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Inemumym wopuoi memanypeii im.3.1. Hexpacosa HAH Yxpainu

TEXHOJIOI'TYHU PO3BUTOK YOPHOI METAJIYPI'Ti YKPATHU HA
CEPEJHbOCTPOKOBY I JOBITOCTPOKOBY NEPCHEKTUBY

AHoTamisi. MeToro NOCHUKEHHS € BHSBICHHS CyYacHHX TEHICHIIH DPO3BHTKY
METAYpriiHUX TEXHOJIOTIH 3 ypaxXyBaHHSIM €KOJIOTIYHHX NpoOyieM IOBKLLIAL. Y CBITI
BiZIOyBaIOThCS CEpHO3HI 3MIHM MO0 EKOJOTiYHOI IOJIITHKH, SKa CTala HEBi'€MHOIO
YaCTUHOIO MPOMHUCIIOBOT MOJITHKH Ta MDKHApOAHOI TOPriBii. AHali3 MOKa3ye MEBHUM
3B'SI30K MiJABUIICHHS TEMIIEPaTypH 3eMii 31 3pOCTaHHSAM BHPOOHHUIITBA CTajJi y CBITi.
Tomy Ilapuspka KJIiMaTM4HA yroja, mo Oyna MiATpUMaHA OUTBLIICTIO HMPOMHCIOBO
PO3BUHEHHX KpaiH, 0a3yeThcst Ha inel OOMEXSHHS Ta 3MEHIICHHS BUKU/IIB ITAPHUKOBHUX
ra3iB IMPOMHCIOBHMH MiJNPHEMCTBAMH. 3 OJHOrO OOKYy, BHMKHAM IIPOMHCIOBOTO
BHUPOOHUIITBA O€3IepevHO BIUIMBAIOTh Ha CKOJIOTIYHUI CTaH JOBKULIAL. 3 iHIIOTO OOKY,
pi3Ke 3MEHIIECHHS BUPOOHMYMX BHKHIIB CYTTEBO 30LIbIIye (hiHAHCOBI BUTpATH. Y CBITI
€KOJIOTIYHI BHMOTH [0 METalyprifHUX TMpoleciB HaOyBalOTh TAaKOro piBHA, IO
3arpoKyIOTh MEPCIEKTUBAM PO3BUTKY MeTanmyprii. [lokazaHo, o10 BUOIp ONTHMAIBHOTO
HUISXY €KOJIOTIYHOTO PO3BUTKY BUMArae MOIIYKY HOBUX PIillICHb JIS TiABUIICHHS PiBHS
BIIPOBA/DKCHHS CKOJIOTIYHMX I1HHOBAIill mixnpueMcTBamMu YKpainu. [[ns BUsABICHHS
BIUTMBY TE€XHOJIOTiil BUPOOHHIITBA PI3HUX BHUAIB METAIYPTiiHOI MPOIYKIi 3aCTOCOBAHO
METOJIMKY €KCIIEpTHO-MAaTEeMaTHYHOTO OLIHIOBAHHS 3 BUKOPUCTaHHS (DyHKIIii OakaHOCTI
Xappinrtona. [lokazaHo, 10 JUIs OPOKATHOI MPOMYKIIi OIliHKA Mae 3HAYCHHS
«3a70BUIBHOY» 200 «1o0pey. [ipire curtyaiis 3 BUPOOHULITBOM 3aJ1i30pyAHOI CHPOBHHH,
YaByHy Ta CTajli — TYT KOMIUICKCHA OLIHKA IOKa3ye 3HAa4YeHHS «HE3aIO0BIILHO» Ta
«3a0BiTbHOY. Llg Te3a miaTBepIKyeThes THM (PAKTOM, IO iHBECTHUIN METamypriifHUX
MiAMPUEMCTB €KOJIOTIYHOI CIPSMOBAaHOCTI HHUHI CHPSMOBYIOTBCS Ha TIOKpPAIICHHS
€KOJIOTIYHHX MOKA3HHUKIB y 3a3HAUCHUX HampsiMKax. [lepcrekTiBa po3BUTKY MeTalyprii
VYkpainu Mae OyTH TOB's3aHa 3 peani3ali€l0 HOBHX TEXHIYHHX pillleHb, 30KpeMa THX
PO3po0O0K, 110 3HAXOJATHCS B CTajil IMONIIYKOBUX IOCIIDKEHb Ta €KCIEPHMEHTAIbHUX
3paskiB. [lokazaHo HaykoBi po3poOku [HctuTyTy uwopHOi Metamyprii HAH VYkpaiun,
CIPsIMOBaHiI Ha 3MEHIIEHHS €HEPrOEMHOCTI Ta TIOJIIMIIEHHS eKOJOTTYHHMX MOKa3HUKIB
MEeTaypriiHOro BUPOOHHUIITBA

KnawuoBi cioBa: Meramypris, €KOJOTiYHHN CTaH, TEXHOJOTIi, MMapHUKOBI Ta3M,
IHBECTHIII1, HAYKOBI JOCIIIKESHHS

Beryn. BiacraBaHHA TeXHIYHOTO PIBHS METaNypriiHOTO BHUPOOHHUITBA
I'MK Vkpainu Big Kpamux CBiTOBHUX JOCSTHEHb SBJISIE BHCOKI PU3WKH JUIA
HarioHansHOi Oe3meku. IIpoBeneHWi aHami3 mMoka3aB, MO0 METANTYpPTiHHOIO
HAaYKOI0 pO3pPOOJISTIOTECS W YJOCKOHAIOIOTHCS TEXHOJIOTIYHI IPOIEcH, II0
MOXYTb MaTH BUpIlIaJbHE 3HAYESHHS IJIsl CTBOPEHHS METaTypTii MallOyTHBHOTO.
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TECHNOLOGICAL DEVELOPMENT OF FERROUS METALLURGY OF
UKRAINE IN THE MEDIUM-TERM AND LONG-TERM PERSPECTIVE

Summury. The purpose of the study is to identify current trends in metallurgical
technologies, taking into account environmental problems. The world is undergoing
major changes in environmental policy, which has become an integral part of industrial
policy and international trade. The analysis shows a certain connection between the
increase in Earth's temperature and the growth of steel production in the world.
Therefore, the Paris Climate Agreement, which was supported by most industrialized
countries, is based on the idea of limiting and reducing greenhouse gas emissions by
industrial enterprises. On the one hand, industrial emissions undoubtedly affect the
ecological state of the environment. On the other hand, a sharp reduction in production
emissions significantly increases financial costs. In the world, environmental
requirements for metallurgical processes are gaining such a level that threatens the
prospects for the development of metallurgy. It is shown that the choice of the optimal
path of ecological development requires the search for new solutions to increase the
level of implementation of ecological innovations by Ukrainian enterprises. To identify
the impact of production technologies of different types of metallurgical products, the
method of expert-mathematical evaluation using the Harrington desirability function
was used. It is shown that for rolled products the rating means «satisfactory» or «good».
The situation with the production of iron ore, pig iron and steel is worse - here a
comprehensive assessment shows the value of «unsatisfactory» and «satisfactory». This
thesis is confirmed by the fact that investments of ecological orientation of the
Ukrainian metallurgical enterprises are now directed on improvement of ecological
indicators in the specified directions. Prospects for the development of metallurgy in
Ukraine should be associated with the implementation of new technical solutions, in
particular those developments that are in the stage of exploratory research and
experimental samples. Scientific developments of the Iron and Steel Institute of the
National Academy of Sciences of Ukraine, aimed at reducing energy consumption and
improving the environmental performance of metallurgical production

Keywords: metallurgy, ecological state, technologies, greenhouse gases,
investments, scientific researches

Introduction. The lag of the technical level of metallurgical production of
MMC of Ukraine from the best world achievements poses high risks to national
security. The analysis showed that metallurgical science develops and improves
technological processes that can be crucial for the creation of metallurgy in the
future.
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IlepcnektuBa po3BUTKY Metamyprii YkpaiHm Mae OyTu moB'a3aHa 3
peaizalielo HOBUX TEXHIYHHMX pillleHb, 30KpeMa po3pO0OK, IO 3HAXOSATHCS B
cTazii MOIIYKOBUX NOCIHIKEHb Ta EKCIIEPUMEHTAIBHHUX 3paskiB. CBoeuacHe
HayKOBE BHMBYCHHS LHUX PO3POOOK € aKTyaJbHUM 3aBIaHHAIM 1 [HCTUTYTY
yopHoi Metanyprii HAH Ykpainu, sikuii 3aiimae B MeTasrypriiiHiid Hayui KpaiHu
MPOBiHE Miclle B po3polmi Ta peamizamii MEpCHeKTUBHUX METaTypriiHIX
TEXHOJIOT 1.

B ocranHI poku 0COOIMBOI yBaru B Cy4acHHX yMOBaX HaOyBalOTh BUMOTH
O TIONINIICHHSA eKOJOTiYHOi CHTyalil Yy perioHax po3TallyBaHHS
MeTaypriiHuX MiAnpreMcTB. EKOJIOTIUHI BUMOTH IO METaXypTrilfHUX IPOLECiB
HaOyBalOTh TAaKOro piBHS, IO 3arpOXYIOTb MEPCIEKTHBAM PO3BHTKY
MeTamyprii. Y ToW kaAe uac B YKpaiHi HEJOCTaTHBOI  MIpOIO
BUKOPHCTOBYIOThCS TIOIIMPEHI Y CBITOBIM MpPaKTHI TEXHOJOTii BUPOOHHUIITBA
YOPHUX METaliB 3 BHCOKOIO EKOJIOTIYHOIO OE3MEeKOI0 Ta HU3bKUM piBHEM
CIIO’KMBaHHS €HEPropecypcis.

