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LESS Rulebook version 1.1

Annex II-a Emission Factors

DLESS

LOW EMISSION STEEL STANDARD

ions | Scope 2 emissions | Scope 3 emissions | 50 % reduced Scope 3
Unit factor factor emissions factor Source Scope 1 emissions factor Source Scope 2 emissions factor Source Scope 3 emissions factor Additional Informationen for Scope 3 emission factor
kg CO; per Unit_| kg CO; per Unit_| _kg CO; per Unit kg CO; per Unit
Ecoinvent 3.9.1: market for scrap steel, Europe without Switzerland & transportation over 150km with 70% truck (market for
scrap g not publicly available Inot publicly available not publicly available 150 19604-2 ranspor, freight, lory, unspocified RER), 30 % rain (merkel for ranspart. eight ain, Europe wiiout 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
Ecoinvent 3.9.1: market for scrap steel, Europe without Switzerland & transportation over 150km with 70% truck (market for
e kg |Motpubicl aviable not publicly available |not publicly available 150 196042 neport o0  incpeciod RER), 50 % i (mevkel or emspert, frigh i, Europe wilhout S 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
Coking coal kg not publicly available [not publicly available [not publicly available 1SO 19694-2 coinvent et for hard coal, Europe, without Russia and Turkey 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
Injection coal kg ___[not publicly available [not publicly available |not publicly available 1S0 19694-2 coinvent 3. et for hard coal, Europe, without Russia and Turke, 3.9.1 Allocation at the point of subsitution IPCC 2021 (GWP100)
EAF coal kg not publicly available not publicly available [not publicly available 1SO 19694-2 -coinvent et for hard coal, Europe, without Russia and Turkey 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
ot publcly avalabl ot publicly avaiable | ot publicly avaiabl Sogen Coinvent 3.9.1: market for transport, freight train, Europe without Switzeriand, market for transport, freight, sea, bulk carrier for |3.9.1 Allocation at the point of substitution IPCG 2021 (GWP100),
Biochar kg ot publicly available ot publicly avallable | not publicly avallable loge! dry goods, GLO; market for transport, freight, lorry, unspecified, RER | Assumption 900 km train, 10150 km ship, 100 km truck
Coke kg ___[not publicly available 150 196942
Lump ore BF kg ___|not publicly available ot publicly available |not publicly available 10 19694-2 Ecoinvent 3.9.1: market for iron ore. crude ore, 63% Fe, GLO 3.9.1 Allocation at the point of subsiituion IPCC 2021 (GWP100)
inter kg ot publicly available 10 196942
(German Federal Environment Agency (UBA)-
Report "Abwarmenutzungspotenziale in
0,0055| not publicly avalable | not publicly available Anlagen integrierter Hitenwerke der Ecoinvent 3.9.1: market for iron ore, crude ore, 63% Fe, GLO 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
Stahlindustri ISSN 1862-4804 (without
Sinter fines kg recovered material)
Ecoinvent 3.9.1: market for iron pellet, GLO & ransportation emissions from market for iron ore, crude ore, 63% Fe,
pellets g |otpudloy aviabie not publicly available | not publicly available 150 196042 0, 20 o anspertation s icled for polets 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
oil @ ___|not publicly available 1SO 19694
Benzol / Benzen ol publicly available 1O 19694
Li @ |not publicly avallable ot pubicly available |not publicly available 1S 19694 Coinvent market for quickime, miled, packed, RER Allocation at the point of substtution IPCC 2021 (GWP100)
Limestone @ ___|not publicly available Inot publicly available |not publicly available 10 19694 coinvent market for imestone, crushed, washed, RoW ‘Allocation at the point of subsfitution IPCC 2021 (GWP100)
Dolomite @[ not publicly available Inot publicly available |not publicly available 1S 19694 coinvent market for dolomite, RER Allocation at the point of subsfitution IPCC 2021 (GWP100)
Dolomitic lime g not publicly available not publicly available [not publicly available 1SO 19694-: coinvent ‘market for quickime, milled, packed, RER ‘Allocation at the point of subsitution IPCC 2021 (GWP100)
[Anthracite @[ not publicly available [not publicly available |not publicly available 1S 19694 coinvent market for hard coal, Europe, without Russia and Turke, Allocation at the point of substitution IPCC 2021 (GWP100)
German Emissions Trading Authority (DEFSY)
(Graphito sloctrodes kg 3,6337] not publicly available | not publicly available decod burup Ecoinvent 3.9.1: market for graphite, battery grade, GLO 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100)
Jumini kg [not publicly available |not publicly available Cut Off Ecoinvent 3.9.1- market for aluminium, cast alloy, GLO 3.9.1 Allocation at the point of substiution IPCC 2021 (GWP100)
i kg Inot publicly available [not publicly available Ecoinvent 3.9.1. market for ferrosilicon, GLO 3.9.1 Allocation at the point of subsfituion IPCC 2021 (GWP100)
Ferrochromium kg ___|not publicly available Inot publicly available |not publicly available Ecoinvent 3.9.1: market for high-carbon, 68% Cr, GLO 3.9.1 Allocation at the point of subsiitution IPCC 2021 (GWP100)
Ferromanganese/ Ecoinvent 3.9.1: market for ferromanganese, high-coal, 74.5% Mn, GLO & transportation emissions from market for
o kg |Motpubicl aviable not publicly available |not publicly available Nacarbon, 60% or L. oo T e o 3.9.1 Allocation at the point of substituion IPCC 2021 (GWP100)
Tar kg not publicly available
Olivine kg | not publicly available ot publicly available [not publicly available Ecoinvent 3.9.1: market for siica sand, GLO 3.9.1 Allocation al the point of substiuion IPCC 2021 (GWP100)
(German Federal Enviromental Agency German Federal Enviromental Agency (UBA) Report "Em Ger B Ger
Electricity KWh 04260 0.0570 00289 (UBA) i von Erdgas und Steinkohle", ISSN 1862-4359
iy wh 0,0000] 0,0262] 0,0131 fjéx‘)a” Federal Enviromental Agency German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Natural-Gas GJ 56,0000] 71,3000 5,6500| German Emissions Trading Authority (DEFSY) German Federal Agency (UBA)
Commission Regulation
coG-Gas G 44,4000 EU) NoGO1/2012
Commission Regulation
|BF-Gas G 2600000 (EU) NoB01/2012
Estimation based on the
165,0000 expected gas composition/amortized by use in
OSBF Offgas [ the DRI
Commission Regulation
|BOF Gas GJ 62,0000 (EU) No01/2012
. “ 3.9.1 Allocation at the point of substitution IPCC 2021 (GWP100),
o o not publicly available |not publicly available Calculation based on ecoinvent transport data and estimate from "Hydrogen in ciimate protection esumpton 11760 ks hip
Oxygen m®__|not publicly available [not publicly available |not publicly available 150 196942 Ecoinvent 3.9.1: market for oxygen. liquid, RER. Conversion with density of 1.429 kg/® 3.9.1 Allocation at the point of substituion IPCC 2021 (GWP100)
Oxygen m* 0,0002] 0,0001 o produced
Hot metal kg ___[nol publicly available 150 196942
ot oublcly availabe Duarte et .- Decarbonising the steelmaking
|oRI kg publicly industry, Steel Times 2021
Estimation based on analysis
Slag kg dry 0.0060 values o the slag
Estimation based on
i
e (. 0,0010) 0,1000) sssamed prooess perametess German Federal Ministry for Ecominic Affairs and Ciimate Action
(:I;'g"”'m“' CS=H ™ ot publicly available 0,100} 0,050} German Federal Ministry for Ecominic Affairs and Climate Action
Estimate for C22 based on empirical values
Liquid to cast/ . 000381 for carbon content in tapping
Liquid steel o ! and lack of need for further reduction as up
t0.0.24 % C in C22is permitted.
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LOW EMISSION STEEL STANDARD

