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This research explores the financial implications of adopting circular economy principles
in metallurgical production, specifically within the context of the Metinvest Corporation.
It addresses the industry’s reliance on resource-intensive technologies, including blast furnace
(BF), basic oxygen furnace (BOF), and electric arc furnace (EAF) processes, all of which
generate substantial by-products. Highlighting the potential of electronic waste and other end-
of-life materials as resources, the study suggests that circular economy practices, including
waste minimization and decarbonization, can shift the industry from a linear to a circular model.
The research outlines the benefits of utilizing waste materials, including electronic waste,
obsolete vehicles, and other end-of-life products, as potential resources for steel production.
This approach aims to mitigate the ecological footprint of metallurgical processes and reduce
the dependency on primary raw materials. The adoption of circular economy principles,
characterized by the 3R approach (reduce, reuse, recycle) and the co-product concept, is
projected to support global sustainable development goals by promoting resource efficiency,
reducing emissions, and enhancing waste management. To analyze the economic benefits of
implementing circular economy principles, the study applies a functional econometric model
to assess the financial impact of various measures, including reducing material intensity and
integrating decarbonization technologies. Despite the considerable investment in advanced
technologies required for decarbonization and waste recycling, the model confirms that
adopting these practices can lead to substantial long-term financial gains, with the potential to
improve overall financial results by 42 % to 218 %, thereby aiding companies like Metinvest in
reaching and surpassing break-even points. This research provides compelling evidence for
the feasibility and value of circular economy models in the metallurgical industry, supporting
sustainable growth and positive environmental outcomes.

Key words: 3 R + co-P (reduce, reuse, recycle, co-products), econometric model, by-products,
decarbonization