VY cBiTi BiAOYBaIOTHCS CEPHO3HI 3MIHM IIIOJ0 EKOJIOTIYHOT MOJITHKH, SKa
CTajla HEBiA'€MHOIO YACTHHOIO TEOIONITHKH Ta MDKHAPOJHOI TOPTIBIL.
OcranHiit pik y €C 00roBOpIOETHCS MOKIMBICTD BBEICHHS «IIPUKOPIOHHOTO
ByrueneBoro kopurysants» (Carbon border adjustment - CBA). CBA - ne
IUTATDK, SIKUE OyzAe ctaryBatucs mpu BBe3eHHI B €C mpomykmii, BUXOIIIH 3
o0csrie BukuniB CO, B mpomeci ii BupoOHHMuTBa. ®aktnuro CBA - 1e
cneniadpbHAN (picKadbHUN iIHCTPYMEHT, IO JO3BOJIUTH HATIOBHIOBATH OIOIKET
€C 3a paxyHOK EKCIIOPTEpiB, 3 OJHOr0 OOKYy; a TaKOX SBJsiE COOOI HOBY
(hopMy MPOTEKIIOHI3MY JJIsl 3aXHUCTY CBOIX PHHKIB - 3 iHIIOrO. [IpakTU4HO Y
BCIX yKpalHCBKUX E€KCIIOPTHHUX TOBapiB BUTpPATU BYIJIEIO NMPHU BUPOOHMIITBI
NpoayKUil (ByIrJIElIeBOEMICTh) BHINE, HDXK y €Bporeiicbkux ananoriB [1]. B
TaKMX YMOBaX YKpaiHCbKMH €KCIIOPT CTa€ IiIKaBUM OO'€KTOM  JUIst
ornojaTKyBaHHA B pamkax CBA.

Brim, 070 €KONOTiYHOTO BIUIMBY IPOMHCIIOBOCTI Ha CTaH JOBKULIA BCe
me ixyTe auckycii. 3 ogHOro OOKY, BHKHIM IPOMHCIOBOTO BHPOOHHIITBA
Oe3mepeyHo BIUIMBAIOTh HA CKOJOTIYHHM CTaH MJOBKULIA Ta IIiBHIICHHS
CepeHbOT TeMITepaTypH Ha MOBEPXHi 3emili. 3 iHIoro 60Ky, pi3ke 3MEHIIICHHS
BUPOOHMYMX BHKHIIB CYTTEBO 30iiblIye (IHAHCOBI BHUTPATH, IO MOXE
MIPHUBECTH 0 CKOPOYEHHS BUPOOHHUIITBA, a00 GaHKPYTCTBA MiANPHEMCTB. I TyT
HEOOX1THUM € pO3yMHHI OanaHc iHTepeciB.

[opiuHi MOCHIIKEHHS aMEPUKAaHCHKOTO KOCMidyHOro areHtctBa NASA
MOKa3ylTh IIOCTYIOBE IIiJIBUILIEHHS CEPEIHbOI TeMIlepaTypd Ha IOBEpXHI
3emuti 3a octanHi 100 pokis. [lepeBaxkae mymka, 1o 1ie MOTETUTIHHS B 3HAYHIH
Mipi 3yMOBIIEHO 301IBIIIEHHSIM BUKHJIB B aTrMoc(epy IBOOKHCY BYTJEIIO Ta
IHIIMX MapHUKOBHX Ta3iB B Pe3yJbTaTi IPOMHUCIIOBOI JisUIbHOCTI Jrofei. Arne
KOJIMBaHHsI TEMIIEpaTypH Ha IOBEPXHi 3eMili criocTepiraiocs i B 1aBHI yacu Ta
He OyJu 1OB’s13aHi 3 IPOMUCIIOBOIO AisUTBHICTIO.
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Prospects for the development of metallurgy in Ukraine should be
associated with the implementation of new technical solutions, including
developments that are in the stage of exploratory research and experimental
samples. Timely scientific study of these developments is an urgent task of the
Iron and Steel Institute of the National Academy of Sciences of Ukraine, which
occupies a leading place in the metallurgical science of the country in the
development and implementation of promising metallurgical technologies.

In modern conditions, special attention is paid to the requirements for
improving the environmental situation in the regions of metallurgical
enterprises. Environmental requirements for metallurgical processes are
becoming so high that they threaten the prospects for the development of
metallurgy. At the same time, Ukraine does not sufficiently use the widespread
in world practice technologies for the production of ferrous metals with high
environmental safety and low energy consumption.

The world is undergoing major changes in environmental policy, which has
become an integral part of industrial policy and international trade. Last year,
the EU was discussing the possibility of introducing «Carbon border
adjustment» (CBA). CBA is a payment that will be charged when products are
imported into the EU, based on the amount of CO, emissions during its
production. In fact, the CBA is a special fiscal instrument that will fill the EU
budget at the expense of exporters; and is a new form of protectionism to
protect their markets. Almost all Ukrainian export goods have higher carbon
consumption in production (carbon content) than European counterparts [1]. In
such conditions, Ukrainian exports become an interesting object for taxation
under the CBA.

However, the environmental impact of industry on the environment is still
debated. On the one hand, industrial emissions undoubtedly affect the
ecological state of the environment and increase the average temperature on the
Earth's surface. On the other hand, a sharp reduction in production emissions
significantly increases financial costs, which can lead to a reduction in
production or bankruptcy of enterprises. And here a reasonable balance of
interests is necessary.

Annual research by the US space agency NASA shows a gradual
increase in the average temperature on the Earth's surface over the past 100
years. The prevailing view is that this warming is largely due to increased
emissions of carbon dioxide and other greenhouse gases as a result of human
industrial activity. But fluctuations in temperature on the Earth's surface have
been observed in ancient times and were not related to industrial activities.
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Binoma Ilapuspka kimiMaTh4Ha yroja, mo Oyjia HiATpUMaHa OUIBINICTIO
MPOMUCIIOBO PO3BHHEHMX KpaiH, 0a3yeThcsi Ha i€l 0OMEXXEHHS Ta 3MEHIIEHHS
BUKHJIIB TapHUKOBUX Ta3iB IMPOMHUCIOBUMHU MinnpueMcrBamu. OJHAK, HaBiTh
noBHe BUKOHaHHS [lapu3pkoi yromm mo kimimMaty He TapaHTye, L0 Hally
IUIAHETY BOACTHCS BPATYBATH BijJ r106anbHOro noterutinas [2]. [IpuxunbHUKH
Ta TIPOTHBHHUKU OOMEXCHHS BHKHAIB MAPHUKOBUX Ia3iB Ta iXHHOTO BIUIUBY Ha
CTaH IOBKULIA TOKH IO HE 3HAWIIIN €IMHOI CTpaTerii pO3BHTKY CBIiTOBOI
MPOMHUCIOBOCTI. TOMY €KOJIOTIUHI TOCTiIHKSHHS HEOOXiHO TIPOOBKYBATH.

MeTol0 AOCHiZKEeHHSI € BUABJICHHA CYYacHUX TEHICHIIH pPO3BHUTKY
CBITOBOI MeTamyprii Ta poO3pOOJIEHHS TIPOTHO3Y MIOJAO0 YIOCKOHAJICHHS
TEXHOJIOTIl ~ MeTalmypriiHoro BUpPOOHMITBa YKpaiHM 3  ypaxyBaHHSIM
€KOJIOTIYHUX TpobsieM AOBKULIA. J{ocmipkeHHsT B3a€MO3B 13Ky €HEPrOEMHOCTI
1 EeKOJOTIYHMX MOKa3HUKIB BHPOOHHUITBA CYYacCHOTO Ta IIEPCIEKTHBHOI'O
COPTaMEHTY NPOIYKLIl € aKTyaJbHUM HAayKOBHM 3aBAaHHSM, IO Mae
Oe3nocepeiHE 3HAUSHHS TSI BUPOOHUITBA METAypriiiHOT MPOIyKIIil.

OCHOBHI pe3yJibTaTH J0CJiTKeHH S

Po3srisiHeMO NUMTaHHSA INOAO HETaTUBHOTO BIUIMBY METalypriiHOro
BHPOOHHUIITBA HA TOBKLLISA OLIBII TOKIAIHO.

AHaii3 B3a€MO3B 53Ky 3MiHH TeMIepaTypH MOBEpXHI 3eMJIi 3 piBHEM
BUPOOHHUITBA CTaji y CBITI mokaszye (puc.l), mo MOXKIHUBO BiACTiIKYBaTH
NEBHUH 3B'S30K MiABUIICHHS TeMIepaTypu 3eMii 3i 3pOCTaHHSIM BHPOOHHUIITBA
ctani y cBiti. OCOOMUBO WiTKa 3aJeKHICTh criocTepiraeThes micis 2008 poky.

3MiHa cepefHBOPMHOI TEMIIEPATYPH [I0EEPXHI JeMil i CEIToBe EMPODHHMLITEO cTam
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Pucynok 1.1 — 3miHa cepeaHBOPIUHOT TeMIlEpaTypw MOBEpXHI 3emii Ta

BHUPOOHHUIITBO CTaJi y CBITI.