OLESS

Annex lI-b Reference Plant Integrated Steelworks, Part 1

. N Scope 1 Scope 3
Process step Unit | Quantity || i i factor | misions factor || omissions | emissions Total Comment
kg CO2 per CO2per | kgCO2per
g CO? per Unit | kg CO2 per Unit || 4 prodt Cproduet Torodet Quantity Scope 1 emissions factor Scope 3 emissions factor
Coking coal ] ronmaking Textbook IEFK of RWTH Aachen University 150 19694-2 Ecoinvent 3.9.1: market for hard coal, Europe, without Russia and Turkey
i kg 150 19694-2
Electricity KWVh  German National Inventory Report 2006
NG-Gas @ | German National Inventory Report 2007 German Emissions Trading Authority (DEHSY) ‘German Federal Environment Agency (UBA)
COG-Gas @ German National Inventory Report 2008 Comission Reguiation (EU) Nob01/2012
BF-Gos o«  German National Inventory Report 2009 Commission Reguiation (EU) NoG01/2012
Coke ) Ironmaking Textbook IEHK of RWTH Aachen University 10 19694-2
Coke plant Generated on outof the
coke oven gas. Tar, benzene and sulphur contain approx. 0.5 GJ. Per ton of crude steel
o, see Stahl und Eisen 2014 Reichel etal. The proportion of benzene/benzene is approx.
8 kg / tcoke. See aiso 1953 Hoffmann: The chemical refinement of hard coalist ca. 8 kg /
Benzol/ Benzen Ko Koks. Vgl auch 1953 Hoffmann: Die chemische Veredelung der Steinkohle: 10 19694-2
Tar ™ 150 19642:2 150 19694-2
C0G-Gas Y] Sustainable carbon sources Commission Reguiation (EU) NoG01/2012
[Not (Input - Output) 794 451 1246
German Federal € (UBA)-Report ™
Limestone kg | Aniagen integrierter Hittenwerke der Stahlmdusme ISSN 1862-4804 150 19694-2 Ecoinvent 3.9.1: market for dolomite, RER
German Federal € BA)-Report in Anlagen
Dolorite kg inegrierter Hitenwerke der Semanaii 1590 824508 150 19694-2 Ecoinvent 3.9.1: market for quicklime, miled, packed, RER
German Federal Enironment Agency (UBA)-Report *Abwarmenutzungspotenziale in Anlagen
Lime Ko gt tonerksdar Sahindusi 1SN 19524004 150 19694-2 Ecoinvent 3.9, 1: market for quickime, miled, packed, RER
i Federal Environment Agency (UBA)-Report *Abwarmenutzungspotenziale in Anlagen
Oivine kg mLegmener Hitenwerke der Stahlindustrie”, ISSN 1862-4804 cuT oFF Ecoinvent 3.9.1: market for siica sand, GLO
German Federal Enironment Agency (UBA)-Report "Abwérmenutzungspotenziale in Anlagen
Coke breeze kg integrierter Hitienwerke der Stahiindustrie", ISSN 1862-4304 10 19604-2 Oun model
German Federal Er (UBA)-Report in Anlagen
Aniracite kg itegrierter Hitenwerke der Stahindustrie", ISSN 1862-4804 150 19694-2 Ecoinvent 3.9.1: market for hard coal, Europe, without Russia and Turkey
Sintor plant Electicity KWh Statstcal Annual report WV Stahl
Federal £ (UBA)-Report in Anlagen
F-Gas « mogrrer itonerksdar S’ 1SN 19524004 Commission Regulaton (EU) No601/2012
| German Federal Environment Agent )-Report “Abwarmenutzungspotenziale in Anlagen
COG-Gas Y [egrrer tenerk co Siminaisie, 1SN 19024804 Comission Regulaton (EU) No601/2012
i Federal Environment Agency (UBA)-Report *Abwarmenutzungspotenziale in Anlagen
Natural gas @ mLegmener Hitenwerke der Stahlindustrie”, ISSN 1862-4804 German Emissions Trading Authority (DEHSY) ‘German Federal Environment Agency (UBA)
(Gomen Foderl Eirerment Age (1E4)-
rmenutzungspotenziale in Anlagen integrierter Hitienwerke der Stahlindustrie”,
Sinte fines kg ISSN 1862-4804 wthuut retured goods) Ecoinvent 3.9.1: market for iron ore, crude ore, 63% Fe, GLO
Sinter Ironmaking Textoook IEHK of RWTH Aachen University 150 19694-2
[Net (input - Output) 465 45 610
Gorman Federal E (UBA)-Report in Anlagen
Lump ore BF kg inegrierter Hitenwerke der Slahlmdusme 1SN 1862-4604 150 19694-2 Ecoinvent 3.9.1: market for iron ore, crude ore, 63% Fe, GLO
German Federal BA)-Rope in Anlagen
Sinter kg integrierter Hitenwerke der Sminaitie, 1SN 19024804 10 19694-2 Oun model
German Federal Emironment Agency (UBA)-Report “Abwarmenutzungspotenziale in Anlagen Ecoinvent 3.9, 1: market for iron pellet, GLO & Transportemissionen von market for iron
Pellets BF kg integrierter Hitenwerke der Stahindustrie", ISSN 1862-4304 150 19694-2 ore, crude ore, 63% Fe, GLO, as transportation is not included in pellets
Scrap kg
German Federal Enironment Agency (UBA)-Report "Abwarmenutzungspotenziale in Anlagen
Coke Kgary gt Hitonerkader Sanduas” 1SS 1952-4004 10 19694-2
eral € UBA)-Report in Anlagen
Natural Gas (heating) Y lmsgnamar Hitenwerke der Stahindustrie’, ISSN 1862-4504 German Emissions Trading Authority (DEHSY) ‘German Federal Environment Agency (UBA)
German Federal Er in Anlagen
Natural Gas (infection) kg integrierter Hitenwerke der Smhlmdusme“ oSN 18624604 ‘German Federal Environment Agency (UBA)
German Federal in Anlagen
BF-Gas Y integrierter Hitenwerke der Siminaistie, 1SN 19024804 Comission Reguiaton (EU) No601/2012
Blast furnace German Federal Enironment Agency (UBA)-Report “Abwarmenutzungspotenziale in Anlagen
COG-Gas Y integrierter Hitenwerke der Stahindustrie", ISSN 1862-4304 Comission Regulation (EU) No601/2012
German Federal Environment Agency (UBA)-Report "Abwarmenutzungspotenziale in Anlagen
coal g integrierter Hitenwerke der Stahiindustrie”, ISSN 1862-4304 10 19604-2 Ecoinvent 3.9.1: market for hard coal, Europe, without Russia and Turkey
Electricity KWh Satca el roprt WV S
Germa BA)-Report * in Anlagen
Oxygen m lmsgnamar e dor Slahlnﬂusma“ 1SSN 1862-4804 150 19694-2 Ecoinvent 3.9.1: market for oxygen, liquid, RER, Calculation with densiy of 1,429 kgl
Gorman Federal E t in Anlagen
Hot metal kg inegrierter Hitenwerke der Slahlmdusme“ oSN 1862-4604 150 19694-2
rman Federal in Anlagen
Biast Fumace Gas @ integrierter Hitenwerke der Siminastie, 1SN 19024804 Comission Regulaton (EU) No601/2012
German Federal Environment Agency (UBA)-Report “Abwarmenutzungspotenziale in Anlagen
Pit siag Kgdry ineroor Moo o S, S5 1952-4004 curort
rmen Feders (UBA)-Report in Anlagen
Granuiated BF siag kg dry integrierter v Stahindustrie", ISSN 1862-4804 curon
[Net (input - Output) a7 [iiz] 1658
German Federal Er (UBA)-Report in Anlagen
Hot metal kg integrierter Hitenwerke der Stahindustrie", ISSN 1862-4604 150 19694-2
Ecoinvent 3.9, 1: market for scrap steel, Europe without Switzeriand & transportation 150km with
German Federal Environment Agency (UBA)-Report "Abwarmenutzungspotenziale in Anlagen 70% truck (market for transpor, freigh, lorry, unspecified, RER), 30 % train (market for
Scrap kg integrierter Hitenwerke der Stahiindustrie", ISSN 1862-4304 10 19694-2 ransport, freight train, Europe without Switzerland)
Gas Y cur-orF
| German Federal (UBA)-Rep in Anlagen
Lime kg inegrierter Hitenwerke der Stahindustrie", ISSN 1862-4604 10 19694-2 Ecoinvent 3.9.1: market for quicklime, mied, packed, RER
German Federal Emronment Agency (UBA)-Report “Abwarmenutzungspotenziale in Anlagen
Orygen m inegrierter Hitenwerke der Stahindustrie", ISSN 1862-4304 150 196942 Ecoinvent 3.9, 1: market for oxygen, fiuid, RER, Calculation with densiy of 1,429 kgl
German Federal Environment Agency (UBA)-Report "Abwarmenutzungspotenziale in Anlagen
BOF Limestone ro integrierter Hitenwerke der Stahiindustrie”, ISSN 1862-4304 10 19694-2 Ecoinvent 3.9.1: market for imestone, crushed, washed, ROW.
Gorman Federal (UBA)-Report in Anlagen
Dolomitc e kg integrierter Hitenwerke der Staindustrie", ISSN 1862-4604 150 19694-2 Ecoinvent 3.9.1: market for quicklime, miled, packed, RER
Eectricity KWh cur-oFF
Estimate for C22 based on empirical values for C content in tapping,
Liquid steel kg | Assurtion based on production data lack of need for further reduction up 10 0.24% C in C22 is permitied.
German Federal Environment Agency (UBA)-Report “Abwarmenutzungspotenziale in Anlagen
BOF Gas Y ntegierer Hitenverke der Stahindustie”, ISSN 1862-4804 Comission Reguiation (EU) No601/2012
German Federal Er (UBA)-Report in Anlagen
Steeimaking Slag kg dry itegrierter Hitenwerke der Stahindusirie", ISSN 1862-4804 Estimation based on analysis values of the siag
[Net (input - Output) 12 1673 1585
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Annex ll-b Reference Plant Integrated Steelworks, Part 2

