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Incmumym uopnoi memanypeii im. 3. 1. Hexpacoea HAH Yxpainu

HNEPCIIEKTUBHI I[EKAPBOHBAIIﬁ
METAJIYPIT'IMHUX TEXHOJIOI'TH

AHoTanisi. Y CTaTTi pO3MISAAIOTHCS MOMKJIUBOCTI 3aCTOCYBAHHS TEXHOJOTIH
nexapOoHi3amii mig yac BUPOOHHUIITBA CTaJIeBOI MPOAYKIii. Y3aralbHEHO CBITOBUH
JIOCBiJ] BAKOPHCTAHHS MEPCIICKTUBHUX TEXHOJIOTIH Ta MPeCcTaBICHO MOXIMBOCTI iX
3aCTOCYBaHHS y MeTalypriilHOMy BHpPOOHMUTBI, 3 YypaxyBaHHSAM BHKHIIB
BYTJIEKHCIIOTO Ta3y, BIINOBIIANIBHOTO 3a MApHUKOBHH edekT Ta riiobanpHe
nmorertiHag  3emii. [IpencraBieHo HampsSMKH — OOCHITHUIBKUX IPOEKTIB B
MeTaJypriifHiil ramysi, pe3yJbTaTH Ta BUCHOBKH, 1[0 3 HUX BUIUTUBarOTh. [loka3aHo
MOJKJIMBOCTI 3aCTOCYBaHHS TEXHOJOTiH JaekapOoHi3alii B Mpoleci MiArOTOBKH
IMIUXTOBUX MaTepialliB, BAPOOHMIITBA YaBYHY Ta cTaji. BimMiueHO, IO TEHICHIIiS
nexapOoHi3amii cTami CyTTEBO 3MIHIOE TpaJulLiiHy MeTanyprito. Y TOH ke dac,
MOXJIMBOCTI CY4aCHHX TEXHOJIOTiif BUDOOHHUIITBA METATONPOIYKIiT HE 103BOJISIOTh Y
3HaYHil Mipi BIIMOBHTHUCS BiJl BUKOPHCTAHHS MPHUPOJHOTO ra3y i ByrJemo (Byrimis
Ta KOKCY), SIK Bi/IHOBHHKA Ta €HEPTOHOCIS Y poliecax MeTaIypriifHOro BHpOOHHUITBA.
[Toxa3aHO MOXIIMBOCTI Cy4acHHX Ta IIEPCIEKTHBHUX METATYPrilfHAX MPOLECIB MI010
BUPOOHHIITBA MPOIYKLIi 3 MiHIMaJIbHUM BYTJICLIEBUM CliJoM. BucBitieni npobnemu,
[I0 TOCTAIOTh TEpea MeTaaypriero YKpainu s 3MmeHmeHHs Bukugie COz i
BIIPOBA/DKECHHS  TEXHOJOTINH  JekapOOHi3amii BHPOOHHUIITBA METaIOMPOAYKIIi.
IlokazaHo, 1O JUIS BIPOBAPKEHHS IMpOLECiB JekapOoHi3alii cram HeoOXiaHO
BpaxoBYBAaTH HACTyIIHE: HEOOXiOHICTh CTPYKTYpHOI mepeOyAoBH MeTamypriiHOl
ray3i; HeoOXiTHICTh JTOKOPIHHOI MOJEpHi3amii MeTarypriifHol ramxysi 3a paxyHOK
BIIPOBQ/DKEHHS IPHHIMIIOBO HOBHX €HEPro30epiralounx TEXHOJOTiH BHPOOHMIITBA,
00MexeHHsI Hee()eKTHBHOT'O €KCIIOPTY CHPOBHHHUX MaTepialliB Ta HaniB(paOpHKaTiB;
BIIPOBA/UKEHHSI TEXHOJIOTIH «3€JIEHOro» BUPOOHHMITBA CTali; HOCWICHHS pPOJIi
HAYKOBHUX JOCHI/)KEHb Yy BHPOOHHUITBI METANypridiHOl MNPOAYKIil 3 MajauM
BYIJICLICBUM CIIiZIOM; TOCHJICHHS B3a€MOAIl HayKW, MiANPHUEMCTB Ta JAEPKABU Yy
peamizanii TI00aNbHUX TPOEKTIB BHPOOHMIITBA MAaJOBYTJIEIEBOi MeTalypriiiHOi
MPOIYKIIi.
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TEXHOJIOTIi, 9aByH, CTallb, IPOKAT.
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PROSPECTS OF DECARBONIZATION
OF METALLURGICAL TECHNOLOGIES

Summary. The article considers the possibilities of using decarbonization
technologies in the production of steel products. The world experience of using
advanced technologies is generalized and the possibilities of their application in
metallurgical production are presented, taking into account the emissions of carbon
dioxide responsible for the greenhouse effect and global warming of the Earth. The
directions of research projects in the metallurgical industry, the results and the
conclusions that follow from them are presented. Possibilities of application of
decarbonization technologies in the process of preparation of charge materials,
production of cast iron and steel are shown. It is noted that the trend of decarbonization
of steel significantly changes traditional metallurgy. At the same time, the possibilities
of modern technologies of metal production do not allow to significantly abandon the
use of natural gas and carbon (coal and coke) as a reducing agent and energy source in
metallurgical production processes. Possibilities of modern and perspective
metallurgical processes concerning production of products with the minimum carbon
trace are shown. The problems facing the metallurgy of Ukraine to reduce CO2
emissions and the introduction of technologies for decarbonization of metal production
are highlighted. It is shown that for the implementation of steel decarbonization
processes it is necessary to take into account the following: the need for structural
restructuring of the metallurgical industry; the need for radical modernization of the
metallurgical industry through the introduction of fundamentally new energy-saving
production technologies; limiting inefficient exports of raw materials and semi-finished
products; introduction of "green" steel production technologies; strengthening the role
of research in the production of metallurgical products with low carbon footprint;
strengthening the interaction of science, enterprises and the state in the implementation
of global projects for the production of low-carbon metallurgical products.

Keywords: metallurgical production, steel decarbonization, technologies, cast
iron, steel, rolled metal.
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Beryn. ¥V T'masro 13 mmcromanma 2021 poky 3aBeprumiacs KOH(EPEHIIis
OOH mnpo 3miny kmimaty [1]. OgHak micyMKoBa yroma MiCTHTh M'SKin
(dhopMyITIOBaHHSI MOPIBHIHO 13 3alUTAHOBAHUMH. Tak, CIOYATKy IUIaHYBaJIOCH,
mo Oyme 3a3HA4YeHO HEOOXIMHICTh IMOCTYINOBO  BiMOBIIATHCS — Bif
BUKOpUCTAaHHS Byriuuis. KiIouoBMMHM TPOTHBHUKAMH OULIbII aMOITHUX
¢dopmymroBanp BUcTynana nepeaycim Iuais. Pocis, Kurait Ta CLLIA BusBuin
obepexHicTh y KimiMaTHuHil nepcrektusi. [lincymMkn koH(epeHIii roBopsTs
PO PO301KHOCTI MO0 MiAXO0AY A0 KIiMaTHYHUX IpobieM 3emiti. OCHOBHOIO
Mpo0IeMoI0 MOTEeIUTiHH aTtMocdeprn 3emili BBaKAIOTHCS INKIUIMBI BUKHIN
NMApHUKOBUX Tra3iB, Hacammepex Byriekucioro razy CO,. JloBoau
MPOTUBHHKIB OOMEXEHHs BUKUJIB 3BOJATHCS IO TAKOTO: 3HIKCHHS BHKHIIB
MMAPHUKOBUX Ta3iB OOXOOUTHCA JyXe JOpOro 1 HE BCi BHUPOOHHUIITBA
BUTPHUMAIOTh TaKi BUTPATH; 3MiHa TEMIIepaTypu aTMocdepu croctepiraisacs i
B MHUHYJIOMY, KOJIH MIPOMHUCIIOBICTh HE JAOMiHyBaJIa B €KOHOMIIIi. 30Kpema, B
AmnTapkruni Oy npoOypeHi cBepanoBuHu Ha 3800 MeTpiB Ta BUHHATH KEPHH.
[lo OynbOamkax mOBITPs, M0 30epiryiocs B KepHax, OyJi0o BH3HAYEHO
TEMIIepaTypy, BiK 1 BMICT BYTJIEKHUCIIOTO Ta3y B atMocdepi 3emili TpuoOIn3HO
3a 800 THca4y pokiB. BusBneHo, mo 3a mneil mepion crmocrepiranmcs INeBHI
Mepioin MOXOJIOJaHHs, K1 YepryBasucs i3 nepiogaMu motertinas. Hamr gac
3HaXOAMTHCS B TMeEpioJi TOTEIUIiHHSA, TNPHYOMY BOHO WHIe 3 MaJloro
meofoBuKoBoro mepioxy (XV — XVI cromitrs). 3 XVI cromitrs Hize
MOTEIUTIHHS Ha OIMH Tpajxyc y CTOpivyds. 3BiCH BUIUIMBAE, 1[0 HOPMAaJbHI
KOJIMBAHHS KJIIMATy TOB'A3aHi 3 KOJMMBAaHHAMH akTUBHOCTI COHIII Ta opOiTH
3emuti, aje He 3 JiAIbHICTIO CYyYacHOl JIOAUHU. Y TOH caMuil Yac BCi 4yJ0BO
pO3yMilOTh, IO BUKOPUCTAaHHS BHKOIHHX CHPOBHHHHX pPECypCiB 3emii,
30KpeMa. BYTrULIsA, NPU3BOAWTH A0 3HaHuX BukHAiB CO2 1 He Mae
JIOBIOCTPOKOBOI MEPCIIEKTHBH [2]

MeTo10 pocaiKeHHsI € BHSBJICHHS Cy4YacHHUX Ta TEPCIEKTHBHUX
METAJTYypriiHUX TEXHOJIOTIH, IO MJO3BOJSIOTH BUPOOJSATH MPOAYKIIIO 3
MiHIMaJIbHUM BYTJICIIEBUM CIIiZIOM.

