optimized use of steel structure
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