Scope 1 Scope 3
Process step unit | Quantty || i ot ctor | emissions fctor || emssions amiasions Total Comment
kgCO2per | kgCO2per | kg CO2per
kg CO2 per Unit | kg CO2 per Unit Lproduct Uproduct tproduct Quantity Scope 1 emissions factor Scope 3 emissions factor
Estmate for C22 based on empirical values for carbon confent in
tapping and lack of need for further reduction as up 10 0.24 % C in C22
Liquid Steel kg is permitied.
Gas (Y CUT-OFF
Electricity KWh
Secondary Reference product was defined as aluminum kiled, estimation of the required
Metallurgy Auminium kg quantity in the converter process from empirical values. cutoff Ecoinvent 3.9.1: market for aluminium, cast alloy, GLO
Ecoinvent 3.9.1: market for ferromanganese, high-coal, 74.5% Mn, GLO & transportation
‘emissions of market for ferrochromium, high-carbon, 68% Cr, GLO, as iransport s not includied
kg | Adopted from secondary route to look at comparable alloys 1S0 19694-2 for ferromanganese
Liquid to cast kg
[Net (Input - Output) 3 1693 1696
German Federal Environment Agency (UBA)-Report *Abwérmenutzungspolenziale in Anlagen
Liquid to cast kg integrierter Hilttenwerke der Stahiindustrie", ISSN 1862-4804
Electricity KWh Statistical Annual report WV Stahl (Summarized for Oxygen steetworks)
German Federal Envronment Agency (UBA)-Report "Abwérmenutzungspotenziale in Anlagen
Orygen m3 integrierter Hittenwerke der Stahiindustrie”, ISSN 1862-4804 Ecoinvent 3.9.1: merket for oxygen, liquid, RER, Calculation with density of 1,429 kg/m?*
Casting German Federal Envronment Agency (UBA)-Report
"Abwérmenutzungspolenziale in Anlagen integrierter Hitienwerke der
Gas Y CUT-OFF Stahlindustrie”, ISSN 1862-4804
Cast steel kg
[Nt (Input - Output) [ 1730 1730
Cast steel kg | Assumtion based on production data Own model
German Federal Environment Agency (UBA)-Report *Abwérmenutzungspotenziale in Anlagen
BF-Gas (Y integrierter Hilttenwerke der Stahiindustrie”, ISSN 1862-4804
German Federal Environment Agency (UBA)-Report *Abwérmenutzungspotenziale in Anlagen
coG-Gas [ integrierter Hilttenwerke der Stahiindustrie", ISSN 1862-4804 Commission Regulation (EU) No601/2012
German Federal Environment Agency (UBA)-Report *Abwérmenutzungspotenziale in Anlagen
Natural Gas Y integrierter Hiittenwerke der Stahlindustrie”, ISSN 1862-4804 German Emissions Trading Authority (DEHSY) German Federal Envronment Agency (UBA)
Hot rolling German Federal Environment Agency (UBA)-Report "Abwérmenutzungspotenziale in Anlagen
BOF-Gas &l integrierter Hilttenwerke der Stahiindustrie", ISSN 1862-4804 Commission Reguiation (EU) No601/2012
Electricity KWh Statistical Annual report WV Stahl (inkl. cold roling)
orygen ms | Assumtion based on Statistical Annual report WV Stahl Ecoinvent 3.9.1: market for oxygen, liquid, RER, calculation with density of 1,429 kg/n®
Steel Scrap kg external scrap [worldsteel]
Hot rolled steel kg
[Net (Input - Output) 105 1828 1933
[COGGas ) per ton of hot rolled product Commission Regulation (EU) No601/2012
BF-Gas (Y per ton of hot rolled product Commission Regulation (EU) No§01/2012
BOF-Gas (Y per ton of hot rolled product Commission Regulation (EU) No§01/2012
Natural Gas in PP (Y CUT-OFF, since ist has no impact
Gases produced (total) [ 1577 per ton of hot rolled product
by_product gases used (coke) Y per ton of hot rolled product
Power plant by_product gases used (sinter) Y per ton of hot rolled product
Gas Balance by_product gases used (BF) (Y per ton of hot rolled product
by_product gases used (BOF) (Y CUT-OFF
by_product gases used (SecMet)  GJ CUT-OFF
by_product gases used (Casting)  GJ CUT-OFF
by_product gases used (Roling) ___ GJ per ton of hot rolled product
by-product gases used (total) __ GJ o79
[Net (Input - Output) [ 598 CO2 added (outpu) in PP
[Etectricity Generation KWh Calculation with 37% electrical PP efficiency
Electricity used (coke) KWh per ton of hot rolled product
Electrcity used (sinter) KWh per ton of hot rolled product
Electrcity used (BF) KWh per ton of hot rolled product
Electricity used (BOF) KWh per ton of hot rolled product
Power plant Electricity used (Sechet) KWh per ton of hot rolled product
Electricty Balance | Electricity used (Casting) KWh per ton of hot rolled product
Electricity used (Roling) KWh per ton of hot rolled product
Electricity used (total) plants KWh per ton of hot rolled product
Electricity used (Powerplant) KWh 2% within the PP
Electricity used (total) KWh
[Net (Input - Output) KWh
Electricity (grid) [Erecticity to the grid Kwh_| 1T | 1T | -485 [ 56 per ton of hot rolled product German Federal Environment Agency (UBA)
BF-Slag [Granuiated BF siag kg | 1T | T | 0 | 26 per ton of hot rolled product German Federal Ministry for Economic Affairs and Climate Action (BMWK)
Scope 1 Scope 3 Scope 1-3
1904 627 2531 per ton of hot rolled product
inki. credits 545 Scope 1/ Scope 2 and technical gases and pelletlime upstream
20,0% scrap rate (scrap inputin BF and BOF per ton of casted steel)
Result Matrix
2531 kg CO2 Scope 1/ Scope 2 and technical gases and peletlime upstream
56 kg CO2 Electrcity (grid) Alocation
26 kg CO2 Granulated BF slag Allocation
0 kg CO2 Extraction and Transport Emissions
Sum 2449 kg CO2 per ton hot rolled product
20,0% __ scrap rate (scrap input in BOF per ton of casted steel)
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Reference Plant DRI-EAF under Ideal Conditions