OcHoBHI pe3yabTaTr gociimkeHb. [Ipu mMopiBHAHHI (aKTUYHUX JaHUX
3pOCTaHHS CBITOBOTO BUPOOHUIITBA CTalli Ta 3MIHM TEMIIEpaTypH 011 HOBEPXHI
3emui (puc. 1) 3BepTac Ha cebe yBary HacTyIHe:

1o 1997 poky, KoIu piBeHb IIOPIYHOTO CBITOBOTO BHPOOHHIITBA CTali HE
MIEPEBUIIYBaB OJHOTO Mibsp/a TOHH, ICTOTHOI 3MIHH CepeIHBOI TeMIepaTypH
Ha TIOBEpXHi 3eMJTi He CIIOCTepiraiocs;

3 1999 poky i mo TemepimHBOrO dYacy, koixm Kwuraii modaB cTpiMKO
HapOIIyBaTH BUPOOHHUIITBO CTAN Ta CBITOBE BUPOOHHUIITBO CTAJI Pi3KO 3pOCTAO,
CIIOCTepIraeThCs MiABUIICHHS CEPEAHBOT TeMuepaTypu 01t 3emi;
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Introduction. The UN Conference on Climate Change ended in Glasgow on
November 13, 2021 [1]. However, the final agreement contains softer wording
than planned. Thus, it was originally planned that the need to gradually abandon
the use of coal would be noted. The key opponents of more ambitious
formulations were primarily India. Russia, China and the United States have
shown caution in the climate. The results of the conference show differences
in the approach to the Earth's climate problems. Harmful emissions of
greenhouse gases, primarily carbon dioxide, are considered to be the main
problem of global warming. The arguments of opponents of limiting emissions
are as follows: reducing greenhouse gas emissions is very expensive and not all
industries can withstand such costs; changes in atmospheric temperature have
been observed in the past, when industry did not dominate the economy.
In particular, in Antarctica, 3,800 meters of wells were drilled and cores were
removed. The air bubbles stored in the cores were used to determine the
temperature, age, and carbon dioxide content of the Earth's atmosphere in about
800,000 years. It was found that during this period there were certain periods of
cooling, which alternated with periods of warming. Our time is in the period of
warming, and it comes from the small ice age (XV — XVI centuries). Since the
XVI century there has been a warming of one degree per century. It follows
that normal fluctuations in climate are associated with fluctuations in the activity
of the Sun and the Earth's orbit, but not with the activities of modern man. At the
same time, everyone is well aware that the use of fossil raw materials of the Earth,
in particular. coal, leads to known CO, emissions and has no long-term
perspective [2].

The aim of the study is to identify modern and promising metallurgical
technologies that allow to produce products with minimal carbon footprint.

The main result of research. When comparing the actual data on the growth
of world steel production and changes in temperature near the Earth's surface
(Fig. 1) draws attention to the following:

until 1997, when the annual world production of steel did not exceed one
billion tons, no significant change in the average temperature on the Earth's
surface was observed;

from 1999 to the present, when China has begun to increase steel production
rapidly and world steel production has risen sharply, there has been an increase
in the average temperature near Earth;
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BiJI3HAYA€THCSI CHHXPOHHE 3HIDKCHHS CEPEHbOI TeMIIEpaTypHy Ha MOBEpXHi
3emiti 3 mepiogaMu (hiHAHCOBUX KpH3 Ta MadiHHS CBiTOBOI exoHoMiku [3]. V
LBOMY KOpPEJIsiLlisi MiXK IMMH TIOKa3HMKaMH JOCUTh BHCOKa (puc. 2).
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there is a simultaneous decrease in the average temperature on the Earth's
surface with periods of financial crises and the fall of the world economy [3].
The correlation between these indicators is quite high (Fig. 2).
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Figure 1 - Change in average annual temperature near the Earth's surface and
world production of steel in the period 1979-2020.
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Figure 2 — The dependence of changes in temperature at the Earth's surface on
the level of steel production in the world.
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Crnig opmpa3y 3BepHYTH yBary, IO METaIyprisi € 0a30BOI0 Taly33i0
€KOHOMIKH OiJBIIOCTI MPOMHCIOBO PO3BHHEHUX KpaiH, OJHAK Y 3arajJbHOMY
00csi31 cBitoBux BukuaiB CO; yacTka MeTanyprii craHoBUTh 6%, TPaHCIIOPTY —
23%, enextpoenepreriku — 39%. B VYkpaini y 2019 poui wactka 4opHOi
meranyprii y Bukugax CO Bij 3aranpHux ckmana 23% [4]. Cepenni muromi
npsmi Ta HenpsiMmi Bukuaun CO. y cBiToBidt Mertamyprii (manum World Steel
Association) cranoBnate 1,83 — 2,21 1/ToHHy ctanmi. OngHak y CBITOBOMY
CMIBTOBAPUCTBI 3MEHIICHHIO MIKJIMBUX BUKHIIB Yy METayprii HaJaeThCcs
BeIMKE 3HaYeHHs, Hacamnepen y €C.

B naHwmii 4yac cnpoOW 3HIDKCHHS MIKIJUIMBHX BHKHAIB MPU3BOAATH IO
30UIBIICHAS ~ COOIBApTOCTI Ta  3HIDKEHHS  KOHKYPEHTOCIPOMOXKHOCTI
mMetanonponykuii. [Ipote oOMexeHHS MIOAO PiBHSA BUKOPUCTAHHS BYTJICHIO y
BUPOOHMIITBI, TNPHHHATI Ha HAWBHIIOMY 3aKoHOZaBuoMmy piBHI B €C,
HaHOIIDKYIMM 9acoM BipOTiTHO MPU3BEAYTH 10 3aKPHUTTS 0araTboX IiAIPHEMCTB.
€C mnanye 3anpoBamuTd crerianpHuid Mexanism (Carbon Border Adjustment
Mechanism), BIINOBIAHO A0 SIKOTO IMIIOPT MPOXYKIii, BUPOOJIEHOI 3 BUIIUMH,
Hik y €C, sukugamu CO2, Oyjie OIoAaTKOBYBAaTUCH J0JATKOBOIO 11aToro [5].
Exonoriyne 3akoHomaBcTBO B €C OJHOYACHO Mae€ Ha MeTi 3aXHCT CBOIX
BHPOOHUKIB Bi/I IMIIOPTY JICIIEBOI CTall 3 IHIIMX KpaiH, o0 Mae Oe3nmocepeHe
BiJJHOILICHHS JUTSL YKPATHCBKUX EKCIopTepiB MeTanonponykuii. s Ykpainu ne
TIPU3BEZE /10 HEMOXIIMBOCTI €KCIIOPTY METAJIONPOAyKii. TakuM YMHOM, MOYKHA
3pOOHMTH OJHO3HAUYHMH BHCHOBOK, HIO IPOIEC BHKOPUCTAHHA B YKpaiHi
MaJIOBYTIICHEBUX TEXHOJIOTIN nexapOoHizarii BHPOOHHMIITBA crail
(ManmoByTIIeIeBUX TEXHOJOTiIA) Ta «3€NeHOr0 BHPOOHMIITBA CTall» €
HE3BOPOTHIM. BUKOpHCTaHHS TEXHOJOTIH qekapOoHi3allil cTanyd Ma€e J03BOITUTH
MeTanyprii YKpaiHu BUCTOSTH Mepe] eKOJIOTIYHUMHU MTPpo0IeMaMy Ta THCKOM 3
0OKy 3aKOHOJIABCTBA 1 PErYJIIOI0YUX OPraHiB.

Ha nanwuii yac cy4acHi TexHOJOTIT JekapOoHi3allii cTaii Ta 3SMEHIICHHS
LIKITMBUX BUKHUJIIB IPU MacOBOMY BUPOOHHUITBI CTali Yy CBITI CIIpsIMOBaHi
Ha!

MOKPAIEHHs SKOCTI 3a1130pYAHOT CHPOBUHH, 301JIbIIIEHHS BMICTY 3aIi3a B
3aJIi30pyIHIHM MMXTi;

MiABUIEHHS €HEeproe(eKTHBHOCTI ICHYIOUMX TEXHOJIOTIH 3a paxyHOK
BUKODHCTAaHHS Cy4acHHX BiIOMHX MeTalypriifHux texnouorii (best available
technology, BAT), mo mMoxe 3aomanut 10 20% eHeproBUTpaT;

YaCTKOBY 3aMiHy KOKCY MWJIOBYTUIPHUM TaJWBOM Ta IHIIAMH
SHEeproHOCIsIMU, 30KpeMa KOKCOBUM Ta CHHTE3 ra3oM. B okpemmux perioHax
3amicTh KOkcy Ta I[IBIl BHKOPHCTOBYIOTBHCS AEpEeBHE BYTULISI Ta IEPEeBHI
BiIXOJH B MiHi JOMEHHHX Iedax, ab0 BiIXOIH IIACTHUKY ;
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It should be noted at once that metallurgy is the basic sector of the economy
of most industrialized countries, but in the total global CO, emissions the share
of metallurgy is 6%, transport - 23%, electricity - 39%. In Ukraine in 2019, the
share of ferrous metallurgy in CO, emissions from the total was 23% [4]. The
average specific direct and indirect CO, emissions in the world metallurgy
(according to the World Steel Association) are 1.83 - 2.21 tons / ton of steel.
However, in the world community, the reduction of harmful emissions in
metallurgy is of great importance, especially in the EU.

At present, attempts to reduce harmful emissions lead to increased costs
and reduced competitiveness of metal products. However, restrictions on the
level of carbon use in production, adopted at the highest legislative level in the
EU, are likely to lead to the closure of many businesses in the near future. The
EU plans to introduce a special mechanism (Carbon Border Adjustment
Mechanism), according to which imports of products produced with higher
than EU emissions will be subject to additional fees [5]. At the same time,
environmental legislation in the EU aims to protect its producers from imports
of cheap steel from other countries, which is directly relevant for Ukrainian
exporters of metal products. For Ukraine, this will make it impossible to export
metal products. Thus, we can unequivocally conclude that the process of using
low-carbon technologies in Ukraine to decarbonize steel production (low-
carbon technologies) and "green steel production™ is irreversible. The use of
steel decarbonization technologies should allow Ukrainian metallurgy to
withstand environmental problems and pressure from legislation and
regulators.

