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Preface

World steel demand and production is continuously growing. Being a high energy-
intensive and high-impact industry, the energy consumption and the greenhouse
gases emissions are destined to double by 2050 if the actual processing routes are
completely preserved. To avoid this, new paradigms must be developed and
approached in order to transform the sector, making it sustainable in the future and
compatible with the global warming reduction. By introducing and optimizing
energy-efficient solutions to the actual route, only a maximum of 25% of global
saving is expected; this target is insufficient for the goals, leading to global warming
control and reduction. So, based on current climate change forecast, it is predicted
that the steel industry will face greater challenges which cannot be solved with the
past incremental technologies in the future. US and European reports underline that
if the global warming should be avoided, the only way is to develop and apply
breakthrough technologies very fast. The book describes the main available tech-
nologies employed in the traditional or innovative routes capable of reducing the
energy consumption and the dangerous greenhouse emissions as well as the research
efforts that see many scientists involved all around the world from industry, acade-
mia, and research centers. Obviously, the energy topic is largely described, taking
into account the direct and indirect consumption per each analyzed technology and
suggested solution. Regarding coke making, the last years’ technological innova-
tions led to lowering air emissions and to the deep limiting of hazardous solid
wastes. It is showed that the different technological choices are driven by regional
and logistic issues. The treatment of wastewater as a very crucial issue in coke
making is largely described. The development and the diffusion of technologies,
such as coke dry quenching and coke stabilization quenching, are discussed. The use
of coke oven gas in order to abate the dangerous emissions is largely taken into
account. Those technologies leading to operational efficiency, coke quality, and
productivity are underlined. Another fundamental process for raw materials prepa-
ration in the integrated ironmaking/steelmaking route is sintering. CO,, NOx, SOx,
PCDD/Fs, and particulate matters are continuously produced during the whole
sintering cycle; this is because of the fuel combustion, carbon in the fed material,
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and other carbonaceous sources such as limestone and dolomite. All those solutions
leading to these dangerous compounds’ abatement are described. The employment
of biomass as inhibitor and the energy consumption reduction solutions are
underlined. Heat recovery at the sinter plant is a means for improving the efficiency
of sinter making. Exhaust gases are processed, adsorbed, decomposed, and/or
collected as nontoxic by-products to increase the quantity and improve the quality
of steam recovery, reaching high fuel savings; all the most efficient methods are
reviewed. Computer control technologies for the sintering process were developed
along with sinter technology, as sinter quality requirements for the blast furnace
were upgraded. Many parameters are involved during sintering. The optimization of
these parameters control can lead to the increase in productivity and in the quality of
the sintered ores. All the emissions optimized sintering technologies are largely
described. The technological evolution of the blast furnace plants led to high
efficient reactors very close to their thermodynamic limits. The blast furnace-based
production route covers the majority of the steel production all around the world with
hundreds of plants. One of the main disadvantages of the integrated route is the
necessity of a coke plant with high energy intensity and very high emissions levels.
In the direction of reducing these impacts, the injection of carbon-bearing reductants
at the tuyere level has given new impetus to blast furnace operational practice to
reduce the coke consumption significantly. Another important innovation is
represented by the top gar recovery technologies. In the new-generation blast
furnaces, oxygen is employed as substitute of the air. Many online process moni-
toring and control are in use or under development with the overall goal of increasing
the process efficiency and fuel consumption and environmental impact reduction.
Conversion operations are necessary in the integrated steel plant. Large effort has
been devoted to the energy efficiency improvement and to the greenhouse gases
emissions reduction. The actual converting technologies are based on a combination
of blowing oxygen from the top laces and inert gas or oxygen plus inert gases from
the bottom of the reactors. Today’s highly efficient electric arc furnaces consume
roughly 300 kWh/t-steel. The appropriate greenhouse gas reduction strategy is
strongly influenced by the source of electricity generation (i.e., fossil fuel or
nuclear). Reduction of indirect emissions requires reducing electrical energy con-
sumption. The current trend toward increased addition of fuel and oxygen has
resulted in chemical energy sources supplying a greater proportion of the furnace’s
energy inputs. Oxyfuel burners in the furnace have become a necessity to increase
the rate of scrap melting in cold spots and thereby make scrap melting more uniform
and to reduce the electricity needing for the metal fusion. Waste gases recovery and
utilization as well as foamy slag practices allow to reduce energy consumption. The
bottom stirring practice is getting more and more important and even essential,
especially for the furnaces having big temperature gradient in the bath, such as big
shell furnace. Modern controls which use a multitude of sensors help to achieve
power saving and precise process monitoring to a greater extent than older controls.
Direct reduced iron production is destined to increase in the next and far future. This
is due to the continuous innovations of the plants leading to less energy consumption
and carbon dioxide emissions. In this direction, the technological solutions push
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toward the waste energy recovery and the use of CO and H; as reductant agents. The
gas-based processes are located in those regions where natural gas is available in
abundance and at reasonable prices. Hydrogen production from water electrolysis to
obtain the reducing agent is under development and appears exceptionally promis-
ing for the zero-emissions ironmaking. The current CO, capture and usage solutions
that are available or under development are reviewed. Only the capture of CO, will
be responsible for the achievement of the goals of the Blue scenario. Intergovern-
mental Panel on Climate Change (IPCC) scenarios associated with a more than even
chance of achieving the 2 °C target are characterized by average capture rates of
10 GtCO, per year in 2050, 25 GtCO, per year in 2100, and cumulative storage of
800-3000 GtCO, by the end of the century. Carbon capture, storage, and utilization
are recognized as crucial in climate change mitigations and in particular in a NET
contest to limit warming well below the 2 °C scenario. The capture technologies are
grouped as chemical/physical absorption, solid adsorbents capture, membranes or
molecular sieves physical separation, cryogenics separation, and carbonation. Obvi-
ously, this best available technology could be applied globally at current production
levels, taking into account precise energy balances, economic feasibility, transition
rates, and regulatory and social factors. The principal iron ore electrolysis routes
under investigation and development are the molten oxide electrolysis and the
electrowinning. Since electrolysis produces no CO,, it could theoretically be zero-
carbon but only if the electricity needed to power the process is produced without
generating CO, emissions (renewable sources). They are very promising even if at a
basic research and pre-industrialization stage.

My special thanks to all the Springer editorial office people for their profession-
alism. Finally, I would like to dedicate the work to my “miracle” son Alessandro.

Lecce, Italy Pasquale Cavaliere
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