Scope 1 Scope3 Scope 1 Scope? Scoped
Comment
Process step Unit | Quantity emissions factor | emissions factor | emissions factor emissions. emissions. emissions Total
kg CO2 per kg COR per kg CO2 per 3
kg CO2 per Unit | kg CO2 per Unit | kg CO2 per Unit t product tproduct tproduct Quantity Scope 1 emissions factor factor
Lump Ore o 150 196942 Ecomvent 3.9.1: market fo ron ore, crudo ore, 63% Fo, GLO
Ecoinvent 39.1: market for iron pelet, GLO & ransportaton emissions
Cavaliere et al.: Integration of Open Slag Bath Furnace with Direct from market for iron ore,
Polcts @ [Reducton Reactorsfor New-Generaton Steelaking, Metas, 2022 Adopled from Lump Ore arude ore, 63% Fe, GLO, as no transportaton is inchuded for pelets
Duarte et a1 Decarbonising th steeimaking industy, Caloulaion based on ecainvent ransport data and estimate
ycrogen o Steel Times Internatonal, 2021 from "Hydrogen in cimate profecion”
Cavalioe et al. ntsgration of Open Siag Bath Furnace wih Direct German German Federal E el Agency B
ol Eicriciy v [Reducton Reactorsfor New-Generaton Steeimaling, Metas, 2022 Agency (UBA) dstibutin of vind and PV)
Cavaioe et al. ntsgraion o Open Siag Bath Furnace wih Direct
(Oygen mon [Reducton Reactorsfor New-Generaton Steelmaking, Metas, 2022 Assumption regeneratiely produced
oR @
[Net (nput - Output) 0 0 3 5
oR @ Determination of srap share for the label
Ecoinvent 3.9.1: marketfor scrap stoa, Europo without Swizeriand &
500m with 70% truck ( por, reight,
lorry, unspecified RER), 30 % train (market for transport, freight train,
scrap @ Detormination of srap sharo for the label 150 196942 Europo vithout Swizeriand)
[Doomiic ime. i@ Gavalere et a. Infgraton of Open Siag Bath Furnace wih Direct Redu 1SO 19624-2 Ecoinvent 39.1: market for quickime, miled, packed, RER
(German Emissions Trading
(Graphit clctrodes o opernikus project Authority (DEFSY slecirode burnup Ecoinvent 39.1: market fo graphite, btery grade, GLO
Esimaton of the acitonal carbon requirement as compansation Swizerand, mrket for ransport. froight.
Biochar i@ for carbonfree directreducton Biogen sea, bulk carie for dry goods, GLO; market or ansport, feight, ory,
Galoulaion based on ecainvent ransport data and estimate
Hycrogen & Derived from the natural gas consumpton ofthe reference pant from "Hydrogen in cimate profecion”
EAR Cavaliere et al.: Integration of Open Slag Bath Furnace with Direct German German Federal Ei ntal B!
Eicriciy v [Reduction Reactors for New-Generaton Steeimaking, Metas, 2022 Agency (UBA) distibution of vind and PV)
Cavaliere et al.: Integration of Open Siag Bath Furnace with Direct
(Onygen m [Reduction Reactorsfor New-Generaton Steeimaling, Metas, 2022 Assumpton regeneratvely produced
Estimate for C22 based on
empirical values for carbon content n tapping and
lack of noed fo furtr reduciion a5 Up 0.0.24 % C
Liqui Seel i@ in C22is permited.
[Net (Input - Output) " 0 3719 390
Ciuid Steel @ Estmaton
Gas o cur-or
German Federal Eniromental  German Federal Eniromental Agency UBA (assuming current
Eicriciy v Agency (UBA) stibution of vind and PV)
No aoy necessary, eference product was defined as akminum
=y e, estimaton of the necessary quanity in the comerter
e Auminium i@ process from empirical values. ot Ecoinvent 3.9.1: market for akminium, cast aloy, GLO
Ecoinvent 39.1: market for ferromanganese, high-coa, 74.5% M, GLO
& wansporiatin emissions from marke for ferrochromium, high-carbon.
150 196942 8% Cr. GLO, as no ransporaton is ncluded or ferromanganose
[Ciquid to cast kg |
[Net (nput - Output) 3 o[ )
German Federal Enironment Agency (UBA)-Report
Liqui to cast @ Stahindustrie’, ISSN 1662-4804
German Federal Enviromental Agency UBA (assuming current
Eicriciy v staistcal Annual report W Siahi (Surmmerized for Orygen steshiorks) stibution of ind and PY)
Gorman Fedoral Enironment Agency (UBA)-Report
ety (Oxygen m Stahiindustrie”, ISSN 1862-4804
(Gorman Fedoral Environment Agency (UBA)-Report
“Abwérmenutzungspolenzial in Aniagen integrerter
Gas & cur.orr Hitenwerke der Stahinduste”, ISSN 1862-4804
|Cast steel kg
[Not input - Outpu 0 0 50 ET)
[Cast siee @ Assumon
German Federal Enironment Agency (UBA)-Report
E ngspotenzile i Gaculation based on ecoinvent ransport data and estimate
Hycrogen @ Stanincustie, ISSN 1862-4804 (Hycrogen roplaces natural gas) from "Hydrogen in cimate profecion”
— German Federal E el Agency U
Eicriciy v Staistcal Annual report W Stahi (k. cold roling) Agency (UBA) stibution of vind and PV)
Oygen m No co- gases, therefore no corresponding oxygen recuirement
|Steel Scrap kg external scrap [worldsteel]
ot roled siel g
[Net (Input - Output) 0 544 544
Eiocticiy wsed (ORI) v or ton of ot roled product
Eicriciy used (EAF) v per ton of hotroled product
Scope2 Elcricit used (Sechlet) i per ton of hot roled product
Electricity used (Casting) kwh [per ton of hot rolled product
Eiccricit used (Roling) i per ton o hot roled product
[Electricity used (total) plants kWh 0 [per ton of hot rolled product
Scope 1 Scope 2 Scope3  Scope 13
16 0 529 544 pper ton of hot rolled product
Scope 1/ Scope 2 and technical gases and peletime upsiream
20,00% scrap rate (scrap input in BOF per ton of casted steel)




LESS Rulebook version 1.1

Reference Plant EAF-QST

LOW EMISSION STEEL STANDARD

OLESS

Process step unit | Quantity || Seope ! Scope 2 Scope 3 Scope 1 Scope 2 Scope 3 Total Comment
emissions factor | emissions factor | emissions factor || emissions | emissions | emissions
kgCOZper | kgCOZper | kgCOZper | kg COZper ] — — —
kg CO2 per Unit | kg CO2 per Unit | kg CO2 per Unit tproduct t product t product t product Quantity Scope 1 emisslons factor | Scope 2 emissions factor Scope 3 emisslons factor
150 106042 Ecoinvent 3.9.1: market for scrap steel, Europe without Switzeriand & fransportation over 150km with 70% truck (market for franspor,
Scrap g freight,lorry, unspecified RER), 30 % train (market for ransport, freight train, Europe without Switzerland)
Lime g 150 19694-2 Ecoinvent 3.9.1: market for quickime, miled, packed, RER
German Emissions Trading
Authority (DEHS!) Ecoinvent 3.9.1: market for graphile, batery grade, GLO
(Graphite clectrodes kg electrode burnup.
Coal g 150 19694-2
German Federal German Federal Enviromental Agency (UBA) Report"Emissionsfaktoren der Stromerzeugung - Betrachtung
Blcriciy wh ‘Agency (UBA) der von Erdgas und Steinkohle”, ISSN 1862-4359
Steel plant Orygen m3 Ecoinvent 3.9.1: market for oxygen, iquid, RER, Umrechnung mit Dichte von 1,429 kgl
Auminium g CutOff Ecoinvent 3.9.1: market for aluminium, cast aloy, GLO
150 196042 Ecoinvent 3.9.1: market for ferromanganese, high-coal, 74.5% Mn, GLO & ransportation emissions from market for
ferrochromium, high-carbon, 68% Cr, GLO, as no transportation is included for ferromanganese
Estimate for C22 based on
empirical values for carbon
content in tapping
and lack of need for further
reduction as p 10 0.24 % C in
Liquid Steel kg C22 s permitied.
[Net (input - Output) 114 235 248 598
Estimate for C22 based on
empirical values for carbon
contentin tapping
and lack of need for further
reduction as p 10 0.24 % C in
Liquid to cast g C22is permitted
considered under German Federal German Federal Enviromental Agency (UBA) Report“Emissionsfaktoren der Sromerzeugung - Betrachung
) Electricity wh steel mill \gency (UBA) der von Erdgas und Steinkohle”, ISSN 1862-4359
Casting considered under
Oxygen ms steel plant Ecoinvent 3.9.1: market for oxygen, iquid, RER, Umechnung mit Dichte von 1,429 kg/m*
considered under
Gas Y steel plant
Cast stoel g
German Federal Enviromental Agency (UBA) Report"Emissionsfaktoren der Stromerzeugung - Betrachiung
Net (input - Output) 0 o 610 610 der Vorkettenemissionen von Ercgas und Steinkohle”, ISSN 1862-4359
Cast stoel a
German Emissions Trading
Natural-Gas Y Authority (DEHSY) German Federal Enviromental Agency (UBA)
German Federal German Federal Enviromental Agency (UBA) Report "Emissionsfaktoren der Stromerzeugung - Betrachtung
Electricity wh Agency (UBA) der i von Erdgas und Steinkohle”, ISSN 1862-4359
Orygen m3 Ecoinvent 3.9.1: market for oxygen, iquid, RER, Umrechnung mit Dichte von 1,429 kg/m>
Estimate for C22 based on
empirical values for carbon
contentin tapping
and lack of need for further
reduction as up 10 0.24 % C in
Steel Scrap g C22 s permitied
Estimate for C22 based on
empirical values for carbon
content in tapping
and lack of need for further
reduction as up 10.0.24 % C in
Hot rolled steel kg C22 is permitied
[Net (input - Output) 84 3 663 790
Scope 1 Soope 2 Soope 3 Scope 1-3
207 204 289 79




LOW EMISSION STEEL STANDARD
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Reference Plant EAF-QST under Ideal Conditions