Currently, modern technologies for decarbonization of steel and reduction
of harmful emissions from mass production of steel in the world are aimed at:

improving the quality of iron ore raw materials, increasing the iron content
in the iron ore charge;

improving the energy efficiency of existing technologies through the use
of modern known metallurgical technologies (best available technology, BAT),
which can save up to 20% of energy consumption;

partial replacement of coke with pulverized coal and other energy sources,
including coke and synthesis gas. In some regions, instead of coke and PVP,
charcoal and wood waste are used in mini blast furnaces, or plastic waste;
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30UIBIICHHS YaCTKH METaJ0JI0MY IPH BUPOOHMIITBI CTai;

YTHUITI3AI(is] BTOPUHHOTO TEIUIa METATyPriiHUX IPOICCiB; BUKOPHUCTAHHS
BIJTHOBJIFOBaHUX JKepen Ta 30epiraHHsi eHeprii. 30KpeMa TEeXHOJIOTiH, 10
JO3BOJISIOTh  OTPUMYBAaTH  €JEKTPOEHEprir0 i3 Ha/UIMIIKOBOTO  TeIlia,
BCTAHOBJICHHS TYpOiH 3 peKyImepallielo BEpXHbOTO TUCKY Ha KojonrHuky JIIT
TOLIO;

yioBmoBaHHS Ta BHKOpucTaHHI CO; B CYMICHHX TEXHOJOTIUYHHX
mporecax, 30kpema, orpuManHs 3 CO, cuHTe3-rasy 3 10/1aBaHHIM IIPUPOTHOTO
rasy;

Hepexij Ha «3eJIeHe BUPOOHHUIITBO CTAND», IKe MOKIMKaHe 3p00UTH poLec
BHPOOHUIITBA OUIBIN €KOJIOTIYHNM. ByTieneBuii eHeproHocii Ta BiTHOBHUKU
3aMIHIOETHCS aJbTEePHATUBHUMHE JDKEpEIaMH Pi3HUMHU crioco0aMu.

HeoOximHO BU3HATH, IO METANyprid YKpaiHu 0a3yeThCs Ha BYTJICHEBHX
JDKepeTax eHeprii i € OHi€r0 3 HaOTbIT eHEPTOEMHUX TaITy3€H IIPOMHUCIOBOCTI.
Bucokuii piBeHb €HEpProBUTpaT NPH BHPOOHHUITBI  METAIONPOLYKIIii
I'MK icTOoTHO mnepeBHINye aHANOTI4HI MMOKAa3HUKH 3apyODKHUX MiANPHEMCTB
(puc. 3).

B VYxkpaini BUPOOHHUIITBO CTaNi 3IIACHIOETHCS MEPEBAKHO HA BEIIMKHX
IHTETPOBaHUX METATYPriiHUX MIANPHEMCTBaX. BUKOpUCTaHHS TakKuX
IHTETPOBaHUX TEXHOJIOTIH CYNPOBOKYETHCS 3HAYHOIO KIJBKICTIO BHKHIIB
CO; B armocdepy, [0 CTAHOBHUTH peajbHY 3arpo3y €KOJIOTii Ta CIpHUYUHSE
CTypOOBaHICTh CBITOBOTO ToBapHcTBa. OOCAT NMUTOMHUX BHUKHIIB 3aJIEXKHUThH
BiJl TEXHOJOTIH, IO 3aCTOCOBYIOThCS B MeTanmyprii. CTpYKTypy BHKHUIIB
CO; Ha iHTErpoBaHOMY METaNyprifHOMY MiATIPHEMCTBI TPEACTaBICHO Ha
puc. 4.

1,6
> 14 Pucynok 3 —
g 1,2 [MopiBHSHHS
g 1 CepeHixX
08 IMUTOMUX BUTpAT
E 0,6 eHepropecypcin
> 04 Ha BUPOOHHIITBO
0,2 MIPOKaTy o
0 KpalHax  CBITY,
AnoHia €C CepepHez: PO  VYrpaiHa T.y.IL/T IIPOKATy.
KOpAOHOM
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increasing the share of scrap metal in steel production;

utilization of secondary heat of metallurgical processes; use of renewable
sources and energy storage. In particular, technologies that allow to obtain
electricity from excess heat, installation of turbines with recovery of upper
pressure on the grate of the BF, etc.;

capture and use of CO; in compatible technological processes, in
particular, production of CO; synthesis gas with the addition of natural gas;

the transition to "green steel production”, which is designed to make the
production process more environmentally friendly. Carbon energy and
reducing agents are being replaced by alternative sources in various ways.

It should be recognized that Ukraine's metallurgy is based on carbon energy
sources and is one of the most energy-intensive industries. The high level of
energy consumption in the production of MMC metal products significantly
exceeds similar indicators of foreign enterprises (Fig. 3).

In Ukraine, steel production is carried out mainly at large integrated
metallurgical enterprises. The use of such integrated technologies is
accompanied by a significant amount of CO, emissions into the atmosphere,
which poses a real threat to the environment and is of concern to the world
community. The amount of specific emissions depends on the technologies
used in metallurgy. The structure of CO, emissions at the integrated
metallurgical enterprise is presented in Fig. 4.

16 1,34

14 - Figure 3 -
£ 1,2 Comparison of
5 1 average specific
E 0,8 energy costs for
> 06 the production
c ]
> 04 of rolled _
e products in the

0.2 world, t.p./t

0 rolled.
Anonia €EC CepegHez: P® VkpaiHa
KopgoHom
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Hactra svrmaie COpy zaranbHUX BMKMOEX IHTETPOBAHOID
meTanypriliHoro nignpuemcrea, %

Kokcoximiunmi zason
Arnodabpura
BupobHuWUTEO BANHARY
JomerHa niy 61,9

KucHesui KoHBEDRTED

BeznepepeHe po3nuBaKHA

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0

Pucynok 4 — Yactka BukuaiB CO; y 3arajbHUX BUKHAAX IHTETPOBAHOTO
METaJIypriiHOTO MiIpueEMCTBA, %.

VY n1oMeHHOMY BUPOOHHIITBI, /1€ BiJOyBa€ThCS O€3M0CEPEHE BiIHOBIICHHS
3aji3a i3 3ali3HsAKY, BUKHIAEThCS OCHOBHA KiibKicTh CO2 Ha TOHHY CTaIi.
Buxugn CO; KOKCOXIMIYHOTO 3aBOAY NOB'SA3aHI 3 BHCOKOTEMIIEpaTypHUM
HarpiBaHHAM KOKCiBHOTO Byrium, sike Ha 100% ckiiagaeThcst 3 BYTJIELIO.
TexHomOTrisl KOHBEPTEPHOTO BUIUIABISIHHS HE Ma€ 3HAYHOTO MOTCHMIaTy s
3HIKEHHS BUKHU/IIB Yepe3 0OMEKEHOTO 3aCTOCYBaHHS METAJIEBOTO JIOMY .

[Ipu Bupimenni npobiemMu AekapOOHi3allii BUPOOHWIITBA CTaji CITiJT
BpaxyBaTH, IO BWKHIW MapHUKOBUX ra3ziB Ta CO; HampsaMy TIOB’s3aHi
3 BUKOPHUCTaHHSIM BYTULIS Ta KOKCY B TEXHOJIOTIYHHX Tpolecax, 0e3 sKoro
BITHOBJIIOBAHHS OKCHIIB 3aji3a € HEMOXJIHMBHUM. Y TOH € Yac BYIJICIb
TAKOXX € 1 TOJIOBHMM CHEPrOHOCIEM Y TEXHOJIOTIYHUX IIpolecax, TOMY
CHEPreTUYHY (YHKIIO BYIJVICII0O MOXIWUBO 3aMIHUTH IHIIUMH BHJIaMU
eHepronociiB. OpHak, e CBIAYUTH TaKOX MPO Te, IO MOXKIMBOCTI
IIOA0 3HIKCHHS BHKHJIB Y METaNyprilHiil raimy3i oOMekeHi 1 HEoOXigHO
CTBOPIOBAaTH Ta BIIPOBA/KYBAaTH HOBI TEXHOJOTIi JexapOoHi3amii crai.
OpnHak, KpiM HEOOXiZHOCTI PO3BUTKY HOBHUX TEXHOJIOTIH, TpajMIiiHI TeX
HE MOXKHA CHHCYBaTH 3 paxyHKiB. CydYacHi TEXHOJOTiII MOIEPHI3yIOThCA
1 BIOCKOHAIIOIOTHCS 3 METOI0 3MEHIICHHS EHEPrOBUTpAT, IIiBUILIECHHS
SKOCTI  mpoxykmii 1  3a0e3medeHHs  KOHKYPEHTOCIPOMOXKHOCTI — Ha
MIEPEHACHYCHOMY PUHKY.
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Share of CO2 emissions in total emissions of integrated
metallurgical enterprise,%

Coke plant
Sinter factory

Limestone production

Blast furnace 61,9
Oxygen converter 4.8
Continuous pouring 4.8

00 10,0 20,0 20,0 40,0 50,0 ®0,0 70,0

Figure 4 - Share of CO, emissions in total emissions of an integrated
metallurgical enterprise, %.

In blast furnace production, where iron is directly recovered from iron
ore, the main amount of CO; per ton of steel is emitted. The CO, emissions
of the coke plant are related to the high-temperature heating of coking coal,
which is 100% carbon. Converter smelting technology does not have
significant potential to reduce emissions due to the limited use of scrap
metal.

