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MODERN STATE OF IRON ORE MINING

Abstract. This article discusses the current state of iron and steel industry from the global perspective.
The modern problems of iron ore mining are shown. The positive and negative impact of different factors on
the iron ore and steel market is viewed. The tendencies in iron ore mining of the world’s leading producer
countries are shown. The current state of domestic iron ore mining is analyzed. The ecological concerns
arousing from the usage of large amount of fossil fuels resulting in significant emissions of carbon dioxide in
the steel industry are discussed. The solutions some countries are using to handle ecological problems of iron
ore mining and transition to greener technologies in steel industry are viewed.
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Introduction. The iron ore mining industry is a typical key resource industry providing basic
raw materials for the steel industry. It has long suffered from the pressure of market fluctuations
and high production and distribution costs, mainly due to the lack of coordination and flexibility in
decision making. To face the challenge, it is essential to make economic coordinated production and
distribution planning decisions in the environment of supply chain [1].
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Figure 1. Human sources of carbon dioxide
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There is also a concern about the negative environmental impact of the steel industry. It
remains one of the main carbon dioxide sources and accounts for approximately 7% of global
emissions of CO [2], because the whole industry highly relies on fossil fuels [3]. Thus, the
development and transition to green technologies is a crucial task for the whole iron and steel
industry. Human sources of global carbon dioxide emissions are shown in Figure 1.

China remains the number one steel producer in the world. The country produced
approximately 1050 million tons of steel in 2020. India and Japan are the next leaders with
approximately 100 and 80 million tons production each in 2020 [4]. Other steel producing leader
countries are shown in Table 1.

Table 1. World leaders in steel production in 2020

Country Production (million tons)
China 1050

India 100

Japan 83

Russia 73

United states 72

South Korea 67

Turkey 36

Methods. Steel production can occur at integrated facilities from iron ore, or at secondary
facilities, which produce steel mainly from recycled steel scrap. Integrated facilities typically
include blast furnaces, and basic oxygen steel making furnaces (BOFs), or in some cases open
hearth furnaces (OHFs). Raw steel is produced using a basic oxygen furnace from pig iron produced
by the blast furnace and then processed into finished steel products. Pig iron may also be processed
directly into iron products. Secondary steel making most often occurs in electric arc furnaces
(EAFs). In 2003, BOFs accounted for approximately 63 % of world steel production and EAFs
approximately accounted for 33 %; OHF production accounted for the remaining 4 % but is today
declining [5].

Iron production can occur onsite at integrated facilities or at separate offsite facilities as
discussed above under ‘Primary and secondary steel making’. In addition to iron production using a
blast furnace, iron can be produced through a direct reduction process. Direct reduction involves the
reduction of iron ore to metallic iron in the solid state at process temperatures less than 1000 °C [5].

The iron and steel industry broadly consists of:

eprimary facilities that produce both iron and steel,
esecondary steel making facilities;

eiron production facilities;

e offsite production of metallurgical coke [5].

Results. Kazakhstan produced 15,1 million tons of iron ore in a period of January to April of
2020, in 2019 the production rate was 12,8 million tons for the same period of time. It accounts for
18% increase. Steel production in the same period of 2019 was 1515,2 thousand tons, and in 2020 it
was 1206,6 thousand tons; thus, the production rate suffered decrease of 20% [6].

The continuous increase in steel production and consumption will bring about an increase in
the industry’s energy use [7]. In 2017, the total energy demand of iron and steel sector grew to
33.44 EJ, which accounted for 21.4% of final energy consumption of the world industry [8]. The
proportions by using fuels in world iron and steel sectors are presented in Fig. 4. It is indicated that
coal serves as the primary fuel to generate coke and power, which accounts for the largest part
(around 75%) [8,9], 9% of the final energy is consumed by natural gas which can effectively power
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the process especially in the direct reduced iron (DRI) production, the rest of energy consumption
comes from secondary energy i.e. electricity (12%), heat (3%), and other fuel gas and oil products.

In 2007, UK industry produced 15 Mt of steel and UK consumers purchased 20 Mt of steel
goods, 13 Mt of which were imported. These intense trade flows reflect business options across
different stages of the supply chain. In the UK, the automotive industry exemplifies the discrepancy
between trade and domestic end-use consumption: around 80% of the vehicles assembled in the UK
are exported, most of them manufactured with imported steel [10]. Such trade flows justify the need
to look at both UK and the rest of the world steel activity, since the performance of both influences
the overall impact of demand for steel goods [11].

The Swedish steel industry has long been among the most carbon emission efficient in the
world [12] and thus the higher than average share of national CO2 emissions represents a
comparatively large industry. CO2 emissions per ton of steel have dropped by approximately 10%
in Sweden and globally since 2000 [13], but there is a fundamental limitation to further reductions
from the blast furnace process arising from the fact that coke (made from imported fossil coal) does
not only fuel the process but also acts as the reduction agent for reducing iron ore to iron and hereby
causes so called “process emissions” [14]. Studies on the steel sector in Sweden have identified and
highlighted direct reduction with hydrogen as one possible promising transition pathway to reduce
the carbon intensity of the industry [15,16].

In its energy concept 2010/2011, German government set out the goal of reducing greenhouse
gas emissions in Germany by 80-95% by 2050 against 1990 levels, with a simultaneous reduction
of electrical power demand by 25% and primary energy demand by 50% by 2050 against 2008
levels [17]. The primary means foreseen for achieving this is the expansion of renewable energies,
which are intended to provide 60% of final energy consumption and 80% of power production by
2050 [18]. Therefore, the German landscape has seen a continuous expansion of wind turbines
during 2003 to 2015 from 14 to 45 GW and photovoltaic installations in the same time from 0.5 to
39 GW for power production [19].