Scope 2
Process step unit | Quantity || Scopet em'sspinns  Scope 3 Scope 1 Scope 2 Total Comment
emissions factor factor ‘emissions factor ‘emissions emissions
kgCOzper | kgCO2per | kgCOper | kg CO2per " e e
kg CO2 per Urit | kg CO2 per Unit | kg CO2 per Unit tproduct tproduct tproduct tproduct Quantity Scope 1 emissions factor Scope 3 emisslons factor
Ecoinvent 3.9.1: market for scrap steel, Europe vithout Switzeriand & transportation over 150km with
1SO 19694-2 70% truck (market for transport, freight, lorry, unspecified RER), 30 % train (market for transport,
Scrap kg freight train, Europe without Switzerland)
DR k9
Lime ko 1S0 19694-2 Ecoinvent 3.9.1: market for quicklime, milled, packed, RER
German Emissions Trading
Authority (DEHSt) Ecoinvent 3.9.1: market for graphite, battery grade, GLO
(Graphite electrodes ko electrode bumup
Ecoinvent 3.9.1: market for transport, freight train, Europe without Switzerland, market for transport,
Biogen freight,
Biochar ko sea, bulk carrier for dry goods, GLO; market for transport, freight, lorry, unspecified, RER
Steel plant Hydrogen Y Caloulation based on ecoinvent transport data and estimate from "Hydrogen in climate protection”
Electricity (renewable) KWh izr;i"y :ﬁ;i')a ! Emiromentl German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Oxygen (renewable) m3 Assumption regeneratively produced
Aluminium kg Cut Off Ecoinvent 3.9.1: market for aluminium, cast alloy, GLO
Ecoinvent 3.9.1: market for ferromanganese, high-coal, 74.5% Mn, GLO & transportation emissions from
1SO 19694-2 market
i for ferrochromium, high-carbon, 68% Cr, GLO, as no transportation is included for ferromanganese
Liquid Steel ko
Net (Input - Output) 17 0 212 229
Estimate for C22 based on empirioal values for carbon confent in
tapping
and lack of need for further reduction as up to 0.24 % C in C22is
Liquid to cast kg permitied.
‘German Federal Enviromental
Elcticity wh Agency (UBA) (German Federal Enviromental Agency UBA (assuming current distibution of wind and PV)
Casting Oxygen ms Assumplon regeneralively produced
Gas GJ
Estimate for C22 based on empirical values for carbon
content in tapping and lack of need for further
Cast steel ke reducton as up 10 0.24 % C in C22 is permited.
[Net (input - Output) 0 0 233 234
Estimate for C22 based on empirical values for carbon content in
tapping
and lack of need for further reduction as up to 0.24 % C in C22 is
Cast steel ko permitied
Hydrogen Y] German Federal Enviromental Agency (UB. Calculation based on ecoinvent transport data and estimate from "Hydrogen in climate protection”
Electricity (renewable) kWh German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Hot rolling Oxygen (renewable) m3 Assumption regeneratively produced
Estimate for C22 based on empirical values for carbon content in
pping
and lack of need for further reduction as up o 0.24 % C in C22 s
Steel Scrap kg permited.
Hot rolled steel kg
[Net (Input - Output) 0 0 264 264
Scope 1 scope 2 Scope 3 Scope 1-3
18 [ 286 268
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Scope 1 Scops 3 Scope Scope1 | Scope2 | Scope3
Comment.
IProcess step Unit | Quantity emissions | emissions | emisstons emtostons | emtestons | emtsgions | 70! e
factor factor factor
kg CO2 per | kg CO2 per | kg CO2 per | kg CO2 per
kg CO2 per Unit | kg CO2 per Unit | kg CO2 per Unit t product tproduct [ tproduct | tproduct Quantity Scope 3 s tactor Scope 3 s tactor Scope 3 s tactor
Ecoimvent 3.9.1: market for scrap stee), Eurape without Switzerland & trans e T50km with 70% truck
150 19694-2 (market for transpor, freight, lory, unspecified RER), 30 % train (market for transport, freight train, Europe without
Scrap e Switzerland)
Lime ke 150 19694-2 Ecoinvent 3.9.1: market for quicklime, milled, packed, RER
G‘“”";Eé”f fons Trading Authority (DEHSY) Ecoinvent 3.9.1: market for graphite, battery grade, GLO
Graphite electrodes kg electrode burnup
coal & 150 19694-2
N o German Emissions Trading Authority (DEHSY) German Federal Enviromental Agency (UBA)
German Fecers Ervomenta Agency (v CEIN Federa niromental Agency (UBA) Reprt "inisionsaktorender tromerzesgung - Bevachtung dr
electricity o Vorkettenemissionen von Erdgas und Steinkohle", ISSN 1862-4359
steelplant |o,cen ms Ecoinuent 3.9.1: market for oxygen,liquid, RER, Conversion with densiy of 1429 kg/m*
Ferrosilicone ke cut off Ecoinvent 3.9.1: market for aluminium, cast alloy, GLO
0106060 Ecoinvent 3.9.1: marke for ferromanganese, high-coal, 74.5% Mn, GLO & transportation emissions from market for
Ferromanganese/Silicomanganese kg we ferrochromium, high-carbon, 68% Cr, GLO, as no transportation is included for ferromanganese
Liquid Steel &
[Net (Input - Dutput) 77 177 167 421
Estimate for C22 based on empirical values for carbon
content in tapping and lack of need for further
Liquid to cast 8 reduction as up to 0.24 % Cin C22 i permitted
German Federal Enviromental Agency (UBA) Report "Emissionsfaktoren der Stromerzeugung - Betrachtung der
Electricity wh German Federal Enviromental Agency (UBA)  Vorkettenemissianen
Casting Oxygen m3 Ecoinvent 3.9.1: market for oxygen, liquid, RER, Conversion with density of 1.429 kg/m®
Gas G
Estimate for C22 based on empirical values for carbon
content in tapping and lack of need for further
reduction
Cast steel @ 25 Up 100,24 % C1n C22 i permitted.
Net (input - Output) 0 0 429 430
Estimate for C22 based on empirical values for carbon
content in tapping and lack of need for further
reduction
Cast steel ke as up to 0.24 % Cin C22 is permitted.
state of technologogy for iron
metal
processing plants (UBA-Federal
Natural-Gas G Enviromental Agency) Austria  German Emissions Trading Authority (DEHSE) German Federal Enviromental Agency (UBA)
German Federal Enviromental Agency (UBA) Repart "Emissionsfaktoren der Stromerzeugung - Betrachtung der
Electricity kwh (German Federal Enviromental Agency (UBA)  Vorkettenemissionen von Erdgas und Steinkohle”, ISSN 1862-4359
|Oxygen m3 Ecoinvent 3.9.1: market for oxygen, liquid, RER, Conversion with density of 1.429 kg/m*
Hot rolling Ve wygen,liq v e/
Estimate for C22 based on empirical values for carbon
content in tapping
and lack of need for further reduction as up to 0.24 %
steel Scrap ke Cin C22 s permitted.
Hot rolled steel kg
|et input - output) % 4 462 581
Scopel  Scope2 | Scoped | Scopeld
109 232 190 531
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Reference Plant EAF-BST under Ideal Conditions

