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Memoro pobomu € Haykose 0brpyHmyeaHHs1 HarnpsiMKie 800CKOHAIIEHHS €K0/102iYHOI KOMIMOHEeHMU cmasoego po38UMKY
nidnpuemcme MemarypeiliHo2o KOMMIEKCY WIISIXOM 8rposadkeHHs1 Halkpauwjux docmynHux mexHoroeit. Memoduka.
TeopemuyHoto | MemoOUYHOK OCHOBO0H OOCITIOKEHHSI € 8iMYU3HSHI ma 3apybixHi rnybnikayii 3 numaHb cmasnozo pos-
8UMKY, HOpMamueHi ma pekomeHOauiliHi O0KyMeHmu, pe3yribmamu eKosoeidHUx ayoumis, wjo nposodusnuck asmopa-
Mu pobomu Ha eim4u3sHsHUX nidrnpuemcmesax. Y pobomi 3acmocosaHi HacmyrnHi Memodu OocniOXeHb: aHari3, CUHME3,
Knacucgbikauisi, rnopieHsIHHSA, y3a2arbHEeHHSI.

Pe3ynbmamu. B pobomi ymo4YHeHO 3micm eKoroei4Ho20 acrekmy rnoHAmms «cmarsnut po38umoK MpoMUCI08020 io-
npuemcmeay. BusieneHo ma cucmemamu3ogaHo hakmopu, Wo 6rnusampe Ha eKO02iYHi MoKasHUKU cmaroeo pos-
8umKy mMemarypeiliHo2o Komriekcy YkpaiHu. Oxapakmepu3oeaHO eKOso2idHi rnpiopumemu 8 po38UMKY 8iMyuU3HSIHUX
npomucnosux nidnpuemems. ObrpyHmMoeaHo OOuiNibHICMb 3acmocys8aHHsl Haukpauwux ocmynHUX mexHosnoeail Ha rnid-
npuemcmeax memarsiypaitiHo2o KOMIIeKcy Onsi 3HUXEHHS €Hep20CrOXUBaHHS | 3MEHWEHHST 3abpyOHEeHHS] HasKouULI-
HbO20 cepedosuwya. [NpedcmasnieHO nocunaHHs Ha HopMamueHi OOKyMeHmu YKpaiHu, wo micmsame saumoau w000 8u-
KopucmaHHs Halkpauwux 0ocmyrnHUX mexHosioail y eupobHuumei.

HadaHo aHaniz pe3ynbmamis, o0epxxaHux asmopamu rpu rnpoeeoeHi eKooeidyHux ayoumis, a makox HasedeHux Ha
calimax sedy4ux eimyu3HsiHUXx 3aeodie ma nidnpuemcms, y cehepi 3acmocysaHHs1 HaliKpawux AoCmyrnHUX mexHosnoaid.
lNpakmuyHa 3Ha4Yumicmb. 3anpornoHosaHo pekomeHdauii wod0 800CKOHaIEHHS eKOI02iYHOI KOMIMOHEHMU Cmanozo
po38umKy nidrpuemMcms MemarnypeiliHoeo Komrnekcy. BukoHaHHs yux pekomeHOauili miosuwyume KOHKYPeHmMocnpo-
MOXHicmb nidnpuemcma i do38onume npodyKyii, w0 supobrieHa 6imyu3HsIHOK MemarslypeiliHoK fpomucsiosicmio, 8io-
rnogidamu sumozam €8porelicbko2o ma C8irmoeo2o PUHKIe.

Knroyoei crnoea: cmanuti po3sumok, MmemarnypeiliHi nidnpuemcmea, ekornoeidHi acnekmu, Halkpauwi docmyrHi mexHo-
noeii

The objective and tasks of research of environmental aspects of sustained development of metallurgical enterprises
were defined. Method. The objective of research is a scientific substantiation of directions of the improvement of the
ecological component of sustained development of metallurgical enterprises based on the implementation of the best
available technologies.

Domestic and foreign publications in the matters of sustained development, regulatory and recommendation documents,
the results of environmental audits form the theoretical and methodological basis of the research. The following methods
of the research are applied in the paper: analysis, synthesis, classification, comparison and generalization.

