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Abstract 
 
This paper analyzes the dynamics of the environmental impact of the metallurgical industry in Ukraine 
since 2010. The ecological indexes of sustainable development of metallurgical enterprises are 
considered. Reasonability of application of the best available technologies at the smelting enterprises 
for the purpose of energy usage reduction and reduction in environmental pollution is substantiated. 
Recommendations offer on the increase of ecological safety and providing of sustainable development 
of metallurgical enterprises in Ukraine. Fulfillment of these recommendations would improve the 
competitive capacity of enterprises and would enable the compliance of products manufactured by 
domestic metallurgical industry with the requirements of European and global market. The research 
was conducted by the study of statistical information by both presented in open sources and got as a 
result of realization the authors of ecological audits on enterprises. 
 
Keywords: environmental indicators, sustainable development, metallurgical complex, best available 
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1. Introduction 

 
The matters of environmental protection, resource-saving and rational use of natural 

resources become top-priority in the context of commitment of global community to 
sustainable development. From this perspective the matters of environmental safety of 
metallurgical complex as one of the most resource- and energy-intensive, as well as 
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environmentally dangerous economic sectors of Ukraine become especially topical. In 2018 
Ukraine occupied the 13th place among 64 world steel producers (Fig. 1) and 10th place 
among 44 countries which producers cast-iron (https://www.worldsteel.org). According to 
data of Ukrmetalurgprom (http://www.ukrmetprom.org) over 20 million tons of steel are 
made in Ukraine annually (Fig. 2). 
 

 
 

Fig. 1. Countries-leaders in steel production in the year 2018, million tons 
 

Metallurgical industry has a wide range of negative effects on the environment: 
transformation of landscapes, disturbance, degradation and contamination of topsoil (over 33 
thousands of hectares of lands were disrupted), impact on the levels of water-bearing 
horizons, contamination of underground and surface waters (mining and smelting enterprises 
discharge over 1400 million m3 of wastewaters annually), atmospheric air pollution with dust 
and gas emissions (32% from total emissions in Ukraine), generation of large-tonnage waste 
(over 120 million tons per year). According to data (Сoncept, 2009) over 250 million tons of 
slags and 30 million tons of sludge are stored by metallurgical complex. 

The Sustainability Reporting Guidelines (Sustainability, 2006) and the series of 
academic papers (Grishakov, 2013; Shatokha, 2015; Sustainable Steel, 2016) point out that 
the sustainable 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 
sustainable development of regions and countries consisting in the improvement of the 
indicators of economic, social and environmental performance, and, consequently, the 
improvement of quality of life of the citizens is impossible without sustainable development 
of enterprises. Thus, the preservation and protection of the environment is a priority for 
sustainable enterprises development. Since 2004 the range of socially responsible iron and 
steel companies report the indicators of their sustainable development to the global 
community. In 2018, 97 steel-casting entities provided their data for the year 2017 
(https://www.worldsteel.org). These indicators reflect the key aspects of economic, 
environmental and social obligations stated in the policy of sustainable development of 
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enterprises and meet the purposes of sustainable development of the United Nations 
Organization.  
 

 
 

Fig. 2. Products of the metallurgical complex for 2016-2018 (Ukraine) 
 
It should be noted that European environmental indicators are achieved mainly 

through the introduction of Best Available Technologies (BAT). Domestic metallurgical 
companies also strive for sustainable development but focus their activities primarily on 
economic sustainability. This is an erroneous approach because all three components 
(economy, ecology, social development) are equally important. Sustainable enterprises 
development cannot be achieved without improving environmental and social indicators. 

The aim of this research is to estimate basic ecological indexes of the metallurgical 
complex of Ukraine to provide its sustainable development.  

During research next tasks were set forth: 
• to study dynamics of changes of ecological indexes of the metallurgical complex of 

Ukraine from 2010; 
• comparative analysis of ecological indexes of the metallurgical complex of Ukraine 

and developed countries; 
• determination of ways of improvement of ecological indexes and an increase in 

sustainable development of metallurgical enterprises of Ukraine.  
The work consists of three parts: 
• analysis of dynamics of the production of metallurgical products in Ukraine; 
• collecting of ecological information, the study of retrospective of change of 

ecological indicators of the metallurgical enterprises of Ukraine; 
• assessment of environmental indicators of the metallurgical complex of Ukraine, 

analysis of results. 
 
2. Materials and methods 

 
Domestic and foreign publications in the matters of environmental safety and 

sustainable development of metallurgical industry enterprises, regulatory and 
recommendation documents form the theoretical and methodological basis of the research, 
including ISO 19011:2018 Guidelines for auditing management systems. The following 
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methods of the research are applied in the paper: analysis, synthesis, classification, 
comparison, and generalization. 

 
3. Results and discussion 

 
The “Sustainability Reporting Guidelines” (2006) points out that the “environmental 

indicators reflect the results of activity related to input (for example, raw materials, energy, 
water) and output (for example, emissions, wastewaters, waste) flows. Moreover, they reflect 
the results of the activity related to biodiversity and compliance with regulatory requirements, 
as well as other significant information, for example, expenditures related to the environment 
(investments), as well as impact of products and services of the organization" on the 
environment. 

