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Abstract

:

The relevance of this study is due to the low rate of development of the downstream sectors of Russian oil companies. Against a background of the sale of significant volumes of oil and gas raw materials, Russia lags behind world leaders in the production and consumption of petrochemical and chemical products, with their share in the gross domestic product of the country being only 1.1%. Connected to this is the issue of substantiating strategies of development for the downstream sectors of Russian oil companies, which requires detailed research. In this light, it is necessary to take into account current trends in the worldwide demand on petroleum products and also the opportunities and competitive advantages of Russian oil and gas companies in the creation and development of refineries with a consideration of modern technological, environmental, social and market criteria. The paper tests hypotheses about modernisation as a process of increasing efficiency in the development of the industry as a whole. The results of the study show that the planned pace of development in the industry by means of modernisation proves to be insufficient and requires additional investments in innovative development and new construction. The value of the research lies in the modelling of modernisation strategy options by the example of a large oil company, the estimation of results by the criteria of world average indices of technological efficiency of production and the analysis of these results by state indicators of branch development. The theoretical significance of the research lies in the possibility of using this research approach as an analogue.
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1. Introduction


The modern Russian market for petrochemical and chemical products is gradually developing and increasing production volumes; new production capacities and new technologies are appearing all the time [1]. However, in Russia, the problem of refinery modernisation, which is necessary due to the high level of depreciation of refinery fixed assets and the poor quality of finished products, remains at the forefront.



According to experts, the problem of modernisation is related to tax manoeuvres on the part of the state [2,3,4], which have led to the slowdown and postponement of investment in this sector. According to the Ministry of Energy, when compared to 2014, in 2020, the number of investments in the downstream projects of Russian oil companies decreased from RUB 250 billion to RUB 150 billion per year. Only 38% of the modernisation programme has been fulfilled (only 29 plants were actually launched against a plan of 78 upgraded units) [4].



The industry is facing challenging tasks in the continuous upgrading of oil refining capacities for the purpose of improving the quality characteristics of the technological process and the products produced, challenges such as oil refining depth and light oil product yield [5,6,7]. Besides, in Russia, there are a number of performance indicators which should also be taken into account when developing strategies and assessing efficiency of the implementation of such strategies. These include: the growing importance of the chemical and petrochemical industry in the Russian economy and the development of related industries; an increase in the consumption of chemical and petrochemical products to the level of industrialized countries; the creation of high-productive jobs; and the transition to the innovation and investment model of development by increasing the depth of processing.



The aim of the paper is to evaluate the downstream development strategy of oil companies and to test the following hypotheses:



Hypothesis 1 (H1). 

The modernisation of the refinery complex is sufficient to achieve world average process quality.





Hypothesis 2 (H2). 

Refinery modernisation is sufficient to achieve the industry’s growth targets.





The main objectives of the study are:




	
to create predictive models of refinery development strategy based on data from a large Russian company;



	
to evaluate modernisation strategies for balancing a product line with different margins;



	
to analyse the level of attainment of world average product quality and industry forecasts.








The object of the study is the largest Russian oil company—PJSC Rosneft Oil Company, which includes 13 refineries (38% of all Russian refineries), with a total production capacity of about 30% of the annual volume of oil refined in the country [8,9]. In our opinion, it is a sufficiently large company to test the hypotheses put forward.



The contribution of the authors is that they have created predictive models of the two strategies based on the minimum to maximum capacity range of the company’s refinery modernisation process, carried out a comparative analysis of these models and assessed their effectiveness against the target indicators of industry development at the national level.



The section “Literature Review” considers the current theoretical approaches and basic components of strategy formation that were used as a basis for this case study. The section provides an overview of the characteristic factors that determine the formation of the strategies of oil companies in downstream sectors in Russia and throughout the world. It provides forecasts of industry development at state level, which serve as the criteria for evaluating the proposed strategies in this article.



The “Methods and Materials” section outlines the stages of the study, identifies sources of information and provides a brief description of the subject matter.



The results section gives a detailed description of the two refinery modernisation strategies, from minimum to maximum capacity range, the structure of the marketable products, and a qualitative analysis of the strategies and their cost-effectiveness.



The “Discussion” section presents an analysis of the results in the form of a comparison of the options according to economic criteria and indicators of the state plan for the development of the sector. The limitations of this study are highlighted.




2. Literature Review


2.1. Theoretical Basis for the Formation of the Strategy


In this paper, strategy is understood as a combination of planned actions and decisions to adapt the firm to new situations, new opportunities for gaining competitive advantage and new threats to the weakening of its competitive position.



Making strategic choices means linking a company’s existing competitive strengths to its business decisions in a coherent plan.



Corporate strategy, also known as “portfolio strategy”, is the strategy responsible for the main direction of a company’s development, namely the development of its main activities (mining, production, sales). This strategy is the most generalized, since it covers the company as a whole, and that is why strategic decisions at this level are the most serious and complicated to make. Also, at this level, the company’s goals, its future growth, and prospective activities are defined. For these purposes, the company invests in development.



At the corporate level, the following decisions can be made: the allocation of resources between business units on the basis of comparative strategic analysis; decisions to diversify production in order to increase the company’s competitiveness; decisions to merge, acquire, enter into one or another integration structures; changes in the structure of the enterprise; and other global decisions affecting the company’s activities [10].



Business strategy, or business unit strategy, aims to develop the company’s competitive advantage in the long term. It includes a plan of how many products will be produced, what market segment they will be aimed at, what pricing and sales policies will be in place and how these will differ from those of competitors. Where a company is engaged in a single line of business, the business strategy may be the same as the corporate strategy. Most oil companies are vertically integrated oil companies (VICs) with many activities, and their strategies are therefore large, cross-business unit plans.



