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Acronyms

AP
BF
BF Gas

BOF
BOF Gas
CO Gas
CRP

DRI
EAF
ECCS

ELCD
EP
GWP
HDG
HRC
ILCD

ISO
ISSF
LCA
LCI
LCIA
NCV
PED
POCP

worldsteel

Acidification potential
Blast furnace

Process gas produced in the blast furnace

Basic oxygen furnace

Process gas produced in the basic oxygen furnace
Processgasproduced inthe coke ovens

Critical review panel

Direct reduced iron

Electricarcfurnace

Electrolytic chrome-coated steel (tin-free steel)

European Reference Life Cycle Database
Eutrophication potential

Global warming potential
Hot-dipgalvanized steel

Hot-rolled coil

International Reference Life Cycle Data System

International Organization for Standarization
International Stainless Steel Forum

Life cycle assessment

Life cycle inventory

Life cycle impact assessment

Net calorific value

Primary energy demand

Photochemical oxidant creation potential

World Steel Association
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Table 1: List of products covered by the study.

Product category Manufacturing route List of products
Long products Blast furnace route and electric |Sections
arc furnace route Rebar*
Wire rod*
Flat products Blast furnace route Plate

Hot-rolled coil
Cold-rolled coil
Pickled hot-rolled coil
Finished cold-rolled coil
Electrogalvanized*
Hot-dip galvanized
Tin-free steel
Tinplated products
Organic coated flats
Welded pipes

UQO pives

* only global data is currently available
43 VR TLDER

COFAETIX, D EoL DIV YAV ILEZECHE. FRIEFEFLVEEN-EY & X 1=, cradle-to-gate LCI
NDABETHS B1IBLUUTD2E8HB), D2FVY. thhDER (THbHEH L— FKIL) H SRS S HH
THEMITETCVWSIERER (ThHESY—F) £T, WEIREDETEH/IN—LTWS, EoL DUHAY
ILEET cradle-to-gate LCI DFAETIX, EoL T, HETHOFEAFGZLES LEREEGMSHEF VY1

(EoL R9 59 F) §HZELICEEL-. ERDYI LYY PREENRTNS, IITORBREZORERIEZD
FRITEENTULVEL,

MIZ<DELLIRARTHERAINATLS=H., FREEICOWLNTIE., HAKMIBEHIRMT S cradle-to-gate
DT—E2ty FZEDINWT, REFZDFIVRA M) —LDA—HF—IZE>TEFIMEEAGZITNIELZ ST,
MOERENMBLANILTODELDI LYY FEETHT—2ty FEFERTS5HE. 12— —HR4O VX b
J—LDEFZD end-of-life ZETILTHEEZICTEND Y P RELTWVEWNWZ EFER LB FNIEAZ S AL,

Frz. EEMICE DT, cradleto-gate (UHA I ILHYEVHAIIILIEL) 41 VR M) —IZIERDEDNE
FNTULAEL  ARFAK. EDRRWR., £E. FAH. BE. AVT7FUX BHR. EBY—EXR. v—7 7T
1. EBEBMOEE. TOith



End of W@ scrap |
Trarspotation
Franw mighetial and E i
enargy production 1 i
{including exiracion) ! : .| Stesl
B ! Steal Makang Processas | proediacts
] i
E i i
! |
s i i
& — Consumakie i :
production i !
U i !
]
3] ] Ancalary Waste Ricovary ||
e 1| Procasses weatar processas ||
i & treatment o
E External scrap i | Transport * P
5 Supply — E Wi reatmard I
e ———— I
k3
S extarnal cparations =y
Equrvaliant Co-produc produts
funcEons
| Ermissons bo air, wiatier, kand
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Figure 2: System overview, without end-of-life recycling
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Table 2: Number of process stages represented in the study

Process stage No. of processes Process Stage No. of processes
Cokemaking 21 Electrogalvanizing 5
Sintermaking 22 Hot-dip galvanizing 17
Pellet plant 4 Tin-free mill (ECCS) 4
Blast furnace 24 Tinplate mill 11
Direct reduced iron 1 Organic coating line 9
Basic oxygen furnace 24 Section mill 8
Electric arc furnace 12 Heavy plate mill 7
Hot strip mill 19 Rebar 6
Pickling plant 20 UO pipe 4
Cold-rolling mill 20 Welded pipe 4
Annealing and tempering mill 19 Wire rod 8
Total processes 269
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Table 3: List of accounted air and water emissions

Accounted emission Flows

Greenhouse gases CO,, CH,4, N,O

Acidification gases |NO, SOy as SO, , HCI, H,S

Dioxins

Alr Organic emissions VOCs (excluding methane)

Metals Cd, Cr, Pb, Zn

Others CO, Particulates (Total)




Metals Cr, Fe, Zn, Pb, Ni, Cd
Water

Others N (except ammonia), P compounds, Ammonia, COD, Suspended matter
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Table 4: Steelmaking co-products

Production process Main co-products Allocation method

CO gas

Coke oven System expansion

Coke System expansion
Benzene
Tar
Toluene
Xylene
Sulphur

Blast furnace Blast furnace gas
Hot metal

Slag

System expansion

Basic oxygen furnace
(BOF)

BOF gas
Crude steel
Slag

System expansion

EAF

Crude steel
Slag

System expansion
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Table 5: Slag recovery rates and usages

Total recovered Cement Roadstone Fertiliser

BF slag >94% 82% 17% <1%

BOF slag >95% 9% 83% 8%




EAF slag 100% 9% 91% 0%
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nd.

LClI for 1 kg of steel product including recycling = X—(RR—S) Y (Xpr —Xre )
Where:

X is the cradle-to-gate LCI of the steel product

(RR —S) is the net amount of scrap produced from the system:
RR is the end-of-life recycling rate of the steel product

S is the scrap input to the steelmaking process — this is the net scrap consumed in the steelmaking process and does not
include internal scrap. Home scrap is considered when the scrap comes from a process which occurs on the
steelmaking site, but does not contribute to any of the production stages of the product.

Y (Xpr - Xye) is the LCI value of steel scrap:



Y is the process yield of the EAF (i.e. >1kg scrap is required to produce 1kg steel)

Xpris the LCI for 100% primary metal production. This is a theoretical value of steel slab made in the BOF route,
assuming 0% scrap input.

Xre is the LCI for 100% secondary metal production from scrap in the EAF, assuming 100% scrap input.
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Figure 3: Horizontal averaging and vertical aggregation
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Project leader: worldsteel LCA Manager

Data provision: worldsteel member companies

Support:
- worldsteel LCA Expert Group

- PE International

Review:

- worldsteel LCA Expert Group

Figure 4: Organisation of the worldsteel data collection
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Table 6: Life cycle impact assessment results of steel products

PED MJ GWPkg AP kg EPKkg phosphate| POCPkg
COx SO, e ethene e
Sections, Cradle-to-gate 19.6 16 0.0045 0.00036 0.0008
Lkg Including recycling 16.4 12 0.0037 0.00034 0.0006
Recycling benefit -3.2 -04 -0.0008 -0.00002 -0.0002
Hot-rolled coil, Cradle-to-gate 21.6 2.0 0.0052 0.00035 0.00094
Lkg Including recycling 11.9 0.9 0.0025 0.000282 0.00035
Recycling benefit 9.7 11 -0.0027 -6.8E-05 -0.00059
Hot-dip galvanized Cradle-to-gate 275 2.5 0.0074 0.00048 0.0012
steel, 1 kg - -
Including recycling 175 13 0.0047 0.00041 0.00061
Recycling benefit -10.0 -1.2 -0.0027 -0.00007 -0.00059
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Figure 5: Primary energy demand (MJ) of steel products
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Figure 6: Contributions to primary energy demand of steel products
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Figure 11: Eutrophication potential (PO 3- e) of steel products
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Figure 12: Contributions to eutrophication potential of steel products
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Figure 13: Photochemical ozone creation potential (C, Hy. €) of steel products

HAMBROKALFEL Y VERRT 22 v LADEEF—BILRF 60%LULEEEHTINS, KiLFA VU ER
RF UL v LIZBRT 2MDOTRTOTELWE. Figure 14 [SREN TV B,

100 ~
80
B Methane
6o B Group NMVOC to air
0,
Y W Sulphur dioxide
40 @ Nitrogen oxides
m Carbon monoxide
20
0 :
HDG

Sections HRC
Figure 14: Contributions to photochemical ozone creation potential of steel products