OO6cAaru CBITOBOTO BHPOOHMIITBA CTaNi € OAHO3HAYHUM IApaMEeTpOM, IO
XapakTepu3ye oOCATM BHPOOHHMITBA Y CBITI NPOMHCIOBOI NPOAYKIi Ta
3araJbHUH PO3BUTOK IpomuciioBocti. HaBeneni Ha puc.2 naHi cBigdarh, 110
piBens cBiToBoro BBII npsiMo 3a51exuTh Bia piBHS BUIUIABKHU CTaJli Y CBITI.
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The famous Paris Climate Agreement, which was supported by most
industrialized countries, is based on the idea of limiting and reducing
greenhouse gas emissions by industrial enterprises. However, even the full
implementation of the Paris Climate Agreement does not guarantee that our
planet will be saved from global warming [2]. Proponents and opponents of
limiting greenhouse gas emissions and their impact on the environment have
not yet found a single strategy for global industry. Therefore, environmental
research needs to be continued.

The purpose of the study is to identify current trends in world metallurgy
and develop a forecast for improving the technology of metallurgical
production in Ukraine, taking into account environmental problems. The study
of the relationship between energy intensity and environmental performance of
modern and promising products is an urgent scientific task that is of direct
importance for the production of metallurgical products.

The main results of the study. Consider the negative impact of
metallurgical production on the environment in more detail.

Analysis of the relationship between changes in the Earth’s surface
temperature and the level of steel production in the world shows (Fig. 1) that it
is possible to trace a certain relationship between the increase in Earth’s
temperature and the growth of world steel production. Particularly clear
dependence is observed after 2008.

Changes in the average anmual temperature of the Earth's smface and global steel production
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Figure 1 — Changes in the average annual temperature of the Earth's surface and
steel production in the world.

The volume of world steel production is an unambiguous parameter that
characterizes the volume of industrial production in the world and the overall
development of industry. The data shown in Figure 2 show that the level of
world GDP directly depends on the level of steelmaking in the world.
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BUpoGHUUTEO cTani, MAIH.TOHH

TakuMm 9uHOM, 00CATH BHPOOHHIITBA CTaji Yy CBITI € OMHUM 3 TIOKa3HHUKIB
BIUIMBY MPOMHUCIIOBOCTI Ha EKOJIOTIUHI IMMOKa3HUKH. Y TOW >K€ dYac aHami3
B32€MO3B’S3Ky 3MIHH CEpeJHBOPIYHOI TeMIlepaTypu MoOBepxHi 3emiui Ta
oOcsraMu BUPOOHUIITBA CTalli y CBIiTi MOKa3ye (pHUC.3), IO HiTKOI 3aJIe)KHOCTI
BIUIMBY TPOMHUCIIOBOCTI Ha MiIBHUIICHHS TeMIepaTypH 3emii He BusBIeHO. o
piBHS BHpOOHHMIITBA cTanmi y cBiti Ha piBHI 800 MIH.T Ha pik, mo OyIo
XapaKTepHUM AJsi CBiTOBOro BHpoOHHMUTBA y 1991-2002 pokax, mpoMuciioBe
BUPOOHMITBO HE BIUIMBAJIO HAa 3MiHY TeMmImeparypu noBepxHi 3emumi. Y 2002-
2014 pokax Temmeparypa 3emii migsumimiack Ha 0,30C, aje 4iTKOi 3a1eKHOCTI
Bil piBHSI BUPOOHMIITBA CTajJi HE CHOCTEPIrajocs, IO CBIAYMTH MPO BIUB Ha
TeMIlepaTypy iHIIHNX GakTopiB.

3anemxHICTh 3MIHH cepeIHbOI TeMmepaTypH atMocd epn 3enmi
BiJ CBITOBOrO PiBHS BHPOODHHNTEBA cTaml PncyHOK 3-
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Are, He BpaxoByBAaTH BIUIMB IIPOMHCIOBOCTI Ha 3MiHy KIiMaTy 3emii
HEMOXJIMBO, OCKIJIbKM HaBiTh BIJIHOCHO HEBENHMKa 3MiHa KIIMaTy, MOXe
3aIyCTUTH 1HII MPUPOIHI MPOLECH, 31aTHI 3HAYHO MOCHIIMTH PO3irpiB HaIIoi
TUIAHETH.
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The relationship between the volume of world steel

production and GDP for 2004-2017
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Figure 2 — The
relationship
between the

volume of world
steel production
and GDP for
2004-2017

Thus, the volume of steel production in the world is one of the indicators of
the impact of industry on environmental performance. At the same time, the
analysis of the relationship between changes in the average annual surface
temperature of the Earth and steel production in the world shows (Fig. 3) that a
clear relationship between the impact of industry on rising Earth temperature is
not found. Up to the level of world steel production at the level of 800 million
tons per year, which was typical for world production in 1991-2002, industrial
production did not affect the change in surface temperature. In 2002-2014, the
Earth's temperature increased by 0.3°C, but no clear dependence on the level of
steel production was observed, which indicates the influence of other factors on

the temperature.

Dependence of the change in the average temperature of the
Earth's sutface on the world level of steel production
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However, it is impossible not to take into account the impact of industry on
the Earth's climate change, because even a relatively small change in climate
can trigger other natural processes that can significantly increase the warming

of our planet.
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Ha nymky OinbLIocTi BUEHHMX, HaBiTh «0Oe3lEeYHE» MOTEIUTIHHS B paMKax
IMapus3pkoi yrogu Moke 3poOuTH 1i mporecu Bxe B XXI cromiTri
HE3BOPOTHUMH, 1 SKIIO iX HACHIJKM IMPUETHAIOTHCS 10 €(EeKTy BiJ BUKHIY
MapHUKOBHMX ras3iB, Ha 3emui craHe Tterurime me Ha 3-4 rpagycu [3.] Lle
npu3Bene 10 MigiHoMy piBHA CBiToBOro okeany Ha 10-60 M, 3aToruieHHs
nprOepeKHNX PETiOHIB, PYIHYBaHHA OiNBIIOI YaCTHHH KOpajdoBuX pudi Ta
iXHIX €KOCHCTEM, a TAaKOK IIOTaHO MO3HAYUTHCS Ha CLTBCHKOMY T'OCIIOIapCTBI.

[TonmimmuTH eKOJOTiYHy CHUTyamif0 Ta 3MEHIIUTH IIPOMHCIOBI BUKHIN
MOXIIMBO JIBOMA IIUITXaMH — 3aCTOCYBAaTH CydacHy e€(eKTHBHY TEXHOJIOTIIO, a
TAKOXX 3aCTOCyBaTH 30ip, OUYMINEHHS Ta YTWIi3amifo BUKUAIB. HaficywacHirmi
TEXHOJIOTI1, [0 TO3BOJISIOTh OYMCTUTH MOBITPS 0 MiHIMAIbHUX KOHIICHTPAIIiH
ity abo IHIIMX KOMIIOHEHTIB, BUMaraloTh cepio3Horo (iHaHcyBaHHA. Tomy
MOEeTaIHe 3HWKEHHS BUKUJIIB Ma€ CEHC ISl TUX BUPOOHUIITB, SIKi 3apa3 3HAYHO
MEPEBUIIYIOTh HOPMH 32 BUKHAAMH PEYOBUH a0o croiyk. Jlo HUX HEeoOXimHO
MIIXOAUTH NPOrPaMHO 3 ypaxyBaHHSAM TOTrO, LIO €KOJIOTIYHI TEXHOJIOTIl Ta
o0JiaIHaHHS 1CHYIOTh, @ MporpaMa eHeproeeKTUBHOCTI 3/laTHa MPOTAroM 3-5
POKIB peaizyBaTy TOH UM iHIIHIA 3aXi]l IIOI0 3HIKCHHS BUKHU/IIB

IuBecTumii MeTanypriiHUX WiANPHEMCTB YKpaiHM Yy MOJCPHI3aIi0
BHPOOHHWIITBA MAarOTh BKpail HepiBHOMipHHU xapakTtep. 3 2009 poxy oOcsru
iHBECTHIIIN B METATYPTit0 YKpaiHN KapAWHATILHO 3MEHIIHIUCS. (puc.4).

IHBECTHUiT B MmeTanyprito Yepaiuwn, gonfTcrani
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IaBecTumii 3HOBY modamu 3poctatu 3 2015 poky i y 2019 pomi ueit
MOKa3HUK focar Bxe 39 gon/t crami. Cnin, oJHAK, BU3HATH, IO JTOKOPIHHOT
MoJIepHi3allii BUPOOHHUIITBA iHBECTHIIIi HE TPHHECIH, BOHU OYIIH BUMYIICHOIO
MIpOI0 Al MIATPUMKHM TOTY)XHOCTEH Yy poOodoMy CTaHi, a TakoX st
MOKpPAIIEHHs eKOJOTIYHOr0 CTaHy BUPOOHHUIITBA.
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According to most scientists, even "safe" warming under the Paris
Agreement can make these processes irreversible in the XXI century, and if
their effects are combined with the effect of greenhouse gas emissions, the
Earth will be warmer by 3-4 degrees [3]. This will raise the world's ocean level
by 10-60 m, flood coastal regions, destroy most of the coral reefs and their
ecosystems, and have a negative impact on agriculture.

