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Abstract

:

Diffusion of the biofuels (BF) using is justified by opening up the opportunities for obtaining fuel and energy from previously inaccessible sources and by the existence of energy-deficient regions, in particular in Russia. Works of different scientists on the problems of creating and using BF were the methodological basis of this study. Information on the state and prospects of the development of renewable energy sources in Russian regions was collected from regulatory documents and was obtained by employing a questionnaire survey. For the study of the collected materials, the different methods of comparative analysis, and the methods of expert assessments were used. The results of the Status-Quo analysis of BF production in Russia have shown that the creation of BF performed relatively successfully. However, there are many more perspectives, connected with expanding the utilization of the different raw materials. Also, the analysis of organizational and economic mechanisms applied for production of BF and the obtained data on several organizations-producers allowed for proposing six indexes for the assessment of the BF production effectiveness. It is suggested that BF production in Russia will contribute to the sustainable development of a number of the country’s regions in the near future.
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1. Introduction


The power supply is one of the most critical factors for sustainable development both for particular countries and for the global economy as a whole. In this vein, the UN sets seventeen main targets for the provision of sustainable development of all countries of the world and “cheap and clean energy” is number seven in this list [1]. Among the problems requiring a solution to achieve this target is an increase the share of clean energy and accessibility of technologies of its production using renewable energy (REn). Intensive application of conventional energy over decades had a negative impact on the environment and those linked with it have established additional conditions for comprehensive development of REn in different regions of the world. At the same time, the concept of sustainable state development comprises continuous and complete work for the improvement of the existing social and economic setup. That is why the application of REn is promising for an increase in the share of clean energy in the economy that produced employing innovative technologies, which will assist in solving this problem too. For instance, in 2018, considered to be the first in the world, the REn sector of Germany produced more energy than coal and more than 40% of the electricity generated throughout the year was created using of REn [2]. In Russia, the energy sector operation is historically based on hydrocarbons crude, as well as on hydro- and nuclear power stations.



Moreover, Russia is one of the leading suppliers of hydrocarbons in the global market. These circumstances significantly influence the perception of green energy production and general use of REn in the country. However, in the second decade of the 21st century, the environmental impact of permanent anthropogenic factors has required the taking of appropriate measures in this field both at the federal and regional levels. In particular, the accumulation of industrial, agricultural, and household wastes is becoming an essential incentive for the development of innovative activities aiming at the production of biofuel (BF). According to the existing data [3], the resource potential of recyclable organic waste biomass, including solid household wastes and sediments of wastewaters reaches 13,490.26 tons of coal equivalent (TCE) per year in Russia. This study led both at the federal level and in particular regions which have significant differences in terms of economic, geographic, and climatic conditions.



According to pessimistic forecasts, the share of green energy in the Russian economy will arrive at 3–5% by 2035, according to positive ones, it will be equal to 8–10%. The proposed share of BF in the production of electric and heat energy with targeted management could be about 2–3% [4].



Different geographic, climatic, economic, and other conditions in regions of Russia necessitate solving several scientific problems for optimization of the existing regional programs for the provision of sustainable development and determination of the role of REn and BF production in them.



Therefore, the progress in BF production achieved in some leading countries has become a significant factor which causes a positive impact on the sustainable development of their economies. This gives rise to the suggestion that Russia has some conditions for a more extensive application of REn, in particular, for BF production and use. Correspondingly, this article characterizes some general trends of BF production development and presents the results of the analysis of organizational and economic indexes of BF actual production in Russia as well as some data about planned production. The potential risks of BF production in the Russian Federation are also analyzed.




2. Materials and Methods


The global trends of BF production development, as well as stimulating institutional measures, were mainly analyzed using the works conducted in the leading countries in 2015–2019. BF production capabilities in Russia were analyzed using the published official documents of ministries and agencies, official reports of the Government and ministries, and business enterprises. Information on 74 Russian state and private enterprises involved in BF production or planning to start such production were gathered. Also, the information gathering was conducted by using a questionnaire survey—the questionnaires compiled by recommendations and with consideration of data of other authors [5,6,7,8]. The questionnaires contained 20 questions including (i) form of entity; (ii) date of commencement (planned commencement) of BF production; (iii) types of BF produced by the enterprise; (iv) raw materials used for BF production; (v) education level of employees; (vi) type of equipment used for BF production; (vii) sales of produced BF, etc. The questionnaire survey was conducted via e-mail as well as online and offline [9]. Also, the materials of publicly available databases accumulating information on the application of REn in production, such as IRENA.org [10,11,12], REN21.com [13], GIS RESR [3], etc. were used in work.