72 XU S5y 7D LCI{E

BRI SYTDI=HD LClI ZRET H-ODAERKIEI 3> 463 THEAL, &5(Z Appendix 10 TR =
nNTW3, 7Ly MIEREGNFMDZ-BRICEARINIZEKROR ISy TI25EZ5hTNVS, COIEK
DAY SYTFUTDELSITREESN D,



EBRDRY Ty T =EoLIZTEVWTUHAVILENBMRI SV TE - RV v TRAE
COBZEE. BoLD) YAV IILEF, ZREZOM 1 FoB-YVD IS IIILHDx ko ELTERSESND,

NE—BUICERELLTREIND, RIS Y TRAZEDLEESIAEHD 1 FoHEYDOBRIZTY T X b
VERBINDIRETHD, COREERTDE. FEUGAVIVIZHBAREIZLE B8R0 5y 7D LCI (£,
SHHEBINDIRYISYTERLTHDEEZALNS,

CDFBERIV S TERAITEEEKRDR Y Sy THRAZEKRT S, §4hHb, RIFShTWSTOEXATERK
SNHBER. ARELIIERRAY S Y FIEEBEL TLEL,

HEEEIRIASE L TEHIFICEINDIR YISy TEBBEEIAILAIZEASASINBRI Sy TELTSE
EFNTULEL, ZOEHRASNZIRISYTEIELDBEEERRI Ty THO, dROUGROTRIETHRYE
LIRSy TTHDEEZLNTILNS,

9232 71 TRINBERIEZ. RITZVYTOUHAIIILDEOHDZDEKRDY LY FRAEENTILND,
1kg DRI v TDI)HA I ILDOFEEIL Table 7 IZRENTWNS, ChlF463HDKXEAEEANTEHES
ntTua,

BRE-HIBELRL,

Table 7: Example impact categories and PED for 1 kg of steel scrap

Impact category LClI for 1 kg steel scrap
PED, MJ 134
GWHP (100 years) kg CO, -e 151
AP, kg SO, -e 0.0037
EP, kg Phosphate-e 9.97E-5
POCP, kg Ethene-e 0.00081
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Figure 15: Life cycle contributions to PED and impact categories for steel sections
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Figure 17: Life cycle contributions to PED and impact categories for HDG steel
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Table 8: Life cycle significant flows, phases and processes (excluding the end-of-life phase)
Impact category Main input/output Main phase Main processes




PED Hard coal (75—95%) Upstream (~ 100%)
Natural gas (0—15%)

GWP (100 years) | Carbondioxide (90—95%) Gate-to-gate (> 60%)
Methane (~ 6%) Upstream (20—30%) Upstream energy:
AP Sulphur dioxide (50 — 60%) Gate-to-gate (40 — 60%) electricity and fuels
Nitrogen oxides (30 — 40%) Upstream (40—60%)
Hydrogen sulphide (< 10%)
EP Nitrogen oxides (>90%) Gate-to-gate (55 - 75%)
Nitrous oxide (~ 2%) Upstream (~ 50%)
Ammonia (~ 2%) Gate-to-gate: steel
Chemical Oxygen Demand (~ 2%) production processes
] up to slab production
POCP Carbonmonoxide (60—70%) Gate-to-gate (> 80%)
Sulphur dioxide (10—20 %) Upstream (~ 20%)
NMVOCs (<10%)

Nitrogen oxides (<10%)
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Table 9: Sensitivity analysis of system expansion

PED MJ kgC\i\(IDPge
Sections, 1 kg Excluding system expansion 21.75 1.65
Including system expansion 19.64 1.56

% Difference -9.7% -5.7%
Hot-rolled coil, 1 kg Excluding system expansion 25.96 1.83
Including system expansion 21.64 2.01

% Difference -16.6% 9.8%
Hot-dip galvanized steel, 1kg Excluding system expansion 31.61 2.35
Including system expansion 27.59 247

% Difference -12.7% 5.1%
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Appendix 1: Description of steel products

Product Product description
Plate /A flat steel sheet rolled on ahot-rolling mill; can be further processed. Includes  use in the
following sectors: structural steels, shipbuilding, pipes, pressure vessels, boilers, heavy metal
structures, offshore structures, etc. Typical thickness between 2 and 20 mm. Maximum width
is 1,860 mm.
Hot-rolled coil Steel coil rolled on ahot-strip mill; can be further processed. Applications in virtually all

sectors of industry: transport, construction, shipbuilding, gas
containers, pressure vessels, energy pipelines, etc. Typical thickness between 2 and 7 mm.
Typical width between 600 and 2,100 mm.

Pickled hot-rolled coil

Hot-rolled steel fromwhich the iron oxides present at the surface have been removedina
pickling process; can be further processed. Applications invirtually all sectors of industry:
transport, construction, shipbuilding, gas containers, pressure vessels, energy pipelines, etc.
Typical thickness between 2and 7mm. Typical width between 600 and 2,200 mm.

Cold-rolled coil

Obtained by a further thickness reduction of a pickled hot-rolled coil. Thisstep is achieved at
low temperature in a cold-reduction mill; can be further processed. Used as primary material
for finished cold-rolled coils and coated coils. Typical thickness between 0.15and 3 mm.
Typical width between 600 and 2,100 mm.

Finished cold-rolled coil

Obtained by heat treatment (annealing) and strain-hardening of cold-rolled steel to achieve final
mechanical properties making the steel suitable for further uses (forming and bending); can be
further processed. Classified into the following: formable steels, high strength formable steels,
weathering structural steels, structural steels, hardenable steels. They have excellent forming
properties,

electromagnetic properties, paintability, weldability, and are suitable for fabrication by forming,
pressing and bending. Applications include domestic applications, automotive applications,
lighting fixtures, electrical components (stators, rotors) and various kinds of roofing
applications, profiled sheets, wall elements, etc.

Typical thickness between 0.3 and 3 mm. Typical width between 600 and 2,200 mm.

Hot-dip galvanized steel

Obtained by passing cold-rolled coil through a molten zinc bath, to coat the steel withathin
layer of zinc to provide corrosion resistance; can be further processed.

Has excellent forming properties, paintability, weldability, and is suitable for fabrication by
forming, pressing and bending. Applications include domestic applications, building
applications (e.g. wall elements, roofing applications),

automotive applications (e.g. body-in-white for vehicles, underbody auto parts), lighting
fixtures, drums and various kinds of sections applications, profiled sheets, etc. Typical
thickness between 0.3 and 3 mm. Typical width between 600 and 2,100 mm.

Electrogalvanized steel

Obtained by electro plating finished cold-rolled steel with a thin layer of zinc or zinc-nickel to
provide corrosion resistance; can be further processed.

Has excellent forming properties, paintability, weldability, and are suitable for fabrication by
forming, pressing and bending. Applications include domestic applications, building
applications (e.g. wall elements, roofing applications), automotive applications (e.g. body in
white for vehicles underbody auto parts),

lighting fixtures, drums and various kinds of sections applications, profiled sheets, etc. Typical
thickness between 0.3 and 3 mm. Typical width between 600 and 2,100 mm.

Rebar

/A steel reinforcing bar is rolled on a hot rolling mill; can be further processed.  This product
is used to strengthen concrete in highway and building construction also as primary product
for the wire rod process.




Sections

Asteel sectionrolled on ahot-rolling mill. Steel sectionsinclude I-beams,

H-beams, wide-flange beams, and sheet piling. This productis used in

construction, multi-story buildings, industrial buildings, bridge trusses, vertical highway
supports, and riverbank reinforcement.

UQ pipe

UO pipe is usually large in diameter and produced one piece at a time by forming plates.
The plate is first pressed into a U shape by the U-press, and then into an O shape by
the O-press. Relatively thick material is used for making UO pipes, so submerged arc
welding is used for joining. UO pipe is mainly used as line pipe for transporting petroleum
and natural gas in large quantities and over long distances.

Welded pipe

/A flat plate steel coil that is bent and welded into a tube. It can be found on the market for
final use. A heavy-wall pipe istechnically used totransport fluids (e.g. oil, gases, water,
chemicals).

\Wire rod

Wire rod is arolled steel product, produced from a semi and having around, rectangular
or other cross-section. Particularly fine cross sections may be achieved by subsequent cold
forming (drawing). Wire rod iswound into coilsand transported in this form.

Tinplate

Obtained by electro-plating athin finished cold-rolled coil with a thin layer of tin. It can
be found on the market in coil or in sheets and is further processed into finished products
by the manufacturers. Tin-plated steel is used primarily in food

cans, industrial packaging (e.g. small drums). Typical thickness between 0.13 and

0.49 mm. Typical width between 600 and 1,100 mm.