B cmammi po3sansiHymi ghiHaHCOBI pe3y/ibmamu BrpoBacKeHHsI MPUHYUMIB YUK/IYHOI eKOHO-
Miku 8 MemastypeailiHoMy BUPOBHUYMBI, 30KpemMa 8 KOHmMeKcmi iHOUKamopis X0/10UH20801 2pynu
Memingecm. [iokpec/o4du nomexyian MemasypeiliHux 8i0xo0i8 ma iHWux sionpaybosaHux
Mamepiasis sik pecypcis, 00CAIOKEHHS MPUMYCKaE, WO MPakmuKU YUK/TIYHOI eKOHOMIKU, BK/IHO-
yaro4u MiHimi3ayito 8ioxodis i dekapboHi3ayito, MOXymb 3MIHUMU MOdesb 2asy3i 3 MiHIUHOI Ha
Kpy2o8y. [oc/ioxeHHs1 KoHcmamye rnepesaau BUKOpUCMAaHHSI BIOX0di8, BK/IOYaKuU BiOX00U
e/1leKmpPOHIKU, aBmoMObI/IbHOI 2a/1y3i ma iHWUX easay3el MPOMUC/I08020 CEKMOpY, SK MOMeH-
yitiHi pecypcu 0718 BUpobHUYMBa cmavii. 3anpornoHosaHull nioxio mMae Ha Memi noM’sKkwumu
eKo/102iyHull c/1i0 MemastypailiHuX MPOoYecis i 3MeHWUMU 3a1eXHICMb Bi0 NEPBUHHOI CUpO-
BUHU. [MpulHsimms NPUHYUMIB UYUPKY/ISIPHOI €KOHOMIKU, WO Xapakmepu3yembcsi nioxo0om
3R (3MeHweHHs1, MOBMOPHe BUKOPUCMAHHSI, MepepobKa) i KOHYenyieto CyrnymHix npooykKmis,
nepedbayae nNiompuMKy 2/106a/1bHUX Yisieli cmasio2o po3sUMKY W/ISIXOM CrPUSIHHS eghekmus-
HOCMI BUKOPUCMAaHHS PeCcypci8, CKOPOYEHHSI BUKUOIB i MOKpaWeHHs yrpas/iHHS 8ioxo0amu.
3 Memoro BUSIBNIEHHS] eKOHOMIYHUX BU2I0 BIO BMPOBAOXEHHSI PIBHIB YUPKY/ISIPHOI €KOHOMIKU,
00C/TiOXEeHHS1 3acmocoBye (hyHKYIOHa/IbHy eKOHOMempUYHy MOO€/Ib 07151 OYiHKU (hiHaHCOBO20
BI/1UBY, 30KpEMa 3HUXEHHSI Mamepiasomicmkocmi ma iHmezpauyii mexHosoeili 0ekapboHisa-
yii. Hezsaxarouu Ha 3HauHi iHsecmuyii 8 nepedosi mexHosozii, HeobXioHi 0/151 0ekapboHi3ayii
ma rnepepobKku 8i0x00i8, MOOe/Ib MOMBEPOXKYE, WO BNPOBAOKEHHS YUX NPaKmMuUK MOXe npu-
38ecmu 00 3HaYHUX 00B20CMPOKOBUX (DIHAHCOBUX MPUBYMKIB i3 MOMEHYIaqoM NOKPaWeHHs
3aza/lbHUX ¢hiHaHCoBUX pe3ysibmamis 3 42 % 0o 218 %, peasi3yroyu BUXi0 3 MoYKU 6e336um-
Kosocmi Kopriopayii ma xoiouHau. 3anpornoHosaHe 00C/TiIOXEHHS] Hadae MepekoH/Iusi 0okasu
doyinnbHocmi ma yiHHocmi Mooesieli 3aMKHymoi eKOHOMIKU 8 MemastypeiliHili mpomuc/1080cmi,
wo miompumye cmilike 3pocmaHHsi ma Mo3UumusHi eKosn02idHi pe3ynbmamu. [ocnioXeHHs
Mae Ha Memi 06’'e0Hamu pi3HOMaHImMHUl criekmp iHXeHepHo-MemasypeiliHux ma ynpas/iiH-
CbKUX pilueHb Ha OCHOBI BCEGIYHO20 0271510y /limepamypu, po32/150aryu yHiKaabHI npobaemu
ma BK/IoHaro4U BIONMosioHI memMamuyHi 00C/IIOXEHHSI 8 KOHMEKeM YUK/IYHOT eKOHOMIKU. 3pe-
wmoro, Ys cmammsi NPUHOCUMb Ki/lbKa repesaz 3aBosiku npakmuyHUM i KOPUCHUM 3acmocy-
BaHHAM. Bu3sHaHHs1 npo2asauH y iimepamypi crioHykae 00 nodasibuux A0C/TOXEHb, CrpUsIYU
BCE6IYHOMY PO3YMIHHIO M00a/IbL020 PO3BUMKY UUPKY/ISIPHOI €KOHOMIKU 8 MemastypailiHomy
cekmopi. CmpamegziyHe raHysaHHsI PiBHIB PO3BUMKY UUPKY/ISIPHOI eKOHOMIKU: ye Yimkul
MexaHi3m, skull y3200)ye chiHaHCcoBUl pe3ysibmam i3 NepcrnekmusHUM b6a4eHHSIM PO3BUMKY
MeBHO20 PIBHSI YUPKY/ISIPHOI eKOHOMIKU. Mixaasny3ese crispobimHuymso: peasisayisi KoHyern-
il YUpKyIspHOI eKOHOMIKU CMUMY/IHOE cmpameaiyHe crispobimHuymso memasypaii 3 iHWuMu
cekmopamu HayioHa/1bHOI eKOHOMIKU, CrpsiMoBaHe Ha (hopMyBaHHsI CMasoao NpPoMUC/I08020
cumbiosy. BusisnieHHs1 npobaem Hadae YiHHy iHghopmayito 071 opaaHis Micyeso2o camospsioy-
BaHHs1, 0oroMazae cghopMysamu BeKMOop PO3BUMKY MPOMUC/I08020 CEKMOPY ma MOX/1Usi nep-
crnekmusu mpaHcghopmayii desikux cmapux MPOMUC/IOBUX MIOMPUEMCMB, PE2iOHIB 3i 3HAYHUM
BI0COMKOM MEPBUHHO20 Ma BMOPUHHO20 CEKMOPY EKOHOMIKU.