Scope 1 Scope 2 Scope 3 o Scoped
Unit | Quantity || emissions | emissions | emissions pe Total Comment
emissions | emissions | emissions
factor factor factor
kg CO2 per kg CO2 per  |kg CO2 per kg CO2 per kg CO2 per ; e e
kg CO2 per Unit Unit kg CO2per Unit| | tproduct | tproduct | tproduct | tproduct Quantity Scope 1 emissions factor Scope 2 emissions factor
150 196842 Ecoinvent 3.9.1: market for scrap sieel, Europe without Switzerland & transporiaion over 150km with 70% truck
serap @ (market for ransport, freight, lory, unspecified RER), 30 % train (market for transport, feight train, Europe without
DRI ko
Lime kg 150 19694-2 Ecoinvent 3.9.1: market for quickime, milled, packed, RER
German Emissions Trading Authority (DEHSY)
raphie slociodes @ e Ecoinvent 3..1: market for graphite, batery grade, GLO
Siogen Ecoinvent 3.9.1: market for transpor, freight train, Europe without Switzerland, market for ransport, freight, sea, buk
Biochar kg 9 carrier for dry goods, GLO; market for transport, freight, lory, unspecified, RER
Steelplant |Hycrogen Y Calculation based on ecoinvent transport data and estimate from "Hydrogen in climte protection”
Eectriciy (renewable) Kwh Gorman Federal Enviromental Agency (UBA) German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Oxygen (renewable) m3 Assumption regeneratively produced
kg CutOff Ecoinvent 3.9.1: market for aluminium, cast alloy, GLO
150196042 Ecoinvent 3.9.1: market for ferromanganese, high-coal, 74.5% Mn, GLO & ransportation emissions from market for
™ ferrochromium, high-carbon, 68% Cr, GLO, as no ransportaton is included for ferromanganese
Liquid Steel o
Net (input - Output) 15 0 137 152
Estimate for C22 based on empirical values for
Garbon content in tapping and lack of need for
Liquid to cast kg further reduotion as up to 0.24 % C in C22 is permitted.
Electicity wh German Federal Enviromental Agency (UBA) German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Oxygen m3 Assumption regeneratively produced
Casting  |Gas o
Estimate for C22 based on empirical values for
carbon content in tapping and lack of need for
Cast steel kg further reduction as Up 10 0.24 % C in C22 i permitied.
Net (input - Output) 0 0 155 155
Estimate for C22 based on empirical values for
Garbon content in tapping and lack of need for
Cast steel kg further reduction as up to 0.24 % C in C22 is permitted.
Hydrogen Y German Federal Enviromental Agency (UBA) Calculation based on ecoinvent transport data and estimate from "Hydrogen in climate protection”
Electicity (renewable) Kwh German Federal Enviromental Agency UBA (assuming current distribution of wind and PV)
Hot rolling  |Oxygen (renewable) ms Assumption regeneratively produced
Estimate for C22 based on empirical values for
carbon content in tapping and lack of need for
Steel Scrap kg further reduction as up to 0.24 % C in C22 is permitted.
Hot roled steel kg
[Net (input - Output) 0 0 170 170
Scope1  Scope2  Scope3  Scope 13
16 [} 54 170
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Threshold Value Calculation Aid

Qualitatsstahl / Quality steel Bau- und Betonstahl / strucutral and reinforcing steel

aller I Threshold of all classification aller ifizie I Threshold of all
Schwelle Near Zero Schwelle / Threshold
0% 520 ifizi Near Zero —
10% 485 Klasgflzlletrutngtsiylstem % o Klassifizierungssystem
20% 450 Uallissia 10% 435 Bau- und Betonstahl
30% 415 3.000 20% 400 2
40% 380 30% 365
50% 345 40% 330
60% 310 50% 295
70% 275 2500 60% 260 2500
80% 240 2250 70% 225
90% 205 = 80% 190 _
100% 170 s 90% 155 3 2000
2 2,000 100% 120 2 2,000
Schwelle A g 1.800 E K
A 7040 = Schwelle / Threshold A H )
10% 970 g b 0% 940 & g
20% 200 o 180 Qe 10% 870 S 1w
30% 830 “‘ = 20% 800 2 D
40% 760 K c 30% 730 = 1.200
0% 690 40% 660 2
60% 620 1.000 900 50% 590 ; 1.000 c
0% 550 B 850 £0% 520 £ 500
0% 250 o0 70% 450 & B
90% 410 80% 380 600
1000 a0 500 450 A 510 90% 310 500 400 A 480
= 340 100% 240 360
Near Near 240
Sciwelle B zero 170 Schwelle / Threshold B Zoro 120
% 1.560 0 0% 1.410 0
;g of lggg 0% 10% 20% 30% 40% 50% 60% 70% 80% 0% 100% 10% 1305 0% 10% 20% 30% 0% 50% 60% 0% 80% 0% 100%
o g 20% 1.200
pres oas ST 2% 120 Schrottquote
40% 1.140 40% 990
50% 1.035 50% 885
60% 930 y . %
0% 82 Classification system oo e .
200 5 A 70% 675 Classification system
80% 720 Structural and reinforcing steel 80% 570 A .
90% 615 20% 465 Structural and reinforcing steel
100% 510 3000 100% 360 3.000
Schwelle C Schwelle / Threshold C
o 80 0%
2500
10% 1.940 10% 1.740 2500
20% 1.800 2.250) 20% 1.600
30% 1.660 z 30% 1.460
40% 1.520 % 2000 40% 1320 2000
50% 1.380 s 1.800 E 50% 1.180 2000
60% 1240 H 60% 1.040
70% 1.100 & 70% 900 5 1.600
80% 960 S 50 D 80% 760 2 E
90% 820 2 1.350 90% 620 5 180
100% 680 £ @ 100% 280 % 1.200 ©
Schwelle D 2 100 900 Seele/ Threshold 2 s 100 c
100£; gfgg B 850 10% 2175 H 800
20"/“ 2.250 680 20% 2.000 2 B
o ’ 450 30% 1.825 2 600
38; fg;g 500 A st 40% 1.650 & 500 400 A 480
. . 340 50% 1.475 360
0% 1725 Near 170 60% 1.300 Near 280
60% 1.550 Zero 70% 1125 Zero 120
70% 1375 0 80% 950 0
80% 1200 0% 10% 20% 30% 0% 50% 60% 70% 80% %0% 100% 00 p 0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%
‘SDUD‘Z; 182%5 Scrap share 100% 600 Scrap share
Allgemeine Geradengleichung / General equation Aligemeine Geradengleichung / General equation
E = m*(100-x)+s E = Emissionen in kg CO,e/ t Walzstahl - emissions in kg CO2e/ t hot rolled steel E = m*(100-x)+s  E = Emissionen in kg CO,e/ t Walzstahl - emissions in kg CO2e/ t hot rolled steel
m = Steigung der Geraden - slope of the line m = Steigung der Geraden - slope of the line
x = Schrottquote - scrap share x = Schrottquote - scrap share
s = Emissionen in kg CO,e/ t Walzstahl der Referenzanlage bei 100% Schrottquote - Emissions in kg CO2e/ t Walzstahl der Referenzanlage bei 100% Schrottquote s = Emissionen in kg CO,e/ t Walzstah! der Referenzanlage bei 100% Schrottquote - Emissions in kg CO2e/ t Walzstahl der Referenzanlage bei 100% Schrottquote
i ifizi Near Zero / Derivation of the threshold fot Near Zero i ifizi Near Zero / Derivation of the threshold fot Near Zero
330 IEA-Ansatz Emissionen in kg CO2e/ t Walzstahl Referenzanlage 20 % Schrottquote - IEA-approach emissions in kg CO2e / t hot rolled steel reference plant 20% scrap 330 IEA-Ansatz Emissionen in kg CO2e/ t Walzstahl 20 % - pproach emissions in kg CO2e / t hot rolled steel reference plant 20% scrap
50 IEA-Ansatz Emissionen in kg CO2e/ t Walzstahl Referenzanlage 100 % Schrottquote - - IEA-approach emissions in kg CO2e / t hot rolled steel reference plant 100% scrap 50 IEA-Ansatz Emissionen in kg CO2e/ t Walzstahl 100 % Schr - pproach emissions in kg CO2e / t hot rolled steel reference plant 100% scrap
+120 Aufschlag in kg CO2e/ t Walzstahl Referenzanlage 20 % Schrottquote - surcharge in kg CO2e / t hot rolled steel reference plant 20% scrap share +70 Aufschlag in kg CO2e/ t Walzstahl Referenzanlage 20 % Schrottquote - surcharge in kg CO2e / t hot rolled steel reference plant 20% scrap share

+120 Aufschlag in kg CO2e/ t Walzstahl Referenzanlage 100 % Schrottquote - surcharge in kg CO2e / t hot rolled steel reference plant 100% scrap share +70 Aufschlag in kg CO2e/ t Walzstahl Referenzanlage 100 % Schrottquote - surcharge in kg CO2e / t hot rolled steel reference plant 100% scrap share
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Rolling Mill Excess Input

Weight per meter Bar diameter Sheet thickness Standard output B (s
in kg/m inmm in mm (2 m wide) quantity in %