There are two ways to improve the environmental situation and reduce
industrial emissions - to use modern efficient technology, as well as to apply
the collection, treatment and disposal of emissions. State-of-the-art
technologies that allow air to be cleaned to minimum concentrations of dust or
other components require significant funding. Therefore, the gradual reduction
of emissions makes sense for those industries that now significantly exceed the
emission standards for substances or compounds. They need to be approached
programmatically, taking into account the fact that environmental technologies
and equipment exist, and the energy efficiency program is able to implement
one or another measure to reduce emissions within 3-5 years.

Investments of metallurgical enterprises of Ukraine in modernization of
production are extremely uneven. Since 2009, investments in metallurgy in
Ukraine have dramatically decreased. (Fig. 4).

Investments in metallurgy of Ukraine, USD / t of steel
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Investments began to grow again in 2015 and in 2019 this figure reached
39 dollars per ton of steel. It should be recognized, however, that the radical
modernization of production did not bring investment, they were forced to
maintain capacity in working order, as well as to improve the environmental
condition of production.
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AHamni3 BIPOBA/PKEHHS IEPCIEKTUBHUX IIPOLECIB  METAIypriiHOrO
BupoOHuiTBa B ' MK Ykpainu nokasas HacTymHe:

JloMeHHe BUPOOHMITBO BiHOCHUTHCS JO YMCIa TPIOPUTETHHX i B HOTO
MOJICPHI3AIlII0 YKPATHChKI MiJIPUEMCTBA BKJIAIAIOTh 3HAUHI (PIHAHCOBI KOIITH.
OnHak, 3a KOpJOHOM HOBI JOMEHHI TIed4i MaloTh HOBHH CTaHIapT
MIPUPOAOOXOPOHHHX 3aX0/IiB HE3aJIC)KHO BiJl pETioHY.

Po3BUTOK cTanemIaBUIBHOTO BUPOOHMITBA TOB'A3aHO 3 BHKOPHCTaHHSAM
6e3nepepBHOTO PO3JIMBAHHS Ta YJOCKOHAJICHHSAM CTPYKTYPH BHIUIABIISTHHS
crami. Ograk, y MK nmme TpeTwHa TeXHOJOTIYHMX CXEM MeETallypriiHIX
MPOIIECiB BiATIOBiAa€ CBITOBMM MOKa3HWKAaM, iHIIIa YaCcTHHA 3acTapiia i He Mae
PE3epBiB I MOCPHI3aIlii.

CraH NpoKaTHOTO BUPOOHUIITBA 3aJMIIMBCS HAa PiBHI CEPEIMHU MHHYJIOTO
BiKy 1 MOro MojepHi3allis He € aKTyalbHOl0, 00 YKpaiHa meperBopuiacs Ha
MOCTa4YaJbHUKA CUPOBHUHU Ta HamiB(haOpHKaTiB Uil CBITOBOI MeTayprii.

VY CBITI €KOJOTiYHI BHMOTH [0 METaJIypriiHUX INpoleciB HaOyBalOTh
TaKOro piBHA, IO 3arpoXXylOTh MEPCIEKTUBAM PO3BUTKY METayprii.
JlocnimKeHHsIMI B3a€MO3B 3Ky CKOJIOTIYHHUX Ta EHEPreTHYHHX IapaMeTpiB
METaNyprifHUX MpOIeCiB MOKa3aHO, M0 MDK IIMMH MapaMeTpaMH iCHYe
npsaMuit 3B's130K, ToMy MeTamyprifiHi mignpueMcTBa YKpaiHH Bce aKTHBHIIIE
(inaHCyIOTh eKkomoriuHi mporpamu. Y 2018 pomi BHAaTKH MeTamypriiHUX
KOMITaHii YKpaiH! Ha €KOJIOTiuHI MpoeKTH 3pociu Ha 25-30%, a y 2019 pomi
me Ha 15-20%. 3pocTaHHs BHAATKIB Ha OXOPOHY JOBKUDI miampuemcts MK
y 2018 pomi Bumepemxano auHamiKy BUpoOHunTBa. biamspko 40% Bcix
BUJIATKIB YKpaiHU Ha OXOPOHY JOBKLLIS HecyTh minnpuemcta ['MK.

OriHrOBaHHS pIBHSA €KOJIOTIYHOI Oe3mekd TepuTopii MOB's3aHe 3
HeoOXigHicTIO 00Ky 0e3iidi KpUTepiiB, [0 MAaroTh pi3HI 3HAYeHHS 1
PO3MIPHOCTI, OCKUJIBKH CaMe TMOHSTTS €KOJIOTIYHOI OS3MEeKH € KOMIUICKCHUM Ta
XapaKTepU3y€eThCsl BEIMKOI KUIBKICTIO YacTHUX napameTpiB. [Ipu npomy pi3Hi
mapaMeTpy MaroTh Pi3HI OIWHHUII BHUMIpPY, SK AKiCHI, Tak i KijbkicHi. CraH
€KOJIOT1YHOI Oe3leKH MO’KE OLIHIOBATHCS 3a JOINOMOroK OalbHOI OI[HKH, a
piBeHb 3a0pyIHEHHS aTMOC(HEPHOTO TOBITPS MOXKE BHMIpPIOBATHCS B TOHAaX
3a0pyAHIOIYO] PEYOBMHH, IO BHKHIAIOTHCS B IOBITPS Bl MPOMHCIOBHX
00'ekTiB Ta TpaHcnopty. ToOTO OIiHIOBaHHS PIBHS €KOJIOTIYHOI OE3MeKH Mae
OyTH GaraTOKpHUTEPiHHNM.

Jnsi  naHoro JIOCHIDKEHHS MM 3aCTOCYBaJM METOJHMKY EKCIEepPTHO-
MaTeMaTHYHOT'O OIIHIOBAHHS 3a JIONIOMOTOI0 CHEHiaNbHUX MCUXO(I3UIHUX
BepOaIbHUX YHCIIOBHX INKaJ. Y TaKWX BHIAIKaX HAHOUIBII BiIOMOIO i 9acTo
BHKOPHCTOBYBAHOIW € (QyHKIs Oaxanocti Xappinrrona [4]. ®ymkiiis,
3anpornonoBana E.C.Xappinrronom B 1963 porii A onucy 4aCTHUX KpUTEpiiB
Ta 0OMEKEeHb PH BUPIIIEHHI OaraTOKpUTepiaIbHUX 3a1ad.
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Analysis of the implementation of promising processes of metallurgical
production in the MMC of Ukraine showed the following.

Blast furnace production is one of the priorities and Ukrainian enterprises
invest significant funds in its modernization. However, abroad, new blast
furnaces have a new standard of environmental protection regardless of the
region.

The development of steel production is associated with the use of
continuous casting and improving the structure of steelmaking. However, in
MMC only a third of technological schemes of metallurgical processes
correspond to world indicators, the other part is outdated and has no reserves
for modernization.

The state of rolling production remained at the level of the middle of the
last century and its modernization is not relevant, because Ukraine has become
a supplier of raw materials and semi-finished products for world metallurgy.

In the world, environmental requirements for metallurgical processes are
gaining such a level that threatens the prospects for the development of
metallurgy. Studies of the relationship between environmental and energy
parameters of metallurgical processes have shown that there is a direct
relationship between these parameters. Therefore, metallurgical enterprises of
Ukraine are increasingly financing environmental programs. In 2018, the
expenditures of Ukrainian metallurgical companies on environmental projects
increased by 25-30%, and in 2019 by another 15-20%. The growth of
environmental expenditures of MMC enterprises in 2018 outpaced the
dynamics of production. About 40% of all expenditures of Ukraine on
environmental protection are borne by MMC enterprises.

Assessing the level of environmental safety of the territory is associated
with the need to take into account many criteria that have different meanings
and dimensions, because the very concept of environmental safety is complex
and is characterized by a large number of parameters. At the same time,
different parameters have different units of measurement, both qualitative and
quantitative. The state of environmental safety can be assessed by scoring, and
the level of air pollution can be measured in tons of pollutants emitted into the
air from industrial facilities and transport. That is, the assessment of the level of
environmental safety should be multi-criteria.

For this study, we used the method of expert-mathematical assessment
using special psychophysical verbal numerical scales. In such cases, the most
well-known and frequently used is the Harrington desirability function [4]. The
function proposed by E.S. Harrington in 1963 to describe the criteria and
constraints in solving multicriteria tasks.
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3roptka yacTHHX GyHKUiH Gaxanocti di B y3arajgpHeHuWi kputepiii D
(y3aranpHeHy (YHKIF0 0a)XKaHOCTi) BH3HAUYA€ThCS SIK CEPEJHE I€OMETPHUYHE
4aCTHUX «OaxkaHO» 3a opmyioro (1):

n

D =7/d(1) *d(2) .... d(n) Q)

Jls KOMILJIEKCHOTO OI[iHIOBaHHS €KOJIOTIYHOTO BIUIMBY BUPOOHHMIITBA
METAJIONPOAYKIIi B JOCIHIIKEHHI BUKOPHCTaHO HACTYIHI ()i3W4YHI Mapamerpu
poboTH MeTanmypriiiHoro BUpoOHHUITBA Y KpaiHu: eHeproButparu, Bukuan CO2,
co0IBapTICTh, CHIBBITHOIIECHHS IIiH JO TPOKaTy, NPHOYTOK, MOXIIHBICTh
eKCIOPTy, NMOTpedi BHYTPIMIHBOTO PUHKY, HAsSBHICTh MOTYKHOCTEH, TPYyIOBi
surpatu. LIIgXxoM eKCIepTHOTo OIiHIOBaHHS 3a Meromukoro Jlembdi [5].
(hakTHYHI TapaMeTpH BHPOOHHIITBA METAJIONPOMYKIi Oylo mepeBeleHo Y
ncuxonoriuni  mapamerpu di. KomrmiekcHe —ouiHOBaHHS — e€()EKTHBHOCTI
BUPOOHMIITBA METAJONPOAYKII] 3A1HCHIOBANIOCS 38 TAKUMH BUAAMH MPOIYKIIii:
3amizHa pyma, Armomepar, Oxatwmmi, YaByH, YaByn (Moxepn), Crams
(xouBeptepHa), Crans (mapten), Enextpocrans, MBJI3, MBJI3 (ToHkwuil),
MBJI3 + npokar, Cnsbu, 3aroriBka, Apmarypa, Karanka, KoHcrpyxuiiHi
npodimi, Toscruit smcr, [apsuexkarani pyynoHu, XoJOTHOKaTaHI PYJIOHH,
OLMHKOBAaHMM JUCT, 3aIi3HHUYHI KoJIeca.

