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Abstract

Sustainable development of Russian industrial clusters is a key element of the national economy.
The sustainable operation of process facilities aims at stimulating innovations for providing the
efficiency and environmental safety of industries. However, the sustainable development of
industrial clusters is impossible without a new generation of engineers who are able to solve
complex tasks. Therefore, engineering education content focused on the development of integrated
skills of students for sustainable development is required. These skills include the abilities and
knowledge which are required for engineers to carry out complex digital, technological and ecological
tasks. The article presents the interdisciplinary approach to training students majoring in
Petrochemical Engineering at Kazan National Research Technological University and analyzes its
efficiency. The content of engineering education was created according to the analysis of modern
trends of sustainable development of Russian petrochemical clusters. The authors propose the
interdisciplinary approach which aims at training future engineers to solve professional problems
using the combination of skills such as predictive and technological, design and digital,
environmental and technological. The main elements for implementing this approach to the
educational process are regular analysis of cluster development trends and prospects, analysis
of professional standards, cooperation of university and industry, professional development of
university professors and improvement of teaching materials and methods. It is shown that the
interdisciplinary training forms the ability of engineers to implement innovations aimed at increasing the
sustainability of industrial facilities; predict possible consequences; provide technological, design,
environmental and economic support; work in a team.
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1. Introduction

In the period of globalization, the stability of national economies depends on the development of
industrial clusters. The cooperation of all cluster members leads to an improvement in the quality of
products and services that makes the industrial cluster more competitive. Petrochemical clusters form the
backbone of the Russian economy and invest in the development of the Russian regions where they are
located.

There are seven petrochemical clusters operating in Russia, which have complex technological
cycles including upstream, midstream and downstream processes. The oil and gas industrial cluster of the
Republic of Tatarstan is one of the largest in Russia and includes oil producing companies, refineries, design
and research institutes, and sales companies. This cluster provides 55% of the added value of the total
volume of the Tatarstan economy (Zhuravleva & Bashkirceva, 2015). Thus, the sustainable development
of the cluster provides social and economic stability of the region (Shcukina, 2015). The key components
of successful development of the cluster are improvement of the quality of final products (fuels, plastics,
and synthetic rubbers), expansion of sales markets, increasing of refining depth, development of methods
for natural gas processing, production of new polymer materials, implementation of waste-free technologies
and recycling methods, development of process digitalization. All these priorities are based on the
sustainable development of the petrochemical cluster of Tatarstan Republic.

The sustainable development of the petroleum and gas industry refers to innovative activity of
industrial companies focused on the efficiency and environmental safety of technological processes. The
innovations may include the development and implementation of new chemical technologies for producing
valuable products of high quality, technologies for recycling and waste disposal, digitalization of industrial
facilities, and improvement of management. According to the principles of sustainable development,
engineering developments require a strategic analysis of possible social, economic and environmental
consequences (Buyanova & Mikhaylova, 2020). A modern petrochemical engineer is to be ready to solve
these multifunctional problems. Therefore, the interdisciplinary training is of great importance for
engineering education at Russian universities.

Kazan National Research Technological University (KNRTU) is one of the leading chemical and
petrochemical educational centers of Tatarstan and Russia. The University runs special interdisciplinary
programs for training petrochemical engineers to solve complex technological tasks according to the

principles of sustainable development (Zhuravleva et al., 2021).

2. Problem Statement

Sustainable development of the oil and gas industry is one of the most essential elements of the
Russian economy. However, the sustainable development of industrial clusters is impossible without
specialists who are able to solve complex engineering, ecological, social and economic problems.
Nowadays, petrochemical and chemical companies are to solve interdisciplinary tasks. Therefore,
interdisciplinary engineering education aimed at developing integrated skills for sustainable industrial

development is required.
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The study focuses on the problem: what content, measures and conditions of interdisciplinary
professional training will provide future petrochemical engineers with skills required for sustainable

development of Russian industrial clusters.
3. Research Questions

To develop interdisciplinary training of students majoring in Petrochemical Engineering, the

following research questions were raised:

=  What are the main development priorities and prospects for the sustainable development of the
Russian petrochemical cluster?

= What competences, conditions and content of interdisciplinary engineering education are
required to train specialists for sustainable development of petrochemical complexes?

= What effective teaching methods are required for interdisciplinary engineering education?

= What are the evaluation outcomes of the effectiveness of the proposed interdisciplinary

engineering training?
4. Purpose of the Study

The purpose of the study is to identify conditions and content of the interdisciplinary education for
training future petrochemical engineers to solve professional tasks of Russian industrial clusters according

to the principles of sustainable development.
5. Research Methods

The authors used the research and methodological methods such as collection and analysis of data,
competence and interdisciplinary approaches.