Tin-free (ECCS)

Also known as Electrolytic chrome coated steel (ECCS). Obtained by electro- plating a
thin finished cold-rolled coil with athin layer of chrome. It can be found onthe marketin
coil orinsheets and is further processed into finished products by the manufacturers.
ECCS is used primarily in food cans, industrial packaging (e.g.small drums). Typical
thickness between 0.13and 0.49 mm. Typical width between 600 and 1,100 mm.

Organic coated

Obtained by coating a steel substrate with organic layers such as paintor laminated film.
The substrate is mainly hot-dip galvanized coil butmay alsobe electrogalvanized coil,
finished cold-rolled coil or tin-free steel. It canbe foundon the market in coil or in sheets
and is further processed into finished products by the manufacturers. Used inall activity
sectors, e.g. construction (roof, walland ceiling claddings, lighting, radiators, etc.),
general industry (e.g. office furniture,

heating, ventilating, air conditioning), domestic appliances (refrigerators, washing machines,
small kitchen appliances, computer casings, VCR & DVD casings, etc.) and packaging.
Typical thickness between 0.15and 1.5 mm. Typical width between 600 and 1,300 mm.




Appendix 2: Representation of the BOF module
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Appendix 3: Steel product manufacturing flow diagrams via the BOF and EAF

routes
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Typical representation of steelmaking processes. Process routes can vary; notall routesare included.  Steel products highlighted in blue.



Appendix 4: Example data collection questionnaire

Fiscal period: 2008
Site: Steel Site 1, Steel Company Questionnaire: Hot strip mill
Tab: Inputs

Name Unit | Value | Qualityofdata Source Year
Flows - - - - -
Production residues in life cycle - - - - -
\Waste for recovery - - - - -
Hot rolling sludge kg 150 Measured Factory 2008
Oxycutting slag kg Calculated Literature
Scales internal kg Estimated Other
Scarfing dust kg n.a. Factory
Steel scrap (Home scrap) kg n.a. Factory
Used oil kg n.a. Factory
\Waste water treatment sludge kg n.a. Factory
Resources - - - - -
Material resources - - - - -
Renewable resources - - - - -
\Water - - - - -
\Water (fresh water) kg n.a. Factory
Water (sea water) kg n.a. Factory
\Water (softened, deionized) kg n.a. Factory
\Water Cooling fresh kg n.a. Factory
\Water Cooling sea kg n.a. Factory
\Valuable substances - - - - -
Energy carrier - - - - -
Electric power - - - - -
Power MJ n.a. Factory
Fuels - - - - -
Crude oil products - - - - -
Heavy fuel oil kg n.a. Factory
Light fuel oil kg n.a. Factory
Liquefied petroleum gas kg n.a. Factory
Natural gas products - - - - -
Natural gas kg n.a. Factory




Name Unit | Value | Qualityofdata Source Year

Other fuels - - - -

Basic Oxygen Furnace Gas (MJ) MJ n.a. Factory
Blast furnace gas (MJ) MJ n.a. Factory
Coke oven gas (external supply, in MJ) MJ n.a. Factory
Coke oven gas (MJ) MJ n.a. Factory
Smelting furnace gas (MJ) MJ n.a. Factory
Mechanical energy - - - -

Compressed air for process m3 n.a. Factory
Thermal energy - - - -

Hot water (MJ) MJ n.a. Factory
Steam (MJ) MJ n.a. Factory
Materials - - - -

Intermediate products - - - -

Inorganic intermediate products - - - -

Ferric chloride kg n.a. Factory
Ferrous sulphate (FeSO4) kg n.a. Factory
Hydrochloric acid (100%) kg n.a. Factory
Nitrogen gaseous kg n.a. Factory
OXygen gaseous kg n.a. Factory
Sodium hydroxide (100%; caustic soda) kg n.a. Factory
Sodium hypochlorite kg n.a. Factory
Sulphuric acid (100%) kg n.a. Factory
Organic intermediate products - - - -

Lubricant kg n.a. Factory
Propane kg n.a. Factory
Metals - - - -

Cold-rolled coil (from DSP) kg n.a. Factory
Slab (from BOF) kg n.a. Factory
Slab (from EAF) kg n.a. Factory
Slab (from external supply) kg n.a. Factory
Steel strap kg n.a. Factory
Minerals - - - -

Lime quicklime (lumpy) kg n.a. Factory
Refractories (magnesia, alumina, chromic oxide) kg n.a. Factory
Refractories (silica, alumina) kg n.a. Factory




Name Unit | Value | Qualityofdata Source Year

Operating materials -

Anticorroding Agent (unspecified) kg n.a. Factory
Antifur Agent (unspecified) kg n.a. Factory
Detergent kg n.a. Factory
Grease kg n.a. Factory
\Water for industrial use kg n.a. Factory
Waste water treatment - - - -
Aluminum sulfate kg n.a. Factory
anticorroding agent kg n.a. Factory
Antifoaming Agent (unspecified) kg n.a. Factory
Antifur Agent (unspecified) kg n.a. Factory
Carbon dioxide kg n.a. Factory
Citricacid (CHO) kg n.a. Factory
E:oaguI;tion ag;ent kg n.a. Factory
Compressed air m3 n.a. Factory
Ferric chloride kg n.a. Factory
Flocculating agent kg n.a. Factory
Hydrochloric acid (100%) kg n.a. Factory
ﬂydrogAen peroxide (HO) kg n.a. Factory
Lime quicklime (lumpy) kg n.a. Factory
Natural gas kg n.a. Factory
Nitric acid kg n.a. Factory
Oxygen gaseous kg n.a. Factory
Phosphoric acid kg n.a. Factory
Polyelectrolyte kg n.a. Factory
Power MJ n.a. Factory
Soda (sodium carbonate) kg n.a. Factory
Sodium bisulphite kg n.a. Factory
Sodium chloride (rock salt) kg n.a. Factory
Sodium hydrosulfite (NaO S) kg n.a. Factory
godium‘hydro;ide (100%; caustic soda) kg n.a. Factory
Sodium hypochlorite kg n.a. Factory
Sodium nitrite kg n.a. Factory
Steam MJ n.a. Factory
Sulphuric acid (100%) kg n.a. Factory
Water (fresh water) kg n.a. Factory
Water (sea water) kg n.a. Factory
Water for industrial use kg n.a. Factory




Appendix 5: List of participating companies
The following companies contributed to the LCI released in February 2010.

ArcelorMittal
Baosteel

CELSA

Gerdau

JFE

JSW

Kobe Steel
Nippon Steel
Nisshin

Ruukki

SAIL

SSAB

Sumitomo metal
TataSteel Europe
ThyssenKrupp Steel

voestalpine



Appendix 6: List of upstream inputs and their sources

Item Process Information Country Year Source
Acetylene Ethine (acetylene), SACHSSE-BARTHOLOME process DE (Germany) 2005 PE
Activated carbon = DE 2005 PE

