EKOHOMIKA MPUPOOKOPUCTYBAHHA TA
O0XOPOHU HABKOJINILHbOIO CEPEAIOBULLA

UDC 338.2
JEL Classification: L61; Q55; Q56; Q58

DECARBONIZATION OF THE STEEL INDUSTRY: THE ROLE OF STATE ECONOMIC POLICY
©2020 GLUSHCHENKO A. M.

UDC 338.2
JEL Classification: L61; Q55; Q56; Q58
Glushchenko A. M.

Decarbonization of the Steel Industry: the Role of State Economic Policy

The aim of the article is to analyze the potential areas of decarbonization of steel production in order to propose government policy measures for reducing CO2
emissions. The study examines the structure of global carbon dioxide emissions, the trends in CO2 emissions from the steel industry, and the environmental
policies of the EU and China. Moreover, economic and technological factors complicating the decarbonization of the steel industry are characterized. The main
sources of carbon dioxide emissions at steel-producing enterprises are considered. Using the example of a European company, the volume of capital invest-
ment for decarbonization of steel production is shown. The key groups of measures that can help solve the problem of CO2 emissions (carbon capture and
storage, carbon capture and utilization, prevention of emissions) are identified. The possibilities and limitations for the application of specific decarbonization
measures including melting steel in electric arc furnaces, replacing coke with charcoal, using hydrogen in a blast furnace and for direct reduction of iron, and
employing electrolysis of iron are analyzed. The carbon intensity of various decarbonization technologies as well as the potential terms for their commercial
implementation are compared. As a result of the study, instruments of economic policy for accelerating the decarbonization of the steel industry are identified.
The advantages and disadvantages of these instruments are analyzed. The conclusion about the impossibility of decarbonization without state participation,
due to the fact that enterprises in the free market do not receive sufficient competitive advantages from investments to considerably reduce CO2 emissions, is
made. The prospects for further research are associated with an in-depth study of the instruments of state policy for decarbonization as well as development

of directions for decarbonization of other sectors of the economy.

Keywords: decarbonization, carbon capture and utilization, direct reduction of iron ore, instruments of state financing.

DOI: https://doi.org/10.32983/2222-0712-2020-1-340-347
Fig.: 4. Tabl.: 1. Bibl.: 19.

Glushchenko Andrii M. - Candidate of Sciences (Economics), Analyst, GMK Center, LLC (office 10a, 42-44 Shovkovychna Str., Kyiv, 01004, Ukraine)

E-mail: statproff@gmail.com
ORCID: http.//orcid.org/0000-0002-1897-4837

Y/IIK 338.2
JEL Classification: L61; Q55; Q56; Q58
Inywerko A. M. lexapboHizayia memanypeii: posb eKoHOMiYHOi
nonimuku depxasu

Mema cmammi nonseae 8 aHanisi nomenyiliHux Hanpamie dexapboHizayii
MemanypeiliHo2o 8upobHUYMBA, Wob 3anpornoHysamu 3axo0u 0epxagHoi
noAimuKu, Ak cripustomb 3HuxeHHIo sukudie CO,. Y x00i docnidmeHHs eu-
84eHO CMpPyKmypy 2n106a16HUX BUKUOIB 8y2/1EKUCN020 203y, OUHAMIKY 8U-
kudis CO, memanypaieto, ocobausocmi ekonoziyHoi noaimuku €C i Kumato.
TaKoX O0XaPAKMepu308aHO EKOHOMIYHI MQ MEXHOM0RIYHI YUHHUKU, AKi
ycknadHwoome OekapboHizayito memanypeii. Po32nsiHymo ocHogHI xcepena
8UKUDI8 8y2/1eKUC020 203y HA MemanypeiliHux nidnpuemcmeax. Ha npukna-
0i esponelicbKoi KomnaHii nokasaxuli obcse kanimansHUX iHeecmuyili 0na
OekapboHizayii supobHUYmMea cmani. BuseneHo 0cHogHI epynu 3axodis, Wo
30amni eupiwumu npobsemy gukudie CO, (y106106GHHA MA 30XOPOHEHHS
C0,, ynoentogarHa ma sukopucmanHa CO,, 3anobiears eukudam). lpo-
OHANI308aHO MOXIUBOCMI Ui 0OMEEHHA 0718 BUKOPUCMAHHA KOHKPEeMHUX
3ax00i8 OekapboHi3ayji, 8KMKYAKOYU BUNAGBKY CMani 8 enekmpody208uxX
r1eyax, 3amiHy KOKCy 0epesHUM 8Y2innam, BUKOPUCMAHHA 800HIO 8 0OMeHHIl
neyi ma 0718 NPAMO20 8iOHOB/EHHA 301130, enekmponi3 3ai3a. posedeHo
MOpiBHAHHA iHMeHcUsHOCMI 8yaneyesux BuKudig 044 Pi3HUX MexHonoaill
OekapboHi3ayii, a makox nomeruiliHux mepmiHie ix KomepyiliHo2o 8nposa-
OxceHHs. Y pesynsmami 0ocnioxeHHs 8udineHo iHcmpyMeHmU eKoHOMIYHOT
nonimuKu 049 npuckopeHHs dekapboHizayii memanypeii. MPoaHaAN308aHO
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noAumuku 2ocydapcmea