KoMIulekcHe  OLHIOBaHHS ~ €KOJIOTIYHOTO  CTaHy  METalypriiiHOro
BUPOOHMIITBA MTOKA3Y€, IO B yMOBAaX YKpaiHW BUPOOHHUIITBO METATONPOAYKIIiT
Mae pi3Hi OI[IHKHU 32 BUAAMH METAIONPOAYKIIii (pHUc.S).

Jli1s mpoKaTHOIO MPOYKIIIT OLliHKa Ma€ 3HAYCHHS «3aJJ0BUIBHO 9H JI00pe».
lipmme cutyatist 3 BUpOOHUIITBOM 3alli30pyIHOI CHPOBHHHU, YaBYHY Ta CTali —
TYT KOMIUICKCHA OIiHKA MOKAa3y€e 3HAYCHHS «HE3a0BUILHO UM 3a/10BIIbHOY. L
Te3a TINTBEPIKYETBCS THM (PAKTOM, IO IHBECTHINI MeTamypriiHIX
MIANPUEMCTB  €KOJIOTIYHOT ~ CHPSIMOBAHOCTI  HHMHI  CIIPSIMOBYIOTBCS — Ha
MOKPAIIEHHS €KOJOTIYHNX MOKA3HHUKIB y 3a3HAUSHNX HAIPSIMKaX.

Bubip onTUManbHOro HUISIXY E€KOJIOTIYHOIO PO3BUTKY BHMArae MOIIYKY
HOBUX pillleHb JJIsI MIIBUILEHHS PIBHS BIPOBAXKEHHS €KOJIOTTYHUX 1HHOBALIiN
mignpueMcTBamu Ykpaiuu [6]. IcHyrouwmit piBeHb BHpINICHHS EKOJOTIYHHX
npoOyieM MeTalypriiHUMHK TiIPUEMCTBAMHM HETaTHBHO I103HAYAETHCS Ha
MOKA3HUKAaX CTaHy HABKOJHIIHBOTO CEPEJOBHINA, 32 PIBHEM SIKOCTI SIKOTO
VYxpaina 3aiimae 87 micie y cBiti. TeXHOreHHe HaBaHTaXXEHHs B IIJIOMY II0
KpaiHi, IpH ICTOTHUX pErioHaJbHUX BIIAMIHHOCTSIX, B 4-5 pa3iB NepeBUILyE
AQHAJIOTIYHI TOKa3HWKM IHIIMX KpaiH. Y TOW ke 4Yac, Ha Cy4acHOMY eTami
PO3BUTKY CYCHIJIbCTBA E€KOJIOTiSE MOXE CTaTH IHCTPYMEHTOM JIOCSITHEHHS
CTIHKOTO PO3BUTKY €KOJOr0-€KOHOMIYHMX BHPOOHHUYHMX CHCTEM. Y CBITI
aKTUBHO PO3POOJSIOTHCS TEXHOJOTIT BUPOOHHUIITBA CTai 3 OUIBII HU3BKUMH
pukugamu CO,.
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Convolution of desirability functions di in generalized criterion D
(generalized desirability function) is defined as the geometric mean of the
partial «desirable» by formula (1):

D ="/d(D) *d(2) ... d@) O

To comprehensively assess the environmental impact of metal production,
the study used the following physical parameters of metallurgical production in
Ukraine: energy consumption, CO2 emissions, cost, rental price ratio, profit,
export potential, domestic market needs, capacity, labor costs. By expert
evaluation according to the Delphi method [5]. the actual parameters of metal
production were translated into psychological parameters di. Comprehensive
evaluation of the efficiency of metal production was carried out by the
following types of products: Iron ore, Agglomerate, Iron ore pellets, Cast iron,
Cast iron (modern), Steel (converter), Steel (open-hearth), Electrostal, MBS,
thin (thin), Billet, Fittings, Rod, Structural profiles, Thick sheet, Hot rolled
coils, Cold rolled coils, Galvanized sheet, Rail wheels.

A comprehensive assessment of the ecological state of metallurgical
production shows that in Ukraine the production of metal products has different
assessments by type of metal products (Fig. 5).

For rolled products, the assessment means “satisfactory or good". The
situation is worse with the production of iron ore, pig iron and steel - here a
comprehensive assessment shows the value of "unsatisfactory” and
"satisfactory”. This thesis is confirmed by the fact that investments of
metallurgical enterprises of ecological orientation are now aimed at improving
environmental performance in these areas.

The choice of the optimal way of ecological development requires the
search for new solutions to increase the level of implementation of ecological
innovations by Ukrainian enterprises [6]. The current level of solving
environmental problems by metallurgical enterprises has a negative impact on
the indicators of the state of the environment, the level of quality of which
Ukraine ranks 87th in the world. Man-made load in the country as a whole,
with significant regional differences, 4-5 times higher than similar indicators in
other countries. At the same time, at the present stage of development of
society, ecology can become a tool for achieving sustainable development of
ecological and economic production systems. The world is actively developing
technologies for the production of steel with lower CO, emissions.
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MNeuxonorivuwid napameTp o

Pucynox 5 KomiulekcHa OIliHKa EKOJOTIYHOTO CTaHy BHPOOHHIITBA
METAJONPOAYKIi B YKpaiHi.

IepcniektBa pO3BUTKY MeTanyprii YkpaiHu Mae OyTH TmoB's3aHa 3
peami3ailiel0 HOBHX TEXHIYHHX pIllIeHb, 30KpeMa THX pPO3pPOOOK, IO
3HaXOAATHCS B CTaJil MOIIYKOBHUX HOCHTIIKEHb Ta eKCIIEPHUMEHTAIBHUX 3Pa3KiB.

OnHak MOKM HE ICHY€ TEXHOJOTIH, IO JO3BOJIAIOTH 3MEHIIUTH BHKHIN
niokcuny Byrieiro CO2 B 4opHii MeTanyprii 10 piBHS, BiANOBIIHOTO BUMOTamM
MiXHapogHOTO €HepreTMYHOro areHTcTBa B mepiof micist 2040 poxy. Tomy
0e3 BHMKOpDHCTaHHS TEXHOJIOTIM ynoBmoBaHHSA Ta 30epiranas CO2 (CCS)
001fTHCS HEMO>KIINBO.
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Figure 5 — Comprehensive assessment of the ecological state of metal
production in Ukraine.

Prospects for the development of metallurgy in Ukraine should be
associated with the implementation of new technical solutions, in particular
those developments that are in the stage of exploratory research and
experimental samples.

However, there are no technologies to reduce carbon dioxide emissions in
ferrous metallurgy to a level that meets the requirements of the International
Energy Agency in the period after 2040. Therefore, it is impossible to do
without the use of CO2 capture and storage (CCS) technologies.
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BupinienHst naHoi nmpoOneMHu BHMara€ CTBOPEHHS OUIbII PaMKalIbHUX
IHHOBAI[IMHUX  TEXHOJIOTiIH, MAacITa0HOrO  BIPOBAIKCHHS  TEXHOJOTIH
YJIOBJIIOBaHHsI Ta 30epiranus aiokcuny Byriaemto CCS.

PosrmsiHeMO  niesiki  KIJIIOYOBI  METalypriifHi TeXHOJIOTII, LI0 MaloTh
HepCreKTHBH Oyt peanizoBaHuMu 10 2050 poxy

OMEHHA IIIaBKa 3 PELUPKyJsmiero KomomuukoBoro raszy (Top Gas
Recycling, TGR). TexHoJoris mependayae OYHIICHHS KOJONIHHIIOBOTO Tasy
BiJl MIOKCHIY BYTJICHIO Ta PEeUUpPKyIsmio ra3oBoi cymimi CO + H2 + N2 B
¢ypmu momenHoi meui [7]. Po3paxyHKH Ta eKCIIepHMEHTabHI JTOCIIIKCHHS
MOKa3yIoTh, o o0csru BukuAiB CO MaroTh cKOpoTUTHCS Ha 24% mpu CTymeHi
peuupkyJsnii razoBoi cyminn 90%, a BUTpara KOKCy 3HM3HUTCS Ha 25%.