The common raw material for aluminium production, bauxite is composed
primarily of one or more aluminium hydroxide compounds, plussilica, ironand
Aluminium titanium oxides as the main impurities. Itisused to produce aluminiumoxide RER (Europe) 2002 PE
through the Bayer chemical processand subsequently aluminium through the
Hall-Heroult electrolytic process.
Aluminium chloride Aluminium chloride hexahydrate DE 2005 PE
Aluminium sulphate Aluminium sulphate DE 2005 PE
IAmmonia is produced almost exclusively by the HABER-BOSCH process. First,
synthesis gas has to be produced. It is a mixture of nitrogen and hydrogen (not to
be mistaken for the more common CO/H synthesis
2
Ammonia gas). Nitrogen is gained from air by fractionation, hydrogen from natural RER 2002 PE
gas by steam reforming. The latter process produces CO and CO
2
which can either be converted to methane or oxidised entirely to CO
2
Ammonium sulphate Ammonium sulphate mix (by-product) DE 2005 PE
Anthracite Country specific data, based on hard coal mix for each country Country specific 2002 PE
Argon Gaseous, LINDE process DE 2005 PE
Bauxite Opencase and underground mining RER 2004 PE
Benzene produced from reformate gasoline, pyrolysis gasoline or from toluene
Benzene dealkylation, consisting of the dlstrlputlon of technolpgles used forthe production RER b005 PE
of benzene, representing the respective country/ region. The technology shares
were taken from national statistics.
BOF slab 1kg global slab, weighted average GLO (Global) 2010  worldsteel
Calcium chloride (from epichlorohydrine synthesis) DE 2005 PE
Carbon dioxide From HABER-BOSCH process (ammonia synthesis, NHs/C, ) DE 2005 |PE
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Item Process Information Country Year Source
CEM 1 32.5 (39.6%)
CEM 1 42.5 (36.5%)
CEM 152.5 (7.6%)
CEM 111 32.5 (16.3%)
The main processes in cement production consist of raw material extraction,
Cement production of clinker, and cement grln_dlng. 'I_'he extraction of the main raw material DE 001 PE
fromthe quarry normally takes place inthe immediate area of the cement works.
Portland cement (CEM 1) is
primarily made up of finely ground clinker cementand asmalleramount of ground
materials. Other cements may also include constituents such as slag sand (CEM
[11), natural puzzolan such as trass (CEM 1V), fly ash, oil shale burn-outor
limestone. The mostimportant agent is the blast furnace cement (CEM I11).
Coal Country specific data, based on hard coal mix for each country Country specific 2002 PE
Coal forcokemaking (Coking coal production mix - see section 4.5.2.2 GLO 2006 PE
Coal for injection Country specific data, based on hard coal mix for each country Country specific 2002 PE
Coke 1 kg global coke, weighted average GLO 2010  worldsteel
Global copper mix: electrolyte copper 99,99% world -mix. Outokumpu was
Copper modelled for Chile, ISA smelt for Australia and the Mitsubishi process for GLO 2002 PE
Indonesia.
Three regional LClIs for diesel, based on hydro-skimming and more complex EU: ELCD20 and PE
Diesel refineries including hydro treatment, conversion (e.g. cracking) and refining RER, Japan, USA 2003 : an
USA and Japan: PE
processes
Direct reduced iron 1kg global DRI, weighted average GLO 2010 worldsteel
Dolomite Burned dolomite DE 2005 PE
Dolomite (crude) Dolomite extraction DE 2005 PE
Electricity See Appendix 7 Country specific 2002 PE
Electrode Electrode mix GLO 2005 PE
Ferric chloride Ferric (111) chloride (hexahydrate) DE 2005 PE
Ferro chrome Ferro Chromium (high carbon) GLO 2005 ICDA
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Appendix 6: continued

Item Process Information Country Year Source
Production of ferro-manganese (77% Mn) with high carbon content.  Thedirect
process chainincludes the mining and the beneficiation of the ore (South African
Ferro manganese specificand mining and beneficiationare atthe same operation site), a sinter and  |ZA (South Africa) 2000 PE
melting process (electric furnace), the transport to the port of transhipment
(Rotterdam) and the subsequent 300 km transport to the German trade market.
Ferro molybdenum Ferro molybdenum (67% Mo) NA 2008  [Molybdenum
Ferro nickel Ferro Nickel (32% Ni) NA 2008 PE
Ferro silicum Ferro silicon mix (90%) DE 2000 PE
Ferro vanadium Ferro Vanadium (FeV 80%) ZA 2005 PE
Ferrous sulphate Ferrous (I1) sulphate DE 2005 PE
Three regional LCls for gasoline, based on hydro-skimming and more complex
Gasoline refineries including hydro treatment, conversion (e.g. cracking) and refining RER 2003  PE
processes
Three regional LCls for heavy fuel oil, based on hydro-skimming and more complex EU: ELCD and PE
Heavy fuel oil refineries including hydro treatment, conversion (e.g. cracking) and refining RER, Japan, USA 2003 USAand Japan: PE
processes
Hot metal 1 kg global hot metal, weighted average GLO 2010 worldsteel
100% hydrochloric acid mix. The 'mix' process considers the technologies
Hydrochloric acid involved in the production of hydrochloric acid, based on the technology DE 2005 PE
distribution of the respective technology for the country.
Electrolysis of water and hydrocracking of hydrocarbons, steam reforming of
Hydrogen natural gas or heavy fuel oil for theindustrial scale production of hydrogen. RER 2005 PE
Hydrogen peroxide 50%; H O . Anthraquinone process DE 2005 |PE
Ironore See section 4.5.3.1 GLO 2008 worldsteel
Three regional LCls for kerosene, based on hydro-skimming and more complex
Kerosene refineries including hydro treatment, conversion (e.g. cracking) and refining RER 2003 PE

[processes
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Appendix 6: continued

Item Process Information Country Year Source
. . .
Lead !_ead (99.995%), primary lead produced on the traditional process route. Does not RNA 000 PE
include lead and zincrecovery.
Three regional LClIs for light fuel oil, based on hydro-skimming and more complex EU: ELCD and PE
Light fuel oil refineries including hydro treatment, conversion (e.g. cracking) and refining RER, Japan, USA 2003 USAand Japan: PE
processes.
CaO; quicklime lumpy, manufactured technically by deacidifying limestone
Lime (CaCO3) at temperatures over 900°C. This leads on average to the production of DE b000 PE
7.58 kg CO2/t quick lime. These emissions are physically determined and they
dominate the CO2 balance of the lime burning process.
Limestone CaCO ; washed DE 2005 PE
Liquefied petroleum Liquefied gas (LPG; 70% Propane; 30% Butane), refining process GLO 2003 PE
. Based on hydro-skimming and more complex refineries including hydro treatment,
Lubricants conversion (e.g. cracking) and refining processes. RER 2003 PE
Magnesium Magnesium Pidgeon process CN 2004 PE
South Africa and Australia cover 90% of world manganese production
(International Manganese Institute). 80% of the mining takes place underground
and 20% in open cast operations. The beneficiationisdone atthe miningsite. The
Manganese manganese ore is crushed and processed. The concentrate is then reduced by ZA 2002 PE
intense heatinginacalcination process. Manganese metal is produced during
electrolysis by addition of ammonia and sulphuricacid. The end productis
manganese 99%.
Natural gas Country specific data, based on natural gas mix for each country Country specific 2002 PEand IEA
Global Nickel mix. The nickel ore is mined, milledandin-situ concentrated by
. flotation. Then, the headingistransported toanickel workswhereitisroasted and
Nickel smelted. The nickel matte remains after separation ofthe cinder. Fromthis product,GLo 2002 PE
the high-purity nickel is extracted in a refinery.
5 - — - - -
Nitric acid 98/o.Two_ ste_pOX|dat|0n ofamr_nonlato nitrogen monoxide and further to DE b005 PE
nitrogen dioxide and the absorption of the latter in water.
Nitrogen /Airand power to produce gaseous nitrogen NA 2007 PE
Olivine Silica sand (excavation and extracting) RER 2005 PE
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Appendix 6: continued

Item Process Information Country Year Source
Oxygen /Air, cooling water and power to produce gaseous oxygen NA 2007 PE
Pellet 1kgglobal pellet, weighted average GLO 2010 worldsteel
Petroleum coke Three regional LCls for petrol coke at refinery RER, Japan, USA 2003 PE
Phosphoric acid 100%, wet process DE 2005 PE
Polyethylene Polyethylene low density granulate (PE-LD) RER 2005 PlasticsEurope
Polyvinyl chloride Polyvinyl Chloride granulate (bulk, B-PVC) RER 2005 PlasticsEurope
Propane Three regional LCIs for propane free refinery RER, Japan, USA 2003 PE
Silicasand is mined together with kaolin and feldspar using bucket excavators or
Quartz sand bucket chain dredgers. The material is elutriated and the sand sieved in a multi stepDE 2005 PE
process.
Refractories (all) Insulation brick (high in alumina) DE 2005 PE
Silicasandis mined together with kaolinand feldspar using bucket excavators or
Sand bucket chain dredgers. The material is elutriated and the sand sieved in a multi step DE 2005 PE
process.
Scrap See section 7.2 worldsteel
Serpentine Kaolin: mined, as kaolin, normal_ly together with silica sand and feldspar using DE 005 PE
bucket excavators or bucket chain dredgers.
Usually, silicon metal and ferro-silicon are commonly produced in low- shaftthree
phase submerged electric arc furnaces (open or semi-closed type). The furnace
rotates in intervals which homogenises the molten metal and because of this saves
. . 5-10% electric energy. The silicon metal production under examination is
Silicon mix calculated with the import mix from 2003. The following import countries of DE 2000 PE
silicontothe German market
are considered: USA 42%, United Kingdom 19%, Japan 17% and Russia 12%
(around 90% of the import mix to Germany).
Sinter 1 kg global sinter, weighted average GLO 2010 worldsteel
Sinter/pelletfines 1 kg global sinter, weighted average GLO 2010 worldsteel
Sodium carbonate Soda (Na CO ), produced by the Solvay process DE 2005 PE
o] 2