Results. Content of environmental aspect of the notion "sustained development of industrial enterprise" is specified.
The factors influencing on the environmental aspects of sustained development of metallurgical enterprises are identi-
fied and classified. Environmental priorities in the development of domestic industrial enterprises are characterized.
Reasonability of application of the best available technologies at the metallurgical enterprises for the purpose of energy
usage reduction and reduction in environmental pollution is substantiated. References to regulatory documents of
Ukraine including requirements to application of the best available technologies in production are provided.

The analysis of results obtained by the authors during conduct of environmental audits as well as presented on the
websites of leading domestic plants and enterprises in the context of application of the best available technologies is
provided. Practical significance. Recommendations on the improvement of the ecological component of sustained de-
velopment of metallurgical enterprises are offered. Fulfillment of these recommendations would improve the competitive
capacity of enterprises and would enable the compliance of products manufactured by metallurgical industry with the
requirements of European and global market.
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Introduction.

In the modern development of production, there is
a need to overcome the contradiction between the
level of technological process and environmental
safety. Triple Bottom Line Model was proposed by
Elkington (1997) as a means towards sustainable de-
velopment that underpins most of the discourse and
policy-making in fields such as economic develop-
ment, environmental protection and sustainable so-
ciety [1-2]. Sustainable manufacturing development

involves broadening the traditional economic outlook
to include environmental and social considerations.
Analysis of literature data and problem statement.
Analysis of the matter of sustained development of
industrial enterprises [3-6] made it clear that the re-
searchers of these science topics in most cases con-
sider the economic and financial aspects of this no-
tion. So, for example, the paper [5] offers the ways of
provision of sustained development of territories after
dissolution of mining and extraction enterprises and
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during rehabilitation of territories; the strategy of man-
agement of enterprises based on “diversification of
economic activity” was proposed. However, the au-
thors neglected the environmental aspects of operat-
ing enterprise enabling to increase its competitive
ability and “stability in the global market”.

The paper [6] covers the matters of sustained de-
velopment of industrial enterprises under the condi-
tions of lack of energy resources; it focuses on the in-
novative solutions in the context of energy security of
mining and extraction and processing companies.
However, the matters of environmental safety in the
context of sustained development of the enterprise
were not considered.

The “Sustainability Reporting Guidelines” [4] and
the series of academic papers [3, 7, 8] point out that
the sustained development of the enterprise consists
in the provision of high indicators of social, economic
and environmental development of the region for a
long time. So, the sustained development of regions
and countries consisting in the improvement of the in-
dicators of economic, social and environmental per-
formance, and, consequently, the improvement of
quality of life of the citizens is impossible without sus-
tained development of enterprises.

Ecological component of sustained development
of the enterprise is related to the influence of the en-
terprise on the natural systems, soils, atmosphere,
hydrosphere, fauna and flora. The document [4, page
30] points out that the “environmental indicators re-
flect the results of activity related to input (for exam-
ple, raw materials, energy, water) and output (for ex-
ample, emissions, waste waters, waste) flows. More-
over, they reflect the results of the activity related to
biodiversity and compliance with regulatory require-
ments, as well as other significant information, for ex-
ample, expenditures related to the environment (in-
vestments), as well as impact of products and ser-
vices of the organization" on the environment.

Since 2004 the range of socially responsible iron
and steel companies report the indicators of their sus-
tained development to the global community. In 2018,
97 steel-casting entities provided their data for the
year 2017 [9]. These indicators reflect the key as-
pects of economic, environmental and social obliga-
tions stated in the policy of sustained development of
enterprises and meet the purposes of sustained de-
velopment of United Nations Organization. For exam-
ple, environmental indicators: emissions greenhouse
gases (tCO,/t of steel), energy capacity (GJ/t of
steel), efficiency of utilization of raw materials and
materials (% of materials converted into final product
and by-products), environment management system
(% of employees certified according to the interna-
tional standard ISO 14001 or EMAS); social factors:
lost time injury frequency (number of injuries per mil-
lion exposure hours), personnel training (days of
training of one employee per year); economic indica-
tors: investments into new processes and products
(% from annual income), distributional economic val-
ue (% from annual income). It should be pointed out
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that all listed environmental indicators are based on
the implementation of the best available technologies.