Texnomnorist pinkodasHoro BinHoBneHHs Hlsarna 3 BUKOpHCTaHHAM
mukinoHHoro koueeprepa (Cyclon Converter Furnace, CCF), Ipomec CCF
NpPOWIIOB BUNPOOYBaHHS Ha MUIOTHIM yCTaHOBLI HPOAYKTHBHICTIO 15-20 T
pyau/ronuHy. 3ani3Hy pyAy Ta KHCCHb BIYBaJM B IMKJIOHHHMH KOHBEpTep i
CHATIOBAIM B YMOBax  BiZHOBHOI Ta3oBoi cymimi. PosmiaB 4acTkoBo
BiTHOBJIECHOI pyan MaB TemmepaTypy Omm3eko 14500C. I xowa med arperat
Bupinsge Ounpme CO2, mixk JII, cykymHi oOcsaru BUKHIIB TpH ioro poOoTi Ha
20% € HIKYNUMH, HDK TIPH BUKOPUCTAHHI JOMEHHOI Iedi 3aBISKH BiICYTHOCTI
KOKCYBaHHS Ta arnomepaitii [8].

YcranoBka Finex peamizye pospobneny (1992 p) TexHonoriio
BUPOOHHWIITBA YaBYHY Ha OCHOBI MPSIMOTO BHKOPHCTaHHSA PYOHOI APiOHHIN i
HEKOKCIBHOTO BYyriuis. YCTaHOBKAa CKJIAJA€ThCsi 3 I[IAXTHOI 1me4l Ta
iaBwiIbHUKa-razudikatopa.  Finex, BkiIroyae Kackaj  peakTopiB 3
NCEBJO3PI[PKEHUM  HIapoM IS MiJIrpiBy 1 BIJAHOBICHHS Marepialis.
3acToCyBaHHS YCTAaHOBKM OpHUKETYyBaHHsS JO3BOJISE YTHII3yBaru JpiOHY
mmxty. Kpauuii piBeHb BUTpaT nanusa ckiagae 97% aHaJoriyHOro nokasHUKa
TpH JIOMEHHiH TU1aBIl, a piBens Bukuais CO2 y Bukumax 3umwkeno 10 90% [9].

Y 10CKOHAJIEHHS TEXHOJIOTii BUPOOHMIITBA CTAJll B €lEKTporeyax. 3riJHo 3
nporozamu g0 2050 p rtinekn 20% enexrpoeneprii Oyne BupoOmaTHcs 3
BUKOPHCTaHHIM BUKOMHOTO nanusa (y 2011 p neit nokaszuHuk cranosus 70%).
YacTka eneKTpoCTali B CBITOBOMY CTaJIeIJIABWIFHOMY BHPOOHHWITBI Mae
3poctu y 2030 poui mo 37%, a mo 2050 poxy — no 40%. Tomy peamizaris
TAKOTO CIICHApi0 3amo0iraHHs 3MIHM KJIIMATy 3ajJeXUTh BiJA HAsIBHOCTI
JIOCTaTHBOI KITBKOCTI METAJIOOPYXTY.

Craix  BIAMITHTH _HOBY TEXHOJIOTIIO, B SKIM IIPOLIEC  EIEKTPOII3Y
PO3ILIABIEHOTO OKCHJLy CYMIIICHHUI 13 3aCTOCYBaHHSIM aHOJAa 3 XPOMHCTOTrO
crutaBy. BukopucTaHHS eeKTpoi3y /uis J0OyBaHHS 3ajli3a 3 eNEeKTPOJITY Ma€e
MEeBHI TPYIHOII y 3B'SI3KYy 3 HEOOXIIHICTIO BHUPINIyBaTH Taki MpoOieMu, sK
MOBTOPHE OKHCJICHHS NPOXYKTY 1 HECTaOUIbHICTH  €JEeKTpoja HpH
TeMIIEpaTypax MOHa, 1540°C.
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Solving this problem requires the creation of more radical innovative
technologies, large-scale implementation of CCS technologies and storage of
carbon dioxide.

Consider some key metallurgical technologies that have the potential to be
implemented by 2050.

Blast furnace smelting with flue gas recirculation (Thor Gas Recycling,
TGR). The technology involves the purification of grate gas from carbon
dioxide and the recirculation of the gas mixture CO + H2 + N2 in the lances of
the blast furnace [7]. Calculations and experimental studies show that CO
emissions should be reduced by 24% with a gas mixture recirculation rate of
90%, and coke consumption will be reduced by 25%.

Hlsarna liquid-phase reduction technology using a Cyclon Converter
Furnace (CCF), The CCF process was tested on a pilot plant with a capacity of
15-20 tons of ore / hour. Iron ore and oxygen were injected into a cyclone
converter and burned in a reducing gas mixture. The melt of partially reduced
ore had a temperature of about 14500C. And although this unit emits more CO2
than BF, the total emissions during its operation are 20% lower than when
using a blast furnace due to the lack of coking and agglomeration [8].

The Finex plant implements the technology of pig iron production
developed (1992) on the basis of direct use of ore fines and non-coking coal.
The installation consists of a shaft furnace and a gasifier. Finex, includes a
cascade of reactors with a fluidized bed for heating and recovery of materials.
Application of the briquetting installation allows to utilize a small charge. The
best level of fuel consumption is 97% of the same indicator in blast furnace
smelting, and the level of CO2 emissions in emissions is reduced to 90% [9].

Improving the technology of steel production in electric furnaces.
According to forecasts, by 2050 only 20% of electricity will be produced using
fossil fuels (in 2011 this figure was 70%). The share of electric steel in world
steelmaking should increase to 37% in 2030 and to 40% by 2050. Therefore,
the implementation of such a scenario to prevent climate change depends on the
availability of sufficient scrap metal.

Note the new technology, in which molten oxide electrolysis process is
combined with the use of chromium alloy anode. The use of electrolysis to
extract iron from the electrolyte has some difficulties due to the need to solve
problems such as re-oxidation of the product and the instability of the electrode
at temperatures above 1540°C. However, this approach can be applied only if
the fuel does not use materials containing carbon.

«Dynoamenmanvii ma npuxiaoui npobaemu wopnoi memanypeii. — 2020. — Bunyck 34
«Fundamental'nye i prikladnye problemy éernoj metallurgiiy. — 2020. — Vypusk 34
«Fundamental and applied problems of ferrous metallurgy». — 2020. — Collection 34



22

Texnouorist orpumanns yaByHy (Flash Ironmaking Process, FIP), B sikiit
BiTHOBHUKOM € BOJicHb. [Ipy BUPOOHHWIITBI YaByHY JaHUM CIIOCOOOM 0OCATH
BuKkuIiB CO2 MOXyTb CKOpPOTHTHCA Ha 96% Yy MOpIBHSHHI 3 aHAJIOTIYHUM
nokasHuKoM uisi nqomenHoro mporecy [10]. Ilpote Ha manwmit 4yac y cBiTi
BiZICYyTHI €KOHOMIYHO W €KOJIOTIYHO €pEKTUBHI TEXHOJIOTI] OTPHUMaHHS BOAHIO B
KUTBKOCTI, JOCTATHIM A7 BUIUIABKA YaByHy. € ¥ iHINI TepeImkoand Uit
peauizanii Texuosorii FIP B HaitommkaoMy MalilOyTHBOMY, TIOB'sSi3aHi, 30KpeMa,
3 TpaHCIOPTYBaHHSAM Ta 30EpiraHHAM BEJHMKOi KUTBKOCTI BoOmgHIO. Tomy
BUKOPUCTAHHS BOIHIO HEOOXiTHO PO3TIJATH TUTBKU SK BapiaHT 3MEHIICHHS
npomuciaoBux BUKAIIB CO2 y mepCHeKTHBI.

3a ocTaHHI 55 POKiB 3arajJibHOCBITOBI MMTOMI BUTPATH €HEPril y YOpHid
MeTanyprii 3MeHIIuIacs B cepeHboMy Ha 60%, ToOTO Ha 6araTboX Cy4acHHX
HIANPUEMCTBAX peCypc eHepro30epeKeHHs 3a PaXyHOK 3aCTOCYBaHHS BIIOMHX
TEXHOJIOTi# € mpakTu4Ho Buuepnanum [11]. OmHak 111 OKpeMUX BHPOOHUKIB
CTali MOXJIMBOCTI E€KOHOMIi eHeprii BapilOIOThCS B IIUPOKOMY Jlialla3oHi.
3okpema, B YkpaiHi 3a ocTaHHi 10 pOKIB CIIO)KMBaHHS KOKCY Y JOMEHHHUX
medax CkopoTmyocs Maibke Ha 19,5% 3a  paxyHOK 3acTOCYBaHHS
MIJIOBYTUIFHOTO MaJKBa. 3arajbHi BUTPATH €HEProOpecypciB MiJ 9ac JOMEHHOT
IUIaBKH 3MEHIIMINCS Ha 6%, IO O3HAa4Yae aHaJOTiYHE CKOPOYECHHS BHKHIIB
MAapHUKOBHX T'a3iB.

