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A List of Lecture Themes and Lecturers at 4th Green Steel Seminar

Keynote lecture:
Recent Trends and Future
Directions Involved in LCA

Matsunori Nara, Dr. Eng.
Professor, Department of Computer and
Media Engineering, Tokyo University of Science, Suwa

Methods to Treat Structural
Steel Members Left Behind

Dr. Yoshikazu Shinohara
Group Leader, Eco-energy Group, National Institute for
Materials Science

Introduction of LCA Approaches
to Take Account of Recycling
Effects of Steel Products and
Simulation Examples

Tomohisa Hirakawa
Vice Chairman, Committee on Environment-friendly Steel
for Construction, The Japan Iron and Steel Federation

Assessment Approaches for
Environmental Influence
Caused by Use of Steel
Products

Dr. Minoru Fuijii

Senior Researcher, Eco-city Systems Research Program
Project Leader, Environmental Urban Systems Section,
Center for Social and Environmental Systems Research,
National Institute for Environmental Studies

Fourth Green Steel Seminar held in November 2014
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Fig. 1 CO, Emissions in 44-year Life Cycle at Old Showa Bridge (Case 1)
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Fig. 2 CO, Emissions in 200-year Life Cycle at Model Bridge (Case 2)
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Fig. 3 Ratio and Tonnage of CO, Emissions in 44-year Life Cycle by Life Stage at
Old Showa Bridge (Case 1)

/recovery (18%)+Design/construction (72%)=25.0%

Fig. 4 Ratio and Tonnage of CO, Emissions in 200-year Life Cycle by Life Stage at
Model Bridge (Case 2)
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Fig. 5 Striking a Balance between Environment, Cost and Society
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Table 1 Difference in Recycling by Material

Horizontal recycling | Of recycling systems, the horizontal recycling denotes the process
in which a material after recycling is used for the application similar
to that before recycling.

Ex.: Steel frame, reinforcing bar (structure) — Steel frame, reinforcing bar (structure)

Cascade recycling | Of recycling systems, the cascade recycling denotes the process in
(Down cycle) which a material after recycling is used for the application different
from that before recycling.

Ex.: Concrete (structure) — Concrete (roadbed material)

Material recycling

Thermal recycling In thermal recycling, scrap, wastes and other materials are incinerated to
recover thermal energy, or called the thermal recovery system.
(Distinguished from material recycling)

Ex.: Lumber, plywood — Fuel source

Fig. 1 Circulation of Iron and Steel Products in Japan (FY2010)
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Fig. 2 Concept of End-of-Life Approach (worldsteel 2011)
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Fig. 3 Relation between Blast Furnace Method and Electric Arc Furnace Method
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Table 2 Definition of Respective Elements in LCl.,, Equation

Element in equation Definition

Steel product LCI (kg-CO2/kg) that takes account of recycling effect;
System boundary for LCI calculation of steel products is set to cover
LCleoL product life stages from raw material procurement, production and
shipment to external scrap recovery, intermediate treatment, recycling
process and scrap LCI; EoL: End of life

LCI of external scrap (kg-CO2/kg); External scrap denotes steel scrap
Scrap LCI recovered from end-of-life end-use product and does not include
process scrap and steel shop scrap

Steel product LCI (kg-CO2/kg) that does not take account of recycling
effect; System boundary for LCI calculation of steel products is set to

X cover product life stages from raw material procurement to production
and shipment (cradle to gate)
Xor LCI (kg-CO2/kg) of steel product produced by blast furnace method: On
p the premise of 0% in scrap application rate
Xre LCI (kg-CO2/kg) of steel product produced by electric arc furnace

method: On the premise of 100% in scrap application rate

RR (recycling rate) in calculation equation for LCl., proposed by
worldsteel; In its report, RR is shown using the ratio (kg/kg) of the
RR external scrap recovery amount (kg/y) to the external scrap generation
potential (kg/y); RR does not cover yielding in steelmaking employing
recovered external steel scrap

Production efficiency in electric arc furnace steelmaking (yield kg/kg);
Y Ratio of steel production to external scrap input (more than 1 kg of
external scrap is required to produce 1 kg of steel)

Application rate of external steel scrap used in iron- and steelmaking
S process (kg/kg); The equation does not target process scrap and steel
shop scrap

Table 3 Example of Trial Calculation of LCleoL

X RR Xpr Xre Y S ECIoy

Steelworks |
(Blast furnace method image) 1.97 0.05 | 0.76
0.88 | 2.04 0.47 | 0.93

Steelworks Il
(Electric arc furnace method image) e 0.95 N

12



Fig. 4 System Boundary for LCI Calculation of Steel Products with EoL Recycling

An entire amount of steel
scrap (recovered used
steel products) is effec-
tively reused as the mate-
rial in iron and steelmaking
process.

In the recycling process,
steel products are easily
recovered by use of mag-
netic force as the scrap,
which is used again as the
material in electric arc fur-
nace steelmaking.