When solving the problem of decarbonization of steel production, it should
be borne in mind that greenhouse gas and CO, emissions are directly related to
the use of coal and coke in technological processes, without
which the reduction of iron oxides is impossible. At the same time, carbon
is also the main energy source in technological processes, so the energy
function of carbon can be replaced by other types of energy. However, it also
indicates that the opportunities to reduce emissions in the metallurgical
industry are limited and it is necessary to create and implement new
technologies for decarbonization of steel. However, in addition to the need to
develop new technologies, traditional ones also cannot be written off. Modern
technologies are being modernized and improved in order to reduce energy
consumption, improve product quality and ensure competitiveness in a
saturated market.
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SIKIII0 TOBOPUTH MPO PEKOHCTPYKIIIFO, TO BOHA BIAOYBAETHCS OE3MepepBHO
Ti€0 YH 1HIIOK Miporo. Ha TOMEHHHX 1edax 3'BISIOTHCS CHCTEMHU OYHUIICHHS
rasiB, Ha aryiogadpHuKax BIPOBaKYEThCS CUCTEMA acIipallii, MOJIEPHI3YIOThCS
ICHYIOYl TMPOKAaTHI CTaHW. 3HAYHO IOKPAIIMTH SKiCTh TOTOBOI MPOIYKILi
JoroMarae OyAIBHUIITBO HOBHX arperatiB Ha [il0YMX MiANPHEMCTBAX.
Taka TeHpmeHIs crocrepiraeTbCsl 1 Ha METATYPriHHUX ITIIPUEMCTBAX
VYkpaiHu.

[IpoBeneHuniT HAMHU aHANi3 MOKa3y€ MPUHIUIIOBY MOXJIHMBICTh 3MCHIIUTH
BUKHIM MapHUKOBoro razy CO; mpu BUKOPHCTaHHI BXKE BIIOMHX y CBITOBii
MPAaKTUIll  TEXHOJIOTiIH. Pe3ynpratm  aHamisy BIUIMBY BIJOMHX Ta
MIEPCIEKTUBHUX TEXHOJIOTIH BUPOOHHUIITBA METAJIONPOAYKIII Ha piBEHb
BUKHJIB napHukoBoro razy CO HaBeneHo Ha puc. 5. HaBegemo po3undpoBky
3a3HAYEHUX TEXHOJIOTIH.

MopieHAHHA BUKKMAIEB CO2 ANA AiFOYMK TEXHONOTIRA, T/TCTani

JnexTponms®

DRl+BogeHb™

npouec ULCORED
Texxonoria Hisarna (DRI)
EAF (nom)

DRHras+CC5
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Smelting reduction + CCS
BinHoBnwoBanbHa nnaeka
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Pucynok 5 — TlopiBusinas BukuaiB CO i IiOYMX Ta MEPCIEKTUBHHUX
TEXHOJIOTIH BUPOOHHIITBA CTATI.
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If we talk about reconstruction, it is continuous to one degree or another.
Gas purification systems are appearing on blast furnaces, aspiration systems
are being introduced on sinter plants, and existing rolling mills are being
modernized. The construction of new units at existing enterprises helps to
significantly improve the quality of finished products. This trend is also
observed at metallurgical enterprises of Ukraine.

Our analysis shows a fundamental opportunity to reduce CO; greenhouse
gas emissions using technologies already known in world practice. The results
of the analysis of the impact of known and promising technologies for the
production of metal products on the level of greenhouse gas emissions of CO,
are shown in Fig. 5. Here is a transcript of these technologies.

Comparison of CO2 emissions for existing technologies,
t/ t of steel

Electrolysis*
DRI + hydrogen**

0

Process ULCORED I 0,9
Technology Hlsarna... — 1,6
EAF (scrap) _ 0,8
DRI+gas+CCS _ 0,5
DRI+gas I 1
Smelting reduction +... _ 0,2
Restorative melting _ 1,5

BF Top gas recycling... ~ 1,1
BF-BOF(BAT) I 1,6
BF-BOF + hydrogen* * 1,8
BF-BOF I 2,2

Pucynok 5 — IlopiBasaas BukumiB CO; ans MIFOYMX Ta MEPCIEKTHBHIX
TEXHOJIOTi/f BUPOOHHIITBA CTATi.
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BF-BOF — TexHojOrisE BUPOOHHUIITBA CTall 3a CXEMOIO «IOMEHHA Y —
KucHeBUil KouBeprepy» [6]. Ilpu BHKOpPHCTaHHI TEXHOJOTII «IOMEHHA ITid-
kucHeBuii kouseprep» (BF-BOF process) nutomi Bukuan CO2 B cepenqHboMy
CTaHOBJIATh Onm3bK0 2,2 ToHH COy/T craii. [IpHYMHOIO BHCOKHMX BHKHIIB 32
TEXHOJIOTIT TOMEHHA 1Y — KOHBEPTEP € BUKOPUCTAHHS BYT1/UIA (Y BUIIISAII KOKCY
4yu cupoBHHU 1 yctaHoBok [1BIT) Ta npupoauoro rasy. s npukiany — gipma
Voestalpine nepen6avae 4acTKOBY 3aMiHy iCHYFOUOTO JOMEHHOT'O BUPOOHHIITBA
riOpHUIHO-ENIEKTPUYHOIO CTATIO, MO0 Moxe 110 2030 poKy CKOPOTUTH BHKUAM
BYTJICIIO HA TPETHHY.

BF-BOF + BomeHp — TEXHOJIOTiI BUPOOHHIITBA CTAJIi 32 CXEMOIO «JOMEHHA
MY — KUCHEBUH KOHBEpPTEpP» 3 BHUKOPHCTAHHIM BiTHOBIIOBAIGHUX Ta
€HEPreTHYHUX MOXIHBOCTEH BomHio [7]. Jlis mpolleciB IOMEHHOI IUIABKU
HEMOXXJIMBO OO0iNTHCS 0e3 BUKOPHUCTAHHS BYTJIEIIO (KOKCY). Y TOH ke dac
nogada BoaHio B JIII 103BOJMMTH 4acTKOBO 3amiHuTH Kokc Ta IIBII, 1o
no3BosiuTh 3HU3UTH BUKuA CO, Ha 20%. [Ipum npomy BojsHa mapa, IO
YTBOPIOETKCS, 3aMiHIOe BUkuau CO».

BF-BOF(BAT) — TexHOJOTis BUPOOHHIITBA CTANi 32 CXEMOK «IOMEHHA
T4 — KUCHEBUH KOHBEPTEP», 1[0 BUKOPUCTOBY€E HaWKpallli BiJOMi TEXHOIOT1{
BUPOOHHIITBA 4YaByHy Ta ctami [8]. 3a maHuMu MpoBimHOI iHXKHHIPUHTOBOT
komnanii Primetals, BuUKOpuCTaHHS iCHYIOUMX HAHKpamMx MeTaIyprifHuX
TEXHOJIOTIH J03BOJINTH 3HU3UTH BUKUAM He Oinbine Hixk Ha 25-30%. I{poro
HEJ0CTAaTHBO IS TOTO, MO0 AOCATATH HEOOXITHUX IJICH 3HUKCHHS BUKUIIB.
Jns 6e3ByrieneBoro BUPOOHHUIITBA MOTPiOHI HOBI TEXHOJOTII, SKi TOKH IO
3HAXOJATHCS JIUIIE Ha eTari po3poOKH.

BF Top gas recycling (CCS) — texHomoris JOMEHHOI IIIaBKH 3
BUKOPUCTAHHSIM  TEXHOJIOTIi YJIOBIIOBaHHS, 30€piraHHs Ta BHKOPHUCTAHHS
nomennoro rasy (CCS) [9].

BigHoBmroBansHa 1iaBka (Smelting reduction) [10]. Mosknusicts
JNOCSTHEHHS  BYTJeleBOoi HEWTpPalbHOCTI MOXE  HaJaTH  TEXHOJOTis
BiJTHOBJIIOBJILHOT TUIaBKH. TEXHOJIOTIS BiIHOBIIOBAIBHOT IUTABKH TEOPETUIHO
JIO3BOJISIE BHKJIIOYMTH 3 BHPOOHHMYOTO MpOLECY KOKCOXIMIYHHMH 3aBOf,
arno¢abpuky, JOOMEHHY @4 Ta 3aMiHHTH IX JIBOMa arperatamu —
BITHOBIIOBAJIFHMUM pPEAaKTOPOM Ta IUIABWJIBHOIO MiY4I0-Ta3u]iKaTopoM.
[lepenbavaeTnes 3HMKEHHS BUTpaT eHeprii Ha 20%. OTpumaHuii MeTaneBuit
MPOAYKT MOXKEe OyTH mepepoOjeHO B KHCHEBOMY KOHBEpTEpi. TeXHOJOTis
JO3BOJISIE 3aMiHUTH KOKC BYTULIAM, (opmyBatu ogHe mxepeno BukumiB CO»
Ta BIOBIIOBATH 10 90% BHUKHUAIB ByTiIeKuciIoro rasy. OqHak, peaisalis Hb0ro
MPOIIECY MOXKe 3ITKHYTHUCS 3 TEXHIYHUMHU TPYAHOIIAMHU, HacaMIlepe Il 4ac
nepejavi HAMBIPOAYKTY 3 OJHOTO arperaty no i”moro. Kpim Toro,
BUKOPUCTAHHS Kpamux JOoCTynHux TexHojoriii (BAT) nmosBoisie nocsrtu
NPaKTUYHO TUX )K€ NOKa3HUKiB BUKUAIB COa.

«Dynoamenmanvri ma npukiaoui npooaemu yoproi memanypeii. — 2021. — Bunyck 35
«Fundamental'nye i prikladnye problemy &ernoj metallurgii». — 2021. — Vypusk 35
«Fundamental and applied problems of ferrous metallurgy». — 2021. — Collection 35



19

BF-BOF - technology of steel production according to the scheme
"blast furnace - oxygen converter" [6]. When using the technology "blast
furnace-oxygen converter" (BF-BOF process) specific emissions of CO;
on average is about 2.2 tons of CO; / t of steel. The reason for high emissions
from blast furnace-converter technology is the use of coal (in the form of
coke or raw materials for PVP plants) and natural gas. For example,
Voestalpine plans to partially replace existing blast furnace production
with hybrid-electric steel, which could reduce carbon emissions by a third
by 2030.

