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Purpose. The purpose of the study was to substantiate the possibility of improving the educational 

program for training bachelors in metallurgy through the analysis of global trends in the development 

of the metallurgical industry and the appropriate adaptation of the educational program components 

content in agreement with representatives of the industry employers. 

Results. The directions of metallurgy development in the world and in Ukraine, which are determined 

by the refusal to use fossil fuels and the transition to alternative energy sources in order to reduce 

greenhouse gas (GHG) emissions, are considered. It is demonstrated that Ukraine’s European 

integration course and support for the EU climate policy require urgent technical re-equipment of 

metallurgical enterprises, the introduction of resource-saving technologies with minimal GHG 

emissions, the transition to the production of iron and steel using hydrogen, etc. It is established that 

the specified restructuring of the industry requires adjustment of the content of specialists training for 

the relevant industries. It is shown that the corresponding adjustment of the educational program is 

most effective under the condition of close cooperation with representatives of the industry-

employers. 

Scientific novelty. Elements of a methodology for monitoring and adjusting the educational program 

for training specialists in higher education are proposed. The proposed approach is based on a 

combination of an analysis of the development trends of the relevant industry with the wishes of 
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industry representatives (employers) regarding the list, content, and scope of components of the 

relevant educational program. 

Practical value. The proposed approach can be applied to improve any educational programs for 

training specialists for various industries and allows for effective monitoring in order to improve the 

quality of specialist training and maximise satisfaction of the employers and the labor market 

requirements. 

Key words: green transition, greenhouse gases (GHG), innovative metallurgical technologies, 

sustainability, quality of higher education, monitoring and adjustment of learning content, 

redesigning educational programs. 

 

1. Introduction 

In March 2021, the Government of Ukraine approved the National Economic 
Strategy for the period until 2030 [1], which is based on an audit of the economy of 

Ukraine (analysis of the results of economic policy over the years of independence) 

and a vision for the development of the national economy with the definition of 

directions and strategic goals [2]. The following priorities have been identified as 

vectors of economic development for industry: 

- creating a sustainable domestic demand for domestic industrial products; 
- ensuring the Ukrainian industrial sector’s access to global value chains, creating 

conditions for expanding exports of industrial products; 

- strengthening the competitiveness of industrial products produced in Ukraine, 

introducing resource- and energy-efficient technologies; 

- creating new production capacities by stimulating innovative activity of 

enterprises in all regions of the country using the competitive advantages of each of 
them. 

Confirmation of the consistent actions of the Ukraine Government to implement 

legislative and political decisions on European integration is the “Action Plan to 

Implement the Recommendations of the European Commission Presented in the 

Progress Report of Ukraine within the Framework of the European Union Enlargement 

Package 2023”, approved by the relevant order [3]. 
In early July 2021, the European Commission presented a package of legislative 

initiatives “Fit for 55” to implement the European Green Deal and ensure a 55 % 

reduction in greenhouse gas emissions in EU countries by 2030 compared to 

1990 levels. In essence, this is a set of proposals to revise and update EU legislation 

and introduce new initiatives to ensure that EU policy is in line with the climate goals 

agreed by the Council and the European Parliament [4; 5]. 
At the end of July 2021, the Cabinet of Ministers of Ukraine approved the Updated 

Nationally Determined Contribution of Ukraine to the Paris Agreement (NDC2), which 

declared a national target for reducing GHG emissions. By 2030, this reduction should 

be 65 % compared to 1990 [6]. The main measures included the modernisation of 

energy and industrial enterprises, the development of renewable energy sources, energy 

efficiency measures in all sectors of the economy from production, transportation to 
consumption, and others related to individual sectors of the economy and spheres of 

life [7]. 
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The above-mentioned measures provide for a significant modernisation of 

existing and the introduction of new technological units and processes, including 

fundamentally new ones. Those based on other (alternative) energy sources, with a 
significant change in the course of the physical and chemical processes taking place, 

the energy and material balances of these processes, etc. Such changes must be taken 

into account in the content of educational programs for training specialists at 

universities. The corresponding modernisation of individual educational components 

in these programs should be carried out now so that graduates have the necessary 

competencies to work in new conditions. This is what prompted the authors, as those 
who ensure of the educational program quality (in our case, the bachelor’s program in 

metallurgy) to constantly work on its improvement, including through the analysis of 

global trends in the development of the metallurgical industry. Accordingly, the main 

objective of this article is to highlight the experience of modernising the content of 

educational program components in accordance with modern trends in the economy, 

with the coordination of the proposed innovations with representatives of industry 
employers. 

2. Review of literature 

Ukraine’s updated Nationally Determined Contribution to the Paris Agreement 

(NDC2) is a completely logical continuation of Ukraine’s European integration course 

and support for the EU’s climate policy. And it fully applies to metallurgy, as one of 

the basic industries of the state. But the reduction of GHG emissions in metallurgy 
cannot occur only at the request of the government – balanced and mutually agreed 

actions are needed both on the part of the state and on the part of enterprise owners, 

which would take into account all aspects, starting from the provision of raw materials 

and energy resources and ending with investments in the modernisation of 

metallurgical technologies and equipment.  