Nearly an entire amount
of steel products applied
in respective purposes are
recovered as the scrap,
which is then used to
make renewed steel prod-
ucts.
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Photo 1 In-use stock of steel

Fig. 1 Steel Stock in Japan during 1980 to 2000
Obsolete stock
Infrastructural stock

In-use stock

Stock (million tons)

(Year end)

Fig. 2 Material Flows of Steel after Discarding as End-of-life Products

Export of ) . Import of
used products Hibernating s?:rap
or parts stock

Ao .

& @ | Domestically

22| Steel scrap o reé:yclled

B8 | generation as gcrsa%ete

In-use stocks 28 potentials S @

n S oQ

o E

s

8
v Remaining

Landfill Export of
Obsolete steel scrap
stock
. - Hibernating stock

Loss during recycling
processes, e.g., mixing Obsolete stock
into other material cycles
(dissipative flow)

16



Fig. 3 Lifetime of End-use Products with a Range of Uncertainty
(Regarding buildings and automobiles, actual lifetimes for them can be obtained by statistics.)

Lifetime of products (years)

Photo 2 Slit dam as a case of infrastructural stock

Photo 3 Crush barriers on a disused road as a
case of hibernating stock
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Fig. 4 Comparison between the Steel Scrap Generation Poten-
tials and the Recovered Steel Scrap
(in the cases of the most likely value (a), the maximum value (b), and
the minimum value (c))

(a) Most likely value

Steel scrap (million tons)

(b) Maximum value

Steel scrap (million tons)

(C) Minimum value

Steel scrap (million tons)
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Fig. 5 End-of-life Recycling Rate of Steel in Japan

(The upper and lower bounds show a range of uncertainty.)

Upper bound

Lower bound

End-of-life reccyling rate

Fig. 6 Amount of Heavy Scrap Recovered by Category relative to its EoL-RR

Steel scrap [million tons]

Fig. 7 Schematic lllustration of the Role of Hibernating Stock in Recovery Mechanisms

Pool of hibernating materials (hibernating stock)

In-use stock
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Fig. 1 Iron- and Steelmaking Process

Fig. 2 Crude Steel Production in the World
1800

1600 Other

1400 .
Electric arc furnace steel

1200
Basic oxygen furnace steel

1000

800

600

400

Crude steel production (million tons)

200

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Fig. 3 Concept of Steel Recycling

Scrap Iron ore Reduction Iron ore Scrap
capacity
Small Large

. Blast furnace/
Electric arc furnace process basic oxygen furnace process

Primary steel product
(use mainly of iron ore)

Secondary product (use of scrap)

Circulation pool of steel product (scrap)
Source : LCA Methodology Report (worldsteel, 2011)
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Fig. 4 Major Energy- and Resources-saving Technologies Applied in Steelworks

'70s '80s '90s '00s 10s
1) Process innovation: Sg&‘:ﬁgﬁs:ﬁi‘gﬁﬁg Pulverized coal injection, coal moisture control Continued improvement
. . Hotchargerolling, s . .
Process improvement: 5 tomatic combustion control Artificial intelligence, supply chain network Continued improvement
N . o
2) Byproduct gas recovery, highly efficient utilization ~ Gas holder, high-efficiency gas turbine Continued improvement e
compound power generation 3
8
3) Waste heat recovery : TRT, CDQ Regeneration burner Continued improvement Continued improvement 3
4) Utilization of wastes: Plastic waste,
used tire, biomass Gasification *
c
5 £
= o
g £
H
2 o
a <
S ]
3 ° Process innovation
=) § Process improvement
2
@
g
-
3 Byproduct gas utilization
&
Waste heat recovery
Waste material utilization
*COURSE-55: Research project on the technology to reduce blast furnace CO2 emissions and to over CO2 from blast furnace gas

Source: Commitment to a Low-Carbon Society (The Japan Iron and Steel Federation)

Fig. 5 International Comparison of Unit Energy Consumption in the Steel Industry
Index set at 100 for Japan

Unit energy consumption in steel industry
(blast furnace/basic oxygen furnace process)

Japan Korea Germany France U.K. India Brazil U.S.A. Russia

Source: Indexing of data in “Estimate for Unit Energy in 2010”
prepared by Research Institute of Innovative Technology for the Earth
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Fig. 6 Effects of CO, Emissions Reduction Attained
in Five Major End Products (Estimates for 2013)

Domestic use Export
Transformer Transformer
Reduction of Ship Reduction of Ship
CO emissions CO, emissions
9.76 million tons 15.82 million tons
Train

Automobile Power generation Automobile Power generation
boiler boiler

CO, emissions reduction: 25.50 million tons (target steel products: 7.52 million tons)
Source: The Institute of Energy Economics, Japan
*Five steel products of automotive steel sheet, oriented electrical steel sheet, shipbuilding steel plate, boiler tube and stainless steel plate;
3.677 million tons in domestic use and 3.845 million tons for export in FY2013, totaling to 7.522 million tons

*Start of assessment for CO, emissions reduction: Domestic use from FY1990, export (automobile sheet and shipbuilding plate) from FY2003,
boiler tube from FY1998, and electrical sheet from FY1996

Fig. 7 Case of Demolition and Reuse of Steel Structure (Tonegawa Bridge on Joban Line)

The eight-span Tonegawa Bridge on the Joban Line in Ibaragi Prefecture, constructed in 1916,
was dismantled to three sections, each of which is currently reused as the railway bridge in three
locations: Aganogawa Bridge spanning Agano River in Niigata Prefecture, Shogawa bridge

spanning Sho River in Toyama Prefecture, and Daini-Takahara Bridge spanning Daini-Takahara
River in Gifu Prefecture.