BF-BOF + hydrogen - steel production technology according to the scheme
"blast furnace - oxygen converter” using the reduction and energy capabilities
of hydrogen [7]. For blast furnace smelting processes it is impossible to do
without the use of carbon (coke). At the same time, the supply of hydrogen to
the BF will partially replace coke and PVP, which will reduce CO, emissions
by 20%. The resulting water vapor replaces CO, emissions.

BF-BOF (BAT) is a blast furnace-oxygen converter steel technology
using the best known cast iron and steel technologies [8]. According to
the leading engineering company Primetals, the use of existing best
metallurgical technologies will reduce emissions by no more than 25-30%.
This is not enough to achieve the required emission reduction targets.
Carbon-free production requires new technologies that are still under
development.

BF Top gas recycling (CCS) is a blast furnace smelting technology using
blast furnace gas capture, storage and use (CCS) technology [9].

Smelting reduction [10]. The ability to achieve carbon neutrality can
provide recovery smelting technology. The technology of reducing smelting
theoretically allows to exclude from the production process a coke plant, sinter
plant, blast furnace and replace them with two units - a reduction reactor and a
melting furnace-gasifier. It is expected to reduce energy consumption by 20%.
The resulting metal product can be processed in an oxygen converter. The
technology allows to replace coke with coal, to form one source of CO;
emissions and to capture up to 90% of carbon dioxide emissions. However, the
implementation of this process may face technical difficulties, especially
during the transfer of the intermediate product from one unit to another. In
addition, the use of best available techniques (BAT) allows to achieve almost
the same CO; emissions.
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B mammii wac Tata Steel, Rio Tinto, ArcelorMittal, ThyssenKrupp,
Voestalpine ta Paul Wurth 3aiimaioTbcsi TecTyBaHHSM Ta MNOJAIBIIAM
PO3BUTKOM TEXHOJIOTI{

Smelting reduction + CCS — TexHouorisl BiJHOBIIOBAIbHOI TUIABKH 3
BUKOPUCTAHHSIM TEXHOJIOTI YJIOBJIIOBaHHS, 30epiraHHss Ta BHKOPHCTAaHHS
(CCS), 110 BiAXOIUTH BiJl TEXHOJIOTIYHUX arperariB. 3acTOCYBaHHS TEXHOJIOT'1]
CCS no3Boiisiec CKOPOTUTH BUKHIW MAapHUKOBUX ras3iB o piBHA 0,2 T CO2/T
CTaJIi.

DRI + ra3 — TexHOIOTiSI BUKOPHWCTAaHHS 3aii3a MPSAMOTO BiTHOBICHHS
(DRI) B enekrtpomyroBux mneuax (EAF) [11]. [o3Bosisie 3HHM3UTH MHUTOMI
Bukuan CO; piBHA O0mu3bko omHiei ToHHH CO»/T ctami. [Ipsme BiTHOBICHHS
3ari3a 3 BUCOKO3II3UCTOT CHPOBUHU CIEMiaIbHUMK TeXHoiorismMu (Midrex,
Arex, Hyl 1 1.m). Ha BuxXom yTBOpPIOETBCS TakK 3BaHa MeTali30BaHa
cupoBuHa — TrapsueOpukeroBane 3amizo (HBI), metamizoBani okatumi DRI
(Direct Reduced Iron), ry6uacre 3amizo. Ile MeTaneBuii MPOIYKT 3 BUCOKUM
BMICTOM 3aiiza, ax 10 99%, sKuii MOXe Bigpa3y BHUKOPHCTOBYBATHCS
B CTaJICIUIABIJILHOMY MEPEaLIi 11 OTpUMaHHs ctaji. OqHakK, Taka TEXHOJIOTis
BUMAara€ HasBHOCTI 3aJIi30pyAHOI CHPOBMHM 3 BHCOKMM BMICTOM 3aii3a
Ta HHU3BKMM BMICTOM [OMIIIOK Ta HAasBHOCTI BEJIHMKHX EHEPreTHYHUX
MOTY>KHOCTEH, IIO OOMEXye MOXIIMBOCTI 3acTocyBaHHA. Y TOH ke
yac OpaswibChbKa 3alli3opysnHa Kopropamis Vale migmucana MeMOpaHIyM
PO B3a€EMOPO3YMIiHHA 3 KuTaicbkoio rpymoro Jiangsu Shagang monmo
CHUTBHOI PO3POOKH TEXHOJNOTiH BHUIUIABKH CTali 3 MEHIIUM BYTJICIIEBHM
CITIZIOM.

DRI +raz + CCS—  TexHOJIOTiss ~ BHKOPHMCTaHHS  3aii3a  IPSIMOIO
BigHoBienHss (DRI) B enextpomyroBux mneuax (EAF) 3 3actocyBaHHsSM
texHosorii CCS mo3sosise 3menmmtu Bukuau CO; mo piBas 0,5 T COz/t
cTaii.

EAF (;lom) — TexHouoriss BHpPOOHMITBA CTalli B EJEKTpone4ax 3
BUKODHCTAaHHSIM MeTayieBoro Jjiomy. Ilpum mepepoOui MeTamoOpyxTy B
enektporneuax Bukuau CO; craHoBmsate Ommspko 0,8 T CO/T  crami.
BukopucTanHs MeTaNeBOro JIOMY Ul BAPOOHHIITBA CTaJli B €JIEKTpOIeYax 1ae
MOKIHBICTh 10 60% 3HU3UTH BUTpPATH eHeprii (MOPiBHSIHO 3 BUPOOHHUIITBOM
CTali 3a TEXHOJIOTI€I0 «JOMEHHA ITiu-KOHBepTep»). [liIBUIICHHS YacTKH
METaI00pyXTy B KHCHEBOMY KOHBepTepi 10 30% m03BOIISIE T0AATKOBO 3HU3UTH
Bukuan CO,. Came ToMy mepepoOka METamoOpyXTy € OTHIE0 3 eKOJOTITHUX
«3eJNeHUX» TeXHoNori. OmHakK, MOCTYIHICTh METAIOOpPYXTy OOMEXye
PO3BUTOK EJIEKTPOCTAJCIUIaBHILHOTO BHUpoOHHUITBA, ®ipma Voestalpine
BHpOOMIIa MepIry MapTio AeKapOOHI30BAHOI CTal MpeMiyM-Kiacy.
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Tata Steel, Rio Tinto, ArcelorMittal, ThyssenKrupp, Voestalpine and Paul
Wurth are currently testing and further developing the technology.

Smelting reduction + CCS - recovery smelting technology using
technology of capture, storage and use (CCS), departing from technological
units. The use of CCS technology can reduce greenhouse gas emissions
to 0.2 tons of CO,/ tons of steel.

DRI + gas - technology for the use of direct reduction iron (DRI) in electric
arc furnaces (EAF) [11]. Reduces specific CO, emissions of about one ton of
CO, / tof steel. Direct recovery of iron. from high-iron raw materials by special
technologies (Midrex, Arex, Hyl, etc.). The output produces so-called
metallized raw materials - hot briquetted iron (HBI), metallized pellets
DRI (Direct Reduced Iron), sponge iron. It is a metal product with a high iron
content of up to 99%, which can be used immediately in the steelmaking
section to produce steel. However, such technology requires the presence
of iron ore raw materials with high iron content and low impurity content and
the presence of high energy capacity, which limits the possibilities used.
At the same time, the Brazilian iron ore corporation Vale signed a
memorandum of understanding with the Chinese group Jiangsu Shagang on the
joint development of technologies for smelting steel with a lower carbon
footprint.

DRI + gas + CCS - technology for the use of direct reduction iron (DRI)
in electric arc furnaces (EAF) with the use of CCS technology can reduce
CO, emissions to 0.5 tons of CO; / tons of steel.

EAF (scrap) - a technology for the production of steel in electric furnaces
using scrap metal. During the processing of scrap metal in electric furnaces,
CO, emissions are about 0.8 tons of CO, / tons of steel. The use of scrap
metal for the production of steel in electric furnaces makes it possible to
reduce energy costs by up to 60% (compared to the production of steel
technology "blast furnace converter"). Increasing the share of scrap metal
in the oxygen converter to 30% can further reduce CO, emissions. That is
why the processing of scrap metal is one of the ecological «greeny
technologies. However, the availability of scrap metal limits the development
of electric steelmaking; Voestalpine has produced the first batch of premium
decarbonized steel.
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B pe3ynbprari KinbKOX POKiB pOOOTH i COTEHb MUIbHOHIB €BPO iHBECTHIIiI
nexapOoHi3yBaTu cTaib Baanocs ymime Ha 10%, B OCHOBHOMY 3a paxyHOK
301IbLIEHHS] YACTKU METAIOOPYXTY B IIMXTI Ta KyHIBII 3eJeHO0T e/eHeprii.

Texnonoris Hlsarna (DRI) — ogra 3 TexHOJNOTIH MPsAMOTo BiTHOBICHHS
3amiza [12]. TexHOOris € OJJHUM 3 HAMPSIMKIB «3€JIEHOr0» BUPOOHHIITBA CTAJII,
SKAH BXXE JaBHO BHKOPUCTOBYEThCS B MeTanyprii. Ilpsime BigHOBIEHHS
HamiB(paOpHUKaTiB A1 BUTOTOBJICHHS CTalli BiIOYBa€ThCS 3 BUCOKOBYTIIEHIEBOL
CHUPOBHHHU 3 BHKOPHUCTAaHHAM crieriansHuX TexHomorid (Midrex, Arex, Hyl ta
in.). Tak 3BaHa MeTayi3oBaHa CHpOBHHA - TrapsyeOpukeroBane 3aiuizo (HBI),
MeTtaiizoBaHi rpanyiu 3 DRI (nmpsive BimHOBIIEHE 3a7i30) Ta Tyd4acTe 3aiizo -
BHPOOJIAIOTECS TaKUM YrHOM. Lle MeTaneBi BHpoOU 3 BUCOKAM BMiCTOM 3ailiza
(mo 99%), ski MOXyTh OyTH Oe€3MocepelIHhO BHKOPHCTaHI B MpoIleci
BUpOOHMITBA cTayi. Take mpsMe 3ami30 € OCHOBHHUM MaTepiajioM JJist
BHPOOHHMIITBA EIEKTPOCTAI 1 BUKOPUCTOBYETHCS IS 3aMiHH OpYXTy Ta iHIITUX
3aJIi30BMICHUX KOMIIOHEHTIB. Ll TeXHONOTiS po3poOsIeThCs BikKe OinbIe
30 pokis. Moro epeKkTHBHICTb MEBHOIO MipOI0 JOBEACHA, ale I TEXHOIOTis
CIOYaTKy BUMAarae HassBHOCTI BUCOKOYHCTUX PYIHHUX MaTepiajiB - 3a1i30BMiCHO1
CHUpPOBHMHH 3 BUCOKAM BMicTOM Fe Ta HI3bKHUM BMICTOM AOMIIIIOK - 200 HAsIBHOCTI
BEJIMKUX T'eHEpylo4Hx HoTyxHoctel. [Ipore, Bukuan nmapuukoBoro razy CO;
cra”oByATh Ol 1,6 T CO2/T crami.