China produced 49.2% of the world’s total steel production in 2017. From 1990 to 2017, the
world’s total steel production increased by 850 Mt, of which 87% came from China. After 30 years
of rapid expansion, China’s steel industry is not expected to increase its production in the medium
and long term. In fact, the industry is currently in the stage of industrial restructuring, and great
changes will arise in production structure and technical level to solve pressing issues, such as
overcapacity, high energy intensity (EI), and carbon emission. These changes will directly affect the
global energy consumption and carbon emissions [20].

Hydrogen direct reduction of iron ore (HDRI) coupled with electric arc furnace (EAF) could
reduce specific emissions from steel production in the EU by more than 35%, at present grid
emission levels (295 kg CO2/MWh). The energy consumption for 1 ton of liquid steel (tls)
production through the HDRI-EAF route was found to be 3.72 MWh, which is slightly more than
the 3.48 MWh required for steel production through the blast furnace (BF) basic oxygen furnace
route (BOF) [21].

Discussion and conclusion. Modern humanity heavily relies on the iron and steel industry.
However, the technological processes associated with them create challenges. The biggest one is the
environmental impact. The energy consumption and the emissions of greenhouse gases of the steel
industry are very high. The leading steel producing countries are still using coal as a primary source
of energy. Also, the pandemic could reduce the demand for steel and iron. The transition to a
cleaner technologies, like direct reduction with hydrogen could be an environmentally friendly
option of steel production. The well-coordinated solutions of the main players in the global steel
market could improve the situation with the demand.
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TEMIP OHJIIPY AIH KA3IPTI KYIiI

Angarna. by Makamama TeMmip jkoHEe 00maT eHepKICiOiHIH Ka3ipri JKarmalbl FaIaMIBIK TYPFBIIAH
KapacThIpbuIapl. TeMip KEHIH OHJIIpYAiH 3aMaHayd Maceliesiepi KepcerinreH. Temip KeHi MeH OoJar
HapbIFbIHA OPTYPAl (hakTopiapblH OH KOHE TEpIC dcepi KapacThIPhUIAAbl. OJIEMHIH KETEKII OHIIPYIIi
eNJIepiH/ie TeMip KeHiH OHAIPY ypaicTepi kepceTiireH. OTaHABIK TeMip KeHIH OHIIpYAiH Ka3ipri argaiibl
TtanmaHapl. Ka30a OTHIHHBIH KeIl MeJIIEpiH NaiifanaHy HOTHXKECIHIE Mmaiga OOJaThlH SKOIOTHSIIBIK
npobieManap TaJKbUlaHagbl, OyJ OojaT ©HEpKICiOiHAEe KOMIPKBIIIKBUI —Ta3blHBIH — aHTapIIbIKTal
IIBIFApBUTYBIHA oKeneni. KeitOip enmepne Temip KeHIH OHIIPYAIH AKOJIOTHSUIBIK MACETeNIepiH IIenTy >KoHe
0oxaT eHepKaciOiH/Ie KachlT TEXHOJIOTHSUIAPFa KOy YIIH KOJIaHATHIH MIENIM/Iep KapacThIPbLIy/Ia.

Heri3ri ce3mep: Tay-keH ici, TeMip KeHi, OOJIaT OHJIPiCi, JKAcChL TEXHOJOTHSIIAP, 3KOJIOTHSUIBIK
npobiema
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COBPEMEHHOE COCTOSHUE JOBbIYN KEJIE3A

AHHoTammsa. B 1aHHOH cTaThbe paccMaTpUBAeTCsl COBPEMEHHOE COCTOSIHHE JKEJNEe3HOM U
CTAJIETUTEHHOW TPOMBIIUIEHHOCTH C TJIOOANBHOW TOYKM 3peHus. [loka3zaHbl COBpeMEHHBIE MPOOIEMBI
JOOBIYH JKeJIe3HOH pyasl. PaccMOTpeHO MOJOKHUTENFHOE U OTPUIATENBHOE BIMSAHUE Pa3IUMYHBIX (aKTOPOB
Ha PBIHOK JKEJIE3HON pyabl U cTand. [loka3aHpl TCHAEHIIUU B OOBIYE KEIE3HOW PYIbl B BEAYIIUX CTpaHaX-
MPOU3BOAUTENSIX MHpa. [IpoaHaTM3UpOBAHO COBPEMEHHOE COCTOSIHHE OTEYECTBEHHOW NOOBIYM KeNe3HON
pyasl. OOCyKIar0TCsl SKOJIOTHYECKUE MPOOIEeMbl, BO3HUKAIOIIUE B PE3yJIbTaTe HCIOJIb30BAHHUS OOJBLIOTO
KOJMYECTBA HCKOIIAE€MOI'0 TOINIMBA, YTO MNPUBOJUT K 3HAYUTCIbHBIM BI)I6pOC‘£iM YIJICKUCIIOTO Tra3a B
CTAJIEIUTENHON MPOMBIIIIIEHHOCTH. PaccMaTpuBaroTCs peleHus, KOTOpble HEKOTOPBIE CTPaHbI HCIOJIB3YIOT
JUISL PELICHUS! IKOJIOTMIECKUX MPOoOJeM TOOBIYM KEJIE3HON Pyl M MEPEeXo/a K 3€JeHbIM TEXHOJIOTUSIM B
CTaJICJINTEHHON MPOMBIILIIEHHOCTH.

KiroueBbie caoBa: ropHoe [eil0, »Kele3Has pyJAa, CTajlelMTeiiHas IPOMBIIUIEHHOCTb, 3€JIEHbIE
TEXHOJIOTHH, KOJIOTHYecKas mpodiema
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