But, as noted above, the European integration of Ukraine in general and its 
metallurgy in particular may be significantly hindered by climate issues, namely the 

volume of GHG emissions commitments that Ukraine will have to make in order to 

join the EU. To a large extent, the future of metallurgy in Ukraine will depend on this. 

Introduction of a carbon payment mechanism for importers to the EU (СВАМ1) may 

lead to the fact that the pig iron segment in the EU, in which Ukraine occupies about 

50 %, may cease to exist and be replaced by hot-briquetted iron from the Middle East 
or russia. This product is not yet produced in Ukraine. Along with the loss of 1.5 million 

tons of pig iron supplies, the CBAM could lead to the loss of an additional 1.6 million 

tons of rolled products and semi-finished products [8]. According to the European 

Business Association, the tax burden on Ukrainian producers will exceed 1 billion 

euros annually, taking into account the latest prices per ton of CO2 emissions, which 
 

1СВАМ – Carbon Border Adjustment Mechanism (Engl.) – a mechanism for regulating carbon 

emissions at the EU border, which is designed to prevent carbon pollution by charging EU importers for 

importing goods with a carbon footprint. On August 17, 2023, the European Commission adopted an 

implementing regulation, which introduced a transit period for the implementation of the СВАМ (from 

01.10.2023 to 31.12.2025).  



Journal of Innovations and Sustainability 

ISSN 2367-8151 
2025, Vol. 9, No. 1 

https://is-journal.com  

are 84 euros, as well as imports of Ukrainian products from the EU. It is estimated that 

exporters of metallurgical products will pay an additional 961.3 million euros in carbon 

tax annually under the CBAM [9]. 
The above-mentioned aspects of the “green transition”, which Ukraine has already 

de facto joined by having received the status of candidate for EU membership on June 

23, 2022, provide for specific steps to implement the national goal of reducing GHG 

emissions, including in the metallurgical industry. For metallurgists, this means, first 

of all, technical re-equipment and an accelerated transition to technological production 

chains that have a significantly smaller “carbon footprint”. As already noted, this is not 
only a question of meeting the requirements of the time, but also a question of the 

existence of Ukrainian metallurgy as an industry, for which the slogan “modernise or 

lose” is becoming increasingly relevant on the agenda. Modernisation and “greening” 

of metallurgical technologies require colossal investments, which are difficult to count 

on in conditions of martial law, but are quite possible during recovery. 

As researchers note, in particular [10], the metallurgical industry is the most 
energy-intensive sector of production, consuming 5 % of the total global energy 

consumption and emitting 4–5 % of the total global anthropogenic CO2 emissions. 

Therefore, it is important for this industry to achieve the highest possible energy 

efficiency and compensate for CO2 emissions. To determine ways to increase the 

overall efficiency of metallurgical production from the point of view of modern low-

carbon technologies, the authors focus on the following aspects: 
- use of waste heat energy released from different sources during the production 

of iron and steel; 

- comparison of possible routes for the production of iron and steel in order to 

analyse energy consumption and the impact of CO2 emissions from different sources 

of production processes and routes; 

- Carbon Capture and Storage (CCS) technology; 
- water use and wastewater management; 

- analysis of sources of uncontrolled CO2 emissions.  

The analysis of total emissions for each of the metallurgical processes conducted 

by the authors [11] showed that global steel production resulted in 147 billion tons of 

CO2 emissions from 1900 to 2015, which is 9 % of global greenhouse gas emissions 

for this period. The largest contribution (about 50 %) to total emissions, caused mainly 
by the use of carbon as a fuel and as a reducing agent, belongs to the production of pig 

iron. Steelmaking in total emitted 33 Gt CO2-eq, of which about half is from the open-

hearth furnace. Despite the significantly lower carbon intensity, the steel finishing 

stage added 27 Gt CO2-eq, mainly due to large production flows.  

The results of the analysis of advanced solutions of the world’s leading 

metallurgical companies to reduce carbon emissions in metallurgy show that in the 
coming years we will observe the development and implementation of technologies 

that contribute to resource efficiency and encourage a greater level of circularity of 

materials; the implementation of promising options for the transition to metallurgy with 
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minimal GHG emissions, such as CCS and the transition to hydrogen-based steel 

production.  