The analysis of future strategies of the oil and gas industry allowed us to determine the set of
professional competences which are required for a petrochemical engineer to solve sustainable development

tasks. These competences are divided into three large groups:

= Predictive competences — the ability to develop and implement innovations aimed at
sustainable development and predict their future consequences.

= Competences for integrated support — the ability to provide technological, design,
environmental and economic support for the sustainability of industrial equipment and
processes.

=  Team work competences — the ability to solve professional problems in a team (Pachina et al.,

2020; Ziyatdinova et al., 2016).

To develop these competences, the interdisciplinary approach to training students was developed.

The approach aims at training future engineers to solve professional problems using the combination of
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skills such as predictive and technological, design and digital, environmental and technological. The

introduction of the interdisciplinary approach into the university educational program requires:

= analysis of cluster development trends and prospects;

= analysis of professional standards;

= development of university and industry collaboration networks;
= professional development of university professors;

= improvement of teaching materials and methods.

The content of interdisciplinary training program was developed in accordance with the
requirements of Russian and international chemical and petrochemical companies which develop effective
technological cycles on the basis of sustainable development.

The interdisciplinary program for training Master’s degree students majoring in Petrochemical
Engineering was created at KNRTU (Sultanova et al., 2020). The interdisciplinary content of the program
is provided by the combination of educational materials from technological, managerial, economic and
system-analytical fields of study, as well as by the application of modern teaching methods and tools
(Yagudina, 2019).

The program includes different interdisciplinary courses. The course “The Leading Companies of
the Oil and Gas Industry” is developed to provide students with the information about conditions and
development prospects of the largest oil and gas companies which represent the global fuel and energy

industry. The course includes the following topics:

models of technological development;

= global oil and energy balance;

= international principles of sustainable development;

= Russia’s energy strategy;

= petrochemical clusters;

= factors affecting the competitiveness of petrochemical companies;
= key performance indicators of petrochemical companies;

= competitive activity of Russian and international leading petrochemical companies.

To strengthen the interdisciplinarity of the course, different interactive teaching methods are used.
Practical classes are held in the form of conferences. Such classes allow students to present information

and discuss all issues related to the subject being studied. The topics of student presentations are:

= breakthrough technologies for company development and assessment of innovative activities;
= sustainable development priorities in the oil and gas industry;

= innovative projects of oil and gas producing companies in Russia and in the world;

= prospects for liquefied natural gas production in Russia and in the world;

= centers for developing breakthrough chemical technology.
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The course includes business games which are organized in cooperation with industrial companies.
In 2021, students took part in the game focused on the strategies of sustainable development in the largest
Russian integrated petrochemical company SIBUR. The game was held within the framework of a strategic
partnership between Russian universities and the Company. The main outcome of the game was a project
which was prepared and presented by students. The project aimed at analyzing and evaluating the SIBUR
product portfolio for sustainable marketing development.

The course includes independent work of students which aim at developing predictive skills in the
sustainable development of the oil and gas industry. During the independent work, students offer the
prospects of sustainable development and analyze the conditions and resources for introducing innovations
into the life cycle of a certain company. The individual work of students is controlled by university
professors. The results of this work may be used by students for writing their Master’s theses. In addition,
student analytical reviews are used to develop new teaching materials. At the end of this work, students
gain a general understanding of their future place of work in companies which were analyzed.

Sustainable development of industrial clusters is associated with a new level of technology
development and digital transformation of companies (Mikheev et al., 2021). One of the top strategic digital
trends is the development of digital twin technologies based on computer modeling and design of
technological processes and facilities at all stages of a life cycle of industrial companies (Thun et al., 2021).
A number of interdisciplinary courses were created for training students to solve engineering and
technological tasks using computer design and simulation programs. Students develop mathematical
models for real process units in such computer programs as ASPEN, HYSYS/UniSim Design, and
CHEMCAD. These software packages have various built-in modules that allow students to analyze,
optimize, and simulate various chemical and technological processes in static and dynamic modes. The
courses aimed at developing computer-aided design and manufacturing skills were created in cooperation
with the Project Institute. The specialists from the Institute take an active part in teaching process that
allows students to solve tasks taking into account the latest requirements and standards of process design
(Karmanov et al., 2015).

The computer design knowledge and skills are used by students for preparing interdisciplinary
research projects which are included in their Master’s degree theses. The objects of the research projects
are real process units of Tatarstan chemical and petrochemical companies (JSC TANEKO, TATNEFT,
PJSC Nizhnekamskneftekhim, TAIF-NK JPS, Kazanorgsintez PJSC). Students create 3-D models of the
studied equipment and optimize the process conditions. The reliability, viability and quality of the project
results are confirmed by economic and engineering calculations performed in Computer Aided Engineering
(CAE) Systems.