The main objective of functional strategies is to increase the effectiveness of functional departments within the corporate strategy. An example of a functional strategy might be to reduce staff turnover in the human resources department or to look for opportunities to increase output by upgrading a manufacturing strategy.



For a company to work harmoniously, strategies at all levels must be coherent, not contradictory and lead to the development of all parts of the company.



Vaughan Evans [11] defines strategy development as the following: a set of actions for goal setting, market supply and demand analysis; the assessment of current competitors; the development of business strategy integrated into corporate strategy; and risk assessment. This is the definition we follow in this paper.



The ability to outperform competitors is largely determined by the flexibility and efficiency of the process of obtaining and analysing information on all the significant changes that occur in the external and internal environment of the company, as well as how they are reflected in the company’s strategy. Working out and controlling the realization of a company’s development strategy requires the creation of adequate informational and analytical support, which allow for to the formalisation of the company’s strategic goals and their achievement by means of a system of indicators which reflect the chosen strategy, the coordination of strategic indicators and the determination of their target values.



Corporate strategy determines the direction of business development in the markets through managerial decisions regarding investment in innovation, diversification, vertical integration and acquisitions. Business strategy includes the development of a competitive strategy that provides a blueprint for business development in a particular industry to achieve the organisation’s competitive advantage [12]. A.A. Thompson, Jr. and A.J. Strickland define strategy “as a comprehensive management plan to strengthen a company’s market position and ensure coordination of efforts, customer attraction and satisfaction, competitive success and achievement of global objectives” [13].



In this paper, the benefit–cost method, which evaluates added economic value as an indicator of strategic development, is used as a method for evaluating the effectiveness of a project.




2.2. Analysis of Modern Problems in the Downstream Sector in the Russian Federation


In Russia, the refining and petrochemical industry is currently witnessing a positive development trend: new facilities and refineries are being built, existing refineries are being actively upgraded and high-efficiency installations are being introduced to enable companies to produce more profitable products.



There are currently around 200 mini refineries operating in Russia. Typically, these mini refineries produce in the proportions shown in Figure 1.



Low-quality products produced by mini refineries are mixed with products from major Russian refineries in the domestic market, leading to a distortion of the country’s refining and petrochemical statistics.



There are currently 32 major vertically integrated refineries in Russia, with a total refining capacity of 284.1 million tonnes of oil per year [9] (Table 1).



Other refineries listed in Table 1 are Yaiskiy Refinery, Ilskiy Refinery, Krasnodar Refinery, LLC SIBUR Tobolsk, TAIF-NK, Orsknefteorgsintez and Novoshakhtinskiy Refinery.



The average refining depth at Russian refineries is 83.4%, while in the USA this indicator varies from 90 to 95%, and at the most powerful refinery it is 98%. In European countries, the average refining depth is 85–90%, and in OPEC member countries it is 85% [15]. The average yield of light products in the RF is 69%. This figure is increasing every year, which is due to the refinery modernisation programme.



According to the programme, up to 127 secondary refining units are to be modernised at Russian vertically integrated refineries by 2027. According to the Russian Ministry of Energy [15], this programme will improve refinery quality indicators, such as oil refining depth, light product yield and the Nelson index, to European levels (Figure 2, Figure 3 and Figure 4).



The petrochemical, oil and gas, and chemical industries are growing in Russia but have a very small share of the Russian economy; their share is roughly equal to 1.1% of the country’s gross domestic product (GDP) [16], while in other industrialised countries the figure is up to 9% (Figure 5).



Russia lags behind the world leaders in the production and consumption of petrochemicals and chemicals. This is mainly due to the fact that more raw materials go directly for sale than for processing. For example, in gas chemistry, only 12% of gas is sent for processing, while in the USA, 70% of raw materials are processed [17]. If we compare petrochemical production in the Russian Federation with that in Japan, it is possible to draw conclusions about the low levels of technology development in Russia and low demand for domestic products. This is confirmed by the index of petrochemical production per employee, which is seven times lower in Russia than in Japan [18].



For example, in Germany, the level of consumption of chemical and petrochemical products specifically is more than nine times higher than in Russia [19]. Despite the fact that the domestic market of the PRC lags far behind the markets of developed countries in its development, Russia lags behind the PRC in this indicator [20].



Despite the availability of basic raw materials such as natural gas, naphtha and liquefied hydrocarbon gases, Russia’s chemical complex is predominantly represented by production in low value-added industries [21]. For example, in 2019, Russia ranked second in the world in terms of oil and natural gas production, while in terms of basic polymers production, it ranked only in the second ten largest producing countries [16].



Both the low demand for the products of the chemical complex in the domestic market, and the export-oriented supply of basic raw materials, lie behind the strong dependence of the Russian economy as a whole, and the chemical complex in particular, on the world economic situation. For example, in the crisis years of 2008–2009, chemical production in Russia fell by 5.4%; at the same time, in China, the growth rate of production in the chemical complex in the same period was 9–11% [16,20].



A large proportion of petrochemical end-products are based on seven primary products: ethylene, propylene, aromatic hydrocarbons (benzene, toluene, xylene), ammonia and methanol [20].



According to the IEA, there are two projected scenarios for the petrochemical industry: the Reference Technology Scenario and the Clean Technology Scenario (CTS). The difference between the Clean Technology Scenario and the Reference Technology Scenario is the additional limitations, the most significant of which is the reduction of CO2 emissions by 45% by 2050 as compared to the current level [8]. In the Reference Technology Scenario, the demand for primary products will increase by around 30% by 2030 and almost 60% by 2050 compared to 2017, bringing the production of primary products closer to 1 billion tonnes by 2050 [22] (Figure 6).