Lens cmambu 3aKak04aemcs 8 GHAAU3€ NOMEHYUAIbHbIX Hanpasnerul de-
KapboHU3ayuU Memasnsaypauvecko2o npou3soocmesa, Ymobbl MpeonoHume
Mepbl 20cydapcmeeHHOL MoAUMUKU, Crocobcmayroujue CHUMEHUI 8bI6PO-
coe CO,. B xode uccredosaHus usy4eHsl cmpykmypa 2a06anbHbIX 616p0-
coe yanekucso020 2a3a, duHamuka ebibpocos CO, memannypauel, ocobeH-
Hocmu 3Konozuveckoli noaumuku EC u Kumas. Takxe oxapakmepu308aHsi
IKOHOMUYECKUe U mexHOo02uYecKue hakmopesl, 0CA0MHAWUe dekapbo-
HU3GYUI0 Memannypauu. PaccmompeHbl 0CHOBHbIE UCMOYHUKU 8b16p0C0O8
yeneKucaoeo 203a Ha Memannaypaudeckux npednpusmusx. Ha npumepe
esponelickoli KOMNAHUU MOKA3aH 0b6bem KanumanbHeIX uHeecmuyuli 09
OexkapboHu3ayuu npou3soocmea cmasnu. BbiAeneHbl OCHOBHbIE 2pynmbl
mep, Komopbie cnocobHbl pewums npobaemy svibpocos CO, (ynasausanue
u 3axoporenue CO,, ynaenusanue u ucronvzogarue CO, npedomepaye-
Hue 8b16p0cos). [POaHANU3UPOBAHLI BO3MOHHOCMU U 02PAHUYeHUs 014
UCMOMb308AHUA KOHKPEMHbIX Mep OeKapbOHU3AUUU, BKAKYAA BbINAABKY
cmanu 8 31ekmpody208bix Meyax, 3ameHy KOKCa OpesecHbim yesnem, uc-
n0nb308aHuUe 8000p00a 8 domeHHOU neyu U 015 NPAMO20 80CCMAHOB/EHUS
Hene3a, anekmponu3 enesa. lposedeHo cpasHeHue yenepodoemkocmu
DA3AUYHbIX MexHOM02ull OeKapboHU3aYUL, @ MAKHEe MOMEHYUAAbHbIX CPO-
K08 UX KoMMepyecko20 8HedpeHus. B pesynemame uccnedosaHus evidese-
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nepesazu ma HedosiKu Yux iHcmpymeHmie. 3pobaeHo BUCHOBOK Mpo He-
Moxcausicme dekapboHizayii 6e3 yuacmi 0epxasu, OCKiNbKU HA BinbHOMY
PUHKY nidnpuemcmea He ompumytome 00CMAMHIX KOHKYPEHMHUX nepesae
8i0 iHeecmuuill 8 3Ha4He 3HuMeHHA suxudie CO,. Mepcriekmusu nodanswux
0ocnideHs M06’a3aHiI 3 N02AUbAEHUM BUBYEHHAM iHCMPyMeHMie Oepas-
Hoi nosimuku dexkapboHi3auii, a Maxkox po3pobKoko Hanpamie dekapboHi3a-
Ui iHWuUX cekmopig eKOHOMIKU.