Examples include flagship projects from ArcelorMittal, such as XCarb™, 
Torero (conversion of biomass into biochar to replace coal use in the blast furnace) 

and Carbalyst (capture of carbon-rich blast furnace exhaust gases and their 

conversion into bioethanol), innovative DRI production projects and others [12]. No 

less ambitious are the plans of another powerful player in the steel market, the Indian 

company Tata Steel, which, like ArcelorMittal, has production facilities in the EU 

countries. Thus, Tata Steel UK is implementing several projects aimed at reducing 
CO2 emissions as part of the movement to 2050 with a neutral steel emission, and the 

plant in the Netherlands is already one of the most efficient steel producers in the 

world in terms of CO2 emissions and has declared its ambitions to reduce its emissions 

by 5 million tons per year (35–40 %) by 2030. To achieve this, various technological 

options have been explored, including CO2 capture and storage, as well as a hydrogen 

route for steel production – Tata Steel Netherlands has already found the first 
customer for its green steel after the plant in IJmuiden switches to hydrogen-based 

steel production [13]. 

Leading Japanese metallurgical companies are also making significant efforts to 

achieve the ambitious goal of zero CO2 emissions in metallurgy by 2050, using all 

possible means, including promoting a sharp reduction in CO2 emissions from blast 

furnaces through the COURSE50 project and ferrocoke plus CCS technologies, 
developing super-innovative technologies such as expanded scrap utilisation, waste 

heat utilisation, biomass utilisation, and many others [14]. 

In December 2020, the South Korean government unveiled its 2050 carbon 

neutrality strategy, setting a goal of reducing greenhouse gas emissions by 24.4 % by 

2030 below 2017 levels of 536 million tons of CO2-eq, and a vision of carbon neutrality 

by 2050 [15]. In line with the strategy, POSCO Steel Corporation, South Korea’s 
largest steelmaker, has pledged to reduce CO2 emissions by 20 % in the near term by 

2030, by 50 % on average by 2040, and long-term carbon neutrality could be achieved 

by 2050. South Korea’s low-carbon transition mainly focuses on the application of new 

technologies such as hydrogen-based direct reduction steelmaking and CCS 

technology, improving energy efficiency, including upgrading the technical level and 

promoting smart factories using Industry 4.0 technologies, promoting a circular 
economy by reusing more steel scrap, increasing the use of low-carbon fuels, mainly 

replacing fossil fuels with renewable sources, and expanding the use of “green” 

electricity. 

In June 2021, the German government adopted a new federal climate protection 

law, increasing the target for reducing GHG emissions by 2030 from 55 % to 65 % 

compared to 1990 levels and setting a new intermediate target of 88 % reduction by 
2040 [16]. The German government’s goal is to create a strong, internationally 

competitive and climate-neutral metallurgical industry, a net-neutral steel industry and, 

preferably, a carbon-free steel industry by 2050. The goals will be achieved by 
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implementing appropriate technologies such as the use of hydrogen instead of coke, 

CCS, and scrap-based steel production in combination with electric arc furnaces 

(Scrap/EAF). The Scarp/EAF route will provide 30 % of Germany’s crude steel 
production, a share that could be further increased, but will be limited by the 

availability of steel scrap.  

The National Hydrogen Strategy adopted by the German government deserves 

special attention [17]. According to it, “green hydrogen” produced from renewable 

energy sources can offer opportunities for climate action in energy-intensive sectors 

where there are no technological alternatives or more effective solutions for 
decarbonisation, especially in the metallurgical industry. Within the framework of the 

infrastructure projects H2Giga, H2Mare and TransHyDE, the German government, 

together with representatives of the research and industry, is setting up the future of 

Germany’s energy supply with environmentally friendly hydrogen. Hydrogen is 

already being used in steel production in Germany, for example at ThyssenKrupp AG, 

one of Europe’s leading steel groups [18]. 
According to the authors, the use of “green” hydrogen can be an effective solution 

for the Ukrainian metallurgy, where relevant projects could be implemented. One such 

project could be the injection of hydrogen into a blast furnace, for example, by adding 

it to pulverised coal fuel (PCF) at those enterprises where this technology is used [19]. 

Several years ago, it was reported that the above-mentioned metallurgical company 

ThyssenKrupp Steel Europe had begun a series of tests at its plant in Duisburg, in 
which part of the volume of pulverised coal fuel was replaced with hydrogen. The 

company planned at that time to gradually expand the use of hydrogen for all 28 lances 

of one of the blast furnaces, and from 2022 for three other blast furnaces. After the 

conversion of the blast furnaces, the company plans to create large direct reduction 

plants from the mid-2020s, which will then operate on gases containing hydrogen. The 

sponge iron produced in these plants will initially be melted in existing blast furnaces, 
but in the long term will be processed into crude steel in electric arc furnaces using 

renewable energy sources [20; 21]. 

Other hydrogen projects that could be implemented by national steel companies 

include direct iron reduction based on “green” hydrogen, natural gas – DRI with CCS 

and a traditional blast furnace (BF) or liquid phase reduction (SR) with partial 

replacement of coal with biomass and using CCS, direct iron ore electrolysis and others 
(see Table 2).  