High relative indicators of emissions of pollutants into air, discharge of sewage waters 
and waste generation in comparison with European indicators (excess by 3-5 times) are the 
basic factors influencing on the ecological component of sustainable development of the 
smelting enterprises of Ukraine resulting in deterioration of quality of atmosphere air, 
contamination of surface watercourses, expansion in the number of waste in the dumping 
sites, tailing dumps and other waste storage of metallurgical centres of Ukraine. In addition 
to a negative impact on the environment, all of this substantially slows down the process of 
decrease in self cost of final products, prevents from compliance with the dependence 
“reduction in the negative impact on the environment under simultaneous increase in 
performance”, which is indicator of sustainable development of the enterprise. 

 
3.1.  Impact on the atmosphere 

 
Reducing CO2 emissions is one of the main tasks of the metallurgical industry. The 

steel industry accounts for between 7% and 9% of total global CO2 emissions. In 2017, 1.83 
tons of CO2 were emitted per ton of steel produced worldwide on average 
(https://www.worldsteel.org). The dynamics of CO2 emissions in Ukraine is shown in Fig. 3 
(BP, 2019). The share of metallurgy in CO2 emissions in Ukraine is 20-30%. The 
metallurgical industry of Ukraine threw 32.9957 million tones of CO2 and 0.7209 million 
tones of other pollutants were thrown into the atmosphere in 2017 
(http://www.ukrstat.gov.ua).  
 

 
 

Fig. 3. The dynamics of CO2 emissions in Ukraine 
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According to (https://www.worldsteel.org), the potential for reducing СО2 emissions 

in Ukraine through the introduction of BAT is more than double the world average. While in 
a number of countries (Japan, South Korea) the potential to reduce greenhouse gas emissions 
through the introduction of BAT is almost exhausted (Fig. 4) (Shatokha, 2015). 
 

 
 

Fig. 4. Potential to reduce СО2 emissions for the world 's metallurgical complexes  
(Shatokha, 2015) 

 
Ecological audit of a number of enterprises of the metallurgical industry showed that 

almost a quarter of all steel in Ukraine is melted according to obsolete open-hearth 
technology. For example, PJSC "Zaporozhstal" produces 100% of steel in open-hearth 
furnaces, PrJSC ArcelorMittal Curve Horn produces about 20% of steel in open-hearth 
process (two-bath steel smelting unit) and 80% in oxygen-converter, and LLC Metallurgical 
plant "Dneprostal" produces 100% of steel in electric furnace. At the same time, the 
reduction of СО2 emissions is possible, for example, due to the elimination of open-hearth 
production and the transition to electrometallurgy (Table 1). Thus, "Dneprostal" already uses 
BAT and should look for additional ways to reduce СО2, and "Zaporozstal" has excellent 
prospects to reduce СО2 emissions when switching to a more modern steel production 
method. 

 
Table 1. Indicative values of emission factors СО2 (Shatokha, 2015) 

 

Emission source СО2 
Emission factor, t СО2 per unit of material or product 
direct 

emissions 
preliminary 
emissions 

the credited 
emissions 

Steel made using gas 0.073 0.780 9.853 
Steel made using coal 0.073 1.21 1.283 

Steel produced in electric arc 
furnace - 0.504 0.504 

 
3.2. Impact on the hydrosphere 

 
Some steel plants in Ukraine still do not use 100% closed cycles. In general on the 

industry, including mining, more than 1400 million m3 of sewage are annually dumped that 
makes 17% of total amount of dumpings across Ukraine, including without cleaning – 
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900 million m3 (63.2%) insufficiently cleaned - 484 million m3 (19.6%) (Сoncept of the 
State Program, Ukraine, 2009). This has an impact on the level of aquifers, pollution of 
groundwater and surface waters, the problem of recycling highly mineralized mineral waters 
continues to be relevant. Despite the above, according to the statistical data 
(http://www.ukrstat.gov.ua), water consumption by the metallurgical industry of Ukraine is 
gradually decreasing (Fig. 5), which is connected with both the decline in production and the 
introduction of closed water flow cycles and resource-saving technologies in metallurgy. 

 

 
 

Fig. 5. Use of freshwater by enterprises of the metallurgical industry in Ukraine 
 
In Ukraine, water consumption per 1 t of steel is within the range of 4.79 m3/t- 

12.2 m3/t (Stalinsky et al., 2017). In Europe, the average water consumption in an integrated 
plant is significantly lower, ranging from 1.6 to 3.3 m3 per ton of steel produced. 