The largest absolute increase in production will be in the Asia-Pacific Region (APR), with the production of ethylene, propylene and aromatics increasing by more than two thirds by 2050.



Methanol production will see the fastest growth, increasing by more than 50% by 2030 and nearly doubling by 2050 compared to 2017. Almost two-thirds of the growth in methanol production will come from the APR [22].



Ammonia production will increase by 15% by 2030 and 30% by 2050 compared with 2017. Africa and the Middle East will see the fastest growth in production: in both regions, ammonia production will nearly double by 2050 [22]. The increase in ammonia production will mainly be driven by rising demand for nitrogen fertilizers in developing countries.



The main feedstocks for the Russian petrochemical industry are naphtha and liquefied petroleum gases (LPG), each consuming about 4–5 million tonnes. Ethane is also used, at around 0.5 million tonnes. There are no problems in terms of the provision of raw materials in petrochemistry: only about 15% of naphtha and 30–35% of LPG produced in the country are used for the needs of the branch [22]. Thus, the Available capacity to produce raw materials allows for an increase in processing in petrochemistry.



Even with modernisation programmes and the introduction of new high-tech secondary refining units, Russian refineries will not come close to global refinery performance by 2030. Table 2 shows the main problems in the Russian oil refining industry.



Table 2 shows that there are many problems in the refining sector that can be solved by a large amount of investment in the industry, with a large amount of time needed for modernisation.




2.3. An Overview of the Strategies and Priorities of Russian Refining Companies


The largest vertically integrated oil companies in Russia are Rosneft, Lukoil, Gazprom Neft, Bashneft, Surgutneftegaz and Tatneft (Figure 7). Independent oil companies (IOCs), independent refineries and mini refineries account for the rest.



Many of Russia’s vertically integrated oil companies have long-term targets for the refining sector; data for the largest companies is shown in Table 3.



Thus, it can be concluded that developing a long-term strategy in the refining sector is a very difficult task. It is hampered by many factors [26,27,28], such as: competition, demand, political relations, level of technical equipment, availability of interchangeable technologies, environmental damage and other factors.



However, in 2014, the Strategy for the Development of the Chemical and Petrochemical Complex for the period up to 2030 (hereinafter referred to as the Strategy) was developed [16]. It was amended and clarified in 2016. The Strategy applies to the chemical and petrochemical industries in Russia. The chemical industry includes the production of basic chemicals (mineral fertilizers, soda ash, caustic soda, other chemicals), painting materials, chemical fibres and threads, plastic products, other chemicals, including special chemicals, as well as tyres and rubber products. The petrochemicals industry includes high-tonnage plastics, rubbers and organic synthesis products.



A number of quantitative indicators have been selected to assess the effectiveness of the implementation of the objectives of this Strategy (Table 4).



The main targets of the Russian petrochemical and chemical products market relate to development: increased production and use of products, the development of new production capacities and the adoption of new technologies.





3. Materials and Methods


The materials of scientific monographs and articles of Russian and foreign scientists devoted to theoretical and practical issues concerning the development of strategies of oil and gas companies were used in the research process. The materials of Russian and international scientific conferences on these topics were also used.



The object of this study is Rosneft. This company is Russia’s number one oil producer and refiner, and it is currently the largest vertically integrated oil company in the Russian Federation. Rosneft’s assets include 13 refineries, which supply fuel and energy to much of the country [29]. The company also owns foreign oil production and refining assets.



The research method is a combination of methods and techniques of analysis and the assessment of opportunities to develop strategies for the downstream sectors of oil companies, including the example of PJSC Rosneft Oil Company. In addition, the study used the research methods of desk research on the current state of the problem (the collection, analysis and processing of secondary information) and system, comparative and cause-and-effect analysis, which was used to establish structural links between the elements of the system under study and to further identify the most significant aspects and factors of the problem under study.



The research methodology is based on the steps of the Cost–Benefit Analysis (CBA) analytical method.



The Rosneft projects under consideration are large-scale, with specific features, including production technology, sales markets, geographical and climatic factors, and the multiple overlapping interests of major market players, government regulators, investors and local communities. Therefore, the chosen method to evaluate this type of project needs to take into account the widest range of performance indicators. Since investment appraisal methodologies based on net project cost are limited in their analysis of additional influencing factors, CBA should be used, as it fully incorporates several sequential methods to measure benefits and costs and determine the viability of projects. CBA has scientific and practical values and, based on the completeness and quality of the information used, can be used optionally, for example, by excluding (adding to) methods for decision-making.



Benefits and costs in a CBA are expressed in monetary terms and adjusted for the time value of money; all benefit and cost flows over time are expressed on a common basis in terms of their net present value, whether or not they are incurred at different times. Other related methods include risk-benefit analysis, economic impact analysis, fiscal impact analysis and social return on investment analysis [30].



The main stages of the research methodology are [30]:



1. Project objectives definition. The definition of objectives is the starting point for the analysis and, depending on the formulated objective, allows for the selection of the depth of the analysis and the set of indicators. The aims are to evaluate the development strategies of the downstream sector of the oil company, to identify the pace of development of the company, to compare the rate of growth of the company with the required indicators for development in the industry as a whole and to take into account the company’s market share and its possible contribution to the government’s development strategy.



2. Project identification and prioritisation. Project identification and prioritisation involves defining the institutional, financial and organizational framework of a project, guided by the categories of “quantity” and “quality”. Above all, the identification should define specific objectives and mechanisms to achieve the above objectives.