Fossil fuel-based direct reduction (DR) (using natural gas or gasified coal) is 

already used in industry, and global DRI production reached 120 million tons in 2021. 

However, to be successful, it is necessary to overcome not only the technical 

complexity of switching to a clean H2 fuel, but also the economic challenge of 

significantly expanding capacity to switch to a near-zero H2-DRI-EAF route. Water 
electrolysis for H2 production requires huge amounts of renewable energy, the supply 

of which is often variable and intermittent. In addition, for the most common DR 

technologies in industry, the MIDREX shaft furnace or HYL-Energiron, the iron ore 



Journal of Innovations and Sustainability 

ISSN 2367-8151 
2025, Vol. 9, No. 1 

https://is-journal.com  

supply must meet strict quality requirements to maintain steel quality and pig iron and 

steel production productivity [22]. 

In the authors’ opinion, the considered (and numerous other) trends in the 
development of ferrous metallurgy require highly qualified specialists with appropriate 

knowledge and competences for their implementation and development. Since 

Ukrainian metallurgical companies are traditional and quite noticeable players in the 

European and international markets, the problem of training these specialists is also 

relevant in Ukraine, especially for regions with a developed metallurgical industry. 

3. Methodology 

This study was conducted on the example of Ukrainian State University of 

Science and Technologies. The Nikopol faculty of the university, which the authors 

represent, has been training bachelors in several specialties since its establishment 

(1998), including the field of knowledge 13-Mechanical Engineering specialty 

136 Metallurgy (G10). Most graduates of the faculty after graduation are employed at 

metallurgical enterprises of the city of Nikopol and the region, specialising in the 
production of pipes and ferroalloys. Specialists are trained according to the relevant 

educational and professional program (EPP), which was developed on the basis of the 

higher education standard approved and put into effect by the order of the Ministry of 

Education and Science of Ukraine dated 04.10.2018 No. 1072 [23]. Educational 

programs that were developed and accredited by other metallurgical universities were 

also taken into account. The relevant recommendations of the Ministry of Education 
and Science of Ukraine on the development of educational programs and general 

recommendations on the formulation of competencies provided by the Tuning project 

were also taken into account [24]. In 2021–2024, with the direct participation of the 

authors, the EPP was updated to the current version [25]. 

This study used the following scientific methods: observation, analysis, 

comparison, synthesis. The results of the survey “EPP through the eyes of employers” 
were also used, which is part of the annual EPP monitoring procedure. This survey was 

attended by 21 representatives from 9 of the most powerful metallurgical enterprises 

in the city of Nikopol. Among the respondents were heads of human resources 

departments, deputy heads of enterprises for human resources management, and human 

resources staff (responsible for training, briefings, etc.). Because of the martial law and 

the fact that the Nikopol district is an area where fighting is happening, this survey was 
done online using Google Forms. 

One of the important tasks of improving the educational program is to provide 

relevant and reliable data on the formation of relevant program competencies and 

program learning outcomes proposed by the higher education standard and additional 

ones defined by the educational institution and employers. In order to have such data, 

it is desirable to have a valid methodology (procedure) for their receipt and 
interpretation. One of the key components of such a procedure is the monitoring of the 

educational program, the content of which currently does not have a clear description, 

as was shown by the authors in [26]. Nevertheless, monitoring in this context should 
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include the following main stages: 

- planned and repeated data collection; 

- analysis and interpretation of the collected data; 
- reporting on the results of monitoring; 

- recommendations for actions (which usually include monitoring reporting); 

- taking measures and reviewing actions. 

The above monitoring stages fully comply with the principles laid down in the 

well-known Shewhart-Deming cycle (study or check in Figure 1). This cycle, often 

abbreviated as PDCA, can be considered a quality assurance procedure (industry does 
not matter). For the education sector, it is a procedure for ensuring the quality of 

education (educational services). 

 
Figure 1. Shewhart-Deming Cycle (PDCA) 

Source: image from the Deming Institute website [27]. 

An important addition to the standard procedure (Figure 1) is the consideration of 

the content and quality of the basic education of education seekers. The experience of 

the faculty, highlighted in [28], shows that this aspect is no less important for achieving 
the goals declared in the EPP, mentioned earlier. 

In accordance with the above principles, the faculty also provides constant 

feedback with employers in the region. Thanks to this, the faculty receives feedback 

on the quality of training of specialists and proposals for improving the content of 

educational programs. These proposals are taken into account to improve the 

educational process, including by adjusting its content (introduction of additional 
professional and elective components of the EPP, redistribution of hours for studying 

individual disciplines, organisation of practice at enterprises, etc.). 