54

1oday ABojopoyis N YD1 |931Spjiom



Appendix 6: continued

Item Process Information Country Year Source
Sodium chloride Rock saltis obtained from salt mines by use of machines or leaching techniques.  RER 2005 PE
Sodium hydroxide 100% caustic soda from brine extraction, electrolysis and purification RER 2005 PlasticsEurope
Sodium hypochlorite  [50% solution DE 2007 PE
Sodium sulphate Sodium sulphate production and refining GLO 2005 PE
Steam Steam (mp) RER 2005 PlasticsEurope
Steel strap Hot-rolled coil GLO 2010 worldsteel
Sulphur Based on hydro-sklmmlng and more complex refineries including hydro treatment, RER 2003 PE
conversion (e.g. cracking) and refining processes
Sulphur trioxide SO from evaporation of sulphuricacid DE 2005 PE
Oxidation of sulphur over sulphur dioxide to sulphur trioxide (contact procedure in
Sulphuric acid several reactors with different catalysts), loosened in concentrated sulphuricacidin |RER 2005 PE
several columnsand formstherebyastill higher concentrated sulphuric acid.
Surface cleaning agent  |[Non-ionic surfactant (fatty acid derivative) - 2005 PE
Synthesis gas (H :CO =3:1). Produced from water (steam) and methane
Synthetic gas 2 _ DE 2005 |PE
(natural gas). The latter can be replaced with other hydrocarbons and
Tar Based on hydro—sklmmmg and more complex refineries including hydro treatment, RER 003 PE
conversion (e.g. cracking) and refining processes
Indonesia is one of the biggest tin producers in the world beside Peru. The mining
operation of the tin sand considered in this data set isconsidered with the dredging
Tin technology (off shore). Themined tin ID 2000 PE
sand (approx. 25% Sn) is transported to the beneficiation plant by using conveyer
belts.
Titanium dioxide Chloride process RER 2005 PE
Zinc Global zinc mix GLO 2005 PE
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Appendix 7: Electricity grid mix information

The power grid mix that is used for each site is relevant to the location of each steelmaking site, by country. All data has
been taken from the GaBi 4 software and is listed in more detail below. The data is a cradle-to-gate inventory and is in
compliance with 1SO 14040: 2006 and 14044: 2006.

Country Age Original data sources Grid
. . 46% natural gas, 43% hydro, 7% nuclear, 2% heavy
Argentina ooz | >2Bi4basedonnational fuel oil, 19%solid biomass, 19 blast
statistics, |EA etc.
furnace gas
. . 52% hard coal, 25% brown coal, 12% natural gas, 7%
Australia 2002 GaB| 4 based on national hydro, 2% heavy fuel oil, 1% blast furnace gas, 1%
statistics, |[EA etc. L
solid biomass
. 67% hydro, 15% natural gas, 8% hard coal, 3% heavy|
Austria 2002 GaBl 4.b§5eq on European fuel oil, 2% brown coal, 2% solid biomass, 1% blast
Commission's ELCD
furnace gas, 1% waste
. GaBi 4 based on European 58% nuclear, 22% natural gas, 12% hard coal, 3%
Belgium 2002 A
Commission's ELCD blast furnace gas
. . 83% hydro, 4% nuclear, 4% natural gas, 4% heavy
Brazil 2002 Gal_3| 4 based on national fuel oil, 3% solid biomass, 1% hard coal, 1% blast
statistics, |EA etc.
furnace gas
GaBi 4 based on national 58% hydro, 13% nuclear, 11% brown coal, 8% hard
Canada 2002 - coal, 6% natural gas, 2% heavy fuel oil, 1% solid
statistics, |EA etc. )
biomass
. GaBi 4 based on national 77% hard coal, 18% hydro, 3% heavy fuel oil, 1.5%
China 2002 -
statistics, |EA etc. nuclear
GaBi 4 based on European 30% nuclear, 17% hard coal, 15% natural gas,
Finland 2002 AN P 14% hydro, 13% solid biomass, 8% peat, 1% blast
Commission's ELCD :
furnace gas, 1% heavy fuel oil
France 002 GaBi 4 based on European 78% nuclear, 12% hydro, 4% natural gas, 4% hard
Commission's ELCD coal
GaBi 4 based on European 29% nuclear, 26% brown coal,, 23% hard coal,
Germany 2002 L P 9% natural gas, 5% hydro, 3% wind, 2% waste, 1%
Commission's ELCD .
blast furnace gas, 1% heavy fuel oil
India 002 GaBi 4 based on national 64% hard coal, 11% hydro, 11% natural gas, 5%
statistics, IEA etc. heavy fuel oil, 5% brown coal, 3% nuclear
. 35% natural gas, 31% heavy fuel oil, 16% hydro,
Italy 2002 GaBi 4_be}se(|j on European 12% hard coal, 2% blast furnace gas, 2%
Commission's ELCD
geothermal, 1% waste
GaBi 4 based on national 27% nuclear, 22% natural gas, 22% hard coal, 13%
Japan 2002 - heavy fuel oil, 8% hydro, 5% blast furnace gas, 1%
statistics, |EA etc. o .
solid biomass, 1% gaseous biomass
Korea 002 GaBi 4 based on national 36% nuclear, 36% hard coal, 13% natural gas, 9%
statistics, |EA etc. heavy fuel oil, 4% blast furnace gas, 2% hydro
GaBi 4 based on European 0 0 0 Onri
Luxembourg 2002 Commission's ELCD 71% natural gas, 27% hydro, 1% waste, 1% wind

56



Appendices

Country Age Original data sources Grid
GaBi 4 based on European 59% natural gas, 25% hard coal, 4% nuclear, 3% blast
Netherlands 2002 S P furnace gas, 3% heavy fuel oil, 3% waste, 1%solid
Commission's ELCD . .
biomass, 1% wind
GaBi 4 based on European 99% hydro (plus blast furnace gas, natural gas, solid
Norway 2002 Commission's ELCD biomass and waste)
Singanore 9002 GaBi 4 based on national 38% nuclear, 33% brown coal, 23% hydro, 3% hard
gap statistics, IEA etc. coal, 2% natural gas
GaBi 4 based on European 28% hard coal, 25% nuclear, 13% natural gas, 11%
Spain 2002 RO P heavy fuel oil, 11% hydro, 5% brown coal, 3% wind,
Commission's ELCD Lo
1% solid biomass
Sweden 0002 GaBi 4 based on European 46% nuclear, 46% hydro, 3% solid biomass, 2%
Commission's ELCD heavy fuel oil, 2% hard coal, 1%blast furnace gas
. . GaBi 4 based on European 39% natural gas, 32% hard coal, 23% nuclear,
United Kingdom|2002 Commission's ELCD 2% hydro, 2% heavy fuel oil, 1% gaseous biomass
. . . 48% hard coal, 20% nuclear, 18% natural gas,
United States of 2002 GaBi 4 based on national 6% hydro, 3% heavy fuel oil, 2% brown coal, 1%

America

statistics, |EA etc.

solid biomass, 1% waste

Full documentation can be found at:
http://database-documentation.gabi-software.com/index.php?id=6689
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Appendix 8: Steel LCI data explanation

This appendix explains some of the main features of the datasets and clarifies potential ambiguities. Datasets have been
developed for all products both globally and regionally (currently the only regional datasets available are for Europe)
whenever more than three sites contributed. This is necessary to maintain confidentiality between companies and to
ensure a minimum level of representativeness.

The datasets are provided as a static report which has been generated using the GaBi 4 software. They are distributed in
RTF format to enable ease of use of the data. The reports contain the following information:

8.1 Data provision information

The name and company for whom the data have been prepared is indicated on the front page of the report together with
the details of the person who has provided the data on behalf of worldsteel and the date on which the data has been
provided. Due to the vast amount of data contained in the worldsteel LCI data, updates may occur following corrections
or adjustments to improve methodology, but this will be done on a timely basis.

8.2 LClflows
This section gives additional clarification about some of the flows included in the worldsteel i-reports for LCI data. The
data are generally provided including the credits and burdens

of steel recycling. This means that a burden is given for the steel scrap that is used in the steelmaking process and a
credit for the steel that will be recycled from the final product when it reaches the end of its life.

Only major flows are shown in the data sheets, namely the major raw materials and the ‘accounted' emissions (see
section 4.5.4). Where end-of-life recycling has been taken into consideration, the material resource list does not add up
to 1 tonne of resources per tonne of steel product due to the credits applied for end-of-life recycling.