The study describes the characteristics of strategies in the refining segment of large Russian oil refining companies. Industry development criteria are put forward as institutional categories:




	
the increased consumption of chemicals and petrochemicals to the level of industrialised countries;



	
the creation of highly productive jobs;



	
the transition to an innovative and investment-driven development model by increasing the depth of processing.








3. Project feasibility and option analysis. The feasibility analysis includes a marketing review, the engineering and organisational objectives of the projects and the selection of alternatives. The article provides a marketing analysis that focuses on the IEA forecasts of petrochemical industry development scenarios: the Reference Technology Scenario (Reference Technology Scenario) and the Clean Technology Scenario (CTS). It also provides an analysis of the refining industry in the Russian Federation, in the course of which the main problems are identified, the most significant of which is the obsolescence of refining capacities, and also technical and economic analysis of Rosneft’s operations.



4. Project economic impacts analysis. The economic analysis considers the impact of the project on the main groups of users and project participants, including direct and indirect effects. The project economic impacts analysis shows the correspondence between the targets of the Chemical and Petrochemical Complex Development Strategy for the period until 2030 and the rate of increase in the company’s refining capacities. It shows the growing importance of the chemical and petrochemical industry in the Russian economy and the development of related industries.



5. Project investment analysis. The analysis of investment efficiency is carried out in respect to the main options for project implementation, taking into account the time value of investment, current costs and revenues of the project (time value of money). If the project shows negative results, the conditions for its implementation must be revised. The study evaluates the economics of the implementation of the strategies and selects the most effective strategy. Based on the evaluation, two strategies are selected for the development of the downstream sector of Rosneft, taking into account the need for higher value-added products. The product line of Rosneft’s refining unit was analysed for six refineries that require further upgrading.



6. Multicriteria analysis. Multicriteria analysis reveals the effects of all factors that cannot be accounted for in financial and economic analysis, including environmental effects. The study presents an aggregated estimate of the environmental effects of emission reductions.



7. Project risks and sensitivity analysis. The sensitivity assessment of a project characterises the extent to which the project is resilient to the impact of various risk and uncertainty factors and changes in the main project control parameters, which are manifested in the possibility of deviations from the predicted results.



The study used publicly Available company data; production capacity, refining depth and product types were taken from annual reports and sustainability reports. To determine the order of capital expenditure for the refineries, peer facilities were selected or calculations were made using the direct calculation method.



Strategy No. 1 and Strategy No. 2 are two combinations of refining capacity and corresponding product mix. Both strategies satisfy the company’s 2022 strategic goal to increase output to 40.3 mn t for diesel, 18.9 mn t for gasoline and 5.1 mn t for paraffin. According to the new Rosneft-2022 strategy, the company’s goal is to increase the production of marketable products (Figure 8).



However, the first strategy involves upgrading three refineries, while the other variant involves upgrading six facilities and, accordingly, increasing capital expenditures and the technical and economic performance of the project. Therefore, the main objective of the study is to assess the economics of the strategies and analyse the results not only against the company’s efficiency criteria, but also against the state programme for the downstream sector of oil companies.



At the present moment, Rosneft [31] receives most of its profit from the sale of crude oil (the ratio of the share of oil sales to the share of oil products sales is 60.3/39.7%), which is not efficient for the development of the refining company [32]. With the implementation of one of the strategies, it is possible to increase the share of sales of petroleum products of a higher quality than is currently produced.




4. Results


4.1. Economic Evaluation of the Strategy No. 1


Strategy No. 1 represents the construction of a delayed coking unit (DCU) at the Kuibyshev refinery, the construction of a vacuum gasoil (VGO) hydrocracking unit at the Achinsk refinery and the construction of a diesel hydrotreating complex at the Tuapse refinery [33].



It also involves the construction of a 2 million tonne per year (6000 tonnes per day) heavy oil residue refining facility at the Kuibyshev refinery.



The objectives of this project are:




	
increasing production efficiency and strengthening the position of the Kuibyshev Refinery (Rosneft);



	
a reduction in the production of fuel oil and an increase in the production of light products (including Euro-5 motor fuels).








The following challenges are identified:




	
increasing the refining depth to 75% by processing heavy residues;



	
increased production of high-margin products.








The project is in line with the strategy of the Refining Block (updated as part of the Rosneft-2022 Strategy), which aims to increase the depth of oil refining, including through the implementation of heavy oil residue processing projects [34].



The profitable part of the project is formed by increasing the depth of refining and increasing the output of light products [35,36]. There will be a decrease in the production of fuel oil and tar but an increase in the production of coke. The volume of fuel oil production will decrease by 95%.



The cost of the construction of the DCU will be around RUB 30 billion [33], including:




	
design and survey work—RUB 1.5 billion;



	
licence—about 30 million roubles;



	
equipment—RUB 15 billion;



	
construction and installation work—RUB 12 billion;



	
railway tracks—RUB 50 million;



	
other costs.








In addition to coke, the DCU produces the following products: coking gases (used as process fuel), gasoline and coconut distillates (fuel, raw material for cracking).



The project was based on the example of the construction of the DCU unit at Bashneft-UNPZ.



The results of the DCU project are shown in Table 5. The project is planned to be operational by 2027 and will generate revenues of 8.304 billion roubles.



The inflation projection data for calculating future cash flows is taken from the Ministry of Economic Development’s report on the long-term inflation and deflator indices forecast to 2030 [37].



Construction of a 2 million tonne VGO hydrocracking unit at the Achinsk refinery. The cost of this construction will cost about 92.8 billion roubles. The project is based on the example of the construction of a VGO hydrocracking unit at the Volgograd Refinery.