4. Results and discussion 

4.1. Analysis of trends in the development of ferrous metallurgy. According to 

analysts, before the war, despite constant import restrictions, the share of Ukrainian 

MMC sales to the EU was about 35 %, compared to 20 % on the domestic market [29]. 
Since 2022, after the start of large-scale aggression, trade integration between Ukraine 

and the EU has significantly increased, especially after the suspension of protective 

import quotas and anti-dumping measures by the EU for Ukrainian metallurgical 

products in June 2022 [30; 31]. It is obvious that after the start of the war, the EU 
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became the main export market for Ukrainian metallurgists: over 80 % of the metal 

products produced in 2023–2024 were supplied to the European Union countries. 

Among the importing countries: Poland (40.1 %), Bulgaria (14.6 %), Italy (7 %), Spain 
(6.8 %), Romania (4.5 %) [32]. 

According to many experts, the main obstacles to the “greening” of the mining 

and metallurgical complex (MMC) of Ukraine are its rather high dependence on 

exports, which is why we have a low level of HVA and a significant share of semi-

finished products. Thus, according to the GMK Center, the share of high-margin 

products in the MMC in 2019 was only 32 % [33].  
The SWOT analysis of the metallurgical industry of Ukraine, carried out by the 

authors and briefly presented in Figure 2, allows for a more objective assessment of 

the situation in the domestic MMC and an assessment of possible risks associated with 

reducing of GHG emissions. 

 
Figure 2. SWOT analysis of the metallurgical industry of Ukraine 

Sources: authors’ analysis (summary) using separate data from [34]. 

Equally important is the existing level of technologies used and the associated 

GHG emissions (Figure 3). In this context, the need to discontinue open-hearth steel 

production and replace it with more modern ones is obvious for Ukrainian metallurgy. 

According to statistics, about a quarter of the steel volume in Ukraine is currently 
produced in this way (Table 1). 

S               STRENGTHS 

• Presence of major players 

• Full vertical integration 
• Availability of own raw materials 

and capacities for its preparation 

• Positions in the value chain of 

individual industries and types of 

products 

W              WEAKNESSES 

• A large share of outdated 

equipment 
• High demand for investment 

• Weak demand for products in the 

domestic market 

• Significant vulnerability to 

fluctuations in foreign markets 

O          OPPORTUNITIES 

• Significant growth in investment 
and domestic demand during the 

post-war recovery 

• Building of next-generation 

production plants and technologies 

• Transition to renewable energy 

sources and alternative fuels 
• Development of new high value-

added products 

Т                 THREATS 

• Loss of significant amounts of raw 
materials due to the loss of 

territories for an indefinite period 

• Implementation of stringent EU 

environmental standards for 

production and products (CBAM) 

• Decrease in production profitability 
due to the consequences of military 

operations in Ukraine 
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Figure 3. CO2 emission level, kg/ton of steel and possibilities for its reduction (+) 

at metallurgical enterprises of Ukraine 
Notes. * – some reduction in CO2 emissions is possible through the use of hydrogen as an 

additional fuel (in the long term – due to the decommissioning of units /blast furnaces/); 

** – has minimal CO2 emissions and can be an alternative to blast furnace production through 

the introduction of iron ore metallisation technologies and/or if sufficient scrap is available.  

Source: [35] with notes from the authors. 

Table 1 
Crude steel production by process in the 10 largest producing countries and in 

Ukraine, 2023 
 

Countries 

Steel 

production, 

million tons 

Including by processes, % of total 

Oxygen Elektric Other 

Total in the world 1892.2 71.1 28.6 0.3 

China 1019.1 90.1 9.9 - 

India 140.8 43.6 56.4 - 

Japan 87.0 73.8 26.2 - 

United States 81.4 31.7 68.3 - 

russia 76.0 65.1 32.0 2.9 

South Korea 66.7 70.5 29.5 - 

Germany 35.4 72.3 27.7 - 

Turkey 33.7 28.4 71.6 - 

Brazil 31.8 76.2 22.5 1.3 

Iran 31.0 7.9 92.1 - 

… … … … … 

Ukraine 6.2 48.1 12.3 39.6* 

Note. * – open-hearth method. 

Source: [8] with authors’ design (layout). 

The currently existing ways of producing steel, both traditional and alternative, 

not involving the use of the blast furnace process, are shown in Table 2.  

0 500 1000 1500 2000 2500 3000

Electric steelmaking production

The EU's 2050 target according to

GREEN DEAL

European metallurgical industries

Blast furnace production

Open-hearth production

Possibilities 

+ 

 

 

−* 

 

 

 

−** 
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Table 2 

Technological schemes of the main routes for the production of iron and steel 

Raw 

materials 

Preparation 

process  

Product for 

processing 
Unit 1 Unit 2 

Final 

product 

CO2 

emissions 

(kg/t of 

Crude steel) 

Classic schemes (routes) 

BF / BOF – blast furnace / oxygen converter (71.1% of world steel production)  

Iron ore 

Pelletisation Pellets 

Blast furnace 

(BF) 

Basic oxygen 

furnace (BOF) 

Crude 

steel 

1500…1800 

(for present 

BF) 

