
metals

Editorial

Sustainable Steel Industry: Energy and Resource Efficiency,
Low-Emissions and Carbon-Lean Production

Valentina Colla * and Teresa Annunziata Branca

����������
�������

Citation: Colla, V.; Branca, T.A.

Sustainable Steel Industry: Energy

and Resource Efficiency,

Low-Emissions and Carbon-Lean

Production. Metals 2021, 11, 1469.

https://doi.org/10.3390/met11091469

Received: 23 August 2021

Accepted: 10 September 2021

Published: 16 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Scuola Superiore Sant’Anna, TeCIP Institute, Via Moruzzi 1, 56124 Pisa, Italy; teresa.branca@santannapisa.it
* Correspondence: valentina.colla@santannapisa.it; Tel.: +39-050882328

The three pillars of sustainability represented by the environment, economy and soci-
ety in the steel manufacturing industry are directly connected to the efficient and effective
management of resources, such as energy, raw materials, by-products and water. This can
also be beneficial for the mitigation of CO2 emissions directly or indirectly associated with
the steelmaking processes.

This Special Issue aims at covering a broad range of tools, technologies and experiences
related to improving the sustainability of the steel production. In particular, this book
collects seven manuscripts from academic and industrial researchers with stimulating new
ideas and original results as well as three review papers.

Concerning the reduction of CO2 emissions, the optimal exploitation of process off-
gases, not only for energy production but also for their chemical content, can be beneficial.
In [1], the target of reducing the CO2 emissions from the integrated steelmaking route is
faced by valorizing the process off-gases as feedstock for methane and methanol syntheses
through hydrogen enrichment. In particular, Zaccara et al. propose a comparative analysis
of different hydrogen production processes exploiting renewable energy, namely polymer
electrolyte membrane electrolysis, solid oxide electrolyze cell electrolysis, and biomass
gasification. On the other hand, in [2], the issue of increasing the metallic iron input in the
form of scrap within the integrated steelmaking route based on blast furnace (BF) and basic
oxygen furnace (BOF) is faced. The aim is to reduce the overall CO2 emissions connected
to this process, as scrap is a renewable resource that can be recycled and only needs energy
for being melted.

Relevant benefits can also be achieved through the implementation of novel technology
for the replacement of fossil C-sources. Echterhof in [3] describes the use of carbon in
Electric Arc Furnace (EAF)-based steelmaking and analyses the recent research on the use
of alternative carbon sources, by providing an overview on the possibilities to substitute
fossil charge or injection carbon by carbon-neutral biomass-based or waste-based materials.

A further very relevant aspect for improving sustainability of the steelmaking pro-
cesses concerns the optimal valorization of by-products and residuals, from iron and
steelmaking processes, which can be internally recycled and reused, due their content of
valuable elements. Synergies with other sectors are being explored through the implemen-
tation of circular economy solutions to approach the “zero-waste” goal, by also promoting
the use of by-products outside the steelmaking cycle, according to the concept of industrial
symbiosis. On this topic, an interesting overview of the amounts of steelmaking residues
generated in Europe is provided in [4] by Rieger et al., who also describe methods for
circular economy approaches to close material cycles, create ideas for industrial symbiosis
and increase the internal residues recycling within steelmaking processes.

In [5], Hledik et al. face the problem of finding the best solution for reusing the dust
deriving from the so-called MEROS (maximized emission reduction of sintering) process
developed by Siemens-VAI by characterizing sinter dusts from two different plants and by
identifying the differences between various charges and plants, as knowledge on the dust
ingredients is fundamental for assessing potential recycling or reuse options.
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Lundkvist et al., in [6,7], investigate the OXYFINES technique developed by Linde
for upgrading fine particulate and zinc containing materials. In particular, in [6], the
outcomes of pilot trials are presented and discussed, which assess the influence of different
process parameters to the aim of developing an optimal concept for upgrading BF sludge
by achieving a high degree of zinc separation from the sludge itself, and by generating an
iron oxide product, suitable for the straightforward use within the steelmaking process.
In [7], an overall system analysis is proposed by assessing advantages on the prospects of
integrating an OXYFINES concept in an iron and steel production route.

Slag is the most relevant by-product of the steelworks and shows a strong potential for
reuse and recycling inside and outside of the steel production cycle. In [8], Terrones-Saeta
et al. analyze the benefits of incorporating ladle furnace slag as a filler in bituminous
mixtures to be used for pavements in the construction sector. In [9], Teo et al. assess
the recycling potential of EAF steel slag, with a particular focus on the Malaysian steel
industry, and evaluate the different possible steel slag recycling options based on the
engineering properties.

In [10], Li et al. propose a solution to increase the ratio of lump ore into the BF in
order to reduce environmental impact and cost of the process, by analyzing the soft-melt
dropping properties and primary-slag formation behaviors of the charge at increasing
values the lump ore ratio as well as their internal relations and the mechanism. A large-
scale soft-melt dropping equipment is exploited to select different lump ore ratios and
the chemical composition, slag phase composition and melting properties of the resulting
primary slags is analyzed. The soft-melt dropping properties and primary-slag formation
behaviors are also explored.

Finally, in [11], a systematic study on the specific heat capacity of the BF slag is
proposed to establish the relationship between this fundamental attribute of this material
and its chemical composition, with the final aim of analyzing the heat release behavior of
BF slag during the cooling process in view of possible heat recovery.
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