After After
transfer transfer
B : Shogawa Bridge A’ Aganogawa Bridge
After
transfer

C : Daini-Takahara Bridge Dismantling Tonegawa Bridge

on Joban Line
intoA,B,and C

Fig. 8 Water-permeable Steel Piling
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Fig. 9 Steel Pile Embankment Using Planting Fin

Fig. 10 Water-permeable Steel Dam to Prevent Sand Buildup

Fig. 11 Impermeable Steel Dam to Block Sand
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High-strength Steel for Buildings (SA440, H-SA 700)

SA440 (tensile strength: 590 N/mm?-grade steel) and H-SA700
(tensile strength: 780 N/mm?-grade steel) are high-strength steels
developed for building construction. Use of these high-strength
steels permits downsizing and weight reduction, especially for

Reduced Sectional Dimension of SA440 and
H-SA700 due to Higher Strength

Dimension of
Conventional
SN490B

800
>

t1=85

1350

t2=100

large-size and extra-heavy sections of steel frames, e.g. steel
framing columns for high-rise buildings. These steel materials
are also effective in reducing the weight of roof trusses and oth-
er heavy members.

Reduction of Steel Weight Attained

by Use of High-strength SA440 and H-SA700
100% 100%

£ 80%
66%
60%

42%
40%

2 20%

Weight/equivalent strengt

0%

SN490B SA440B H-SA700

Fire-resistant Steel
Fire-resistant steel exhibits higher strength at high temperatures
than do conventional steel building materials. It is guaranteed that
at 600°C the proof stress of this material is at least two-thirds the
proof stress specified at room temperature. Fire-resistant steel al-
High-temperature Performance of Fire-resistant Steel
at Elevated Temperatures
Yield strength (N/mm?)

400 —
YP
Fire-resistant steel
300 —
217 (N/mm?)
200 — YP
General steel (SN490)
100 —
YP:Yield point
0
20 100 200 300 400 500 600 700 800

Temperature (°C)

lows the reduced use or elimination of fire protection in the con-
struction of multistory parking facilities and other buildings. This
means that such advantages as lower cost, a shorter construction
period, and a better working environment can be expected.

Example of application of fire-resistant steel in multi-story car park
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Steel Slit Dams for Controlling De- Control of Debris Flow by Steel Slit Dam
Water and harmless

bris Flow Normal condition : sediments flow down
This is a permeable steel slit dam built by join- under normal conditions.

ing together steel tubes that have outstanding
shock absorption. This structure shows partic-
ular concern for the environment, as it is de-
signed not to disturb normal river flow, thus
allowing the unimpeded passage of water and
inoffensive earth and sand. However, once a
debris flow occurs, any offensive matter is cer-
tain to be captured.

In case of debris flood :

Shift-type structures is designed considering the ecosystem, which does not disrupt river flow.

Weathering Steel for Bridges

Weathering steel forms protective rust on every surface due to the ~ extremely slow rate of corrosion. This property allows weather-
addition of such elements as Cu, Ni, and Cr. This protective coat-  ing steel to serve a long time without surface painting. This leads
ing of rust is tight and homogeneous, and is characterized by an  to reduced maintenance costs for steel bridges.

Image of Lifecycle Cost Reduction in Weathering Steel Bridges

Weathering steel (without painting)
Weathering steel (surface-treated)

Painted steel (C5 paint)

Cost for corrosion protection

Years after construction

Application of weathering steel bridge in remote mountainous area
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Seminar on steel bridges

Mr. Toru Watabiki
(JFE Engineering
Corporation)

Mr. Hiroyuki Okada
(Nippon Steel &
Sumitomo Metal
Corporation)

Mr. Nattapon Mr. Nuttapon
Ratanamalee (ISIT) Suttitam (ISIT)

Usefulness of Steel Construction Today &
Tomorrow for your current work (%)

Not so helpful Not helpful
3.4 0.0

Comparatively
helpful
34.5

Very
helpful
62.1

Is the steel structure used in your current work? (%)

Unknown
Not used 3.4

until now
12.4 ‘
Used in the

past work
224

Used in the
current work
65.5
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Seminar on the environment and energy con-
servation

(from left to right) JISF staff, Mr. Noriji Numata (JFE
Steel Corporation), Mr. Songwoot Graiparpong (ISIT),
Mr. Teruo Furuyama (Nippon Steel & Sumitomo Metal
Corporation)