IMpoiec ULCORED - mporec mnpsimoro BigHoBnenHs Fastmelt 3
3acrocyBanHsM TexHonorii CCS no3Bonse 3um3utu Bukumu CO, Ha 55% 1o
piBast 0,9 T CO/T crami [13].

DRI+BoseHs — TEXHOJIOTIS 3aCTOCYBaHHS BOJHIO TIPH BHPOOHHUIITBI
BIJTHOBJICHOTO 3ajli3a, TEOPETHYHO a03BoJisie MaTH BUKHIU CO; OIU3BKI 10
HYJISl T2 IPaKTUYHO BHUKIIOYUTH BYTJICLEBHI CIIiJ| MPU BUPOOHHIITBI 3aii3a..
BukopucranHs BOJHIO JUIS TPSMOTO BIJHOBJICHHS TEOPETHYHO JI03BOJISIE
0e3mocepe/IHbO  BUKOPUCTOBYBAaTH Oyab-siKi BUAM 3ali3Hoi pyau. Lo
TEXHOJIOTI0 YaCTKOBO B)KE€ 3aCTOCOBYIOTH IPH 30aradeHHi pyu, ajie BBOJUTH
i1 Ha KOMOiHAaTaX HE TOCHIIIAITh Yepe3 HaAMIpHY HOpokHedy. Posmouann
pPO3BHMBATH II0 TEXHOJIOTIIO Taki MeTamypriifHi rirantu, sk ArcelorMittal,
VoestAlpine, SSAB, Dillinger Ta Hu3ka IHIIMX BHUPOOHHMKIB. SIMOHCHKHIA
Nippon Steel 3asBnsB mpo cBoi Hamipum 10 2025 poKy BiAMOBHTHCS Bix
TEXHOJIOT1] BUKOPHCTaHHS BYTJIELIO Ha KOPHUCTH BOIHIO.
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As a result of several years of operation and hundreds of millions of
euros of investment, only 10% of steel was decarbonized, mainly due to
an increase in the share of scrap metal in the charge and the purchase of green
electricity.

Hlsarna (DRI) technology is one of the technologies of direct iron
reduction [12]. The technology is one of the areas of «greenx steel production,
which has long been used in metallurgy. Direct recovery of semi-finished
products for steel production is made of high-carbon raw materials using
special technologies (Midrex, Arex, Hyl, etc.). The so-called metallized raw
materials - hot briquetted iron (HBI), metallized granules of DRI (direct
reduced iron) and sponge iron - are produced in this way. These are metal
products with a high iron content (up to 99%), which can be used directly in
the steel production process. Such direct iron is the main material for the
production of electrical steel and is used to replace scrap and other iron-
containing components. This technology has been developed for more than
30 years. Its effectiveness has been proven to some extent, but this technology
initially requires the presence of high-purity ore materials - iron-containing raw
materials with high Fe content and low impurity content - or the presence of
large generating capacity. However, greenhouse gas emissions of CO, are
about 1.6 tons of CO; / tons of steel.

ULCORED process - Fastmelt direct recovery process using CCS
technology reduces CO, emissions by 55% to 0.9 tons of CO,/tons of
steel [13].

DRI + hydrogen is a technology of using hydrogen in the production of
reduced iron, theoretically allows to have CO, emissions close to zero and
virtually eliminate the carbon footprint in the production of iron. The use of
hydrogen for direct reduction theoretically allows the direct use of any type of
iron ore. This technology is already partially used in ore beneficiation, but it is
not in a hurry to introduce it at the plants due to excessive cost. Metallurgical
giants such as ArcelorMittal, VoestAlpine, SSAB, Dillinger and a number of
other manufacturers have begun to develop this technology. Japan's Nippon
Steel has announced its intention to abandon carbon technology by 2025 in
favour of hydrogen.
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Voestalpine gocmimKye DpOpUBHI TEXHOJOTII BHKOPHUCTAHHS BOIHIO B
npoiieci BUpOOHMIITBA cTali, o0 10 2050 poky mocsarTd BUpOOHUIITBA CTaMi 3
HEHTpalbHUM ByTIieleM. byiio mpoBeneHo BUIPOOYBaHHS TOCITIIHOT yCTaHOBKH
HYFOR s ozxepskaHHS BIIHOBJIEHOTO 3aji3a 3a JOIMOMOIOI0 BOJHIO.
A mBencpka MeTanypriiiHa kommaniss SSAB BupoOmna mist kommanii Volvo
TIepIIy HapTilo JMCTOBOTO IPOKATy 3 «0e3ByrieneBoi» craii. CHpOBUHOIO ISt
miei cram Oyyiio BiIHOBIEHE 3ajli30, BUPOOJIEHE HAa EKCIEPUMEHTaIbHIN
ycranoBi HYBRIT 3 BHKOpPHCTaHHSIM «3€JIEHOTO» BOIHIO, OTPHUMAaHOTO
enekTpomizoM. s 3abe3nedeHHS MPOIECY EIEKTPOI3y 3acTOCOBYBalacs
BiTHOBITIOBAJIbHA CHEPTis TIIPOETIEKTPOCTAHIIIMH.

Enektpomiz — pemo eK30THYHWHA JUIsi MacOBOi METalyprii Iporec
JNOCSITHEHHST ~ BYTJIENeBOi  HeWTpampHOCTI. Taki  mpollecH  AOIIIBHO
BUKOPWCTOBYBAaTH JJII KOJBOPOBOI METANyprii Ta cCremiadbHUX BHIIB
BUpOOHMIITBA. TEXHOJIOTiSI 3HAXOAWTHCS HA CTafil paHHIX JIAOOpaTOPHUX
JMOCTIMKeHb 1 TMOKH IO HEMAaE€ MOKJIMBOCTI 3aMIHUTH MAacOBI TEXHOJOTIl
BUpOOHHUIITBA cTami. KpiM Toro, mpoiec morpedye CTaOLIbHUX JKepe
€JIEKTPOEHEPrii, 0 B yMOBaX BHMCOKOI IIIHU «3€JCHOI» eJIeKTpOeHeprii He
JI03BOJISIE PO3PAaXOBYBATH Ha MIMPOKE HOT0 BUKOPHUCTAHHS HAHOIVKINM YacoM.
HocnipkeHHsIMA Yy 1boMy Hanpsivi 3aiimaroteest Siderwin (ArselorMittal),
Boston Metal.

Y MeramyprilHEX KollaX JaBHO OOTOBOPIOIOTH MPUHIIMIIOBO HOBY
TEXHOJIOTII0 3aCTOCYBAaHHs BOJHIO JJIsl BAPOOHHUIITBA 3aJ1130PYAHOI CHPOBHHY 1,
BaacHe, Mmerany [14]. OCHOBHOIO IEpeBarol0 BiJ 3aCTOCYBAaHHS BOIHIO B
MeTaJyprii € MOXJIHMBICTh BIIMOBHTHCS BiJl BUKOPHCTaHHS BYTJCIICBMICHUX
BHJIIB MaJIMBa (BYTULIA, KOKC, MpUpoIHui Ta3). [lepeayciM, BoJeHb MoXke OyTH
BUKOPHCTAHUH SIK MAJTMBO IS METAIypriiiHux arperartis. OqHaK BOACHb MOKU
00XOAUTHCS JOPOXKUE, HIXK MMAJIMBO, 10 MICTHTh BYTJICIIO. PeaqbHOrO 3HIKCHHS
emicii CO; MOXHA JOCATTH TIIBKH MPH BUKOPUCTAHHI «3€JICHOD» €Heprii 3
BITHOBJIIOBAHMX JUKEPENl JJIsi BHUPOOHHUIITBA BOJAHIO. TOMYy OpieHTalis Ha
MIPOEKTH BOJHEBOT METATYpril CTae TOBIOCTPOKOBHM TPEH/IOM.

BukopurcTaHHs BOJHIO B arperaTax npsiMoro BiJIHOBJICHHS Ta arjloMmeparii
Moske BimHOBmoBaTH 10 50% 3amiza. Bonens, Sk eHepreTHYHHH 3aMiHHHK
MOX€ OYTH BHKOPHCTAHHU MPAKTHYHO Y BCIX TEXHOJOTISIX METAIypriiHOTO
BUpoOHMITBA. OJHAK TOKM IO MacoBe BHUPOOHHITBO BOJHIO MOTpedye
BEJIMKUX 3aTpaT eACKTPOCHEPTIi 1 Taki TEXHOJIOTII TITHKY MOYaTH PO3BU BATHCS.
KpiMm Toro, HeoOximHO BHUpImUTH Oe3NMiY HAyKOBUX, TEXHIYHUX Ta
oprasizamiifHux mpobiem 3 0€3MeKO0 3aCTOCYBAaHHSA BOJIHIO, IO BiACyBae
3aCTOCYBaHHA BOJHIO y MeTalyprii Ha mepcuekTuBy. JocmikeHHS Yy
HamnpsIMKy MPaKTUYHOI peai3aiii TeXHOJOTii BUKOPUCTAHHS BOJHIO BEIyTh
npoBinHi Metanypriiini gipmu SSAB, Voestalpine, ArcelorMittal Ta Hu3ka
IHIIKX.
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Voestalpine is exploring breakthrough technologies in the production of
hydrogen in the steel production process to achieve neutral carbon steel
production by 2050. In particular, a test of the HYFOR experimental plant for
the production of reduced iron with hydrogen was performed. And the Swedish
metallurgical company SSAB produced the first batch of "carbon-free" steel
sheet for Volvo. The raw material for this steel was reduced iron produced at
the HYBRIT experimental plant using "green" hydrogen obtained by
electrolysis. Renewable energy of hydroelectric power plants was used to
ensure the electrolysis process.