Objective and problems of the research.

The objective of research is a scientific substantia-
tion of directions of the improvement of the ecological
component of sustained development of metallurgical
enterprises based on the implementation of the best
available technologies.

The following problems were formulated in the
course of research:

to specify content of the notion “sustained devel-
opment of industrial enterprise” in respect of the envi-
ronmental aspect;

to identify and to classify the factors influencing on
the ecological component of sustained development
of metallurgical enterprises of Ukraine in the current
context;

to offer directions of the improvement of the envi-
ronmental aspect of the strategy of sustained devel-
opment of industrial enterprises.

Materials and methods of research.

Domestic and foreign publications in the matters of
sustained development, regulatory and recommenda-
tion documents form the theoretical and methodologi-
cal basis of the research. The following methods of
the research are applied in the paper: analysis, syn-
thesis, classification, comparison and generalization.

Results of researches of environmental aspects of
sustained development of metallurgical enterprises.

The experience of European countries has proven
that in the environmental terms the sustained devel-
opment of metallurgical enterprises is possible due to
implementation of series of organizational and tech-
nical solutions, for example:

1. Switch from old methods (technologies) of pro-
duction to new ones which make it possible:

to reduce the industrial influence on the environ-
ment (for example, from open-hearth steelmaking to
oxygenous-converter or electric smelting);

to produce high-quality products;

to expand sales markets due to increase in the in-
dicators of quality of products and green production.

2. Modernization of the basic equipment for the
purpose of provision of the efficient operation of the
enterprise and environmental impact reduction.

3. Switch to “clean” technologies and installation of
high-efficient cleaning equipment.

4. Creation of closed water rotation cycles.

5. Strict control over raw materials. Usage of high-
quality raw materials complying with technical and
environmental requirements enables to upgrade the
quality of products and to improve the environmental
indicators of engineering processes at the same time.

6. Energy- and resource-saving measures.

7. Maximal involvement of secondary material and
energy resources transforming into own engineering
processes in the course of production.

8. Advanced training of human resources of the
enterprises.

9. Implementation of system of environmental and
energy management.
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10. Active investments into environmental protec-
tion measures and equipment.

11. Creation of modern large industrial complexes
with cyclical turnaround on the basis of preexistent
enterprises with a limited number of process stages.

Six approaches (1-4, 6, 7) from the presented list
should be classified as "the best available technolo-
gies" (BAT). Analysis of scientific publications [8, 10]
also has proven that provision of one of the factors of
sustained development of industrial enterprises —
competitive ability — requires primarily the moderniza-

e oriented to the achievement of
high level of environment
protection, minimization of
emissions, waste waters, energy-
and resource-saving

 are available, cost-efficient.
implemented at one or more
enterprises

® engineering processes, ways,
methods, equipment
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tion of basic funds and implementation of advanced
technologies.

The term of the best available technologies is ex-
plained in the EU directive [11] (fig. 1) specifying that
EU member states should apply the best available
technologies for the purpose of integrated environ-
ment pollution prevention and control in the variety of
industrial sectors, in particular: energy, metal fabrica-
tion and working; mining and extraction; chemical;
waste utilization; other kinds of production activity.

THE BEST ]

AVAILABLE

TECHNOLOGIES

Fig. 1 The best available technologies

“The plan of measures on adherence to Associa-
tion agreement between Ukraine, on the one part,
and the European Union, European Atomic Energy
Community and their member states, on the other
part” [12] was approved by the Order of the Cabinet
of Ministers of Ukraine no. 1106 dd. October 25, 2017
"On adherence to Association agreement between
Ukraine, on the one part, and the European Union,
European Atomic Energy Community and their mem-
ber states, on the other part” resulting in the fact that
the essential modernization of the production has to
be carried out in our country with due regard to EU
constant environmental impact reduction directive by
means of application of the best available technolo-
gies.