1 12,8 96,0 1,050

2 18,1 96,0 1,050

4 25,6 95,9 1,050

8 36,1 0,51 95,8 1,050
12 44,3 0,77 95,7 1,050
16 51,1 1,03 95,7 1,050
20 57,1 1,28 95,6 1,050
24 62,6 1,54 95,5 1,050
28 67,6 1,79 95,4 1,050
32 72,3 2,05 95,3 1,050
36 76,7 2,31 95,2 1,050
40 80,8 2,56 95,2 1,051
44 84,7 2,82 95,1 1,052
48 88,5 3,08 95,0 1,053
52 92,1 3,33 94,9 1,054
56 95,6 3,59 94,8 1,054
60 99,0 3,85 94,8 1,055
70 106,9 4,49 94,6 1,057
80 1143 513 94,4 1,060
90 121,2 5,77 94,2 1,062
100 127,8 6,41 94,0 1,064
110 134,0 7,05 93,8 1,066
120 140,0 7,69 93,7 1,068
130 145,7 8,33 93,5 1,070
140 151,2 8,97 93,3 1,072
150 156,5 9,62 93,1 1,074
200 180,7 12,82 92,4 1,083
250 202,0 16,03 91,7 1,091
300 19,23 91,0 1,098
350 22,44 90,5 1,105
400 25,64 89,9 1,112
450 28,85 89,5 1,118
500 32,05 89,0 1,123
550 35,26 88,7 1,128
600 38,46 88,3 1,132
650 41,67 88,0 1,136
700 44,87 87,7 1,140
750 48,08 87,5 1,143
800 51,28 87,2 1,147
850 54,49 87,0 1,149
900 57,69 86,8 1,152
950 60,90 86,6 1,154
1.000 64,10 86,5 1,156
1.050 67,31 86,3 1,158
1.100 70,51 86,2 1,160
1.150 73,72 86,1 1,161
1.200 76,92 86,0 1,163
1.250 80,13 85,9 1,164
1.300 83,33 85,8 1,165
1.350 86,54 85,7 1,166
1.400 89,74 85,7 1,167
1.450 92,95 85,6 1,168
1.500 96,15 85,5 1,169
1.550 99,36 85,5 1,170
1.600 102,56 85,4 1,170

Standard output quantity in %

max. output quanitity in %
min. output quantity in %

Standardization in kg/m

100

96
85
500

98
96

94
92 N\

88
86

84

82

80

0 500

1000 1500
Weight per meter in kg/m

2000

DLESS

LOW EMISSION STEEL STANDARD
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List of Alloying Agents

Element No. Name (dt.) Name (engl.) Verbindungen/Stoffe (dt.) | Composition (engl.)
B 5 Bor Boron
Ferro-Bor Ferro boron
© 6 Kohlenstoff* Carbon
Braunkohlenfeinstaub pulverized lignite
C-Fulldraht
Petrolkoks petroleum coke
Steinkohle hard coal
N 7 Stickstoff Nitrogen
Salpetersaure Nitric acid
Stickstoff Nitrogen
Kalkstickstoff Calciumcyanamid
Al 13 Aluminum Aluminum
Priméaralumiunium Primary aluminium
Sekundaraluminium Secondary aluminium
Aluminiumchlorid Aluminium chloride
Aluminiumsulfat Aluminium sulphate
Aluminium Aluminium
Si 14 Silizium Silicon
Siliziummetall Silicon metal
Calciumsilizid Calcium Silicide
Ferrosilizium Ferro silicum
P 15 Phosphor Phosphorus
Ferro-Phosphor Ferro phosphorus
S 16 Schwefel Sulphur
Aluminiumsulfat Aluminium sulphate
Ammoniumsulfat Ammonium sulphate
Eisendisulfid (Pyrit) Pyrite
Eisensulfat Ferrous sulphate
Natriumsulfat Sodium sulphate
Schwefel Sulfur
Ca 20 Kalzium** Calcium
Branntkalk (CaO) (quick)lime
Calciumchlorid Calcium chloride
Dolomit dolomite
Dolomitkalk domitic lime
Kalziumkarbonat Calciumcarbonat
Kalkstein Lime stone
CaSi-Draht CaSi-Wire
Ferro-Kalzium Ferro calcium
Kalzium-Silizium Silico calcium
Ti 22 Titan Titanium
Titanium metal Titanium metal
Ferro-Titanium Ferro titanium
Titanschwamm Titanschwamm
Titandioxid Titanium dioxide
Vv 23 Vanadium Vanadium
Vanadiumnitrid
Ferro-Vanadium Ferro vanadium
Cr 24 Chrom Chromium
Ferrochrom high-carbon (carbure) Ferrochrome high-carbon (carbure)
Ferrochrom low-carbon (affine) Ferrochrome low-carbon (affine)
Charge chrome Charge chrome
Ferrochrom Ferro chrome
Mn 25 Mangan Manganese
Ferro-Mangan high-carbon (carbure)
Ferro-Mangan low-carbon (affine)
Ferro-Mangan Ferro manganese
Mangan Manganese
Silizium-Mangan Silico Manganese
Co 27 Kobalt Cobalt
Ni 28 Nickel Nickel
Ferro-Nickel Ferro nickel
Nickel Nickel
Cu 29 Kupfer Copper
Kupfer Copper
Se 34 Selen Selenium
Ferro-Selen Ferro Selenium
Selendioxid Selenium Dioxide
Nb 41 Niob Niobium
Ferro-Niob Ferro Niobium
Mo 42 Molybdadn Molybdenum
Molybdéan(VI)-oxid Molybdenum oxides
Ferro-Molybdén Ferro molybdenum
Te 52 Tellur Tellurium
Mangantellurid Manganese telluride
Telluride Telluride
Tellur Sulfide Tellurium Sulfide
w 74 Wolfram Tungsten
Wolfram Metal Tungsten metal
Ferro-Wolfram Ferro tungsten
Pb 82 Blei Lead
Primérblei Primary lead
Sekundarblei Secondary lead
Bi 83 Wismut Bismuth
Wismut Bismuth

* Note: When using carbon compounds, special case 2 in chapter 8.1.2 of the Rulebook must be observed.
** Note: When using calcium compounds, special case 1 in chapter 8.1.2 of the Rulebook must be considered.
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Standard Emission Factors Scope 3

