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The last twenty years have seen a significant increase in global steel
production. For example, from 2000 to 2018, production increased from 850
to 1825 million tons per year [1]. To produce this amount of steel, a large

17



International scientific conference

amount of material and energy resources is required, both for the main
metallurgical processes and for the processes of extraction, processing, and
transportation of raw materials and energy. Increased volumes complicate the
organization of production, increase the need for energy and material
resources, and increase the requirements for transport infrastructure. If the
global market for metallurgical raw materials is sufficiently developed, energy
resources are the main constraint to increasing production volumes. In
addition, the issue of reducing the environmental impact of the steel industry
in the context of global steel production growth is also important.

Depending on the steelmaking technology, the raw materials used are iron
ore sinter (55-65% Fe) and iron ore pellets (63-68% Fe) (obtained mainly from
iron ore concentrate), steel scrap, direct reduced iron (DRI), and hot briquetted
iron [2]. In total, more than 2,000 million tons of iron ore and concentrates
containing 1,500-1,600 million tons of iron and 300-400 million tons of steel
scrap are used for steel production worldwide. In addition to these materials,
various fluxes, reducing agents, ferroalloys and alloying materials are used,
including high-purity metals and others The main alloying elements are
manganese, chromium, nickel, molybdenum, which are also obtained by
processing the corresponding ores. In 2022, alloying materials were used in
the steel industry in the following amounts (million tons of ore concentrates)
Mn ~ 20, Cr ~ 20, Ni ~ 3.2, Mo ~ 0.25 [3]. The extraction and processing of
raw materials requires significant energy consumption, so it is important to
process them as completely as possible and to actively use man-made
materials containing the necessary components. Particular attention should be
paid to the waste and residues of the mining and metallurgical industry itself.

As before, the bulk of steel is produced at integrated steelmaking facilities
that include blast furnaces and oxygen converters, accounting for more than
70% of total steel production. In addition, over 25% of steel is produced at
enterprises equipped with electric arc furnaces. In comparison, the second
method of steel production requires less energy and has a lower environmental
impact [4, 5]. However, in enterprises without blast furnaces, electric arc
furnaces use mainly scrap metal, which is limited in supply. The use of
primary iron in the form of direct reduced iron and hot briquetted iron
accounts for less than 4% of the total amount of iron-containing raw materials.
The use of pig iron in liquid or solid form also requires integrated enterprises
with blast furnaces and electric furnaces instead of oxygen converters [6].

If we compare energy consumption in different technological processes of
metallurgical production, the largest amount of energy is used in blast furnace
production (especially if we take into account the costs of producing coke and
sinter) [7]. These processes are also responsible for the main emissions of
substances harmful to the environment, including carbon dioxide CO,.
Therefore, blast furnace production and related sinter and coke production
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processes have a significant reserve for reducing energy consumption and
environmental pollution. The main areas of development of sinter and blast
furnace production enterprises are: the use of iron ore with increased
processing depth (increased iron content, partial metallization); improvement
of the quality of iron ore, use of man-made deposits of metallurgical raw
materials and metallurgical waste; construction of new generation sinter plants
and blast furnaces; introduction of energy-saving technologies in sinter and
blast furnace production aimed at reducing energy consumption; use of
technological units for utilization of secondary energy resources, new types
of energy carriers, in particular, coke substitutes; improvement of equipment
and technology of the blast furnace process for the production of high-quality
pig iron, reduction of labor, material and energy costs [8]. The gradual
development of these areas has helped reduce energy consumption in steel
production by more than 50% over the past half century. The main incentives
for this were, firstly, an increase in the cost of energy resources, as energy
costs can currently account for more than 40% of the cost of steel, and,
secondly, increased requirements for environmental safety of production [9].

However, there are still significant reserves for further reducing the total
energy costs of steel production through the use of advanced technologies and
the development and implementation of new, more energy-efficient ones. In
addition, the use of more environmentally friendly energy sources, including
electricity from renewable sources, biomaterials as fuels and fuels and
reducing agents that do not contain carbon, primarily hydrogen, is becoming
more relevant. The greatest effect from the use of these energy sources can be
obtained in the technological processes of primary metal production, i.e. in
blast furnace production.
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CriiikicTh ypM JOMEHHHX Ie4eil € OJHUM i3 HaHBasKJIMBIIINX (AKTOPIB,
1110 BIUIMBAIOTh HA MIPOYKTUBHICTh Ta €HEPro30epesKeHHs JOMEHHOT IIJIaBKH.
L1e moB’s13aHO 3 THM, II0 OJIHI€I0 3 HAMYACTIIINX MPUYHH 3YIHHOK JOMEHHHUX
neyel € BUXiJA 3 Jamy MOBITPSIHMX (ypM B OCHOBHOMY 4Yepe3 Iporap, Lo
MIPU3BOANTE JI0 BTPAT BUPOOHHUIITBA YaBYHY Ta 301IbIICHHS BUTPATH KOKCY.

HaxonuueHuit qecaTHIITTAMU T0CBi, 103BoJKB creliaiaictam TOB HB®
«KOIIl» momortucst 30UTBIICHHS CTIMKOCTI MOBITPSHHUX IOMEHHHX (QypM
O1IBII HIXK Y 4 pa3u MOPIBHSIHO 3 aHATIOTAMHU, 10 BUKOPUCTOBYIOTHCS B TaHUH
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