Kniouosi cnoea: dekap6oHisayis, ynosmosaHHa ma eukopucmarksa CO,,
npame 8i0H08/IeHHSA 30/1i3, IHCMPYMeHMU 0epXagHO20 (iHAHCYBAHHS.
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Hbl UHCMPYMEHMbI 3KOHOMUYeCKOU NoaumuKu 079 ycKopeHus 0eKapboHu-
3a4uu Memasnsaypauu. [poaHaU3UPoBAHsI Mpeumylecmaa U Hedocmamku
3Imux uHcmpymeHmos. COesaH 861800 0 He803MOXHOCMU OeKapbOHU3aAyUU
be3 yyacmus 20cy0apcmea, MOCKOAbKY HA cB0OOOHOM pbIHKe npednpusmus
He noay4arm 0ocmamoYHbIX KOHKYPeHMHbIX Mpeumyecms om uHeecmu-
yuli 8 3HaYUMenbHoe cHuXeHue ebibpocos CO2. Mepcnekmugsl OanbHel-
WUX UccnedoBaHull C6A3aHYI C yenybneHHbIM U3yyeHuem UHCMpymMeHmos
20cydapcmeeHHol noaumuKku 0ekapboHU3ayUU, a Mak#e paspabomkol
HanpagneHuli 0ekapboHU3ayuu 0py2ux CeKmopos IKOHOMUKU.

Knrouesble cnosa: dexapborusayus, ynaenugarue u ucnosbsosanue CO,,
NpAMOe 80CCMAHOB/EHUE Hene3a, UHCMPYMeHMbl 20cyOapCmMeeHH020 (u-
HQHCUPOBAHUS.
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Introduction. For a long period of time (from the in-
dustrial revolution of the 18th century in England to the begin-
ning of the 1990s), the main attention of government bodies
was paid to the economic growth, primarily due to industrial
manufacturing, while negative side effects (in the form of en-
vironmental problems) remained in the background. With the
increasing saturation of markets with industrial products and
satisfaction of basic consumer needs, the situation began to
change.

In the 1970-1980s, the concept of sustainable develop-
ment appeared. It was focused on ensuring a balance between
economic growth, improvement of social welfare and preser-
vation of the environment. In the 1980s, environmental taxes
appeared in the Scandinavian countries. Later, these taxes were
adopted by other countries in order to counter environmental
pollution.

In 1992, the United Nations Framework Convention on
Climate Change was embraced: its participants agreed to take
measures to reduce greenhouse gas emissions into the atmo-
sphere. In 1997, the Kyoto Protocol was signed. This document
defines specific quantitative obligations of countries to reduce
greenhouse gas emissions. In 2015, the Paris Agreement was
signed. The purpose of Paris Agreement is to restrain the
growth of the average temperature on the planet within 2 °C
compared to the pre-industrial era, and ideally reduce the
growth to 1.5 °C. Nowadays, the fight against climate change
has become the main issue in the environmental agenda. The
need for decarbonization of industry is no longer in doubt —
the question remains how to achieve it.

Analysis of recent publications. In Ukrainian scientific
literature, decarbonization of the economy is not a popular re-
search topic. The Ukrainian economy has important problems
that impede its entire development, which is why less attention
is paid to environmental issues. Therefore, research on decar-
bonization is mainly carried out by foreign scientists.

In scientific publications decarbonization is mainly as-
sociated with the electric power industry, which is not sur-
prising since the electric power industry is the main source of

carbon dioxide emissions. Studies of R. Leal-Arcas, V. Nalule,
L. Li, A. Taeihagh, S. I. Melnikova, and others [1-4] analyze the
decarbonization experience of the electric power industry in
different countries (Malta, Romania, China, the EU). There are
also papers considering the decarbonization of other economic
sectors: industry in general (R. Duff, M. Lenox [5]) and the steel
industry, in particular (L. Hermwille [6]).