Kntouosi cnoBa: 3 R + co-P (3MEHWEHHS, nosmopHe BUKOPUCMaHHS, rnepepobka, CyrnymHi
podyKkmu), ekoHoMempuyHa Mooesib, NobiYHI MPodykmu, dekapboHi3ayisi
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Statement of the problem. Metallurgical pro-
duction has a wide range of production processes,
starting with the extraction of metal from all possible
resources and ending with obtaining a finished steel
product [1], using at the same time the main two
types of technologies: based on blast furnace (BF)
and basic oxygen furnace (BOF) and technological
type of electric arc furnace (EAF) steel production.
Each of them generates many different types of by-
products [2]. The multitude of electronic equipment,
cars, and other equipment have a life cycle of fatigue
and ephemerality and are a potential resource of
the metallurgical industry [3]. It can be convincingly
argued that the accumulation of by-products poses
a significant threat to the global sustainable develop-
ment of mankind [4], their possible successful use in
the future will ensure the transition from a simple lin-
ear model to an effective circular economy [5] and
help metallurgical enterprises to obtain positive grow-
ing financial results [6].

Analysis of recent research and publications.
Theoretical and methodological aspects of the applica-
tion of the model with dummy variables for the analysis
of the financial and economic activity of metallurgical
enterprises were used by a significant number of scien-
tists in their works: T. Haixia, W.Hongtu, C.Lin, S Feng
[7], X. Wang, R. Deng, Y. Yang [8], R. Wu, Z. Tan,
B. Lin [9], F. Flues, D. Rubbelke, S. Vogele [10].

The method of regression analysis with dummy
variables is used in the metallurgical sector to: assess
the impact of legal factors on production safety [7];
the spatio-temporal effect of prices on the loading of
production capacities [8]; emission trading schemes
for total carbon dioxide emissions [9]; the influence of

economic factors on the energy efficiency of the met-
allurgical industry [10]. In our study, the dependence
of the financial results of metallurgical enterprises on
the factors of the conceptual model of the circular
economy was formed.

Unfortunately, in the studies of scientists, there are
no attempts to form the dependence of the financial
results of metallurgical enterprises on the factors of
the conceptual model of the circular economy, which
is the task of our research.

Setting the task.The purpose of this study is to
build a systematic approach to assessing the level of
impact of circular economy development on the micro
(improved financial performance) and macro levels
(emergence and growth of the market for related
products and their environmental impact). This study
combines abstract and logical, bibliographic, and
econometric analysis, which makes it possible to for-
mulate reasonable results.

Presentation of the main research material.
Based on the data from international organisations,
centres, barometers, and sustainability reports of global
metallurgical corporations, the levels of implementation
of the circular economy in the activities of metallurgical
corporations are analysed in detail (Table 3).

Based on the patterns of implementation of the
circular economy in the activities of the metallurgical
sector (Table 4), we will code the qualitative variables
into one single active state

Based on the coding and material costs of corpora-
tions [11-16], we will form a specification of the depen-
dence of the financial results of metallurgical enter-
prises on factors (Table 5), which will be the basis for
calculating a functional econometric regression model.

Table 3
The level of implementation of the circular economy in the activities of the metallurgical sector
Metallurgical
corporations reuse recycle co-products
1 2 3 4
Zgrz%ondgggﬁgﬁ?/zgﬁoznogg;isoi)f 100 % domestic steel scrap No processing of related
Metivest start e’ d processing products, sale of slag and dust
Conclusion: Absent Conclusion: complete recycling | Conclusion: Absent
lack of decarbonization and green | 100 % domestic steel scrap Partial processing of slag, sale of
Iterpipe steel production processing other related products
Conclusion: Absent Conclusion: complete recycling | Conclusion: Partial
0 . o :
Erdemir carbon neutrality by 2050 100 % d_omestlc steel scrap Urrave:jllabllclity of procI:es.;,lnlg of
Group Conclusion: Initial stage processing . relate pro ucts, sale ot slag
Conclusion: complete recycling | Conclusion: Partial
carbon neutrality by 2050 100 % recycling of by-products:
reduction of CO2 emissions 100 % recycling of domestic, 0 % steel dust emissions,
Nippon steel | by 15.2 million tons industrial and obsolete steel scrap | fully recycles slag with “RHF”
Conclusion: Stage of Conclusion: complete recycling |equipment
development Conclusion: Full
reduction of CO? emissions by processing of steel scrap up to steel slag for the creation of a
POSCO 30 % by 2030. and 0 % of carbon |500,000 tons (until 2025), invest- | marine forest, for the production
Holdings emissions by 2050 ment in the project 20 billion won | of fertilizer
Conclusion: Initial stage Conclusion: complete recycling | Conclusion: Partial
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Continuation of table 1