Moreover, the series of regulatory documents of
Ukraine use the term “the latest technologies” for a
while; according to opinions of the authors this term is
comparable to the term “the best available technolo-
gies". For example, the Act of Ukraine "On the natural
environment protection” [13] and the Instruction “On
the general requirements to execution of documents
substantiating volumes of emissions for procurement
of permits for emissions of pollutants into the atmos-
pheric air by stationary sources for enterprises, insti-
tutions, organizations and citizens — entrepreneurs”
(Order of the Ministry of nature of Ukraine no. 108 dd.
March 09, 2006 [14] contains the requirements to ap-
plication of the best available technologies (table 1)).
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In spite of the above-listed requirements, the
Ukrainian law currently does not require the applica-
tion of the best available technologies from industrial
enterprises during modernization and computer aided
manufacturing. However, company’s management
team has to take into account that application of the
best available technologies makes an integrated posi-
tive impact on the production in general and enables
to improve not only the environmental indicators, but
also the economic and social ones.

We would like to point out individually the im-
portance of the matter of competitive ability of the
products of mining and smelting enterprises under the
conditions of severe competitive struggle at the sales
markets. Economically the competitive ability of the
products is one of the basic factors of business conti-
nuity of the enterprise. It is the ability of the manufac-
turer to keep the sales revenue for a long time during
fluctuations of consumer demand on the market
which is the characteristic of enterprise reliability [7].

New approaches to solution of the environmental
matters based not only on the best engineering solu-
tions but also on the series of regulatory documents
ISO 14000, ISO 50000 etc. enable to achieve positive
results in the provision of “smooth operation”, high
competitive ability and improvement of environmental
safety of industrial enterprises.
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Table 1 Requirements to application of the best available technologies in the regulatory documents of

Ukraine

Name of the doc-
ument

Article, clause,

chapter

Nam of the chapter / Requirement

The Act of
Ukraine “On the
natural  environ-

ment protection”

Article 3, clause “r’

“ecologization of material production based on comprehen-
siveness of solutions in matters of natural environment pro-
tection, usage and reproduction of renewable natural re-
sources, large-scale implementation of the latest technolo-
gies” was referred to as one of the basic principles of the
environment protection

“rational and economical use of natural resources based on

Article 40. clause | large-scale implementation of the latest technologies” was
“a’ defined as one of the compulsory environmental require-
ment
The Instruction “List of productions and processing equipment being sub-
Supplement 3 ject to application of the best available technologies and

"On the general
requirements to
execution of doc-
uments substanti-
ating volumes of
emissions for pro-
curement of per-
mits for emissions
of pollutants into
the atmospheric
air by stationary
sources for enter-
prises, institu-
tions, organiza-
tions and citizens

methods of control”

Supplement 7

type of reporting “Measures on the implementation of the
best existing technologies of production that do not require
excessive costs and the best available technologies and
methods of control”

Clause 2.11

The special aspects of implementation of the best available
technologies for preexisting and newly established facilities
were considered. It was pointed out that:

implementation of the best available technologies for preex-
isting facilities should not result in the excessive costs;

in the event of newly established facilities the best available
technologies apply under the conditions of economic and
technical reasonability, accessibility in the context of ex-
penditures, the greatest efficiency for the purpose of
achievement of the high level of environment protection in

— entrepreneurs”

general

“The principles of environmental management or-
ganization” are implemented the most intensively in
the mining and smelting industry of Ukraine according
to ISO 14001, 14004-14006 on the basis of which the
corporate plans of “sustained development” of enter-
prises (so-called “corporate social responsibility”) are
developed. The efficiency of environmental manage-
ment of the company consists in violation of directly
proportional dependence “economic growth — envi-
ronment pollution”. So, the enterprise works towards
the improvement of environmental indicators during
simultaneous growth of products manufacturing. We
can tell about "sustained development" of the enter-
prise under the conditions of the fulfilment of these
terms.

It should be also taken into account during as-
sessment of “reliability” of the enterprise that the in-
ternational system of environmental certification
based on ISO 14020, 14021, 14024, 14025 even to-
day is one of the main criteria of competitive ability of
marketable products at the global market. Environ-
mental certification of metallurgical enterprises is one
of the perspective ways of marketing development
due to the fact that foreign consumer imposes strict
requirements not only to the quality of acquirable
product but also to its environmental characteristics.
Production that has the environmental labeling or the
ecological cleanness labeling is more competitive at

the global market, its products are commercially suc-
cessful and are priced higher.