The articles published by D. Newbery, J. Meckling,
F. Landis, S. Daniele, and others [7-10] are mainly focused on
the effectiveness of various instruments of economic policy in
the field of decarbonization. Forecasting CO, emissions was
made by R. B. Jackson with the co-authors [11].

As follows from the review of the literary sources, the
scientific discussion still does not pay enough attention to the
decarbonization of other economic sectors (outside the electric
power industry), in particular, the steel industry. In addition,
considering economic policy instruments, studies focus mainly
on restrictive measures (taxes, emission limits) while the range
of possible instruments is wider.

Therefore, the purpose of this article is to analyze the
potential decarbonization areas for the steel industry in order
to propose government policy measures to reduce the CO,
emissions.

Research findings. In 2017 the global carbon dioxide
emissions amounted to 40 billion tons. The electric power in-
dustry was in the first place in terms of the emissions (34 % of
the emissions). The buildings sector was in the second place
(24 % of the emissions). Transport was in the third place (20 %
of the emissions). The steel industry accounted for only 5 % of
the global CO, emissions (Fig. 1).

From 2015 to 2017 CO, emissions in the steel indus-
try fell by 4.8 %, while the global steel production increased by
4.3 % over this period [12, 13]. Thus, increasing the production
volumes, the steel industry is gradually improving production
processes and striving to reduce CO, emissions. First of all, this
is stimulated by government bodies, which are responsible for
the implementation of environmental policies and internation-
al agreements to combat climate change.
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24%

KX Building sector /74 Transport [E= Other industry
[] Steelindustry

Chemical and petrochemical industry

Fig. 1. Sectoral structure of global CO2 emissions in 2017

Source: developed by the author based on [12]

The EU launched the Emissions Trading System (ETS),
which sets a limit on greenhouse gas emissions for enterprises.
If this limit is exceeded, enterprises are obliged to purchase the
missing volumes of quotas in the open market. Free emission
limits are decreasing every year, and the price for CO, emis-
sion allowances is increasing, prompting enterprises to actively
reduce emissions.

In 2016-2018, the Chinese government pursued a policy
for reducing excessive production capacities in the steel indus-
try. First of all, obsolete production facilities were closed. In
total, steel production volume was reduced by150 million tons
annually.

In addition, in the autumn-winter period, Chinese au-
thorities impose restrictions on the activities of steel enterpris-
es in order to limit the pollution level.

The volume of restrictions depends on the level of emis-
sions (the lower the level of emissions is, the less production
restrictions are). So, it is beneficial for steel plants to carry out
environmental modernization since due to it they will be able
to continue their activities and not lose profits in the autumn-
winter period.

The decarbonization of the steel industry in general
goes slow since the following reasons inhibit this process
[6; 14]:

a) CO, emissions occur at different production stages
(sinter plant, coke plant, blast furnace (BF), basic
oxygen furnace (BOF) etc.).

At each of the listed stages (Fig. 2), specific efforts are
needed to reduce emissions. The source of emissions is also
the raw materials used (iron ore, coking coal). At the integrat-
ed steel plant, pig iron production is responsible for 70-80 %
of CO, emissions, of which 24 % are associated with the coke
use [5].

Carbon contained in coke releases oxygen from iron
ore and reduces iron. Thus, the presence of carbon is a neces-

sary condition for the production process. In addition, carbon
is an essential component of steel (up to 1 % in high-carbon
grades).

b) steel production requires heating to a high tem-
perature. According to McKinsey’s estimates,
45 % of CO2 emissions at a steel plant are associ-
ated with high-temperature heating (over 500 °C)
[14]. Few alternative technologies may be suitable
for this purpose. In addition, these technologies
are at the initial development level (biomethane,
hydrogen).

c) the various stages of steel production are deeply inte-
grated with each other. A change at one stage entails
the need for changes at other stages. Therefore, to
reduce CO2 emissions, the entire production chain
needs to be changed.