The construction of this unit will help to achieve the following results: an increase in the production of diesel fuel of the fifth ecological class by 1 million tons, the production of components of motor gasoline by 340 thousand tons per year and liquefied gases by 57 thousand tons. The complex will also include units for the production of hydrogen and elemental sulphur [38,39,40]. In the future, the products produced will be in demand in the Altai Territory, and it is also possible to sell the goods abroad due to its proximity with, for example, China, Kazakhstan and Mongolia.



The hydrocracking process feedstocks will be straight-run gas oils, vacuum gas oils, catalytic gas oils, coking gas oils, visbreaking gas oil and deasphaltisate. Since refineries have primary and secondary refining processes, the products obtained will depend on the feedstock loaded [41,42,43,44,45,46,47,48,49].



The purpose of building this unit at the Achinsk refinery is to increase the refining depth to 80%, thereby increasing the yield of higher-value products.



The results of the VGO hydrocracking unit project are shown in Table 5. This project is planned to be commissioned by 2029, with an increase in revenues from the project of 6.64 billion roubles.



A diesel hydrotreatment complex with a 4 million tonne unit capacity is planned for construction at the Tuapse refinery. This RUB 16 billion project was implemented at the Omsk Refinery, and the facility will produce 3.84 million tonnes of Euro-4 and Euro-5 diesel fuel. The unit produces a high-quality product with a minimum content of sulphur compounds.



The results of the diesel fuel hydrotreater project are shown in Table 5. This project is planned to be commissioned by 2029, with an increase in revenues from the project of 7.741 billion roubles. Construction will take 2–3 years and the commissioning date is 2024–2025.



The aggregate total for Strategy No. 1 is shown in Table 5 and Figure 9.




4.2. Economic Evaluation of Strategy No. 2


Strategy No. 2 represents the construction of units at the Kuibyshev refinery, Achinsk refinery and Tuapse refinery (presented in Strategy No. 1), as well as the construction of VGO hydrocracking units at the Komsomolsk refinery, Ryazan refinery and Novokuibyshevsk refinery [46].



The Komsomolsk refinery plans to commission a VGO hydrocracking complex with an annual capacity of 2 million tonnes. The Novokuibyshevsk refinery and the Ryazan refinery also have targets aimed at achieving a similar volume. Thus, the cost of the three refineries will be approximately 92.8 billion roubles each. The construction of the hydrocracking unit at the Novo-Kuybyshev refinery will cost about 22.5 billion roubles. The implementation of VGO hydrocracking is expected to increase the output of diesel fuel of the fifth ecological class by 1 mln tons, the output of automobile gasoline components by 340,000 tons per year, and of liquefied gases by 57,000 tons. The hydrocracking unit will increase the depth of refining at the refinery by 20%, and, in combination with a catalytic cracking unit, it will increase the total refining depth at the refinery to 95–97% [47]. Such a result is achievable at the Ryazan refinery, as the plant already has a catalytic cracking unit.



The construction of the DCU unit will reduce fuel oil and tar production by 95% and increase the production of low-sulphur coke.



The results of Strategy No. 2 are presented in Table 6 and Figure 10.




4.3. Comparison of Strategy No. 1 and Strategy No. 2


Table 7 presents a comparative analysis of the two strategies developed.



An analysis of the strategies developed shows that:




	
Strategy No. 1 will increase the company’s revenue in the refining sector to 66.604 billion roubles, which is 22.687 billion roubles more than in the base case (or 152%). Also, on the technical side, the average refining depth at Rosneft’s refinery group will increase to 79% (from 74%), which will improve marginal yield and reduce fuel oil output by 90.6%. The investment of Strategy No. 1 will be approximately RUB 138.8 billion, with a payback period of 6 years;



	
Strategy No. 2 will increase revenues to RUB 163.694 billion across the six refineries, which is RUB 55.6 billion more than in the base case (or 152%). The depth of refining at the Ryazan refinery will increase from 72.4% to 95%, at the Komsomolsk refinery from 75.9% to 88%, and at the Novokuibyshevsk refinery from 74.2% to 87%. Thus, the average depth of refining at Rosneft will increase from 74.4% to 82.1%, which will increase marginal yield and reduce fuel oil output by 84.5%. The investment of Strategy No. 2 will be approximately RUB 439.7 billion, with a payback period of 6 years. Strategy No. 2 will exceed the company’s 2022 target by increasing diesel output to 41.319 million tonnes (against a target of 40.3 million tonnes), diesel being a product that meets quality standards and can be exported abroad.










5. Discussion


The results of the evaluation of the strategy options prove the effectiveness of the company’s refinery modernisation projects in terms of performance:




	
the depth of processing—by reducing primary processing residues, reducing the share of products used for process purposes, reducing emissions into the atmosphere and lowering energy consumption;



	
the percentage of light products output—due to a reduction in the production of fuel oil and other dark products;



	
the percentage of renovation of the refinery’s fixed assets.








The depth of processing increases by 4.6 points for Strategy No. 1 and by 7.7% for Strategy No. 2, with a rate of 82.1% in line with the world average. The light products yield increases by 11.3% and 13.8% in Strategies No. 1 and No. 2, respectively (Figure 11).



Refinery modernisation projects allow for high process quality, increased refining depth and light product yields, all of which support hypothesis H 1: “Refinery modernisation is a sufficient condition to achieve process quality and world average product quality”.



As mentioned in the “Introduction” section, the main criteria for evaluating the second hypothesis could be as follows: an increase in the significance of the chemical and petrochemical industry in the Russian economy and the development of related sectors; an increase in the consumption of chemical and petrochemical products to the level of industrialized countries; the creation of highly productive jobs; the transition to an innovation and investment model of development by increasing the depth of processing.