1 2 3 4
. PO

?Sd(l;oc ttl)onzggg’% nedmallishli(t)ar\]/(se by 100 % processing of domestic sales of 200,000 tons/year of slag
ArcelorMittal carbon};eutra'lity by 2050 steel scrap (1 million tons/year) of construction industry

Conclusion: Initial stage Conclusion: complete recycling | Conclusion: Partial

100 % processing of domestic,
China reduction of CO? emissions by industrial and obsolete steel Green, waste-free production,
Baowu Steel 35 % by 2030. and achieve scrap (2 million tons/year, total treatment of industrial wastewater
Grou carbon neutrality by 2050 investment in scrap processing 1 thousand tons/day
P Conclusion: Initial stage 68.3 million dollars) Conclusion: Full
Conclusion: complete recycling
reducing the intensity of carbon
. emissions by 50 % by 2030. 100 % processing of domestic . .

Etn;glates 0 % of carbon emissions by 2050 |steel scrap Eiﬁ'g:upsr%cﬁ_sgggigi sale

Conclusion: Stage of Conclusion: complete recycling ’

development

0 . .

reducing the intensity of carbon 100 % recyqll_ng of domesic steel Partial processing of related
Steel o scrap. 12 million tons of recycled
D . emissions by 20 % by 2025 . products

ynamics Conclusion: Initial stage scrap in 2021 Conclusion: Partial
’ Conclusion: complete recycling :

reduce CO2 emissions to 2 tons/1 | 100 % recycling of domestic steel | 100 % recycling of related
Tata Steel |ton of steel by 2025 scrap products

Conclusion: Initial stage Conclusion: complete recycling | Conclusion: Partial

Table 4
Coding of qualitative variables by one single active state
Corporations Decarbonization Stage of Initial Processing of | Complete | Partial
or green steel development stage |related products| rework rework
Metivest Absent 0 0 Absent 0 0
Iterpipe Absent 0 0 Partial 0 1
Erdemir Group Initial stage 0 1 Partial 0 1
Nippon steel de%ttaallgSn?(fent 1 0 Full 1 0
POSCO Holdings Initial stage 0 Partial 0 1
ArcelorMittal Initial stage 0 1 Partial 0 1
China Baowu Steel Group Initial stage 0 1 Full 1 0
Emirates Steel d e%;‘gs n?é nt 1 0 Partial 0 1
Steel Dynamics Initial stage 0 1 Partial 0 1
Tata Steel Initial stage 0 1 Partial 1 0
Table 5

Specification of the functional econometric model of the dependence of financial results
of metallurgical enterprises

Corporations _N_et profit, |Material capacity, thou-| Stage of Initial |[Complete| Partial

billion dollars | sands of dollars / ton | development| stage rework | rework
Metivest -2,193 2,86 0 1 0 0
Iterpipe 0,204 1,06 0 0 0 1
Erdemir Group 0,657 0,578 0 1 0 1
Nippon steel 4,908 1,08 1 0 1 0
POSCO Holdings 0,382 0,381 0 1 0 1
ArcelorMittal 0,261 0,228 0 1 0 1
China Baowu Steel Group 5,293 0,741 0 1 1 0
Emirates Steel 0,138 0,757 1 0 0 1
Steel Dynamics 0,634 0,417 0 1 0 1
Tata Steel 4,944 0,2 0 1 1 0
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As aresult of the calculations, it has been obtained
the following functional econometric model of finan-
cial results of metallurgical enterprises, defining the
following characteristics of the model: parameters,
level of significance of the model, total correlation
coefficient, total determination coefficient.