TakuM 4YHHOM, OKpIM 3aCTOCYBAaHHS TEXHOJIOTiM YJIOBIIOBaHHS Ta
30epiranas CO2 (CCS) 3HaYHUM pe3epBOM 3MCHIICHHS BUKUAIB MAPHUKOBUX
ra3iB € YJOCKOHAJICHHS TEXHOJIOTid MertanypriiiHoro BupoOHHMUTBa. Ha
peatizaliifo 1bOro HampsMKY MOMIMIICHHS SKOJOTIYHOT CUTYAIl CripsIMOBaHi i
po3pobku [HcTuTyTy "opHOi Metamyprii HAH VYkpainu. OgauM 3 TOJOBHUX
3aBaaHb IHCTHTYTY 4opHOI Mertanyprii im.3.1.Hekpacosa (IUM), sik iHCTUTYTY
HauionaneHoi akazemii Hayk VYKpaiHHM, € HayKOBO-TEXHIYHHIl CYNpOBiJ
MEPCICKTUBHOTO PO3BUTKY OJHIET 3 0a30BHX Trajy3eil eKOHOMIKH YKpaiHu -
yopHoi Metamyprii. [y IbOro BHKOPHUCTOBYETHCS KOMIUICKCHHMH TiJIXif
MPOBEICHHS] HAyKOBHX JIOCITIJUKEHb, IO JIO3BOJISE OXONUTH BCi OCHOBHI
HepeiIi YOPHOI METATyprii - Bit MATOTOBKA CUPOBHHH 10 JOMEHHOI IUIABKU
Ta JI0 TEPMIYHOT 0OPOOKH TOTOBOTO MIPOKATY.

BB  po3po6oxk [YM Ha ekosoriuHi mapameTrpu MeTalTypriiHOro
BUPOOHUIITBA 3A1HCHIOETHCS 32 TAKMMHU HAIIPSIMKaMHU:

3MEHILIEHHS! MUTOMHMX TEXHOJIOTIYHMX EHEProOBUTPAT y JOMEHHOMY,
CTAJICIUIABUIIBHOMY Ta IIPOKATHOMY BUPOOHMITBAX. 3MEHIICHHS MHTOMHX
eneproButpat Ha 0,1 TyT/T 4aByHY 103BOJIsI€ 3a0€3MMEYNUTH 3MEHIIICHHST BUKHUIiB
napHukoBoro rasy Ha 0,18 T CO2/t npoxyxkriii;

PO3pOOJICHHS HOBHX €KOJIOTIYHO OE3MEYHMX TEXHOJIOTiH MeTalypriitHoro
BUPOOHUIITBA;
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Iron production technology (Flash Ironmaking Process, FIP), in which the
reducing agent is hydrogen. In the production of pig iron in this way, CO2
emissions can be reduced by 96% compared to the same indicator for the blast
furnace process [10]. However, currently there are no economically and
environmentally efficient technologies in the world to obtain enough hydrogen
to smelt iron. There are other obstacles to the implementation of FIP
technology in the near future, related, in particular, to the transportation and
storage of large amounts of hydrogen. Therefore, the use of hydrogen should be
considered only as an option to reduce industrial CO2 emissions in the future.

Over the past 55 years, the specific energy consumption in ferrous
metallurgy has decreased by an average of 60% and in many modern
enterprises the resource of energy saving through the use of known
technologies is almost exhausted [11]. However, for individual steel producers,
energy saving opportunities vary widely. In particular, in Ukraine for the last
10 years the consumption of coke in blast furnaces has decreased by almost
19.5% due to the use of pulverized coal fuel. Total energy consumption during
blast furnace smelting decreased by 6%, which means a similar reduction in
greenhouse gas emissions.

Thus, in addition to the use of CO2 capture and storage (CCS)
technologies, a significant reserve for reducing greenhouse gas emissions is the
improvement of metallurgical production technologies. Developments of the
Iron and Steel Institute (1SI) of the National Academy of Sciences of Ukraine
are also aimed at implementing this direction of improving the ecological
situation. One of the main tasks of the Iron and Steel Institute, as an institute of
the National Academy of Sciences of Ukraine, is scientific and technical
support of perspective development of one of the basic branches of Ukraine's
economy - ferrous metallurgy. To do this, a comprehensive approach to
research is used, which allows to cover all the main redistributions of ferrous
metallurgy - from raw material preparation to blast furnace smelting and heat
treatment of finished products.

The impact of the Iron and Steel Institute developments on the
environmental parameters of metallurgical production is carried out in the
following areas:

reduction of specific technological energy consumption in blast furnace,
steel and rolling industries. Reduction of specific energy consumption by 0.1
t/t of pig iron allows to reduce greenhouse gas emissions by 0.18 tons of CO2 /
t of products;

development of new ecologically safe technologies of metallurgical
production;
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pO3poONeHHsT  Mojesieil  Ta  BIPOB3KEHHS  CHCTEM  KEpyBaHHS
TEXHOJIOTIYHUMHU  TpoIlecaMd Yy  JOMEHHOMY, CTaJelUIaBWIIBHOMY  Ta
MPOKATHOMY BHUPOOHUIITBAX, IO JO3BOJsIE€ 3a0E3MEYUTH  CTAOUIBHICTH
TEXHOJIOTIYHUX TMPOLECIB Ta ONTHUMI3yBaTW BHUTPAaTH EHEPropecypciB Ha
BUpOOHHMITBO mponykuii. Exornoriunuit edekr 3a0e3medyeTscsi CTaOUIBHOO
poOOTO0  BUPOOHUIITBA, TMOJNIMIIEHHSIM EKOJOTIYHMX IIOKa3HUKIB  Ta
T ABUIICHHSM SKOCTI METAJIOMPOIYKIIi;

PO3pOoO0IeHHS TEXHOJOTI BUKOPUCTaHHS BTOPHHHHUX PECYPCIiB Ta BiIXOMIB
B YMOBaX METAIYPriifHOTO BUPOOHHIITBA.

Ha minmcraBi pe3yipTaTiB  poO3paxyHKOBO-aHANITHYHOTO EKCIIEPHMEHTY
BU3HAYEHO YMOBH, IO IIiJ| YaC JJOMEHHOI IUIaBKU 3a0€3MeYyIOTh ITiIBUIICHHS
CTYIICHsI BUKOPUCTaHHA ra3y Ha 1,0-2,5% 3a paXyHOK MOIMIICHHS MIIIHOCTI
arJoMepary Ta 301bIICHHS BiTHOBIFOBAHOCTI JOMEHHOT IIUXTH.

3ynuHAIOYNCh Ha TpoOJeMax 3HIDKCHHS PIBHS CHEPrOBUTPAT B YOPHIi
MeTanyprii CliJi HaroJOCUTH Ha HEOOXIJAHOCTI peanizamii Takoi HayKOBOT
pPO3pO0OKH, SIK BUKOPUCTaHHS muioByrinbHoro nanusa (IIBII) B momeHHHX
medax. Taka TEXHOJOTIS BIEpIIE B CBITOBiM mpaktwili Oyma po3pobicHa B
InctutyTi "opHOoi Meramyprii HAH VYkpaiHun mig KepiBHHUIITBOM akajaeMika
3.1.Hekpacosa i BunpoOyBaHa Ha foMeHHUX medax MK «3amopixcramsy B 60-x
pOKax MHHYJOTO CTONITTA. OIHAK, BUMEPEANBIIN CBIl 4Yac, I TEXHOJIOTIS He
BCTOsDIA TIiJ] HATUCKOM JEMIeBOT0 IpupoaHoro ra3y. Ha temepimmniit vac [YM
MPOBOAUTH JOCIHIIKEHHS 3 MiABUINEHHS eeKTHBHOCTI 3actocyBanHs I1IIT Ha
OIIBLIOCTI METATYPTIHHUX MIANPUEMCTB Y KpaTHH.

VY HanpsIMKy MiJIBHUIIEHHS SKOCTI 4aByHY [HCTHTYT 4opHOT MeTaiyprii €
TOJIOBHOIO OPTaHi3alli€l0 3 HAYKOBOi 1 TEXHOJIOTIYHOI PO3pOOKH TMpodieMu
1033JI0MEHHOTO0 padiHyBaHHS piJKoro 4yaByHy. Po3po0ieHo nporec BUIaNeHHs
CIpKM 3 4YaByHy CBITOBOrO Kjacy Ta IPOAOBXKYETbCS PO3IIMPEHHS HOro
3aCTOCYBaHHs Ha 3apyODKHHUX Ta BITUYM3HSIHUX miAnpuemcrBax. 3a 20 pokiB Ha
36 MeTamypriiHUX MIANPHEMCTBAX CHOPYIKEHO i OCBOEHO 68 KOMIUIEKCIB
necynbdypanii Ta OYHMINICHHS YaBYHY Bix muiaky. OCBOEHHS Mi€l po3poOKH
3abe3reuye MOXKIMBICTD BUILIABKH CTAJICIUIABIIIBHIME [I€XaMH BUCOKOSIKICHUX
1 KOHKYPEHTOCIIPOMOXXKHHX MapoK CTaJi Ta 3HIDKYE BHUTpPATH TNPH BHILIABII
CTaI.

VY ramy3i craneluiaBWIbHOrO BUPOOHMITBAa I[HCTUTYTOM pO3poliieHa
TEXHOJIOTiSl KOHBEPTEPHOI IJIABKM CTali, IO HE Ma€ aHAJOTiB y CBIiTOBIiH
npakturi. OCHOBOIO TEXHONOTii € TMiIBEACHHS 0 CHCTEMH «METall-IIIIaK
HHU3bKOBOJIBTHOTO €JIEKTPUYHOTO IOTeHIiany. Pe3ynbrarn BUNPOOYBaHHS
HOBOi TE€XHOJIOTII CBiIUaTh MPO CTilKe MONIMIIEHHS OCHOBHUX TEXHOJOTIYHHX
MOKAa3HWKIB IUIaBKM (BHXiA piAKoi crami, MNWTOMa BHTpaTa dYaBYHY,
TeMIepaTypa po3IiaBy), 10 BHM3HAYalOTh BEIMYMHY BUTpPAaTHHX 1
SHEepPreTUYHUX IIOKa3HUKIB, a, OTXe, coOiBapTicTh CTajli, EKOHOMIUHHWH i
€KOJIOTIYHUI eeKT.
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development of models and implementation of process control systems in
blast furnace, steel and rolling industries, which allows to ensure the stability of
technological processes and optimize energy costs for production. The
ecological effect is provided by stable work of production, improvement of
ecological indicators and increase of quality of metal products;

development of technologies for the use of secondary resources and waste
in the conditions of metallurgical production.