The metallurgical complex is not only one of the largest consumers of water but also 
occupies one of the first places in the volume of discharges of contaminated wastewater into 
surface water bodies of Ukraine. 30-40% of wastewater of metallurgical enterprises is 
contaminated with harmful substances, among which there are phenols, cyanides, rhodanides, 
manganese, iron, chromium, etc. So, for example, according to (National Report, 2010-2017) 
in 2010 sewage of the metallurgical enterprises of Ukraine made 526 million m3, in 2013 - 
455 million m3. At the same time in 2013 in the metallurgical industry it was formed 4.0543 
million tons of industrial wastewater sludge, including 0.1513 million tons of hazard class III, 
which amounted to 3.7% of the total volume in the country. 

 
3.3. Impact on soils 

  
The zone of influence of the metallurgical plant on the environment can have a radius 

of 1-5 km and within the boundaries of this zone, there is a significant content of harmful 
substances in soils (Voituk et al., 2014). It is known that 1 hectare of the dumps of the 
metallurgical plant will contaminate about 5 hectares of land near the dumps. 

Analysis of statistical documentation (www.ukrstat.gov.ua; National Report, 2010-
2017) showed a tendency to decrease the volume of waste generation in metallurgical 
production (Fig. 6). It follows from the above data that waste generation, water consumption, 
wastewater formation in the metallurgical complex of Ukraine tends to decrease (Fig. 7). 
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Fig. 6. Dynamics of waste generation in the metallurgical industry of Ukraine 
 

 
 

Fig. 7. Dynamics of changes in productivity and environmental impact indicators  
of the metallurgical complex in Ukraine 

This trend can be linked not only to the decline in production but also to the gradual 
modernization of the metallurgical industry, including the use of BAT. This, in turn, is 
correlated with the rising environmental costs in recent years (Table 2) (www.ukrstat.gov.ua). 

 
Table 2. Costs for environmental protection in the metallurgical industry (2017-2018)  

at actual prices, million UAH 
 

Year In total 

including 
capital investments 

current expenses in total from them on 
capital repairs 

2017 4721.2838 2018.4407 89.7579 2702.8431 
2018 5967.1476 2781.4550 179.0415 3185.6926 
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3.4. Ways for improving ecological indexes 

 
The analysis of the statistical information presented in the public domain and the 

results of authors 'environmental audits of some enterprises show that BAT is used in many 
technological processes at metallurgical enterprises of Ukraine, which contributes to the 
rational use of resources and reduction of anthropogenic load on the environment. 
Implementation of the latest BAT may be exemplified by putting of new coke battery into 
operation at the PrJSC “ArcelorMittal Kryvyi Rih” on February 2017. Its distinctive feature 
is the organization of dust suppression at all stages of coke production. The implementation 
resulted in a reduction of emissions by 1600 t/year according to data provided by the 
enterprise. This approach is consistent with the European Union Directives on the need to 
continuously reduce environmental pollution by introducing BAT. The environmental 
projects of recent years take into account the recommendations of the European Directives 
and eco-audit and aim at: 

• improvement of the condition of atmospheric air due to reduction of gross 
emissions of dust and gases during installation and upgrading of gas cleaning equipment that 
enables to reduce air contamination both from organized and unorganized sources of 
emissions; 

• maximum water environment impact reduction due to the creation of closed water 
exchange cycles; 

• the strict control of quantities of occurring solid wastes, arrangement of their 
utilization in own production, minimization of areas of territories occupied by the dumping 
sites; 

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

However, it should be pointed out that most of the implemented events and projects 
are the capital repairs or partial upgrading of existing purification treatment facilities and 
equipment. Wherein, as a rule, BAT is not used enough from the point of view of 
environmental protection. At the same time, a number of enterprises are introducing new 
technologies in accordance with the so-called BREF reference documents (BAT reference 
documents), for example, the introduction of continuous casting machines, which 
significantly reduces the environmental impact of rolling production. 

Divisions (departments) of environmental management of leading iron and steel 
enterprises of Ukraine constantly work towards the formation and improvement of 
“sustainable development and functioning” of productions. Such approach requires, first of 
all, modernization of capital assets and introduction of front-rank technologies in area of 
environmental protection and energy-savings. In connection with the stated, for a home 
metallurgical complex actual is an improvement of ecological indexes by investments in 
ecological projects by the c account of the experience of the European countries and the best 
achievements of home science and practice. 
 
4. Conclusions 
 

Based on the study, it can be concluded that enterprises of the metallurgical complex 
of Ukraine seek to improve environmental indicators to ensure competitiveness in world 
markets. In the period 2010-2018 there is a trend of decrease in waste formation (by 28.5%), 
decrease of water consumption (by 26.55%). The improvement of environmental indicators 
is related both to the decline in production volumes, as well as to the modernization and 
implementation of BAT. Air emissions are unstable due to gas savings and replacement with 
pulverized coal and other fuels, with greenhouse gas emissions far exceeding those of 
developed countries, and the potential to reduce them through the introduction of BAT is 
more than 2 times the global average. 
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Taking into account the existing potential to improve the environmental performance 

of production, continuous work is needed to study European BREF and introduction their 
recommendations to ensure the environmental aspects of the sustainable development of 
Ukraine 's metallurgical enterprises. 
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