Information on other flows is also available.

8.2.1 Iron (ore)

The mass of iron ore in the ground is reported in kg of iron oxides (mainly FeO, Fe,O,, Fe,0,) and excludes the mass of
overburden.

8.2.2 Ferrousscrap (net)
This describes the net quantity of ferrous scrap taking account of imports and exports from the system. It includes both

steel and iron scrap (although iron scrap usage is generally small). When the recycling credits and burdens are included,
the scrap input is not listed as the associated upstream burden has been included instead.
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Ferrous scrap includes:

scrap from external supply (scrap merchants, municipal facilities or other factories),
'Circulating' scrap from within the steelworks but outside the manufacturing system for the steel product route. Thus for
intermediate stages (e.g. hot-rolled coil) net scrap input may be elevated owing to inputs from downstream stages (e.g. cold
rolling). This scrap component tends to decrease with additional process stages. Scrap generated and reused within the
manufacturing system is not included as this flow is internal to the system.

8.2.3 Water consumption

The net water consumption per kg of steel product is listed in the datasets. In addition to the water used directly on site,
the water used in the upstream processes is also included. In contrast to the previous study, the water used in coal
mining is also included.

The quantity of salt water used by the steel plants is recorded. It is mainly used for indirect cooling and therefore it is not
contaminated with pollutants coming from the processes.

Fresh water used by the steel plants has several origins: surface water (river and lake), deep water (e.g. mine water) or
‘technosphere’ sources (other industrial plants, waste water treatment plants, etc.).

8.2.4 Water emissions

Obtaining accurate LCI results for water usage and water emissions is a difficult task, partly because rain water and
evaporation influence the balance. There is sometimes a lack of  metering, and the water networks within industrial
plants are complex. Effluents from different process units are mixed, intensively recycled between process units to
minimise the intake from the environment, and finally often treated in common waste water treatment plants. This
makes it difficult to allocate the water usage and water emissions between individual process units.

Regarding water emissions specifically, when recorded in the questionnaires, the pollutant amounts in the intake were
subtracted from the pollutant amounts in the discharged waste water because they are not attributable to the steelmaking
processes. For some sites located downstream of urban and industrial areas, the outflow water is purer than the intake.
However, there are many gaps for this category of data for which it is not possible to calculate an estimate. Therefore, the
values of waterborne emissions are potentially overestimated in terms of net emissions.

These aspects account for the variability of data regarding water usage and water emissions. Better metering and
monitoring will help to reduce this in future.

8.2.5 Carbon dioxide

This flow indicates both fossil and mineral sources of CO, (e.g. combustion of natural gas, oil, lime calcinations, and the
oxidation of coal). In addition to providing CO, data, the

environmental indicator for global warming potential is also provided, for information only, as this is one of the most
commonly requested indicators.
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8.2.6 Particulates to air

This flow includes all types of airborne particulate emission, including PM 10 and PM 2.5.

In the extended list of flows, the emission of particles to air is split into a number of sources including PM 10, PM 2.5,
fugitive emissions, etc. However, as the data are not always reported in the same format, this split is not always
complete.

8.2.7 Waste

The full list of waste flows is available and covers the different wastes for disposal and recovery. Overburden materials
were recorded separately as deposited material.

In steelmaking, process metallurgy (BF, BOF, metallurgy) slags are used as the steelmakers' tool for the important roles
of separating iron from the other constituents in the ore, and to remove any unwanted elements from the steel and
incorporate them in a stable slag structure. When the liquid iron or steel is removed from the process, the slag
accompanies it.

By carefully controlling the separation and treatment of this slag, the steel maker generates  a slag product that can be
sold in certain markets, of which the main ones are aggregate and

cement. Other smaller markets exist, such as sandblasting and agriculture. If there is a lack of demand in these markets,
the steel maker might not process the slag in this way, and therefore it must go to landfill. Only in these circumstances
does slag become waste.

8.2.8 Primary energy demand

The primary components of an LCI are the material inputs and outputs that are taken from or are emitted to earth.
Certain material inputs, (e.g. coal, oil etc.) constitute energy as well as mass inputs, which can be calculated based on
calorific value. Within the LCI data sheets, the total primary energy demand (including renewable and non renewable
resources) is provided, based on the net (low) calorific value. This information is provided for information only and
should not be used in addition to the data provided in the material inputs section of the datasheet.

Total primary energy is the sum of all energy sources which are drawn directly from the earth, such as natural gas, oil,
coal, biomass or hydropower energy, and includes non-renewable

and renewable energy. Non-renewable energy includes all fossil and mineral primary energy sources, such as natural gas,
oil, coal and nuclear energy. Renewable energy includes all other primary energy sources, such as hydropower and
biomass.

Afull breakdown of energy is available.

8.2.9 Global warming potential

In the same way, GWP is also listed in addition to the main input / output flows. Again, this is not in addition to the
other flows mentioned in the results table, but serves as an indicator of one of the most sought-after environmental
indicators.
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8.2.10 Other articles not reported

Within the data sheets, only the major raw materials are shown for simplification reasons. Concerning the air and water
emissions, all 'accounted' emissions (see section 4.5.4) are reported in the data sheets.

The full list of flows is available. Depending on the product, a wide variety of other alloy metals such as copper,
manganese and molybdenum can also be used but always in low quantity. Lead can be incorporated in higher quantity in
some special products called “free cutting” steels.

This was not included in the study due to lack of data. Other natural resources used for the production of crude steel are
abundant materials such as sand, sodium chloride and clay.

In addition, tin is used as the coating material for tinplated coil (an average of 3.5 g of tin per kg of tinplated coil
according to the study). Some chromium compounds, mainly chromic acid, are also used either for pre-coating
treatments (passivation) and /or as a coating material for electrolytic chrome coated steel (tin-free steel).
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Steel co-product

Co-product function

Avoided production

Data source

Blast furnace slag, basic
oxygen furnace slag, electric
arc furnace slag

Cement or clinker

0.9 tonne per tonne of

GaBi 4 average of 4 cement
types: CEM I (32.5, 42.5,

production cement 52.5) and
CEMII1(32.5) (DE)

/Aggregate or roadstone Gravel production GaBi 4 (DE)

Fertiliser Lime production GaBi 4 (DE)

Process gas (coke oven,
blast furnace, basic oxygen
furnace, off gas)

Heat production for internal
or external use

Coal, heavy fuel oil, light
fuel oil or natural gas

GaBi 4 (Country specific)

Electricity production

Electricity production

GaBi 4 (Country specific)

Electric arc furnace dust

Zinc production

Zinc production

GaBi 4 (Global)

Electricity from energy
recovery

Electricity production

Electricity production

GaBi 4 (Country specific)

. . GaBi 4 (EU:

Steam from energy recovery|Heat generation Steam production PlasticsEurope)
Hot water from energy Heat generation Steam production GaB|_4 (EU:
recovery PlasticsEurope)
Ammonia Any ammoniaapplication  |JAmmonia production GaBi 4 (EU)
Ammonium sulphate Any_ammonlum sulphate Ammon_lum sulphate GaBi 4 (DE)

application production

— Benzene production based :
Benzene Any benzene application on different technologies GaBi 4 (EU)
N Benzene production based :

BTX Any BT X application on different technologies GaBi 4 (EU)
Scales Metallurglcal Inputto Iron ore extraction worldsteel

steelmaking
Sulphuric acid Any_sulphurlc acid Sulphuric acid production (GaBi 4 (EU)

application
Tar Any tar application Tar production GaBi 4 (EU)
Used oil Heat generation Coal, heavy fuel oil, light GaBi 4 (Country specific)

fuel oil or natural gas

zZinc /Any zinc application Zinc production GaBi 4 (Global)
Zinc dust /Any zinc application Zinc production GaBi 4 (Global
Electrode Electrode making Electrode mix GaBi 4 (Global)
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Appendix 10 : Y4 A V2 IILDOFEEHR (FIER)
10.1 IZC &I

HRKMIB =L, cradle-to-grave £ADEKMEZD LCA ET ) VT %175 LCA EHEEXIET H=HIZ, TV K
A7 54 TELIYH AV IILDFHHEEEOHMERD LCI T—ER—XZBHHFK L1z, ZOFFERTIE., HRKMFEM
BRALE T9O—XKIFTUTILIL—F)HA 7 )LOFER (closed material loop recycling) 1 B2 5® LCI ZERKL
T5EDITEDESITERAINTE N ESBET S, COMRISRIEHIIBETHY . LCA AEDB L EHEIC
LT, thDRBNLEAENENGHEENH D,