Based on the results of the calculation-analytical experiment, the conditions
are determined that during blast furnace smelting provide an increase in the
degree of gas utilization by 1.0-2.5% by improving the strength of the sinter
and increasing the recoverability of the blast furnace charge.

Focusing on the problems of reducing energy consumption in ferrous
metallurgy, it should be emphasized the need to implement such scientific
developments as the use of pulverized coal (PVP) in blast furnaces. This
technology was first developed in the world practice at the Iron and Steel
Institute under the leadership of Academician Z.I. Nekrasov and tested on blast
furnaces of Zaporizhstal in the 1960s. However, ahead of its time, this
technology did not withstand the pressure of cheap natural gas. Currently, the
Iron and Steel Institute is conducting research to improve the efficiency of the
use of PIP at most metallurgical enterprises in Ukraine.

In the direction of improving the quality of cast iron, the Institute of
Ferrous Metallurgy is the main organization for scientific and technological
development of the problem of off-domain refining of liquid cast iron. The
process of sulfur removal from world-class cast iron has been developed and its
application at foreign and domestic enterprises continues to expand. For 20
years, 68 complexes of desulfurization and purification of cast iron from slag
have been built and mastered at 36 metallurgical enterprises. The development
of this development provides the possibility of smelting steel mills of high
quality and competitive steel grades and reduces the cost of steel smelting.

n the field of steelmaking, the Institute has developed a technology of
converter smelting of steel, which has no analogues in world practice. The basis
of the technology is the supply of low-voltage electric potential to the "metal-
slag" system. The test results of the new technology indicate a steady
improvement of the main technological indicators of smelting (liquid steel
yield, specific consumption of cast iron, melt temperature), which determine
the value of consumption and energy indicators, and, consequently, steel costs,
economic and environmental effects.
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VY ramy3i NpoKaTHOro BUPOOHHMITBAa [HCTHTYT € TPOBIAHOIO HAYKOBOIO
opraHizaui€ro, 10 3aMa€eTbCs OAHOYACHO TEOPETUYHUMHU 1 NPOMHCIOBUMH
JOCTIKCHHSAMH JUHAMIYHUX TPOIECIB B pEajbHUX JIHISAX MPUBOJIB
NpOKaTHUX cTaHiB. Ha mimcraBi pe3yipTaTiB JOCHIKEHb BUPIHIYIOTHCS
3aBJaHHs SIK CTBOPEHHs 1 peaizalii HOBHX, BUCOKOC(EKTHBHHX TEXHOJOTiH
(BrITFOUAIOUHM €Hepro i pecypcosdepirarodi), Tak i OOTpYHTYBaHHA HAINpPSIMKiB
MOJIepHi3allii, PEKOHCTPYKIl NMPOKAaTHUX CTaHiB, BCTAHOBJCHHSA 1 IIOBHOTO
BUKOPUCTAHHS PE3EpBiB MIFOUOTO YCTaTKyBaHHS, BHOIp CKIamy i TEXHIYHHX
XapaKTepUCTUK HOBOro. [loka3aHo, II0 BHKOPHCTaHHS E€HEPro30epirarwdoro
oOnagHaHHSA [O3BOJISIE 3a0e3mednTH eQeKTHBHE 30epeXeHHS TeMIepaTypH
po3KaTy Ta BHUPOOHHMLTBO MPOKATY BHUCOKOi SIKOCTi, 3MEHIINTH BUTpaTH
€HEeproHOCIIB Ta MOJIMNIIMTH €KOJOTTYHI NOKa3HUKH BUPOOHUIITBA.

[HCTHTYT Mae 3Ha4HUWIl TOPOOOK y HANPSMKY TEXHOJOTi BHPOOHHITBA i
TEpPMIYHOTO  3MILHEHHS  BHUCOKOMII[HMX  3aJi3HMYHUX  KOJNIC  Ta
€KOHOMHOJIETOBAaHOTO ~ CTaJleBOro  Meranonpokary.  [lokasano,  mio
BUKOPHCTaHHS €KOHOMHO JIETOBAaHMX CTajied 3 BIANOBIJHOIO TEXHOJOTIEI0
TEPMIiYHOI OOpOOKM Iae 3MOTry 3a0e3MEeYUTH BUCOKI MEXaHIUHI BIACTHBOCTI
MPOKATy, 3MCHIINTH CHEPrOBUTPATH Ta IIOJIMIINTH EKOJOTIYHI IMOKA3HUKH
BHUPOOHUIITBA.

VY HanpsAMKy yTHii3amii TEXHOT€HHHX BifXOAIB [HCTHTYTOM HaKOIHMYEHO
3HAYHHUN JOCBiJ 3 OpUKeTyBaHHSA JApiOHOMPAKIIHHAX MaTepiatiB, MO TO3BOJIIE
BUPOOIATH B Oe3lepepBHOMY IHMKII OpPHKETH OJHAKOBHX PO3MIpiB, (opM i
macu. CTBOPEHO OpHUTiHAIBHY KOHCTPYKIIO MaJorabapuTHHX, 3 HEBEJIHKOIO
MeTanoeMHicTio (1o 6500 Kr) BaKOBUX MpeCiB MPOAYKTHBHICTIO 110 25 T / rof
(B 3anmexHocTi Big Buay wmHMXTH). llpecn BiAPI3HAIOTBCS MPOCTOTOXO,
KOMITaKTHICTIO Ta 3py4YHOCTSMH B eKciulyatanii. [lojanmbiie 3amy4deHHs
OpHKETOBaHMX BIIXOMIB y MeTanypriiHe BUPOOHHLTBO J03BOJISIE peasli3yBaTH
I7ICOJIOTIF0 KOMILICKCHOTO BHPIIICHHS CIEI[iali3oBaHUX 3aBAaHb B 00JacTi
€KOJIOTi1 Ta CTBOPEHHS IIPOMHUCIIOBUX 00'€KTIB JUII BUPOOHUIITBA OPHUKETIB.

Bucnosok

TakuM 4MHOM, TOCIIPKCHHS MOKa3yIOTh, [0 BUKHUIHW NMAPHUKOBUX Tr'a3iB B
4opHill Mertanyprii Ha ~95% 00yMOBIEHI 3aCTOCYBaHHSIM BHKOITHHUX ITaJIMB.
CKOpOTHTH 00CAT TaKUX BUKUJIIB Y CEPEAHBOCTPOKOBIH MEPCHEKTUBI MOXIIMBO
NUITXOM TI/IBHIIEHHS €HEeproeeKTHBHOCTI 3a pPaxyHOK BIPOBAKEHHS
Kpamux goctymHux TexHonoriik BAT (Best Available Technologies),
301IBIICHAS YaCTKM BHPOOHHUIITBA BTOPHHHOI CTallM, PO3POOKHM Ta peaiizamii
aNbTEPHATHMBHUX  METOJIB  BHIUIABJISHHS 4aByHy. Y  JIOBIOCTPOKOBIH
MEPCTIeKTHBI  HEOOXigHe pO3pOOJNIEHHS Ta  3aCTOCYBaHHS  TEXHOJIOTIH
ynoBmtoBaHHs 1 30epiranHs CO2 (Carbon Capture and Storage, CCS).
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In the field of rolling production, the Institute is a leading scientific
organization engaged in both theoretical and industrial research of dynamic
processes in real lines of drives of rolling mills. Based on the research results,
the tasks of creating and implementing new, highly efficient technologies
(including energy and resource-saving) and substantiation of modernization,
reconstruction of rolling mills, installation and full use of existing equipment
reserves, selection of new equipment and technical characteristics are solved. It
is shown that the use of energy-saving equipment allows to ensure effective
preservation of rolling temperature and production of high quality rolled
products, reduce energy costs and improve environmental performance.

The linstitute has significant achievements in the direction of production
technologies and thermal strengthening of high-strength railway wheels and
economically alloyed steel. It is shown that the use of economically alloyed
steels with appropriate heat treatment technology allows to ensure high
mechanical properties of rolled products, reduce energy consumption and
improve environmental performance.

In the direction of utilization of technogenic waste the Institute has
accumulated considerable experience in briquetting of fine-grained materials,
which allows to produce in a continuous cycle briquettes of the same size,
shape and weight. The original design of small-sized, with small metal capacity
(up to 6500 kg) roller presses with a productivity up to 25t / h (depending on
the type of charge) is created. The presses are simple, compact and easy to
operate. Further involvement of briquetted waste in metallurgical production
allows to implement the ideology of complex solution of specialized problems
in the field of ecology and creation of industrial facilities for the production of
briquettes.

Conclusion

Thus, studies show that greenhouse gas emissions in ferrous metallurgy are
~ 95% due to the use of fossil fuels. Reducing such emissions in the medium
term is possible by increasing energy efficiency through the introduction of best
available technologies (Best Available Technologies), increasing the share of
secondary steel production, development and implementation of alternative
methods of pig iron smelting. In the long run, it is necessary to develop and
apply technologies for capturing and storing CO2 (Carbon Capture and Storage,
CCS).
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