LOW EMISSION STEEL STANDARD

QLESS

Ecoinvent source Source Scope 3 emissions factor
Unit kg COelunit e St e Region Econivent Version [m“”sw‘"m“
cetylen 7] ot publicly avallable | market for acelylene location al the point of subsiiution IPCC 2021 (GNP100
uminium Q ot publicly available __|marke for aluminium, cas! alo, Allocation al the point of subsitution IPCC 2021 (GWP100)
7] ot publicly available | market for aluminium, 1Al Arca, EUZ7 & EFTA location nt of subsitution IPCC 2021 (GWP100)
7] ot publicly available _|market for alumir location at the point of subslituion IPCC 2021 (GWP100)
Q ot publicly available _|marke for ponder Alocation al the point of subslituion IPCC 2021 (GWP100)
Ammonium suffate 7] ot publicly available | market for location at the point of subsfiution IPCC 2021 (GNP100
Anthracite ] ot publicly available | market for hard coal wilhout Russia and Turke, iocation at the point of subsliution IPCC 2021 (GNP100
Argon 7] ot publicly available __|market for argon, liquid Alocation al the point of substiuion IPCC 2021 (GWP100)
BF injection coal 7] ot publicly available | market for hard coal [Europe, wihout Russia and Turke, location at the point of subsliution IPCC 2021 (GNP100
Biochar g 1297 [Own calculation based on assumed routes and emission factors from Ecoinvent 3.9.1
7] ot publicly available | market for precipiated RER Allocation al e point of substiution IPCC 2021 (GWVP100
7] ot publicly available _|market for RER location at the point of subslituion PCC 2021 (GWP100)
@ ot publicly available __|Proxy: marke for calcium carbide, teohnical grade Alocation al the point of subsliuion IPCC 2021 (GWP100)
7] ot publicly available _|Proxy: market for siicon, metallurgical grade location at the point of substituion IPCC 2021 (GWP100)
] ot publicly available _|Proxy: markel for silicon, melallurgical grade location at the point of substituion IPCC 2021 (GWP100)
@ ot publicly available | market for cobalt Alocation al the point of subsliuion IPCC 2021 (GWP100)
7] ot publicly available | market for coke location at the point of subsfiution IPCC 2021 (GNP100
a ot publicly available | marke for hard coal iocation al the point of subsliution IPCC 2021 (GNP100
q ot publicly available | market for copper, anode Alocation al the point of subslituion IPCC 2021 (GWP100)
7] ot publicly available _|Proxy: market for location at the point of substituion IPCC 2021 (GWP100)
Q ot publicly available __|marke for diesel, low-sulfur Allocation al the point of substitution IPCC 2021 (GWP100)
7] ot publicly available | market for dolomite location at the point of substituion PCC 2021 (GWP100)
7] ot publicly available | mrket for quickime, miled, packed location at the point of subslituion IPCC 2021 (GWP100)
Q ot publicly available __|marke! for sponge iron Alocation al the point of subslituion IPCC 2021 (GWP100)
7] ot publicly available | market for hard coal location t the point of substituion IPCC 2021 (GWP100)
7] ot publicly available __|Proxy: marke for calcium carbide. echnical grade iocation al the point of subsliution IPCC 2021 (GNP100
high-carbon, 55% Cr Q ot publicly available varket for high-carbon, 55% Cr Alocation al the point of subslituion IPCC 2021 (GWP100)
high-carbon, 68% Cr ] ot publicly available ket for high-carbon, 68% Cr location at the point of subsliution IPCC 2021 (GNP100
@ ot publicly available | markel for high-coal, 74.5% M Aliocation al the point of substitution IPCC 2021 (GWP100)
7] ot publicly available _|Proxy: market for molybdenum location at the point of subsliution IPCC 2021 (GWP100
erro nickel 7] ot publicly available | merkel for ferronickel location at the point of substituion PCC 2021 (GWP100)
erro niobium 9 ot publicly available o roniobium, 66% No Alocation al the point of subslituion IPCC 2021 (GWP100)
erro phosphorus ] iot publicly available |Proxy: market for phosphorus, white, 1quid iocation at the point of substituion IPCC 2021 (GWP100)
Forro selenium 7] ot publicly available _|Proxy: markel for selenium location at the point of substituion IPCC 2021 (GWP100)
Ferrosilicon @ ot publicly available varket for ferrosiicor Alocation al the point of subsliuion IPCC 2021 (GWP100)
errous sulfate 7] ot publicly available | market for iron sulfate location at the point of subsfiution IPCC 2021 (GNP100
erro titanium ] ot publicly available __|Proxy: markel for ttanium sponge iocation at the point of subsfiution IPCC 2021 (GNP100
erro tungsten q ot publicly available _|Proxy: market for tungsten concentrate Alocation al the point of substiuion IPCC 2021 (GWP100)
S Ereiiiasaelii a ot publicly available [Wordsteel
uel oil (ight) 9 ot publicly available | markel or Tght fuel ol [Europe wilhout Switzeriand 3.9.1 Allocation al he pointof substuion [PCC 2021 (GWPT00]
uel oil (heavy) g ot publicly available | market for heavy fuel ol [Europe without Switzertan 3.9.1 Allocation at the point of substituion IPCC 2021 (GWP100)
ranulated BF siag g dry ot publicly available
raphite electrodes Q ot publicly available | marke for graphite, battery grade GO 3.9.1 Allocation al he point of substituion [PCC 2021 (GWPT00]
fard coal 7] ot publicly available | market for hard coal [Europe, without Russia and Turke, 3.9.1 Allocation at the pointof subsfituion IPCC 2021 (GWP100)
ot metal Qg ot publicly available I
drogen GJ .52 [Own caloulation based on Ecoinvent 3.9.1 Transport data and estimate from "Hydrogen in climate protection”
d 7] ot publicly avallable | market for lead GO 3.9.1 Allocation a fe point of substtuion IPCC 2021 (GWPTO0)
uick) Lime Q ot publicly available __|marke for quickime, milled. packed RER 3.9.1 Alocation at the point of subslituion IPCC 2021 (GWP100)
imestone 7] ot publicly available | market for imestone, crushed, washed [RoW 3.9.1 Allocation at the point of substituion IPCC 2021 (GWP100)
quid to cast/ Liquid steel 7] ot publicly available
ump ore BF 9 ot publicly available __|marke for iron ore_ crude ore. 63% Fe GO 3.9.1 Allocation al e point of substiuion IPCC 2021 (GWPT00]
Wanganese 7] ot publicly available | market for manganese GO 3.9.1 Allocation at the pointof subsfituion IPCC 2021 (GWP100)
Manganese telluride ] ot publicly available Nuss P, Eckelmen MJ (2014) Life Cycle Assessment of Netals: A Scientiic Synthesis. PLoS ONE 9(7): 101298, doi-10.137 1/journal pone 0101298
i @ ot publicly available | marke for molybdenum trioxde GO 3.9.1 Allocation at e pointof substituion IPCC 2021 (GWPT00]
iatural-Gas GJ 130 Foderal Environment Agency (UBA]
Nickel Q ot publicly available | markel for nickel, ciass 1 3.9.1 Alocation at the pointof substituion IPCC 2021 (GWP100)
Nitric Acid @ ot publicly available _|market for niric acid, wihout water, in 50% solion state RER wio RU 3.9.1 Allocation at the pointof substituion IPCC 2021 (GWP100)
Nitrogen 7] ot publicly available | market for nilrogen, iqui RER 3.9.1 Allocation at the pointof subsfituion IPCC 2021 (GWP100)
Oiivine q ot publicly available | marke! for siica sand GLO 3.9.1 Allocation at the pointof substituion IPCC 2021 (GWP100)
Oxygen m Not publicly available | market for oxygen, liquid, Umrechnung mit Dichte von 1.429 kgi* _|RER 3.9.1 Alocation at the point of substituion IPCC 2021 (GWP100)
Oxygen (renewable) ; 000: |Own Assumption for produced oygen
eliots BF Q ot publicly available | marke for iron pelet GO 3.9.1 Alocation at the pointof substituion PCC 2021 (GWP100)
Petroleum coke ] ot publicly available | market for petroleur coke GLO 3.9.1 Allocation at the pointof substituion IPCC 2021 (GWP100)
ig iron Q ot publicly available | market for pig iron RER 3.9.1 Allocation at the pointof subsfituion IPCC 2021 (GWP100)
ulverized lignite a ot publicly avallable __|market for igrite [RER 3.1 Alocation at e pointof substtuion IPGG 2021 (QWP100)
rite 7] ot publicly available _|not avallable [
rap ) lot publicly avallable | market for scrap steel, Europe wihout Swizeriand & Transport Uber |Europe wihoul Swizerand 3.9.1 Allocation af e point of substtuion IPCC 2027 (GWPT00)
Scrap (BST] @ ot publicly available | marke! for scrap sieel, Europe without Switzerland & Transport iber {Europe without Switzerland
Selenium dioxi 7] ot publicly available _|Proxy: market for selenium GL iocation at the point of substitution IPCC 2021 (GWP100)
Silico manganese Q ot publicly available __|Proxy: markel for Pigh-coal, 74.5% Nin GL location at the point of subslituion IPCC 2021 (GWP100)
7] ot publicly available _|Proxy: marke for siicon. metalurgical grade GL Alocation al the point of subslituion IPCC 2021 (GWP100)
7] ot publicly available | market for iron sinter GL location at the point of substituion IPCC 2021 (GWP100)
Q ot publicly available | marke for iron ore. crude ore. 63% Fe GL Allocation al the point of substituion IPCC 2021 (GWP100)
7] ot publicly available | market for sodium sufate, anhydrite RER lon at the point of substiution IPCC 2021 (GWP100)
7] ot publicly available |marke for suflur GLO location at the point of subslituion IPCC 2021 (GWP100)
@ ot publicly available Nuss P. Eckelman M (2014) Life Cycle Assessment of Metals: A Scientiic Synhesis. PLoS ONE 9(7): 101298 doi-10.137 /journal pone 0101298
] ot publicly available Nuss P, Eckelman MJ (2014) Life Cycle Assessment of Metals: A Scientiic Synthesis. PLoS ONE 9(7): 101298, doi:10.1371/journal.pone. 0101298
7] ot publicly available | marke! for arium G0 3.9.1 Allocation af e point of substiuion IPCC 2021 (GWPT00)
itanium sponge Q ot publicly available varket for GO 3.9.1 Allocation at the pointof substituion IPCC 2021 (GWP100)
[Tungsten metal g ot publicly available | market for tungsten concentrate GLO 3.9.1 Alocation at the pointof substituion IPCC 2021 (GWP100)
[Transport
Lorry unspecified m iot publicly avallable | marke for transport frelght.Torry, unspecified iocation at the point of subsiuion IPCC 2021 (GWPT00
Sea, bulk carrier m ot publicly available __|market for lransport. freight, sea, bulk carrier for dry goods Allocation at the point of subsitution IPCC 2021 (GWP100)
, container shi m ot publicly available | market for transport, freight. sea, container shi location at the point of subsfiution IPCC 2021 (GNP100
[Tanker for liquified products m ot publicly available | mrket for ransport, freigh. sea, tenker for iquid goods oher han iocation at the point of subsfiution IPCC 2021 (GNP100
Froight train m ot publicly available a isport, freight train Alocation al the point of subsliution IPCC 2021 (GWP100)
inland waterways, barge m ot publicly available | market for transport. freight. inland waterways, barge location at the point of subsfiution IPCC 2021 (GNP100
infand waterways, barge tanker m ot publicly available _|market for iransport, freight, iniand aterways, barge tanker iocation at the point of subsfiution IPCC 2021 (GNP100
Fiir Berechnung Gutschriften
[granulated BF/OSBF/SAF Slag Tka To.10 I [Outcome of the ‘German Federal Minisiry for Economic Affairs and Climate Action (BMWK]
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