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Using the life cycle assessment (LCA) methodology, the impacts of the primary steel production via the blast
furnace route and the scrap-based secondary steel production via the electric arc furance (EAF) route are

assessed. Methodological as well as technical differences are analysed and their impacts on the results.
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1. LCA Overview of the Primary Blast Furnace-Related Steel
Production Route

The blast furnace - basic oxygen furnace (BF—-BOF) route is the world’s most dominant steel production route with
a share of 73% in 2020 L. A simplified chart is presented in Figure 1. The iron oxides are reduced and melted by
pulverized coal and coke in a blast furnace. As supporting processes, fine iron ores are pelletized and sintered,
respectively, to be used in the blast furnace. The feedstock for the blast furnace must not be too fine to ensure
sufficient gas permeability in the shaft furnace. Another supporting process is the pyrolysis of coal to coke in a coke
plant. Besides serving as a reducing agent and energy supplier, coke serves as a supporting matrix, also to ensure

gas permeability in the blast furnace.
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Figure 1. System boundary of an integrated steel site.

An overview of environmental LCA studies of the products steel produced over the BF-BOF route is presented in

the following. Some studies consider the flat steel product hot-rolled coil, which is produced from steel slabs in a
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hot-rolling mill. The main messages and results are afterwards summarized in Table 1.

Norgate et al. (2007) [ reported an LCA about the metals nickel, copper, lead, zinc, aluminum, titanium, and steel
from the BF—BOF route, and stainless steel from the scrap-based EAF route. Assessing the system from cradle-to-
gate, Norgate et al. (2007) included the processes from raw material mining, sinter plant, blast furnace, and basic
oxygen furnace (BOF) in case of the metal steel. There is no information on whether steel scrap has an
environmental burden and how the co-products like the blast furnace slag and BOF slag are evaluated. They
investigated the environmental impact categories of global warming potential (GWP) and acidification potential
(AP).

Neugebauer and Finkbeiner (2012) B presented a multirecycling approach of steel. Primarily produced hot-rolled
coil is five times recycled within an EAF and the environmental burdens are shared equally over the life cycles.
Losses during the use phase and the recycling process are considered. Credits for the co-products blast furnace
slag, BOF slag, electricity, benzene, sulphur, and tar are given. The results of the study presented in Table 1 prove
that the choice, whether the recycling potential is taken into account or not, has crucial effect on the LCA results.

The data are based on the German industry.

Burchart-Korol (2013) ! presented an LCA of the steel production in Poland considering both the BF-BOF route
and the EAF route. The data are averaged from existing steel plants in Poland. A cradle-to-gate system is used. An
environmental burden of scrap is not mentioned and is most likely not considered according to the results, which
are presented. Comparably high credits for blast furnace and BOF slag are given, e.g., the GWP presented without
credits for the slag is 2.5 kg CO,eq/kg steel and the GWP including the slag credit is 1.7 kg CO,eq/kg steel, see
Table 1.

Within an Italian LCA study special attention is given to the human toxicity aspects of single processes from an
integrated site 2. This LCA uses the cradle-to-gate system, including the processes from raw material mining up to
the product steel slab. The data have different sources: industry, literature, and commercial LCA databases. The
GWP presented of 1.6 kg CO,eq per kg of steel is quite low in comparison to the other results from literature, see
Table 1. The results from the LCI reveal that a coal input is composed of 0.58 kg/kg steel into the coke plant and
0.16 kg/kg steel as pulverized coal into the blast furnace. Considering an emission factor of about 3.0 kg CO,/kg
coal 8, the coal input would lead to 2.2 kg CO,/kg steel. Parts of environmental impacts are allocated to the by-
products blast furnace gas, Coke plant gas, BOF gas, and blast furnace slag, amongst others. An allocation
method considering both the mass and economic value was assessed. A consideration of an environmental burden

of scrap is not mentioned.

Chisallita et al. (2019) [ assessed the environmental impact of an integrated steel site and evaluated the potential
of CO, capture and storage using the LCA methodology. The data are based on a report of the IEA &, Emissions
from the manufacture of purchased pellets, burnt dolomites, and scrap are not included. Despite an amount of
probably 0.57 kg coal per kg of hot-rolled coil (Within the LCI 568.69 t coalit HRC is presented.