Sinter 

production 
Sinter 

Coal 

Coking Coke 

Grinding 
Pulverised 

coal 

1300…1700 

(for advanced 

BF) 

Steel Scrap / EAF – (28.6% of world steel production)* 

Steel scrap − 
Electric arc 

furnace (EAF) 

Crude 

steel 
300…600 

Modern direct iron production processes 

DRI / EAF – “direct reduction of iron” route – the product (direct reduction iron) is a raw 

material for steelmaking in an EAF** 

Iron ore 
Direct reduction Direct 

reduced 

iron (DRI) 

− 
Electric arc 

furnace (EAF) 

Crude 

steel 

700…1300 
Natural gas 

Iron ore 
Direct reduction − 2300…3000 

Coal 

SRI / Converter – “direct” iron/pig production processes (HIsarna, COREX, FINEX etc.) 

Iron ore 
Smelting 

reduction 

Smelting 

reduced 

iron (SRI) 
− Converter 

Crude 

steel 
N/A 

Natural gas 

Notes. * – limited by scrap availability; ** – limited by low cost DRI availability. 

Source: authors’ design and estimated data from [36] (in the column on the right). 

It should be noted that the Steel Scrap/EAF, DRI/EAF and SRI/Converter routes 
using electricity and natural gas (or hydrogen) are the most acceptable in terms of CO2 

emissions per ton of steel. But the situation in Ukrainian ferrous metallurgy as of today 

is such that only one route can provide real production volumes – Steel Scrap/EAF, 

and then only at individual enterprises. The DRI/EAF and SRI/Converter routes are 

promising, but in Ukraine these technologies are not yet developed, although there are 

plans to build the necessary capacities. It should be expected that under the pressure of 
EU requirements (through SVAM) these technologies can be implemented “on a 

turnkey basis” in the very near future, although they will require large amounts of 

investment. In conclusion, today there is already an obvious need for training 

specialists who are familiar with such technologies and could work in new conditions. 

4.2. Improving the educational program for training bachelors in metallurgy. 

Taking into account the researched trends in the development of ferrous metallurgy, 
the quality assurance group initiated changes to the content and structure of individual 

educational components of the EPP, such as “Fundamentals of Metallurgy”, “Heat 
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Engineering”, “Fundamentals of Ecology”, which will be discussed further. But the list 

of educational components remained without significant changes and allows you to 

form all the competencies provided for by the current standard of higher education in 
the specialty “Metallurgy” and achieve the corresponding program learning outcomes. 

This can be evidenced to some extent by the successful defense of bachelor’s final 

qualification theses in 2022–2024, the results of the latest accreditation of the program 

(2024), and the results of a survey of key stakeholders, in particular employers (Table 3). 

Table 3 

Distribution of answers to one of the questions of the questionnaire  

“EPP Metallurgy through the eyes of employers” in 2023–2024 

No. Questions 

Distribution of responses (%) on 

a scale from 5 to 2, where 5 is 

very good, 2 is very bad* 

5 4 3 2 

1 Level of basic and professional knowledge and skills 100 - - - 

2 Ability to apply knowledge in practice 80 20 - - 

3 Ability to work in a team 80 20 - - 

4 Ability for self-improvement and desire to develop 70 30 - - 

5 Ability to take initiative 60 40 - - 

6 Ability to communicate and find common ground 80 20 - - 

7 Information technology skills 100 - - - 

Note. *rounded to whole numbers. 

Source: based on the results of a survey of employers (processed by the authors). 

As the authors previously emphasised [24], one of the main factors ensuring the 
competitiveness of the faculty (university) in the market of educational services and its 

graduates in the labor market is the constant transformation of the content of specialist 

training in accordance with the requirements of employers. In the aforementioned EPP 

Metallurgy, its developers introduced additional Program Learning Outcomes 

(PLO25… PLO28), which take into account individual comments of employers, 

considered in the work [37]: 
PLO25. Ability to take the initiative and make proposals for improving individual 

links and production technologies, ensuring product quality and proper working 

conditions. Skills and understanding of the need for constant self-improvement. 

PLO26. Comprehensive awareness and understanding of the psychological 

aspects of organising the work of a team, methods of managerial influence of a 

grassroots leader (site foreman, foreman). 
PLO27. Understanding of general issues of organising production on a site and 

managing a production site, issues of organising workers' labor. 

PLO28. Comprehensive awareness of the quality indicators of final products 

(depending on the production profile), the influence of technological production 

factors on them and control methods. Comprehensive awareness of the quality 

management systems and product certification operating at enterprises according to 
national and international standards. 

But neither among them, nor among the program learning outcomes 
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corresponding to individual professional areas (PLO29… PLO53), are there any that 

would clearly formulate the ability of a metallurgical specialist to comprehensively 

analyse the possibilities of modernising certain technological processes, taking into 
account the requirements of reducing GHG emissions and transitioning to modern low-

carbon technologies that would meet the requirements of Ukraine’s national goal of 

reducing emissions and the European Green Deal, which were discussed at the 

beginning. In our opinion, this is currently a shortcoming that needs to be eliminated.  