10.2 BIRLTF=UH 4 Y7 TO—FOERBIEHR

AR S LCI T—2INED A XKL, cradle-to-gate 7 TA—FFEZELTHEY . FEROAETIHA I ILEE
BELTWLS:

BEETOERADRI Sy TA Ty hADES. BRU
MELERRATLDLODHERAISYTTINTY I“’\@EE. > (BIZIX. EYPOBEEBEORGLFEGRICEIVAELD
R 5v7F)

VATLMRYIZ9TDATY bETIMTY FOBAEETHEE. LEOBR IS Y TR 0Ty FRUT Y
hjjhézzﬂhU—!LﬁTéFb ENENIC-—BLEESFIEZERT 2VLENH D, HAKMEREDHE
WICDT—RZERELTWN D,

COFERENFTHERIC. HRBHEBRIE. V-, VHA I ILD=HDEDFIEZEESH S 1S014044:2006 (25
2TW3, ZO\REOF T, BHIL—F(open-loop) & BIL— F(closed-loop) U H4A4 2 ) T DRFMNESNTILNS, BHIL
—TUHALINIE BEHPFLVWELGDERICUY A VLIRS, FIXEFOMEEEIEILT IER IR TLE
BT ABICERSIND, FIL—TVH A U)X, BEOHEEEAEIELEWNMES., £RERCERE2 1 T2
YA ONLINBBEIERINS, BEEOMEEFENELLLAWNGES. ChEZIR—XRFITFUTILIL—=T)HALH
JL (closed material loop recycling) & LTHHM5N TS,

OV IILDOKREBRE. RISy TOBFTRERTHLVEAINEE SNERNLZEMESOHMEILE LU,
LTS A VIV CTL—TERBRTENTES, ZOWKRRTIE1SO14044 : 2006 IZ TZD/HE., =
RHBEOEANR (—R) MHEDFERALEERDOE-OEIPDOVLENGEL BB ERBEINTWS, COHM TR,
HRGMBENR ISV TDA Ty RET IR Ty MR T B E=OIZEALETVB—XKI T U FILIL—TY)
A4 ILDOAESR (closed material loop recycling) | M US4 VIV AERDERE L >TLNVS,

CORMBTHRINTOWSRHAKMBZEDO ) HA L7 TO—F(F. £2THO LCARABDE=HIZHEEINE 7 TO—
FTHBH, LHL, HEHKIEGREIT) Y T X IS LT cradle-to-gate DT—2 iRt T 24 TE 5,

103 YL L7 FTa—F

VA ONEBZBRT DHEICODVTREE DETHDEBRNHY . FLVHF AV ILEE-EAETERLTNDSRE
VE—ROFEREZ V. EDLIGHIRDOHIE N DONLUTIZRT,

World Resources Institute/World Business Council for Sustainable Development standards developed under the GHG
Protocol Initiative™

PAS 2050 (Publicly Available Specification 2050: Specification for the assessment of the life cycle greenhouse as
emissions of goods and services), British Standards Institute, Carbon Trust, DEFRA"’

CEN TC 350: Sustainability of construction works (draft)*®

ISO 14067: Carbon footprint of products (draft)™

ILCD: The European Commission's International Reference Life Cycle Data System Handbook7

EROZELDEBERBALTVWDIZ20FHISAIIILOT TO—FIE Ay b4 277 FB—F & end-of-life (EOL)
77A—FThb,

Bw FAZ7FOo—F (100-0)
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AY A T77TO—FIE ABERROBRZ R TLATOARET D) AV ILOEEBOEREINENEIEEAZ
EFELTWS, ELGPERIRATLBODYI LYY MEORIEAFOENEHEL . BERRICBITAHRX I3 v F&
HABUSNDOT v TR M) —LORREZEIFLZEVIDEEZAONS, COT7TA—FTIX. EBV YAV ILDE
WA Ty FMUITOHREESINTEY (considered as being “free’) . end-of-life D )B4 27 )LIXY) 4 £ JLEIZEEZR
BLEHFDNEL, ZD=H,. ZOF FA—FIX recycled content method & L THE SN TS,

R O—DBRATIE, COFEIHRBIZEDLND VA VILMOEEEEDHEEICERES S ZEITDEAS,
1011F Ay cAT77TO—FHRIA TV IILDBEBICEDESITERININERT HMOLS N SEEL.
LLHBETNE, ST THD,

Virgin material
Use phase

Disposal

Environmental impact

Production Use End of life

Figure 10.1: Cut-off approach for a product system that uses both primary and recycled steel inputs

End-of-life(EoL) 7 00— (0-100)

End-of-life (EoL) 7 7O—FIE. BHEZ354 IH A I IIWVIChHE2ELIHAG VAT LBDREZEL LYY FOE|Y
LTEZEBELTHEY., UM IILIZHLTETEEZBRIZANELG7 TO—F 52 E-2TWS, TRV ATLOIRE
& (X end-of-life IZHFTBVHA ) VIRITIKFELTLS,

CO770—FIF. ORI RTLEERTDHLSICHBEOHEAZLITEIE VNI K53%. PATLILROBRANS
LEZ NS, MED end-of-life ITEVWTBIASINGEE. ROZA ISV NICEVWTRELEINDINN—DUH#
HAEODERARICEYEHINZAHCEIVTHAVATLIZILYS Y kAT EEN D,

BHEIC. TRTOUHAVIILERHMIE, LHIDSA TS/ VIV EREZHET S0, ERVRATLAICRAZENAIES
BT 2, COF7TA—FIE VA ILT B ETRILEREZET H2N\—DUoMBEOREEEEHTLDT, V00—
X R T 1 F7ILIL—T% (closed material loop method) & LTHHMBNTWNS, D7 FA—FIE4FIZ end-of-life &
BODUHB A LENNONTWRMLEENDERBICITETHS (93> 105) ,

RY—DBEATEH., COFEFHAZOEGOERDLYICYUHA VLT EEICERAEZHLL EITOEMNS, K102

(Z, EOL 7 TA—FWS4 THA VILOBERFEICED L S ITEASN LN ERT ., SHOLINSEEE, LLHDE
FTHIE. S hTFATHD,
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Virgin material

Recycled material

Use phase

- Disposal

Production Use End of life

Figure 10.2: End-of-life approach for a product system that uses both primary and recycled steel inputs

BFIZ(E 50-50 Z&LWvbhd, ZBMAT7 To—FAEbNnS, COAEIE 2 DOBIHEL7 TO0—FOEEOSHRA
(HRBEHRT)ERT,

50:50 Ai%klE. Ay A 77 FO—F L EoL 7 7O —F DI EICAET S, COLSHBEAMN., COAEIEYY
AONaAVTFURE BL VYA DYV IEAIZH LYY b EEZDZRBMBE T TA—FELTRHEINTLNS, =
DAEIX, ZIFTEBEIMN, VAo )ILarTo N EL YBA ) o0 ELBLIZA o T4 TH2E5EZIEF5N
ABNESHELNTHWS R TLDEGEEDMRRELELZYZ D,
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Figure 10.3: Connection between primary and secondary steel production
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Figure 10.7: Extrapolation to show CO, emissions for 0% scrap input
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Figure 10.8: Overview of scrap LCI calculations
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Appendix 11: Deviations from the 2000 methodology report

This methodology covers an update of the global steel industry LCI data. The methodology is based on the previous
studies and methodology report which has been critically reviewed by a peer review panel. During this update, changes
were made to the previous methodology, and for ease of comparison, these differences are summarised here. Further
information can be found in the relevant sections of the report.

72

The modelling software used for this update is GaBi 4. All upstream data which have not been collected by worldsteel
from industry associations are based on GaBi 4 upstream data. The previous study used the TEAM modelling software
and the associated DEAM database.

Data collection was conducted using the GaBi Web Questionnaire, which was created through an interface with the
worldsteel model in GaBi 4. The previous study used an Excel-based questionnaire.

In creating the steel product LCI data, a weighted average is now used, based on the production volume of the specific
product from each site. The previous study used an arithmetic average based on political decisions within the steel
industry.

For coal upstream data, the modified German coal LCI data are no longer used. The average global coking coal mix
that is now used is developed from data from different countries, according to the 2006 IEA coking coal production
mix, with a specific adaption by lower heating value from average hard coal to coking coal (using a lower heating value
of global average coking coal of 29.02 MJ/Kkg).