d) the introduction of new technologies at existing steel
plants requires high capital investments. According
to Voestalpine, under the current conditions, the de-
carbonization of steel production (annual capacity —
7.5 million tons of steel) will require:

* 7 billion euros for the introduction of a break-
through technology (direct reduction of iron with
hydrogen);

* 3 billion euros for the electrolysis unit, which will
produce hydrogen from water;

* 20 billion euros for the renewable electricity
generation by wind farms. This electricity will be
used in the hydrogen electrolysis [16].

e) the use of low-carbon technologies leads to an increase
in production costs. Countries that impose low CO2
requirements actually reduce the competitiveness of
domestic producers.

There are several parallel decarbonization directions in

the steel industry (Fig. 3).
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Integrated steelmaking (BF+BOF) route: 1,9t CO2

Coke plant:
0,3tCO2
BF:
1,3tCO2
Pellet / sinter plant:
0,2t CO>

Lime production:

BOF: Continuous steel
> <0,1tCO; »| casting and hot
rolling:
<0,1tCO2

v

<0,1tCO2
Electric arc furnace (EAF) route: 0,4 t CO2
EAF: .| Continuous steel casting and hot rolling:
0,3tCO; ! <0,1tCO;

Fig. 2. CO, emissions at the stages of steel production, tons of CO, per ton of steel

Source: [15)
Decarbonization directions for the steel production
! ! !
Carbon capture Carbon capture Carbon direct
and storage (CCS) and utilization (CCU) avoidance
CO, in the internal production > Steel production in EAFs

processes of the steel plant

(EOR)

CO, for enhanced oil recovery

v

Replacing coke by charcoal

N Use of hydrogen instead

>| CO, as raw material for chemicals

of pulverized coal fuel

Hydrogen-based direct

Other uses CO,

reduction of iron

— Iron electrolysis

Fig. 3. Decarbonization directions for the steel production

Source: developed by the author based on [6; 14; 15; 17]

Carbon capture and storage (CCS) involves separation
of carbon dioxide from emission sources and subsequent per-
manent isolation from the atmosphere (usually in the under-
ground storage).

Carbon capture and utilization (CCU) is a similar pro-
cess, which differs in one feature — CO, is not just stored in
special storage facilities but is used in other production pro-
cesses. This is the advantage of such technologies — CO, gen-
erates revenue, increasing the economic feasibility of its cap-
ture. The most interesting opportunities for carbon utilization
include:

a) the CO, conversion into synthesis gas, which is fed
into the blast furnace instead of coke and pulverized
coal fuel (IGAR project implemented by ArcelorMit-
tal);

b) CO, injection into oil wells to increase their debit (en-
hanced oil recovery);

¢) production of methanol, polymers, ammonia, higher
alcohols (Carbon2Chem project implemented by
Thysenkrupp);

d) bioethanol production (Steelanol project implement-
ed by ArcelorMittal);
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e) naphtha production (Everest project implemented by
Tata Steel).

Currently, the application of CCU/CCS technologies in
the steel industry is complicated because of several emission
sources, which makes it difficult to capture more than 60 % of
CO, [15].

A possible solution to the problem is the transition to
smelting reduction. It allows pig iron to be smelted in one pro-
duction unit, into which coal (not necessarily coking) and iron
ore are loaded.

Accordingly, the sinter plant, the coke plant, the blast
furnace are excluded from the production process, and CO,
emissions are concentrated in one place.

An alternative is to increase the use of blast furnace
gases in steel production and to capture the remaining CO,
emissions.

Steel production in EAFs is the most advanced technol-
ogy to prevent CO, emissions. Scrap is used as the main raw
material. The spread of this technology is restrained by such
factors as the scrap availability, the degree of scrap contami-
nation with various impurities, especially copper (worsen the
quality of produced steel), the need to supply large electricity
volumes for the electric arc furnaces. In addition, the transition
to renewable energy sources is also necessary for a successful
decarbonization of EAFs. This step will eliminate CO, emis-
sions associated with electricity generation.