The importance of training specialists to ensure a green transition is emphasised 

by all authoritative institutions, starting with the European Commission [38] and 
ending with the equally respected Organization for Economic Co-operation and 

Development (OECD), European Investment Bank, International Labor Organization 

(ILO) etc. [39–42]. Among the recommendations of the aforementioned organisations, 

a document from the ILO is noteworthy, which states, in particular, that in many 

developed countries that have committed to achieving climate goals to reduce GHG 

emissions, there is a significant growing demand for the skills necessary to green the 
economy. This in turn encourages the development of skills development strategies, 

technical and vocational education and training policies. It is noted that many diplomas 

and certificates now include awareness-raising on issues related to environmental 

sustainability, and some have undergone more advanced and specific adaptation to the 

methods, knowledge and skills needed for the ecological transition. 27 countries have 

adopted regulations on renewable energy and energy efficiency, including regulations 
on the qualification, certification of skills and/or training of specialists. These 

regulations usually concern specific professions, such as energy auditors, inspectors, 

assessors, energy managers, installers and operators of equipment and buildings [39].  

The same document notes that one of the policy instruments for raising 

environmental awareness is the inclusion of “basic skills” in education systems at all 

levels. Here, basic skills are non-professional and non-technical competencies that are 
necessary for performing work and which, in the context of the green transition, include 

environmental awareness and the willingness to learn everything related to reducing 

GHG emissions. It also notes that in many countries, environmental legislation reforms 

introduced since 2010, especially in the areas of energy, construction and waste 

management, have led to the establishment or revision of professional qualification 

standards. It is emphasised that in the long term, it is very important to include the 
acquisition of skills for the green transition in the formal education system with 

subsequent implementation at the levels of college degrees, bachelor’s, master’s, PhD 

and postgraduate studies at universities. 

Analysis of general and professional competencies of EPP Metallurgy showed 

that the existing list is quite sufficient for the formal formation of the proposed program 

learning outcome. But, in order for its formation to be possible not only on paper, an 
important condition is to make appropriate adjustments to the work programs of 

educational disciplines (educational components of EPP), both mandatory and elective. 

These adjustments should concern both fundamental disciplines (physics, chemistry, 
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physical chemistry, electrical engineering, heat engineering), and others that form the 

key professional competencies of bachelors in metallurgy, including competencies in the 

field of using secondary energy resources, analysing energy consumption and the impact 
of CO2 emissions from various sources of production processes and routes, CCS, water 

use and wastewater management, identifying sources of uncontrolled emissions of CO2 

and other greenhouse gases. In addition to the above, it is highly advisable to conduct an 

additional survey of key employers – partners of the faculty – regarding the inclusion in 

the EPP Metallurgy of the specifics of certain enterprises and their chosen production 

modernisation strategy, taking into account European integration processes and 
adaptation to EU requirements regarding greenhouse gas emissions. 

As an example, we can cite fragments of the content of work programs for 

individual disciplines of the EPP Metallurgy (2024 year of development), which focus 

on the issues that were mentioned (Table 4). 

Table 4 

Fragments of work programs of academic disciplines with topics related to 

green metallurgy issues 
Section names Topic content (fragments) 

Discipline “Fundamentals of Ecology” 

Chapter 3. Anthropogenic 

load on the environment. 

Problems of environmental 

protection and resource 

conservation in metallurgy 

Resource conservation and environmental protection problems in 

metallurgy 

Protection of air and water basins at metallurgical enterprises. Ferrous 

metallurgy and problems of reducing emissions of “greenhouse gases”. 

Equipment of sinter plants, ferroalloy, electric steelmaking, rolling 

(pipe) shops from the point of view of environmental impact 

Environmental management and legal aspects of environmental 

protection. Modern environmental standards of activity, including 

international ones 

Basic principles of environmental management. Legal aspects of 

environmental protection, state supervision over compliance with 

environmental legislation. Modern environmental standards of 

activity, including international ones. Ukraine’s tasks in the field of 

ecology in the light of European integration processes 

Discipline “Heat Engineering” 

Section 1. Main types of 

natural and artificial fuels and 

energy carriers, main energy 

characteristics of fuels and 

features of use in production 

Modern renewable energy and alternative fuels 

Fuel as a significant component of the cost of production and its 

competitiveness. Renewable energy sources – solar, wind, etc. Green 

energy, technologies for obtaining and using hydrogen in metallurgy. 