It should be noted that the strategies ensure the economic efficiency of the company’s operations, which will be achieved through a balanced product mix of different margins that will increase the share of clean oil products. Figure 10 shows that the yield of light products will increase by 10%, while fuel oil and naphtha will decrease (Table 8).



In addition to the economic effect, other types of effects, such as environmental, budgetary and social, should also be noted. The implementation of these strategies will have positive environmental effects in the form of increased refining depth, especially in light of the need to meet the requirements of the Paris Agreement to reduce CO2 emissions into the atmosphere. As a result of increasing the depth of oil refining according to the considered strategies emissions to the atmosphere of greenhouse gases in the process of such refining will be reduced [48]. In addition, improving the quality of the produced petroleum products will reduce greenhouse gas emissions from fuel combustion products [49]. Due to the increase of Rosneft’s revenues and profits, a budgetary effect in the form of an increase in tax revenues to the state budget and local budgets of the subjects of the Russian Federation is possible.



With all the positive factors of the modernisation process, it should be admitted that the pace of this process is slow and insufficient to achieve growth and development in the Russian economy of the chemical and petrochemical industry, as well as related industries, in the nearest decade. It is necessary to mention that at present the share of proceeds from oil refining in Rosneft is only 45%, the rest (up to 90%) is sold in raw form for export [31]. This fact illustrates the lost opportunities relating to the development of allied industries, the employment of the population inside the country, the creation of high-performance workplaces and lost profits from production of products with high added value.



The process of modernisation with imported equipment does not contribute to the development of our own innovative base of oil refining. In our opinion, to increase the share of downstream production in the output structure of the chemical complex (in physical terms), reduce the share of imports in the structure of consumption of downstream products and to increase the share of exports in the output structure of the chemical complex, it is necessary to plan, first of all, the construction of new refineries.



Therefore, it must be concluded that hypothesis H 2, which posits that “modernisation of the refining complex is a sufficient condition for achieving the forecast indicators of industry development”, is not supported.



The value of this study lies in the following: the modelling of options for modernisation strategies using the example of a major oil company, the assessment of the results according to the criteria of global industry average indicators of technological efficiency of production and the analysis of these results by state indicators of industry development. The theoretical significance of the study lies in the possibility of using this research approach as an analogue. The practical significance of the study lies in the fact that the results of the study can be used by Russian oil refining companies to develop strategies to improve the efficiency of their operations.



It should be noted that this study has a number of limitations:




	
the study considers the example of one Russian company, the PJSC Rosneft Oil Company, which has 30% of the Russian oil products market;



	
the study is limited to an analysis of two possible strategies for upgrading Rosneft’s refining capacity;



	
the assessment of project efficiency is presented by indicators of NPV, profitability index and payback period, without taking into account the analysis of project sensitivity to the impact of various risk and uncertainty factors or changes in the main project control parameters, which can significantly change the results in cases of sharp volatility in product prices, growth (reduction) of demand for products and changes in macroeconomic parameters such as credit rates, export duties, introduction of sanctions on hydrocarbon emissions, etc.








The results of this study will be used in further research by the authors to carry out benchmarking analysis of the strategies of Russian and foreign oil companies in order to form recommendations for improving the strategic planning process in the Russian oil sector. In future studies, the authors may develop more strategies, considering geographical and product diversification in these strategies.




6. Conclusions


A study of the refining industry in the Russian Federation, in particular its downstream sector, has been carried out.



By conducting the study, the following results were obtained:




	
An analysis of the existing problems of the downstream sector in the Russian Federation that influence the development of strategic decisions by Russian vertically integrated oil companies has been carried out. The authors show that the main problems in the development of the Russian downstream sector are of a technological nature and that in order to solve them, oil producers must include in their strategies large investments for the purpose of expanding existing facilities in the downstream sector. In order to increase the pace of development of the Russian downstream sector, Russian oil producers should correlate their strategic goals with the strategic objectives set out in the Strategy for the Development of the Chemical and Petrochemical Complex for the period up to 2030;



	
The authors conducted an analysis of Rosneft’s operations, which revealed a discrepancy between those operation and the strategic objectives of the downstream sector; the company derives more than half of its profits from the sale of crude oil. As a result of this analysis, the need to develop strategies to improve the efficiency of Rosneft’s operations has been identified;



	
To achieve the objectives, the authors formulated two strategies for the development of Rosneft’s downstream sector and assessed their cost-effectiveness. The assessment showed that the implementation of measures under Strategy No. 2 may result in higher rates of growth in the depth of oil refining, production and yield of light petroleum products;



	
The authors conclude that the investments made by oil producing companies in upgrading the existing refining facilities can provide solutions to the problem of improving product quality: namely, increasing the depth of oil refining and raising the Nelson Index to European levels. However, as proved by the authors, these strategic decisions cannot ensure the achievement of indicators of industrial development, such as a reduction in the share of imports and an increase in the share of exports of chemical products. In order to achieve these indicators, the strategic objectives of oil producing companies should be to expand existing oil refining capacities and to build new refineries.