Electrolysis is a somewhat exotic process for mass metallurgy to achieve
carbon neutrality. Such processes should be wused for non-ferrous
metallurgy and special types of production. The technology is at the stage
of early laboratory research and so far there is no possibility to replace
mass technologies of steel production. In addition, the process requires
stable sources of electricity, which in the face of high prices for «greeny»
electricity does not allow to count on its widespread use in the near future.
Siderwin (ArselorMittal), Boston Metal are engaged in research in this
direction.

Metallurgical circles have long been discussing a fundamentally new
technology for the use of hydrogen for the production of iron ore and, in fact,
metal [14]. The main advantage of using hydrogen in metallurgy is the ability
to abandon the use of carbonaceous fuels (coal, coke, natural gas). First of all,
hydrogen can be used as a fuel for metallurgical units. However, hydrogen is
still more expensive than fuel containing carbon. A real reduction in CO;
emissions can only be achieved by using «green» energy from renewable
sources for hydrogen production. Therefore, the focus on hydrogen metallurgy
projects is becoming a long-term trend.

The use of hydrogen in direct reduction and agglomeration units can
reduce up to 50% of iron. Hydrogen as an energy substitute can be used in
almost all technologies of metallurgical production. However, so far mass
production of hydrogen requires high energy costs and such technologies have
only just begun to develop. In addition, it is necessary to solve many scientific,
technical and organizational problems with the safety of hydrogen, which
pushes the use of hydrogen in metallurgy in the future. Leading metallurgical
companies SSAB, Voestalpine, ArcelorMittal and a number of others are
conducting research in the field of practical implementation of hydrogen
technology.
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OOHUM 3 HAPSIMKIB JOCSATHCHHSI BYTJICIIEBOT HEUTPAIbHOCTI y METaIyprii
€ VIJOBIIOBaHHsA, 30epexkeHHs Ta BuKopucTanHi CO2 B CYMDKHHX
texHosoriuaux npouecax( (Carbon capture and storage, CCS; Carbon capture
and use, CCU) [YnaBnuBanuwe u xpanenue yriepoma (CCS, CCU)] [15].
HepmonikoM Takoi TexXHOJNOTIi € Te, MO Micis BUKOPHCTaHHS rasy B IHIINX
TEXHOJIOTIYHMX OIepallisiXx, BiH BCce OJHO TMOTparuiie B aTtMmocdepy.
Bukmounty neil HeJOJIK MOXKHA TIPM BHKOPHCTaHHI 3aMKHYTHUX ITHKIIB
BUPOOHMITBA. Y METalyprii BUKOPUCTAHHS LUX TEXHOJIOTIH YCKJIQZHEHO
HasIBHICTIO KIIBKOX PO3KUIAHMX JUKEpeT BHKHIIB, IO O3BOJISIE BIOBIIOBATH
moHan 60% BukwmmiB. Jlng peamizamii OBOTO HAmNpsSMKY HEoOXiTHO
CKOHIICHTPYBATH BHPOOHUIITBO B OOMEXKEHI KUTBKOCTI arperaTtiB Juis
YIIOBIIOBAHHS IIKiIJTUBUX BUKHUIIB.

ExcriepTHi OLIHKY ITOKa3yIOTh, 10 HA JaHUH 9ac BUKOPUCTAHHS BYTJIELIO
SIK BITHOBHHKA Ta SIK JDKEpena eHeprii B MeTaaypriiHoMy BHUpPOOHHIITBI B
JaHui yac € HeoOXigHMM. J[ocArTH CyTTEBOTO 3MEHIIEHHS BHUKOPWUCTAHHS
BYriJIi Ta KOKCY y METalypriiHOMYy BHPOOHHMIITBI MOXIIMBO JIMIIE Yy
JIOBIOCTPOKOBIH mepcnekTuBi. Ha 1boMy HIISAXy € Iiia HU3Ka TEeXHIYHUX Ta
(iHaHCOBUX IPOOIIEM, Y TOMY YHCIIi:

BEJMKa KIUIBKICTh JDKEpeNl BUKWAIB Ha IHTETPOBAaHMX METAypTiiHUX
MANPUEMCTBAX, IO CYTTEBO YCKIAIHIOE 30MpaHHA Ta YTUIII3alio
napHuKoBHX ra3is COy;

JUKEpEeJIOM BHKHJIIB € TAKOXX BUKOpHCTOBYBaHa cupoBrHa (3PC, kokc), siKy
Yy METaypril HEMOXKINBO 3aMiHUTH,

HEOOX1THICTh KapAMHAIBHOI 3MiHHU JII0YUX MPOIECIB BUPOOHUIITBA CTaJIi;

HEOOXiHICTh BEIMKMX 1HBECTHIIIH, SIKi MOKHA TIOPiBHATH 3 OYIiBHUIITBOM
HOBUX 3aBO/IiB;

Buiia (TOPIBHSHO 3 TPaAMLIHHUMHU) COOIBapTICTh BUPOOHUITBA IPH
BHKOPHCTAHHI MAJIOBYTJICIICBUX TeXHOOT1H (BHIie Ha 20-70%);

3aJIeKHICTh METalypriiHoro BUpPOOHHMITBA BiJ JepXaBW, BiJ SKOi
3aleXaTUMYTh  y4acThb Yy  (iHAHCyBaHHI TPOEKTIB  JekapOoHizarii,
3aCTOCYBaHHS HOBUX TEXHOJOTIH, BHUPIBHIOBaHHS YMOB KOHKYpEHIII,
HelTpanizalii colialbHUX PU3HKIB.

Huni pns 3MenmenHs BukufiB CO; 1 BOpOBa/DKCHHS TEXHOJIOTIH
JexapOoHi3arii BUpOOHMIITBA METAJIONPOAYKIIl nmepes YKpaiHOI MOCTaloTh
HACTYITHI MPOOJIEMH:

1. HeoOXimHICTh CTPYKTYpHOI IepeOymIoBH MeTanypridHol ramy3i. B
octanHi 10-15 pokiB BHYTpILlTHE CTIOKUBAHHS METAIOTIPOYKIIii HE TIEPEBUILYE
4-5 wmiH. ToH. Takuii BHYTPINIHIA MOMWT CBIZYMTH MNPO 3aHEHam y
METaJIOCIIOKHUBAIOUNX Tally3dX SKOHOMIKHM KpaiHH Ta 3acTapiluil cCOpTaMeHT
MEeTaypriiHOT IPOIyKIIii.
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One of the ways to achieve carbon neutrality in metallurgy is the capture,
storage and use of CO; in related processes (Carbon capture and storage, CCS;
Carbon capture and use, CCU) [Carbon capture and storage (CCU) [15]. This
technology is such that after the use of gas in other technological operations, it
still enters the atmosphere. This disadvantage can be eliminated by using closed
production cycles.In metallurgy, the use of these technologies is complicated
by the presence of several scattered emission sources, which can capture more
than 60% of emissions To implement this direction, it is necessary to
concentrate production in a limited number of units to capture harmful
emissions.

Expert assessments show that the use of carbon as a reducing agent and as
a source of energy in metallurgical production is currently necessary.
Achieving a significant reduction in the use of coal and coke in metallurgical
production is possible only in the long run. There are a number of technical
and financial issues along the way, including:

a large number of emission sources at integrated metallurgical enterprises,
which significantly complicates the collection and disposal of CO, greenhouse
gases;

the source of emissions is also the used raw materials (ZRS, coke), which
cannot be replaced in metallurgy;

the need for a radical change in the existing processes of steel production;

the need for large investments, which can be compared with the
construction of new plants;

higher (compared to traditional) production costs using low-carbon
technologies (20-70% higher);

dependence of metallurgical production on the state, on which
participation in financing of decarbonisation projects, application of new
technologies, leveling of competition conditions, neutralization of social risks
will depend.

Currently, Ukraine faces the following problems in reducing CO;
emissions and introducing technologies for decarbonization of metal products:

1. The need for structural adjustment of the metallurgical industry. In the
last 10-15 years, domestic consumption of metal products does not exceed
4-5 million tons. Such domestic demand indicates a decline in the metal-
consuming sectors of the economy and an outdated range of metallurgical
products. It should be recognized that the trend of decarbonization of steel
significantly changes traditional metallurgy.
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Cinig BU3HATH, IO TCHICHIlS AeKapOOHI3allii CTaai CYTTEBO 3MIHIOE
TpaauiiiHy MeTanxyprito. Mo)KHa MPHUIIYCTUTH, [0 0arato sSKiCHI BUpoOH Ta
SIKICHI MaTepiali MOXYTh 3MIHUTH CBOIO (hOpPMY iCHYBaHHS.

2. BupimeHnHss nutaHHI 3 HEe()EKTUBHHUM EKCIIOPTOM CHPOBHHHUX
MmarepianiB Ta HamiBdaOpukatiB. Hunui O6ins 85% wmeranonponykuii, mo
BHUPOOJISIETBECS B YKpAiHi 1/1e Ha €KCHOPT, 3 SKUX OUIbIIe TTOJOBUHM CKIIaJae
eKcrnopT 3amizHoi pynu Ta  HamiBdaOpukariB. Ha  BupoOHMITBO
HaniBpaOpukariB npuxoanThest Oumbme 70% MIKIIUIMBUX BHUKHUIIB, Y TOMY
gucini CO».