Researchers assume that it was a mistake, and it should have been kg coal instead of tonnes coal per tonne hot-
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rolled coil presented within the LCI), the abiotic depletion potential of fossils (ADPf) is only 5.3 MJ/kg hot-rolled coil,
see Table 1. Considering a lower heating value (LHV) of 32 MJ per kg of coal [8, this ADPf is questionable. The

use of a biomass-based coal is not mentioned. Credits for co-products are not included.

Backes et al. (2021) [& reported an LCA about a primary German BF—BOF route. A cradle-to-gate approach is used
including the processes from raw material supply up to the product hot-rolled coil. The data are based on the
German industry. Credits for co-products are given. An environmental burden for scrap is not given following the
recycled content approach.

The results of the aforementioned LCA studies are summarized in Table 1.

Table 1. Overview of life cycle assessments (LCA) studies for a blast furnace related steel and hot-rolled coil

production.
Study Year Product Methodology Impact Categories

kg Scrap Co-Products Impact Method K g%‘g’: eq kg SA(I)DZ eq Ahlz‘l:f CNIIE JD
(2l 2007 Steel n.s. n.s. n.s. 2.3 0.020 n. a. 23
Gl 2012 HRC MRA SE CML 16 1.0 3.0x1073 12 15
Sl 2012 HRC RC SE CML 16 1.7 4.0x% 1073 24 24
@ 2013 Steel n.s. SE Recipe Midpoint 1.7 50x10° n.a. 25
Bl 2016 Steel n.s. Allocation ILCD 1.6 n. a. n. a. 23
(7] 2019 HRC RC n.s. CML 16 2.1 1.6 x 107 5%3 n. a.
l 2021 HRC RC SE CML 16 2.1 4.8x1073 21 n. a.

. lions. The

choice of whether the recycling potential of steel is evaluated has a crucial effect. In the cases in which the scrap

RGEROGIIRSHs 1 SHRE TPREREAMNSIAOREA Al Rty AT HuH); sk SEHBdM ek rRlE dRiE! et clbg
EESHERIRE); CONBYGRIRIPARIMIng B tEAilaN b ARIBHOLRAdSS AR JRBBRIRBIHOBRI LB PRI dhSoSen
REQHHRLE S N R IhAAHHRIAE HRT ) ASEHERRSE ERR: (B RRMSIBY NfeRIRRRRS OH: 92SGorEkRHBYSS FlegUIHbt

H\ana%ﬁ@grated power plants have significant impact on the results. In general, the chosen life cycle impact
assessments (LCIA) methods might also lead to differences in case study results, as Bach and Finkbeiner (2017)
demonstrated at the example of the impact categories AP and eutrophication potential (EP) comparing the CML
(Centrum for Milieukunde) method, the ReCiPe method, and the method of accumulated exceedance 1. In case
of steel, the differences between the CML method and the ReCiPe method are quite moderate for the impact
categories GWP, AP, and ozone depletion potential (ODP) 2],

Besides methodological differences, the results of case studies depend on the process control, which shall be
explained in the example of the impact category of climate change. The amount of scrap used in the BOF has a

significant environmental impact, in particular, if the scrap is not evaluated with an environmental burden. Scrap
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replaces hot metal in the BOF. Since the production processes until hot metal are the most GWP-intensive ones, a
replacement of hot metal has a high impact on GWP reductions. In the BF the iron feedstock graded sinter, iron ore
pellets, and lump ore can be used. The upstream environmental impacts of these input materials differ significantly

and thus have influence on the carbon footprint of the resulting hot metal and steel.

The production step from steel to hot-rolled coil requires fuel consumption between 1.3 and 1.4 MJ/kg hot-rolled
coil 12181 Regarding the direct and indirect GHG emissions from natural gas and electricity consumption Kahlid et
al. (2021) report 0.11 kg CO, eq/kg hot-rolled coil due to hot rolling 2. An increased steel production due to losses
within the hot-rolling process is not considered. However, this gives a range of the difference caused by the two
various products listed in Table 1. In addition, different assumptions regarding to the use of alloying elements have

an impact on the results.