The results of this research can be used by Russian vertically integrated oil companies to form the development strategies of the companies and their oil refining capacities in particular. In addition, the results obtained can be used by government agencies, such as the Ministry of Energy of the Russian Federation and the Ministry of Economic Development of the Russian Federation, to improve the decision-making process within the strategic management of Russian oil and gas companies, as well as to develop strategic development programmes for various sectors of the economy.
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Figure 1. The product structure of mini refineries [14]. 
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Figure 2. Forecast of light petroleum product yield development in the Russian Federation, % [15]. 
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Figure 3. Forecast of primary refining depth in the Russian Federation, % [15]. 
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Figure 4. Nelson index growth projection for the Russian Federation, points [15]. 
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Figure 5. Share of the petrochemical complex in countries’ GDP, % [17]. 
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Figure 6. Regional and product mix of global primary petrochemicals production, 2017, 2030 and 2050, million tonnes [22]. 
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Figure 7. The structure of Russia’s refining industry in 2019 [8]. 
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Figure 8. Ratio of actual and planned output of marketable products of Rosneft, mn tones. Source: compiled by the authors according to [31]. 
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Figure 9. Results of the implementation of Strategy No. 1. Source: compiled by the authors based on data [33]. 
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Figure 10. Results of the implementation of Strategy No. 2. Source: compiled by the authors based on data [46]. 
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Figure 11. Scenarios for Rosneft’s development strategy, with a focus on refining and petrochemicals. Source: compiled by the authors. 
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Table 1. Structure of oil refining in the Russian Federation.
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	Company
	Number of Refineries

Belonging to the Company





	Rosneft (including Bashneft refineries)
	12



	PJSC Lukoil
	4



	PJSC Gazprom
	3



	New Stream Group
	3



	PJSC Gazprom Neft
	2



	PJSC NGK Slavneft
	2



	OJSC Surgutneftegas
	1



	Other refineries
	5







Source: designed by authors using [9].
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Table 2. Main problems of the refining industry in the Russian Federation.
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	Problem
	Characteristic
	Possible Solutions





	Ageing capacity
	A large number of Russia’s refineries were built in the 1940s and 1960s; buildings, facilities, technology and equipment are obsolete.
	Construction of new refineries/total replacement of equipment and refining technology/construction of new facilities



	Low processing depth
	At present, refining depth in the Russian Federation is on average 10% less than at US refineries. A large number of remnants after primary processing is used for technological needs.
	Allocate investments to modernise equipment to reduce atmospheric emissions and energy consumption



	Low percentage of light products output
	The ratio of light to dark petroleum products in the Russian Federation is 69%, which indicates the production of a large amount of cheap and unpreventable product. Consequently, the country is missing out on the profits that could have been made by selling quality gasoline at new standards.
	Reduction in production of fuel oil and other dark oil products/continuation of equipment modernisation



	Low level of the Nelson Index
	The current average Nelson index in the RF is 4–5 points, while in European countries it is 8–10 points and in the USA it is 10–12 points. This value of the index indicates the technical “simplicity” of refineries in the Russian Federation. Many Russian refineries have a low number of high-tech recycling units.
	Expansion of the technical scheme of refineries, modernisation of production, introduction of newer and more technologically advanced units/allocation of research and development investments to reduce Russia’s dependence on foreign technology



	Lack of catalysators
	Due to the sanctions, some suppliers have stopped supplying catalysts for the production of petroleum products, which has had an impact on the quality of the products produced.
	The construction of a modern high-tech catalyst production complex is underway at Gazprom Neft-Omsk Refinery, and a heavy oil hydro-conversion unit using nanoscale catalyst systems is being designed at TANECO. These projects will reduce Russia’s dependence on catalyst supplies from abroad.



	Low-quality petroleum products
	Taken together, the above-mentioned problems result in a drop in the quality of petroleum products, which does not meet the quality standards of many countries, making Russian products uncompetitive abroad.
	As a result of addressing the above issues, there will be an increase in the level of product quality.







Source: designed by authors using [8,15,16].
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Table 3. Characteristics of strategies in the refining sector of major Russian refiners.
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	Organisation
	Characteristics of the Strategy





	Gazprom oil [23]
	Plans for 2025:

	−

	
to increase oil refining to 40.0 million tonnes;




	−

	
to increase refining depth to 99%;




	−

	
to increase the output of light petroleum products to 80%;




	−

	
that the total investment in the development of the Omsk Refinery and Moscow Refinery by 2025 exceeds RUB 550 billion;




	−

	
the development and modernisation of the NIS project; expected investments through 2025 are €1.4 billion.









	Surgutneftegas [24]
	Priority areas:

	−

	
the optimisation of existing production, improvement of efficiency of refining processes by implementing projects for modernisation and reconstructing existing production facilities;




	−

	
to reduce the production volume of low-margin products, increasing the oil refining depth and the share of light petroleum products;




	−

	
to produce a wide range of products in accordance with market requirements.









	Tatneft [25]
	Strategic objectives 2030:

	−

	
to increase oil refining capacity to 15.7 million tonnes per year;




	−

	
a refining depth of 99%;




	−

	
a light products output of 89%;




	−

	
to increase the output of premium products;




	−

	
the optimisation of sales logistics;




	−

	
the optimal balance of oil and petroleum product sales.













Source: designed by authors using [23,24,25].
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Table 4. Relevance of objectives and targets for the implementation of the Strategy.






Table 4. Relevance of objectives and targets for the implementation of the Strategy.









	Target
	Indicator





	The growing importance of the chemical and petrochemical industry in the Russian economy and the development of related industries
	1. Increase the volume of own-produced goods, works and services rendered by own efforts by 2.8 times in 2030 as compared to 2012, which will amount to 6552 billion roubles in this year’s prices.