The electricity input to each site is based on the national electricity grid mix for the location of each site and uses
GaBi upstream data for this. Previously, the electricity input was adapted for each country using the 'Energy Statistics
of OECD Countries, 1997-1998, 2000 Edition' and the 'Energy Agency Statistics - US Department of Energy, North
American Electric Reliability Council (NAERC)'.

In contrast to the previous LCI data results, the recyclability of steel at the end of a final products' life is considered in
the steel product LCI. A burden is applied to the scrap input to the steelmaking process and a credit is applied to the
steel that will be recycled when the
final product reaches the end of its life. This enables the practitioner to utilise the steel product LCI data as
cradle-to-grave, excluding final product manufacture or use phase. Data excluding these recycling aspects are
available on request. The allocation procedure for calculating this burden and credit is detailed in section 4.6.3. If
the user of steel uses steel datasets including the end-of-life credits on the material level, it has to be checked
that no double-counting occurs when the user models the end of life of the downstream product.

In addition to now using country-specific electricity grid mix data, country specific datais  also provided for inputs
of anthracite, coal and natural gas. The other energy related inputs (e.g. heavy fuel oil and propane) are now
region-specific data. This was not previously the case, where one average value was used.



Appendix 12: List of all available questionnaires
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Coke oven

Sinter plant

Blast furnace

Alternative ironmaking
Basicoxygenfurnace
Electric arc furnace

Direct sheet plant

Plate mill

Hot strip mill

Pickling

Cold-rolling

Annealing and tempering
Section rolling

Rebar

Engineering steel

Wire rod

Seamless pipe making

UO pipe making

Welded pipemaking and tubemaking
Electrogalvanizing
Hot-dip galvanizing
Electrolytic chrome coating (ECCS or tin-free steel)
Tinplating

Organic coating
Softening/deionising water
Application of co-products
Boilers (power plants)
External power supply

Destination of process gases (coke oven, blast furnace, basic oxygen furnace, off gas)
Flaring of process gases (coke oven, blast furnace, basic oxygen furnace)
GHG accounting (coke oven, blast furnace, basic oxygen furnace, off gas)

Fresh water supply

Sea water supply

Isolated blast air compressor
Isolated compressed air compressor
Isolated turbo alternator

Stockpile emissions
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Appendix 13: Matrix of steel product uses

1=preferable

Plate

Pipe

Hot Rolled Coil

Pickled Hot Rolled

Coil

Cold Rolled Coil
Finished Cold

Rolled Coil

Electro-Galvanized

Galvanized

Organic Coated

Tin Plate

ETectrolytic

Chromed Coated

Steel

Section Rolling

Rebar

Engineering Steel

Wire Rod

Framework

Profiles

-

[EEN

N

N

-

Framing

Automotive

Bodyinwhite

Structural parts

= |~ |~ | = |Hot-Dip

Engine

Drive equipment

Transmissions

Wheels

Tyres

Construction
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Structural parts

Wall elements

Basement

Concrete reinforcement

Cladding

Roofing

Farm building walls

Gutter system (ducts)

RN R R

e

Chimney ducts

Construction components

Farm building components

Doors and garages

1oday ABojopoylaiN YD1 [231Spliom



Fences

Stairs

Tiles

N NN

Ceiling components

Floor components

Inside decoration panels

Partition walls

Inside panels food industry

Security rails on roads

Home appliances

Furniture

White goods

Heating, ventilationand air conditioning

Packaging

Steel food andgeneral linecans

Pails

Beverage cans

Drums

Machinery

Rail

Machines

Pipes

Others

Tubes

Pools

Water tanks

Greenhouses

Signs

Tools

Dies

Wires
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Appendix 14: Critical review: World Steel Association life cycle inventory Study for
steel products

14.1 Commissioned by

World Steel Association (worldsteel), Brussels, Belgium

14.2 Review panel

Dr. David Dowdell, Cheltenham, England
Prof. Dr. Matthias Finkbeiner (chair), Berlin, Germany Prof. Dr. Atsushi Inaba, Tokyo, Japan
Prof. Dr. Steven B. Young, Waterloo, Canada

14.3 Reference

ISO 14040 (2006): Environmental Management - Life Cycle Assessment - Principles and Framework
ISO 14044 (2006): Environmental Management - Life Cycle Assessment — Requirements and Guidelines

14.4 Scopeofthecritical review

The review panel had the task to assess whether

the methods used to carry out the LCA are consistent with the international standards 1SO 14040 and I1SO 14044
the methods used to carry out the LCA are scientifically and technically valid,

the data used are appropriate and reasonable in relation to the goal of the study,

the technological coverage of the steel industry in the prevalent LCA study is representative of current practice,
the interpretations reflect the limitations identified and the goal of the study, and

the study report is transparent and consistent.

The review was performed according to paragraph 6.2 of ISO 14044, because the study as such is not intended to be
used for comparative assertions intended to be disclosed to the public.

This does not preclude, that the data may be used in studies where comparative assertions are made, provided a separate
review of that study is carried out. This review statement is only valid for this specific report in its final version received
on 22.06.2011.

The analysis of the LCI model and the verification of individual datasets are outside the scope of this review.
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14.5 Review process

The review process was coordinated between worldsteel and the chair of the review panel. As  a first step in the
review process, the panel members were selected based on their technological and LCA competence. In addition, it was
intended and achieved that the panel members represent the main steel producing regions (Americas, Asia and Europe).
After the review panel was established the first draft final report was submitted to the panel on 29.10.2010.

The kick-off-meeting (telephone conference) to provide general comments and to agree on the review process was held
on 11.11.2010.

The review panel provided 267 comments of general, technical and editorial nature to the commissioner by the end of
2010. Worldsteel responded by providing an updated report addressing the majority of the comments on 21.02.2011
which was discussed in a second review meeting (telephone conference) on 02.03.2011. The meeting addressed the
actions taken on the review comments and allowed common understanding to be reached on unresolved issues. To
implement some of the comments more time was needed in order to collect and consolidate information from member
companies. These issues were resolved in a third review call on 27.04.2011. The main outcome of this call was the
decision to add an annex entitled "Recycling Methodology Description™ to the report that provides a detailed and
transparent documentation of the chosen recycling approach. Due to the importance of this topic, it was seen as
valuable to address it in a comprehensive way. This annex was discussed in a final review call on 17.06.2011. The
feedback provided and the agreements on the treatment of the review comments were adopted in the finalisation of the
study. The final version of the report was provided on 22.06.2011. AIll critical issues and the majority of
recommendations of the review panel were addressed in a comprehensive and proper manner.

The review panel checked the implementation of the comments and agreed to the final report. The review panel
acknowledges the unrestricted access to all requested information as well as the open and constructive dialogue during
the critical review process.

14.6 General evaluation

The study is the result of a cooperative effort of the leading steel producers in the world organised by its global industry
association worldsteel. The current study is the second update  of the first LCls provided in 1995/6 with a first update
in 2000/1. As a result, the methodology has reached a high level of maturity and the study is performed in a professional
manner using state-of-the-art methods. The outstanding feature of this study is the large amount of primary data
collected to reach representative results for global steel production. Primary data were collected at 49 sites operated by
15 companies, including 24 blast furnace operations and 12 electric arc furnace operations. The companies contributing
data to the LCI study account

for over 25% of global crude steel production. Geographically, they cover Europe (Austria, Belgium, Finland, France,
Germany, Italy, Luxembourg, the Netherlands, Norway, Spain, Sweden, and the UK), Asia (China, India and Japan) and
North America.

The LCI data are provided as cradle-to-gate with or without end-of-life recycling. Because the focus of the study is the
production of a material that can be used in a variety of products with very different use profiles, the chosen
cradle-to-gate approach is appropriate. The guidance

in the report with regard to the treatment of the end-of-life phase is comprehensive and
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well documented. As the decisions involved in modeling recycling contain value choices it is appreciated, that worldsteel

provides not only the datasets with its own recycling approach but also datasets without end-of-life credits. This
allows the data user to make their own value choices for a particular study.

Several assumptions were addressed and checked by sensitivity analyses of critical data and methodological choices. As
a result, the report is deemed to be representative for the global production of steel. The defined and achieved scope for
this LCI study was found to be appropriate to achieve the stated goals.

14.7 Conclusion

The study has been carried out in compliance with ISO 14040 and ISO 14044. The review panel found the overall
quality of the methodology and its execution to be of a high standard for the purposes of the study. The study is reported
in a comprehensive manner including a transparent documentation of its scope and methodological choices.

| Mol Q\{N NTNN/ /)éas/zg LA 0579«70

Matthias Finkbeiner David Dowdell Atsushi Inaba Steven B. Young 10 July 2011
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