Opportunities and limitations for the use of green energy 

Discipline “Fundamentals of Metallurgy” 

Chapter 12. New Materials 

and Metallurgical 

Technologies 

Modern technologies and global trends in the development of 

metallurgy 

Carbon-free economy, green energy and green production. Use of 

hydrogen in metallurgical processes. Technologies for obtaining raw 

materials with a high degree of metallisation (HBI, DRI) and its further 

processing into steel. Technologies for obtaining high-quality metal. 

Combined processes and casting and rolling complexes. Additive 

manufacturing technologies 

Source: developed by the authors. 
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It should be noted that despite the obvious relevance of the changes made to the 

work programs of educational disciplines, these changes must be coordinated with key 

stakeholders, primarily employers. In the work [43] it is emphasised that “… there are 
certain discrepancies between the ideas of employers and higher education institutions 

about the necessary competencies of a future specialist. Periodic discussion with 

employers of the current educational program or its elements helps to make the 

necessary adjustments in a timely manner”. The authors of the work [44] express the 

same opinion, noting that “… a higher education institution should analyse the 

information received and identify common and conflicting needs of stakeholders”. 
While fully agreeing with the opinions of the authors of the aforementioned works, it 

should be noted that these works do not provide practical examples of the 

implementation of the proposals made. 

The Nikopol Faculty, represented by the authors of this article, constantly 

cooperates with all employers in the region, the results of this cooperation have been 

repeatedly covered at international conferences and in scientific journals [24; 28; 37; 
45; 46]. The adjustments made by the authors in 2024 to the EPP Metallurgy and to the 

content of the working curricula of the disciplines (see Table 3) were agreed upon by 

the authors with specialists from metallurgical enterprises – employers for graduates 

of the faculty. For example, one of the reviews states: “… We consider the appearance 

of an additional section 12 – New materials and metallurgical technologies to be very 

useful. It is desirable that this section contain information about modern metallurgical 
processes and general trends in the development of modern metallurgical science and 

practice” [47]. 

Taking into account the above, it is considered appropriate to supplement the EPP 

Metallurgy with at least one additional program learning outcome in the section 

“Additional program learning outcomes defined by the educational institution and 

employers” of the following content: 
PLO_Comprehensive awareness of the green transition, means of reducing 

carbon emissions and their impact on the competitiveness of the final product 

(depending on the production profile), the impact of technological factors of 

production and control methods. Comprehensive awareness of current environmental 

standards and product certification according to national and international standards 

in the field of production and product ecology. 
5. Conclusions 

This study substantiated the possibility of improving the educational program for 

training bachelors in metallurgy by analysing global trends in the development of the 

metallurgical industry and correspondingly adapting the content of the educational 

program components in agreement with representatives of industry employers. 

European integration processes in Ukraine, part of which is the implementation of 
European legislation, in particular, on the implementation of the national goal of 

reducing greenhouse gas emissions, including in the metallurgical industry, require 

changes to existing educational programs. The experience of redesigning the EPP 
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Metallurgy, which is presented in this article, shows the possibility and feasibility of 

the corresponding update. The main source of information for updating educational 

programs should be the systematic scientific work of teaching staff, tracking the main 
trends in the development of industry and specific technologies and equipment. An 

important condition in this case is the coordination of adjustments to the EPP with the 

main employers – partners of the faculty to take into account the specifics of a 

particular enterprise and its chosen strategy for modernisation of production. This will 

allow graduates of the faculty to have additional modern competencies, and industrial 

enterprises – specialists who are familiar with the technologies that are components of 
the so-called “green” metallurgy. This will contribute to Ukraine’s rapid transition to 

carbon-neutral technologies and thus meet sustainable development goals. 

According to the authors, a significant result of the presented work and another 

component of its scientific value is the confirmation of the importance of graduates 

having socio-communicative skills (so-called “soft” skills), as evidenced by a survey 

of employers. Along with the requirement for an appropriate level of professional 
knowledge and skills, mastery of information technologies, employers want to see in 

workers the ability to work in a team, the ability to self-improvement, and the ability 

to show initiative. We believe that when modernising educational programs, this aspect 

also deserves attention. 

6. Limitations and future research 

The conducted research has certain limitations in terms of conclusions regarding 
the formation of key competencies and program learning outcomes in students under 

the modernised educational program, since students under this EPP are still studying. 

An important point is that despite the participation of employers in coordinating the 

content of the EPP, additional research is needed on the formation of key program 

learning outcomes, including that proposed by the authors as a result of this research. 

The prospects for further research on the topic of the article, unfortunately, largely 
depend on the situation in the economy of Ukraine as a whole, and in metallurgy in 

particular due to military actions that have not yet been stopped. This also causes some 

uncertainty regarding the further vectors of development of domestic metallurgy, the 

possibility of its modernisation and attracting investments for the introduction of new 

technologies. Nevertheless, the approach proposed by the authors to adjust (or 

redesign) the EPP can be used to update and modernise the content of specialist training 
in higher educational institutions, but taking into account the specifics of specific fields 

of knowledge and specialties. 
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