2. Increase the share of the chemical complex in Russia’s GDP by 2030 to 2.1% (instead of 1.1% in 2012).

3. Maintain annual investments in the development of the chemical complex in the order of 271 bln roubles (2020–2030).



	Increased consumption of chemicals and petrochemicals to the level of industrialised countries
	4. Increase the consumption of the most important products by 2030:

	−

	
mineral fertilisers—from 39.2 to 55.7 kg/ha;




	−

	
chemical fibres and yarns—from 2.4 to 8.5 kg/person;




	−

	
paints and varnishes—from 10.4 to 25.7 kg/person;




	−

	
plastic products—from 32.3 to 89.8 kg/person;




	−

	
passenger cars and light trucks—from 356.6 to 604.4 tyres/person; truck tyres—from 52.6 to 81.8 tyres/person; agricultural and industrial tyres—from 11.9 to 15.3 tyres/person.









	Creating high-capacity jobs
	5. Increase labour productivity in the chemical complex of the Russian Federation from 4.0 to 21.1 million roubles/person.

6. Ensure an annual increase in high-productive jobs of 90% over the previous year



	Transition to an innovative and investment-driven development model by increasing the depth of processing
	7. Increase the production of essential products and quality socially oriented products and meet the growing needs of the domestic market for chemicals and new materials, and also expand the range of products.

8. Increase exports during Phase I of the Strategy (2014–2016) by 18% and by 2030 by 3.0 times compared to 2012.

9. Implement effective import substitution and reduce the dependence of the domestic market on the influence of foreign companies, thereby ensuring economic security.

10. Promote the development of technological transport infrastructure to increase the volume and safety of chemical and petrochemical cargo transportation.

11. Promote regional development, formation of interconnected regional production complexes (petrochemical clusters and chemical industrial parks).







Source: developed by authors according to [16].
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Table 5. Results of the implementation of Strategy No. 1.
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Product,

Thousand Tonnes

	
Refinery




	
Kuibyshev

Refinery

	
Achinsk

Refinery

	
Tuapse

Refinery






	
2019




	
Motor gasoline

	
746

	
905

	
-




	
Diesel fuel

	
1584

	
2161

	
2702




	
Paraffin

	
-

	
118

	
-




	
Nafta

	
537

	
156

	
1695




	
Fuel oil

	
1628

	
1876

	
3030




	
Other

	
145

	
867

	
1501




	
Revenue, RUB bln

	
15.681

	
12.753

	
15.483




	
2032




	
Motor gasoline

	
930.6

	
1245

	
-




	
Diesel fuel

	
1700

	
3161

	
6542




	
Paraffin

	
-

	
218

	
-




	
Nafta

	
537

	
156

	
1095




	
Fuel oil

	
81.4

	
379

	
151.5




	
Other

	
645

	
924

	
1139.5




	
Revenue, RUB billion

	
23.986

	
19.393

	
23.225








Source: compiled by the authors based on data [33].
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Table 6. Results of the implementation of Strategy No. 2.
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Product,

Thousand Tonnes

	
Refinery




	
Ryazan NPK

	
Komsomolsk

Refinery

	
Novokuibyshevsk

Refinery

	
Kuibyshev

Refinery

	
Achinsk

Refinery

	
Tuapse

Refinery






	
2022




	
Motor gasoline

	
3374

	
566

	
1465

	
746

	
905

	
-




	
Diesel fuel

	
4247

	
2609

	
2534

	
1584

	
2161

	
2702




	
Paraffin

	
1085

	
189

	
317

	
-

	
118

	
-




	
Nafta

	
247

	
626

	
30

	
537

	
156

	
1695




	
Fuel oil

	
4268

	
1709

	
1911

	
1628

	
1876

	
3030




	
Other

	
1986

	
1389

	
854

	
145

	
867

	
1501




	
Revenue, RUB billion

	
26.04

	
19.393

	
18.627

	
15.681

	
12.753

	
15.483




	
2032




	
Motor gasoline

	
3714

	
906

	
1805

	
930.6

	
1245

	
-




	
Diesel fuel

	
5247

	
3609

	
3534

	
1700

	
3161

	
6542




	
Paraffin

	
1185

	
289

	
417

	
-

	
218

	
-




	
Nafta

	
247

	
626

	
30

	
537

	
156

	
1095




	
Fuel oil

	
2771

	
212

	
95.55

	
81.4

	
379

	
151.5




	
Other

	
2043

	
1446

	
1229,45

	
645

	
924

	
1139.5




	
Revenue, RUB billion

	
39.06

	
30.0895

	
27.9405

	
23.986

	
19.393

	
23.225








Source: compiled by the authors based on data [46].
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Table 7. Scenarios for Rosneft’s development strategy, with a focus on refining and petrochemicals.






Table 7. Scenarios for Rosneft’s development strategy, with a focus on refining and petrochemicals.





	Indicators
	Base Case

(BV)
	Strategy No. 1
	Deviation (+-) from BV, %
	Strategy No. 2
	Deviation (+-) from BV, %





	Depth of refining, %
	74.4
	79.0
	+6.2
	82.1
	+10.4



	Light petroleum product yield, %
	57.6
	68.9
	+19.6
	71.4
	+24.0



	Production of light petroleum products, million tonnes
	47.221
	52.801
	+11.8
	57.121
	+21.0



	Costs, RUB billion
	-
	138.8
	-
	439.7
	-







Source: compiled by the authors.
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Table 8. Refined petroleum products, dynamics by option, thousand tonnes.






Table 8. Refined petroleum products, dynamics by option, thousand tonnes.





	Product
	Base Case
	Strategy No. 1
	Strategy No. 2





	Motor gasoline
	13,955
	+525
	+1204



	Diesel fuel
	30,754
	+14,956
	+7956



	Paraffin
	2512
	+100
	+400



	Nafta
	5222
	−600
	−600



	Fuel oil
	21,407
	−5922
	−10,922



	Other
	12,792
	+196
	+685







Source: compiled by the authors.
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