Environmental principles are the most important ones for sustainable development of industrial
companies. They are included in all engineering courses during the whole period of the university
education. The evaluation of environmental risks is included in the content of Economics course. The
course "General Refinery Facilities of Petrochemical Companies" is designed to develop environmental
and technological competencies of Bachelor’s degree students. The course content focuses on the study of

safe operations of petroleum storage reservoirs, energy facilities, water supply systems, water treatment
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facilities, secondary energy resources, etc. Students design the elements of purification systems and
evaluate the possible environmental damage from the pollution of oil production and petroleum refining.
To foster the special environmental skills of students, the team environmental game is organized.

At the level of Master’s degree programs, the goal of environmental training is to establish the
relationship between technological processes and environmental pollution and demonstrate the importance
of the environmental study for future professional activities. The courses "Technologies and Resources for
Sustainable Development of the Oil and Gas Industry”, "Environmental Catalysis" and "Environmental
Principles of Lean Manufacturing" include the main sources of environmental hazards of petrochemistry
and measures for their prevention. Students conduct a literary and patent search for innovative methods of
cleaning pollution for a specific petrochemical company. At the end of the courses a cleaning system is
proposed. The final event of the courses is a round table where students choose a more promising

technology for solving environmental problems.
6. Findings

The interdisciplinary approach to training engineers forms a highly professional human resource for
sustainable development of Russian industrial regions. Russian industrial clusters require specialists with
special professional skills. The modern requirements of the largest petrochemical companies in Tatarstan
Republic (JSC TANEKO, TATNEFT, PJSC Nizhnekamskneftekhim) were analyzed. According to the
analysis, the special conditions and course content of the interdisciplinary training of students were
developed at KNRTU. The course content focuses on developing a set of competences including the
abilities to implement innovations and predict their future consequences, to provide integrated engineering
and economic support, and to work in a team. The study proved that the course content can be used to
develop such interdisciplinary skills as predictive and technological, design and digital, environmental and
technological. The main outcomes of the interdisciplinary education are the abilities of students to generate
ideas for solving engineering and management tasks focusing on the efficiency of technological processes,
energy and resource saving, development of environmental technologies.

The effectiveness of the interdisciplinary course is proved by the readiness of students to complete
and defend their Master's theses.

The student research projects aim at solving the real tasks of sustainable development of
petrochemical and chemical companies of Tatarstan Republic. About 15 % of research projects have been
implemented in industrial production. The research findings have been used in TAIF-NK JPS to improve
the material flow management system for bitumen production and modernize diesel fuel production. The
research results focusing on the improvement of the plant for producing isopropylbenzene hydroperoxide
have been applied in Kazanorgsintez PJSC (Sladovskaya et al., 2018).

During the research, students analyze the prospects for the implementation of the proposed
engineering or management solutions in industrial processes of regional chemical and petrochemical
companies and identify their future risks.

80 % of graduates use computer engineering and design technologies for the development and design
of innovative engineering projects. Computer programs allow students to propose several solutions for

engineering tasks and choose the most effective ones.
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About 78% of research projects contain environmental and engineering recommendations for
improving operational and ecological safety. These recommendations are based on the latest world
standards in this area. Graduates are ready to solve ecological issues of sustainable development. The
research is conducted in close cooperation with the representatives of Tatarstan chemical and petrochemical
companies. They note the high quality of student research.

The interdisciplinary education creates conditions for the successful participation of university
students in conferences (more than 50% of students), industrial project championships (more than 18 % of
students), and interdisciplinary competitions (about 10 % of students).

The interdisciplinary course including principles of sustainable development allows us to train
highly competitive petrochemical and chemical engineers for Tatarstan companies. 95 % of graduates are
employed as process engineers, management engineers, environmental engineers and development

engineers in Tatarstan companies.

7. Conclusion

Global priorities for sustainable development lead to the transformation of industrial complexes
which form the regional economy. Nowadays, the development and operation of industrial facilities is
focused on the efficient manufacture of new high quality products, and improvement of social, economic
and environmental conditions. Industrial companies act in accordance with legislation and safety standards,
implement the principles of sustainable development in their daily activities, analyze regional conditions,
manage business risks, and provide information transparency. Modern industrial conditions require a new
generation of engineers who will be able to solve complex tasks of sustainable development. One of the
most effective tools for training future specialists is interdisciplinary engineering education. The
interdisciplinary courses were implemented in the Bachelor’s and Master’s degree programs at Kazan
National Research Technological University. The courses aim at training future engineers to solve
professional problems using the combination of skills such as predictive and technological, design and
digital, environmental and technological.

The main elements for implementing this approach to the educational process are regular analysis
of cluster development trends and prospects, analysis of professional standards, university and industry
collaboration, professional development of university professors and improvement of teaching materials
and methods.

It is shown that the interdisciplinary training forms the ability of students:

= to implement innovations aimed at increasing the sustainability of industrial facilities;
= to predict possible consequences;
= to provide technological, design, environmental and economic support;

= to work in a team.
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