The obtained F-statistic indicates the statistical sig-
nificance of the model. The low p-value indicates the
statistical significance of the model at the 0.05 level
of significance. The multiple R = 0.9996, close to 1,
indicates a high linear relationship between the inde-
pendent and dependent variables. Approximately
99.93 % of the variation in the dependent variable is

explained by the model, as evidenced by R2. Overall,
the model has a high explanatory power as the R2 is
very close to 1 and the multiple R is also high. The
F-statistic and its p-value confirm the statistical sig-
nificance of the model.

As a result of approbation of the functional econo-
metric model on the example of the Metivest corpo-
ration, the following results were obtained (Table 7,
Fig. 2.):

— implementing measures to reduce material
intensity, the corporation will improve its financial
results from -5.2203 million dollars to -2.9917 billion
dollars, i.e. the growth will be 42 %;

Table 6
Functional econometric model of financial results of metallurgical enterprises
Regression coefficients
y-intersection | material capacity Dec(asrtl;c;r:za:‘tlon Decarbonization By-product By-product
development) (initial stage) rework (full) rework (partial)
-5,2203 0,7792 0,1474 0,7987 9,1621 4,5983
Model evaluation indicators
F Significance of F df Multiple R R?
1201,3993 0,0000019 5 0.9996 0.9993
Table 7

Forecast of the financial result based on the model with dummy variables (Metivest Corporation),
billion hryvnias

The result of Result (partial Result (full
Without the reducing material Result Result rework of rework of
introduction ca acitg without | (decarbonization (decarbonization | byproducts and by-products,
of innovative Ei h_y uality initial stage) stage of decarbonization | decarbonization
changes c o?n g nents 9 development) stage of stage of
P development) development)
-5,2203 -2,9917 -2,19 -2,8443 2,4083 6,1704
N NN 6,1704
B 24083
-2,8443
-2,19 i
-2,9917 .
-5,2203 e
-4 -2 0 2 4 6 8

1 Result (full rework of by-products, decarbonization stage of development)

H Result (partial rework of byproducts and decarbonization stage of development)

Result (decarbonization stage of development)

1 Result (decarbonization initial stage)

1 The result of reducing material capacity without high-quality components

® Without the introduction of innovative changes

Figure 2. Forecast of the financial result based on a model with dummy variables (Metivest Corporation
(million hryvnias)
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— implementing decarbonization processes at
the initial stage and having innovative technologies
to reduce material intensity, the financial results are
forecast to increase from -5.2203 billion dollars to
-2.19 billion dollars, the growth will be 58 %;

— implementing decarbonization processes at the
stage of development and having innovative technol-
ogies to reduce material intensity, the financial results
are forecast to increase from -5.2203 billion dollars
to -2.8443 billion dollars. The lower decarboniza-
tion effect of the development stage is explained by
the significant investment that the corporation must
make in carbon capture from the initial stage to the
development stage, so most multinational compa-
nies avoid innovative projects to reduce the level of
CO2 emissions;

— implementing decarbonization processes at the
development stage, having innovative technologies
to reduce material intensity and partially processing
related products, the corporation will receive a pro-
jected increase in financial results from -5.2203 billion
dollars to 2.4083 billion dollars (146 %);

— implementing decarbonization processes at the
development stage, having innovative technologies
to reduce material intensity and having a closed pro-
duction cycle, the corporation will receive a forecast
increase in financial results from -5.2203 billion dol-
lars to 6.1704 billion dollars (218 %).

Conclusions. Formed functional econometric
model of financial results of circular economy of met-
allurgical enterprises gives a clear representation of
influence of introduction of circular economy levels on
the final financial result of multinational companies. As
a result of approbation of the functional econometric
model on the example of the Metivest corporation, we
received confirmation of the feasibility of implement-
ing the concept of circular economy 3 R + co-P, the
implementation of the processes of decarbonization
and processing of related products in the considered
corporation, the reduction of material consumption will
ensure the growth of financial results almost twice,
from 42 to 208 % and will provide the multinational
company with a way out of the break-even point.
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