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Abstract:

The paper emphasizes the urgent need for Ukraine's metallurgy sector,
particularly at PJSC "Zaporizhstal," to replace outdated technologies with modern,
sustainable steel production methods as part of a global "green transition". The
investigation encompassed field measurements, followed by rigorous data
processing and analysis. A comparative analysis was conducted to enhance the
findings. The study compares the electricity consumption at two different steel
production methods: (I) iron ore sintering process (IOSP) with an aspiration system
+ blast furnace (BF) + an open-hearth furnace (OHF) smelting; (I) Midrex process
+ electric arc furnaces (EAF) smelting. The analysis revealed that the specific energy
consumption (SEC) varies significantly across different processes: the Electric Arc
Furnace (EAF) requires the highest at approximately 340 kWh/t, followed by the
Midrex process at 85 kWh/t. The Open Hearth Furnace (OHF) and Blast Furnace
(BF) show lower energy demands at around 4 kWh/t and 3.3 kWh/t respectively,
while the Sintering Plant (SP) consumes about 33 kWh/t. It is evident that the "IOSP
+ BF + OHF" method generates substantially higher CO2 emissions than the more
efficient "Midrex + EAF" approach. The IOSP is among the most energy-intensive
processes, whereas the BF requires less energy. The OHF, though consuming
relatively little energy, is less attractive due to its inefficiency. While the Midrex
process demands more energy than traditional methods, it compensates with
substantial environmental advantages by emitting less CO2. The Electric Arc
Furnace (EAF), despite its high energy requirements, excels in the efficient and
flexible recycling of steel scrap. Research indicates that adopting advanced
technologies like Direct Reduction (DR) via the Midrex process, followed by pellet
melting in an EAF, is a crucial step toward lowering emissions and enhancing the
energy efficiency of modern steelmaking practices.

Published in: 2025 IEEE 6th KhPI Week on Advanced Technology
(KhPIWeek)

Date of Conference: 06-10 October 2025

Date Added to IEEE Xplore: 18 December 2025

ISBN Information:

Electronic ISSN: 3064-9579



https://ieeexplore.ieee.org/xpl/conhome/11288471/proceeding
https://ieeexplore.ieee.org/xpl/conhome/11288471/proceeding

DOI: 10.1109/KhPIWeek61436.2025.11288608
Publisher: IEEE
Conference Location: Kharkiv, Ukraine

KurouoBi ciioBa: CrioxkuBanHs eHeprii; EnexTpoenepris; 3eneHa npoayKIlis;
[InaBka; Arnomepartis; BupoOHHIITBO; 3a0pyaHeHHS MOBITPS;
EneproedexruBHicTs; Metanypris; Craine; 3eneHuit nepexia y metanyprii; Meronu
CranennaBuibHoro BupoOHuUNTBA; I[Ilutome eneprocnokuBanns; Bukuau COq;
Eneproedexrusnicts; [Iporec Midrex; Enexrpomyrosi nedi

AHOTANLIA:

VY po0OTi HaroJoIlIEeHO HA HarajdbHIN MOTPeOl METANTYyPriHOrO CeKTopy YKpaiHw,
30kpeMa Ha ITAT «3anopikcTaiby, y 3aMiHI 3aCTapuIMX TEXHOJIOTIM Cy4acHUMH
CTaIMMH METOJAaMU BHUPOOHMIITBA CTall B MeEXax DIOOAIBHOTO «3€JIEHOTO
nepexony». JochnipKeHHs OXOIUTIOBAJIO HATYypHI BHUMIPIOBAHHS 3 IOAAJIBIIOIO
pPETENBbHOIO OOpPOOKOI0 Ta aHami30M JaHuX. s migBUIIEHHS OOIPYHTOBAaHOCTI
pe3ysbTariB OyJIo MPOBEACHO MOPIBHSUIbHUN aHami3. Y poOOTI MOPIBHIOETHCS
CIIO’KMBAHHS €JIEKTPOEHEPTii 3a IBOMa Pi3HUMH MeTofgaMu BUpoOHuIITBa ctamti: (1)
npoiiec armomepariii 3ani3noi pyau (IOSP) 3 acnipaniiiHo0 cUCTEMOIO + TOMEHHA
niy (BF) + wmaprenisebka miuw (OHF); (II) mpomec Midrex + maBka B
enekrpoayroBux neudax (EAF). Ananiz mokasas, 110 TUTOME €HEPrOCHOKWBAHHS
(SEC) icToTHO BiApI3HAETHCS IS PI3HUX TpolieciB: enekrpoayrosa mid (EAF) mae
HaWOIbIIe 3HaUeHHS — npuonu3Ho 340 kBT -roa/T, nani iae npouec Midrex — 85
kBt-ron/T. MapreniBcrka miu (OHF) Ta momenna miu (BF) xapakrepusyrorbes
HIDKIUM €HEProcrnoXuBaHHAM — Ou3bKko 4 kB1-roa/T 1 3,3 kBT T0oA/T BiAMOBIAHO,
TOJ1 sIK arniomepaitiiiHa ¢padpuka (SP) cnioxxuBae 65u3bko 33 kBt roa/T. OueBugHo,
o meron «IOSP + BF + OHF» renepye cyrreBo Buii BUKuau CO:2 MOPIBHSHO 3
oinpm edextuBHUM miaxoaoMm «Midrex + EAF». Ilpomec IOSP Hanmexuts 1o
HaNOUIbIII €HEPrOEMHUX, TOJ1 SIK TOMEHHA M4 MOTpeOy€e MEHIIOI KiJIbKOCT1 €Heprii.
MapTteHiBChKa 114, HE3BaYKAIOUX Ha BIIHOCHO HU3bKE €HEPTOCIIOKUBAHHSI, € MEHIII
pUBAOIMBOIO YEPE3 CBOK HU3bKY e(PeKTUBHICTh. Xoua npoirec Midrex morpelye
Ounbllle eHeprii, HDK TpaguUidHI METOAU, BIH KOMIIEHCYE 1€ CYTTEBHUMHU
EKOJIOTIYHUMHU TepeBaraMu, 30KkpemMa Hrkaumu Bukugamu CO:. Enextpoayrosa miu
(EAF), mompu BHCOKI €HEpPreTH4YHI BUTPATH, BII3HAYAETHCA €(EKTHBHOIO Ta
THYYKOI0 MEpepoOKOI0 cTajeBoro OpyxTy. PesynabraTé IOCHiKEHb CB1IYaTh, IO
BIIPOBA/KCHHS TIEPEIOBUX TEXHOJIOTIHM, Takux sK mpsime BimHoBieHHs (DR) 3a
nporiecom Midrex 3 momanbmuM IUIaBiICHHAM okatuiiiB B EAF, € kmrodoBuM
KPOKOM JI0 3HFDKCHHS BUKHJIB 1 IIJIBUIICHHS €HEProeeKTUBHOCTI CY4aCHOTO
CTaJICTIABMIIBHOTO BUPOOHHUIITBA.
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