Replacing coke by charcoal can be used only in mini-
blast furnaces. The use of charcoal instead of coke can reduce
CO, emissions by 3258 % [18]. This approach is practiced by
Brazilian enterprises that grow eucalyptus on special planta-
tions and then produce charcoal from it. New seedlings are im-
mediately planted in place of felled trees. Eucalyptus resources
are renewed every 67 years.

For many countries (including Ukraine), replacing coke
with charcoal is not suitable for the following reasons: firstly,
the lack of appropriate forest resources; secondly, the large size
of existing blast furnaces; thirdly, the transition to small blast
furnaces will lead to increased energy costs and losses of com-
petitiveness by domestic producers.

The use of hydrogen instead of pulverized coal fuel for a
blast furnace is possible since hydrogen, like carbon, is able to
reduce iron from iron ore. The advantage of hydrogen is that
when it is used, water vapor is released instead of CO,. Cur-
rently the use of hydrogen in a blast furnace is being investi-
gated at the ThyssenKrupp plant in Germany.

Direct reduction of iron ore is a manufacturing process
that provides alternative raw materials for electric arc furnaces:
DRI-pellets (DRI - Direct Reduced Iron) and hot briquetted
iron (HBI). For these products rich iron ore (with iron content
of at least 70 %) is used. Such ore is reduced at high tempera-
tures to iron content of 90 % or more. Natural gas is used as
a traditional reducing agent.

Direct reduction of iron ore followed by steel production
in EAF emits 40 % less CO2 compared to the BE-BOF route
(Fig. 4). However, in the EU, as in Ukraine, direct reduction of
iron ore is not common due to the lack of cheap natural gas.
The production of DRI and HBI is concentrated mainly in the
Middle East, North Africa and Latin America. The main idea
for reducing emissions is to replace natural gas with hydrogen.

The possibility of using hydrogen to reduce iron ore does not
raise questions — in a conventional DRI production process,
which is based on natural gas, hydrogen reduces up to 50 % of
iron ore, the rest is reduced by carbon.

However, the transition to hydrogen for the decarboniza-
tion purpose raises a number of challenges. Firstly, hydrogen
should be produced without CO, emissions. This can be achieved
either by capturing carbon dioxide (in the production of hydro-
gen from natural gas) or using alternative sources of electricity
(in the production of hydrogen by water electrolysis).

Secondly, there is a need to create hydrogen storage fa-
cilities.

Thirdly, to reduce CO, emissions throughout the whole
production chain, alternative energy sources are needed for
sintering / pelletizing iron ore as well as for the EAFs and fur-
naces that heat billets before rolling.

The iron electrolysis begins from iron ore dissolution in
an electrolyte (molten oxide or a mixture of oxides, e. g, calcium
oxide, aluminum oxide, magnesium oxide) at about 1600 °C.

Then an electric current is passed through this solution.
As a result, reduced iron is collected on the cathode, and oxy-
gen is on the anode. This method is at the stage of laboratory
research. Siderwin is the most famous iron electrolysis project,
which is implemented by ArcelorMittal.

Among the methods that prevent CO2 emissions, the
most promising are electric arc steelmaking and hydrogen-
based direct reduction of iron ore. These breakthrough tech-
nologies can reduce CO2 emissions to almost zero (Fig. 4).

At the same time, considering potential implementation
speed, the most likely candidates to be applied in the steel in-
dustry are CCS/CCU technologies (Tbl. 1).

An active state policy can accelerate the decarbonization
of the steel industry. Such policy should include the following
measures:

*  Development and implementation of long-term plans

for decarbonization.

Such plan should coordinate the actions of various eco-
nomic sectors, in particular, steel industry and electric power
industry (the development of alternative electric power indus-
try is a necessary condition for decarbonization of steel pro-
duction). The plan should also include steps to develop an ap-
propriate infrastructure for the transportation and storage of
hydrogen, CO,, etc.

On the one hand, an indicative decarbonization plan will
help companies improve their business planning. On the other
hand, this plan should involve specific actions of the state in-
stitutions.

* Reduction of import tariffs on equipment needed for

decarbonization.