Steel is made from natural raw materials, which differ in their quality. The better the quality of the feedstock, the
higher the metallurgical advantages, e.g., for every 1% increase in iron (FE) content of the iron ores, there is a 1—
3% increase in productivity and a similar decrease in coke rate. The ash, sulphur, and phosphorous contents are
important for the used coal. The ash is the inorganic residue after burning and consists of refractory oxides as
SiO,, Al,O3, Fe,03, and CaO, amongst others. To transfer the ash, the sulphur, and the phosphorous of the coke
into the slag within the blast furnace process, energy in the form of coke and coal and slag building components

are required. For a 1% increasing of ash, there is a productivity decrease of 2—3% and a coke rate increase of 1—
205 141,

2. LCA Overview of the Secondary Scrap-Based Steel
Production Route

Besides primary steel production from iron ores, steel can be produced via scrap recycling. Globally, about 26% of
steel is produced via the scrap-based electric arc furnace (EAF) route in year 2020 W, In an EAF, scrap is melted
by electrodes via an electric arc, see Figure 2. Carbon and oxygen are added to form a foaming slag. The foamed
slag infolds the electrodes, and thus it reduces radiation losses and protects the refractories. In addition, lime is

added to improve the foaming properties of slag and to bind undesirable components in the slag 12,
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Figure 2. System boundary of an EAF-based recycling steel production.
In the following, a literature overview on LCA studies of a scrap-based steel production via an EAF is presented.

Neugebauer and Finkbeiner (2012) presented, as part of a multirecycling approach, an LCA for a scrap-based EAF
production for the product hot-rolled coil Bl. Thereby a cradle-to-gate approach was followed. Within the results
presented in Table 2, the scrap is not evaluated. The electricity input for the EAF has a major impact on the impact
categories GWP, AP, ADPf as well as on the CED. A German grid mix is assumed in the study. Credits for co-

products are not given 21,

Burchart-Korol (2013) analysed the Polish steel production via an EAF following the LCA methodology 2. Within a
cradle-to-gate approach, several impact categories were evaluated for the product crude steel, some of which are
listed in Table 2. An environmental burden of scrap is not mentioned and is most likely not considered in regard to
the results presented for the EAF route. The cumulative energy demand (1.3 MJ/kg) is quite low considering the
fact 1.5 MJ/kg of electricity is required for the EAF . About 6.8 MJ/kg steel credit is given for the EAF slag.
Without this credit, the CED would be 8.1 MJ/kg steel. Furthermore, the GWP would be 0.91 kg CO> eq/kg steel

without considering a credit for the EAF slag.

Norgate et al. (2007) presented an LCA for stainless steel from an EAF [2. The GWP is 6.8 kg CO, eq/kg steel
following a cradle-to-gate approach. Due to the high share of alloying elements, stainless steel is not considered in

this comparison.

Table 2. Overview of life cycle assessment (LCA) studies for an EAF produced steel and hot-rolled coil production.

Study Year Product Methodology Impact Categories
GWP AP ADPf CED
kg Scrap Co-Products Impact Method kg CO, eqkg SO,eq MJ  MJ
Bl 2012 HRC RC n. a. CML 16 0.74 0.0020 75 11
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Study Year Product Methodology Impact Categories
GWP AP ADPf CED
kg Scrap Co-Products Impact Method kg CO, eqkg SO, eq MJ  MJ oyt within
4 2013 Steel n.s. Creditfor EAF Slag Recipe Midpoin8]  0.77 0.0025 n.a. 1.3 meltingit

nearly infinite times. Comparing Table 1 and Table 2, it becomes apparent that the process of scrap recycling is
SighiiviatignsestR @rietotyrotiad calis&6h (Reeywad Corient)1eG BinEBjoste¥apronadiotentiaithARe (acitifioatine
Fatesitiat) atdPRSf (ki glichBlegiesivin desteytialvtrd Sodinars aeutesityCER i@pontdativieaEsetoydaeyrsted); pnoductivt
anihilsblepntinseghdispeifed. no global benefit if a single steel producer shifts from primary to secondary steel
production. For decarbonizing the steel industry, breakthrough technologies are required, especially in the primary

production route.
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