3. BupimmeHss nuTaHAS JOKOPIHHOT MOIepHi3allii MeTaIypriifHO1 ramrys3i
3a paxyHOK BIIPOBaDKCHHS €Heproz0epiralouux Ta NPUHLHUIIOBO HOBUX
TEXHOJIOT1H BUPOOHHUIITBA CTAJIEBOI MIPOAYKIlii. 3aTpUMKa 3 pO3pOOIICHHSIM Ta
BIPOBADKEHHSAM €()EeKTUBHUX TEXHOJIOTIH JexapOoHi3allii cTam CTaHOBUTH
3arpo3y i MeTalypriiiHoi ranxy3i BHACTIZOK MOMKJIMBOTO 3MEHIIEHHS
KOHKYPEHTHOI CIPOMOHOCTI YKpalHChKOT METaJIONPOAYKLIi Ha CBITOBUX
pUHKaX.

4. T'onoBHMH aKLEHT PO3BUTKY METAIypril y CBiTi ChOTOIHI POOUTHCS Ha
«3eneHe BUPOOHUNTBO crani». lle /M03BONUTH Tady3i BHUCTOSTH TIepen
00JIMYYSIM €KOJIOTTYHUX MPOOIIEM 1 THCKOM 3 OOKY peryIorouux opradis. Tomy
B Iporecax JeKkapOoHizamlii cTaji BaXJIMBAa pPOJb HAIEKHTh HAyKOBHM
JOCTIJUKEHHSIM, SIKIi y  HampsMKy ONTHMAJIbHOTO  CIIBBIJHOIICHHS
BITHOBIIOBAJIPHMX Ta CHEPIeTUYHUX ITOKA3HWKIB BYTJIEHIO IOKH IO
MPOBOJAMIINCA HENOCTaTHhO. MeTanmypriiiHi TEXHOJOTii, 1o 3a0e3meuyioTh
JIOKOpiHHE 3HIKEHHS BUKHIIB ITAPHUKOBHUX ra3iB, y Tomy uncii CO2, B maHui
Yac MpeCTaBICH] ePeBaKHO OKPEMUMH HAYKOBHMH PO3POOKaMH.

5. OkpiM HayKOBO-TEXHIYHHMX 3aBllaHb PO3POOJICHHS BYIJICHEBOI
HEUTPaNbHOCTI METaNyprillHUX TEXHOJIOTiH, TOJOBHOK MPOOJIEMOI €
(diHaHCyBaHHsS BUKOPUCTAHHS MaJIOBYTJICIEBUX TEXHOJIOTIH. 3HKEHHs
BUKHMIIB Yy MeTanyprii mnoTpedye 3HayHOro 30UIBIICHHS KalliTalbHUX
IHBECTHLIN Ta eKCIUTyaTalliiHUX BUTpAT ISl METATYPTiHHUX MiANPHEMCTB.
JlocsrHeHHs 1l 3HMKEHHST BUKHUJIIB MOXKJIMBE JIMILE 332 B3a€MOJIi HayKH,
MiIIPUEMCTB Ta JAepkaBH. be3 JepkaBHOI MITPUMKH peani3ailis TaKux
rJ100aTbHUX TMPOEKTIB HEMOXKIINBA.

Takum YMHOM, JJIs1 CTBOPEHHSI TIPOLIECIiB AeKap OoHizarii cTani HeoOXiaHO
3HAYMM YHHOM PO3IIMPUTH HAYKOBI JOCHI/DKCHHS SK TPAaJUIIHHUX, TakK i
MIePCIIEKTUBHUX TEXHOJIOTiH METaIypriifHOTO BUPOOHHUIITBA.

B Toit xe wac y 2019-My pormi BETpaTH yKpaiHCHKOI MIPOMHUCIOBOCTI Ha
HayKOBO-IOCIIAHY IiSJIBHICTh Ta PO3POOKH B CEPEIHBOMY B 3-4 pa3u MEHIIE
HaBiTh BiA HEeHTpasbHOEBpONEchbkux Kkpain (ITosbina, Yroprmmua, Yexis,
CnoBayunna) [16].
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It can be assumed that many high-quality products and quality materials
can change their form of existence.

2. Resolving the issue of inefficient export of raw materials and semi-
finished products. Currently, about 85% of metal products produced in Ukraine
are exported, of which more than half are exports of iron ore and semi-finished
products. Semi-finished products account for more than 70% of harmful
emissions, including CO..

3. Solving the issue of radical modernization of the metallurgical industry
through the introduction of energy-saving and fundamentally new technologies
for steel production. Delays in the development and implementation of
efficient steel decarbonization technologies pose a threat to the metallurgical
industry due to a possible reduction in the competitiveness of Ukrainian metal
products on world markets.

4. The main emphasis of metallurgy development in the world today is on
"green steel production”. This will allow the industry to withstand
environmental problems and pressure from regulators. Therefore, in the
processes of decarbonization of steel an important role belongs to scientific
research, which in the direction of the optimal ratio of renewable and energy
performance of carbon has not been conducted enough. Metallurgical
technologies that provide a radical reduction in greenhouse gas emissions,
including CO,, are currently represented mainly by separate scientific
developments.

5. In addition to scientific and technical tasks of developing carbon
neutrality of metallurgical technologies, the main problem is the financing of
the use of low-carbon technologies. Reducing emissions in metallurgy requires
a significant increase in capital investment and operating costs for
metallurgical enterprises. Achieving emission reduction targets is possible only
through the interaction of science, enterprises and the state. Without state
support, the implementation of such global projects is impossible.

Thus, in order to create the processes of decarbonization of steel, it is
necessary to significantly expand research into both traditional and promising
technologies of metallurgical production.

At the same time, in 2019, the costs of Ukrainian industry for research and
development on average 3-4 times less even than Central European countries
(Poland, Hungary, Czech Republic, Slovakia) [16].
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Hwusbkuii piBeHb 1HBECTHIIIH B HAYKOMICTKI BUPOOHHIITBA TTOCTYIIOBO, ajie
HEYXMWJIBHO 3MEHIIY€E KOHKYpPEHTO3AATHICTh YKpaiHChbKHX BHPOOHHMUTB. Ilpn
HbOMY Yy Tajy3i MeTajyprii Iep)aBHOI MiATPUMKA, Y TOMY YHCII HAyKOBOi
NPaKkTUYHO He OYII0.

BucHoBku

[NokazaHo, 1110 TeHIeHIis AeKapOoHi3alii CTajl CyTTEBO 3MIHIOE TPAUIIIHHY
MeTayprifo. BimMiueHo MOXKIIMBOCTI 3aCTOCYBaHHS TEXHOJIOTIH AekapOoHi3aii
B IIPOIIEC Mi/ITOTOBKH IIMXTOBHX MaTepialliB, BAPOOHUIITBA YaBYHY Ta CTai.
Y Toif e dac, Cy4acHI TEXHOIOTii BHPOOHHUIITBA METAIOMPOMYKINi He
JO3BOJISIFOTH Y 3HAUYHIHM Mipi BIIMOBUTHCS BiJf BUKOPUCTAHHS BYTIICITIO (BYTLILIA
Ta KOKCY) SIK Bi/ITHOBHMKA Ta €HEPTOHOCIS Y TEXHOJIOTTYHHX IPOLIECaX.

[Tokazano, mo st 3MeHmieHHss BUkuaiB CO; Mmertamyprieto YKpaiHu i
BIPOBA/KCHHST TEXHOJOTIH JexkapOoHizalii BHPOOHHWIITBA METATOMPOMYKITii
HE0OXiTHO BpaXxOBYBaTH TaKi MUTAHHS: HEOOXiTHICTh CTPYKTYPHOI IepeOymoBu
MEeTaIypriiHol Taiy3i, JOKOpiHHOI MoJepHi3amlii MeTanypridHoi ramys3i 3a
paxyHOK BIIPOBAJKEHHSI €HEpro30epirarounx Ta BIPOBAKEHHS MPUHIIMIIOBO
HOBUX TEXHOJOTiH BUPOOHMITBA  CTAJeBOi  IPOMYKIii; OOMEKEHHs
Hee(DEeKTHBHOTO EKCIIOPTY CHPOBHHHUX MaTepialiB Ta HamiBpaOpHUKaTiB;
BITPOBA/DKEHHSI TEXHOJOTIH «3€JICHOr0» BHUPOOHUIITBA CTajli; MOCHJICHHS PO
HayKOBHMX JIOCTI/UKEHb Y BHPOOHHITBI METATYpriiHOI NMpoxyKmii 3 Maiaum
BYIJICLIEBUM CITiZIOM; TIOCHJICHHS B3a€EMOJIi1 HAYKH, IiJIPHEMCTB Ta JACP>KaBH y
peasizanii T7700aNbHUX IPOEKTIB BUPOOHHUIITBA MAJIOBYTIIEHIEBOT METAyprifHOT
TIPOIYKIIii.

[IpencTaBneHO MOXXIMBOCTI Cy4acHHX Ta MEPCIEKTUBHUX METAIypPrilHUX
MIPOIIECIB MO0 BUPOOHUIITBA IPOIYKIIil 3 MiHIMATEHIUM BYTJICIICBHM CITiJIOM.
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The low level of investment in knowledge-intensive industries is
gradually but steadily reducing the competitiveness of Ukrainian industries.
In the field of metallurgy, there was almost no state support, including
scientific support.

Conclusions

It is shown that the tendency of decarbonization of steel significantly
changes traditional metallurgy. Possibilities of application of decarbonization
technologies in the process of preparation of charge materials, production of
cast iron and steel are noted. At the same time, modern technologies for the
production of metal products do not allow to significantly abandon the use of
carbon (coal and coke) as a reducing agent and energy source in technological
processes.

It is shown that in order to reduce CO; emissions by metallurgy of Ukraine
and introduce technologies for decarbonization of metal production it is
necessary to take into account the following issues: the need for structural
restructuring of the metallurgical industry, radical modernization of the
metallurgical industry; limiting inefficient exports of raw materials and semi-
finished products; introduction of "green" steel production technologies;
strengthening the role of research in the production of metallurgical products
with low carbon footprint; strengthening the interaction of science, enterprises
and the state in the implementation of global projects for the production of low-
carbon metallurgical products.

Possibilities of modern and promising metallurgical processes for the
production of products with minimal carbon footprint are presented.
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