This measure reduces capital expenses and encourages
enterprises to invest in the decarbonization projects. The state
refuses part of the potential tax revenues in exchange for the
implementation of environmental projects.

* Limiting exports of raw materials used in low-carbon

technologies.

It allows fully meeting the needs of domestic manufac-
turers in materials necessary for decarbonization as well as pre-
venting a surge in prices.
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Fig. 4. Carbon intensity of different steelmaking technologies, CO2 emissions per ton of steel

* — depends on the technologies used
Source: [15]
Table 1

Prospects for the commercialization of decarbonization
technologies

Potential
Technology implementation
period

Blast furnace with carbon capture 5-10 years
Carbon capture and utilization 510 vears
in BF-BOF route y
Conventional DRI production (existing
DRI technology + CCU) >-10years
DRI production based on green
hydrogen (produced from water with 10-20 years
help of clean electricity)
DRI production based on hydrogen
received from natural gas (with CCS) 10-20years
Iron electrolysis 20-30 years

Source: developed by the author based on [19]

* Increase in carbon dioxide emission charges

(implemented in the mechanism of the EU Emissions
Trading System).

Logically, the increase in costs associated with CO2
emissions strengthens the interest of enterprises in carrying
out environmental modernization. Accordingly, enterprises
must reduce their CO2 emissions to avoid ever-increasing
emissions costs.

However, in practice there arise problems:

1) increase in emission charges may not be in line with

the technological capabilities of decarbonization;

2) the problem of finding sources for financing

environmental activities is not being resolved;

3) an increase in the charge for CO, emissions should

be implemented synchronously in all countries.

Otherwise, manufacturers from countries where CO,
charges are low or absent will receive competitive
advantages. Accordingly, there will be stimuli to
transfer polluting industries to countries with low
environmental standards and global emissions will
not be reduced.

* Import restrictions for products manufactured with

high CO, emissions.

It can be implemented in the EU in the form of carbon
border adjustment (carbon border tax) — a special tax tied to
the difference in CO, emissions from steel production in dif-
ferent countries and the difference in costs related to payments
for CO, emissions.

It is a response to gaining competitive advantages by pro-
ducers from countries where CO2 charges are low or absent.

*  Development of product standards that allow only low

CO, emissions.

It can be used in combination with other measures. Its
isolated use will lead to an increase in the production costs and
the crowding out of environmentally friendly products since
manufacturers from countries with low environmental stan-
dards will gain competitive advantages.

 Simplification of patent procedures for decarbo-

nization technologies.

Itis a regulatory measure aimed at reducing the patenting
costs for relevant technologies and accelerating their launch.

State funding for decarbonization projects.

Currently, many decarbonization technologies are at an
initial level of development. The state is involved in financing
their development, especially for scaling them from laboratory
research to commercial use opportunities.

Government financing tools are grants, loans, loan guar-
antees, interest rate compensation.

Furthermore, enterprises can be provided with tax in-
centives in case of implementation of decarbonization proj-
ects.
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Measures in the employment field.

They are necessary for providing new production pro-
cesses with qualified staff and finding jobs for employees dis-
missed during the “green transition”.

Conclusions. Decarbonization of the steel industry is
a complex process that will change this sector in general. To
successfully reduce CO, emissions, several conditions must be
met including the availability of appropriate decarbonization
technologies (ready for commercial use), the ability of enter-
prises to implement these technologies (including the ability
to attract external financing for decarbonization projects),
and protecting the domestic market from import inflows of
products that are produced with large CO, emissions. Each
of these conditions implies a specific economic policy of the
state. Without state participation, decarbonization is impos-
sible since for enterprises investments in reducing CO, emis-
sions are additional costs that do not allow increasing com-
petitiveness compared to other enterprises that do not bear
such costs.

The task of state authorities is to make decarbonization
mandatory for everyone (both for domestic producers and im-
porters). Only in this case decarbonization will lead to a real
reduction of harm to the environment. To achieve this result,
it is necessary to continue research on separate instruments of
the state decarbonization policy and directions for decarbon-
ization of other economic sectors.
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