Having regard to the above, the improvement of
environmental indicators by the way of investments
into the environmental projects upon experience of
European countries and best achievements of na-
tional science and practice is currently topical for
metallurgical enterprises.

Discussion of the results of research of environ-
mental aspects of sustained development of the met-
allurgical enterprises.

Analysis of information obtained by the authors
during conduct of environmental audits, as well data
presented on the web-sites of leading domestic plants
and enterprises with foreign investments (PrJSC
“ArcelorMittal Kryvyi Rih*, PJSC “Zaporizhstal’,
PrJSC “Dniprovskyi metallurgical plant”) proves that
the environmental aspects of last year’s take into ac-
count the recommendations of environmental audits
and are oriented to:

improvement of the condition of atmospheric air
due to reduction of gross emissions of dust and gases
during installation and upgrading of gas-handling
equipment that enables to diminish gas pollution both
from controlled and fugitive sources of emissions;

maximum water environment impact reduction due
to creation of closed water rotation cycles;
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strict control of quantities of occurring solid
wastes, arrangement of their utilization in own pro-
duction, minimization of areas of territories occupied
by the dumping sites;

development of social environment due to creation
of new jobs with improved working conditions.

However, it should be pointed out that the most of
the implemented measures and projects are the capi-
tal repairs or partial upgrading of existing purification
and treatment facilities and equipment. In such a case
the best available technologies are not applied usual-
ly in terms of environment protection. At the same
time the series of enterprises carries out implementa-
tion of new technologies according to reference doc-
uments on the best available technologies (so-called
BREF — BAT reference documents), for example, im-
plementation of continuous -casting machines that
reduce the negative impact of rolling-mill practice on
the environment substantially.

Divisions (departments) of environmental man-
agement of leading iron and steel enterprises of
Ukraine constantly work towards formation and im-
provement of “sustained development and smooth
operation” of productions. However, they work insuffi-
ciently in comparison with enterprises of developed
countries.

High relative indicators of emissions of pollutants
into air, discharge of sewage waters and waste gen-
eration in comparison with European indicators (ex-
cess by 3-5 times) are the basic factors influencing on
the ecological component of sustained development
of the metallurgical enterprises of Ukraine resulting in
deterioration of quality of atmosphere air, contamina-
tion of surface watercourses, expansion in the num-
ber of waste in the dumping sites, tailing dumps and
other collectors at mining and smelting centers of
Ukraine. In addition to negative impact on the envi-
ronment all of this substantially slows down the pro-
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cess of decrease in self cost of final products, pre-
vents from compliance with the dependence “reduc-
tion in the negative impact on the environment under
simultaneous increase in performance” that is specifi-
cally the indicator of the sustained development of the
enterprise.

Conclusions.

Metallurgical complex is a resource- and energy-
intensive; it is related to substantial negative impact
on the environment exceeding relative indicators by
3-5 times in Ukraine in comparison with European in-
dicators. Extraction of raw materials and steel con-
sumption per head of populations grows constantly
across the globe resulting in escalation of problem of
environment pollution and requires proactive imple-
mentation of environment-geared projects and new
technologies being more efficient on a number of in-
dicators in comparison with existing ones. Finally, it
will enable to diminish environment pollution during
growth of volumes of production being the basis of
the sustained development of enterprises.

Metallurgical production belong to the kinds of ac-
tivity in which EU Directives recommend to apply the
best available technologies for restriction of environ-
ment pollution and energy consumption.

Metallurgical enterprises of Ukraine are assigned
with the task of modernization of existing enterprises
according to the requirements of external and internal
markets. Modernization has to be carried out with due
regard to international experience and has to provide
not only the prudent use of natural resources but also
compliance with environmental regulations on the en-
vironment protection at the modern level.

Production of environmentally safe products under
conditions of severe competition at the global sales
markets should become the priority of development of
all sectors of economy of Ukraine, including metallur-
gical enterprises.
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