Russia possesses ample natural resources, including conventional energy sources. Hence, forecasting of BF production requires the development of different approaches and a set of tools for an unbiased assessment. It is worth noting that geographic, climatic, and economic conditions of Russian regions are substantially different. Due to this, a situational analysis was conducted in this work using the Russian regulatory documents, which are quoted below.



Based on obtained results, possible tools for assessment of BF production development were set out with the determination of several indexes and calculation manners. Relevant management measures for the provision of long-term BF production were elaborated. For setting out of the tools, the “before and after” conditions comparison method was used [14], as well as the contemporary methodology of Global Innovation Index [15,16,17], National Report on Innovations in Russia [18], some materials from publications on innovation management [19,20,21,22,23] were taken into account. Based on proposed tools with the using of grouping and determination methods [24,25,26], potential risks have been estimated. Risk assessment was performed using the method of E. Kulikova [27]. Based on the performed analysis, using the method of expert estimations, tendency function, and least square method, the estimated forecast of BF production development in Russia was formulated. Through the exploratory forecast method and using the theoretical basis of Russian and foreign scientists [28,29], possible conditions and future continuations of the found trends of BF production determined. Generally, the study algorithm included six main steps presented in Figure 1.




3. General Trends of Biofuel Production Development and Some Prospectives for Russia (Research Background)


Over several decades of development, some of the leading BF producers (USA, Brazil, Germany, China, India, etc.) [10] have covered a lot of ground in development and improvement of the used technologies. The first-generation technologies created in the beginning provided industrial manufacturing of the three main types of BF: Bioethanol, biodiesel, and biogas [30,31,32]. At this stage, starch-containing agriculture products were mainly used as raw materials. At the beginning of the 21st century, several new approaches and technologies were developed, which led to the expansion of BF production and appearing of the products named the second- and the third-generation BF.



For instance, biotechnologies allowing the transformation of carbohydrates not applied in the food industry but widely spread in plants (cellulose, hemicellulose, lignocellulose, xylogen, etc.) [33,34,35] has been created. In particular, the problem of efficient destruction of beta-glycosidic bonds which bond monomers in such biopolymers was solved. At the same time, wild-growing and cultivating oil plants were found. These plants began to serve as a more efficient raw material in the production of BF than various conventional plants (sunflower, soybean, etc.). As a result, this practice allowed the preservation of the purpose of traditional crops that are used in the food industry [35,36,37]. Pyrolysis started to be applied in BF production. In the course of this process, quick thermochemical decomposition of lignocellulose occurs at high temperatures and without oxygen [38,39]. The main product of it is levoglucosan, hexose anhydride (six-carbon monosaccharide) which is considered the most suitable substrate for further transformation into the second-generation BF [39]. Then the products of pyrolysis are exposed to, for instance, specific microbic conversion for production of ready-to-use BF, in particular, bioethanol [39].



Moreover, pyrolysis and other particular technologies allowed the use of some prokaryotic (cyanobacterial) and eukaryotic algae as raw materials for BF production [40,41,42]. Based on appropriate criteria, some authors categorize them as the third generation of technologies [36,42].



Among the reasons for the use of cyanobacterial algal, it is noted that these microorganisms grow fast, and do not compete for agricultural lands and resources. At the same time, they can efficiently transform CO2 into different organic substances, including lipids and carbohydrates, in their cells [40]. With consideration of the high content of lipids and carbohydrates in biomass of Cyanobacteria and eukaryotic microalgae, technologies for the production of the third-generation BF were created and tested [43,44]. For instance, three main techniques are categorized as the third generation of bioethanol production technologies: (i) fermentation of processed biomass; (ii) dark fermentation of reserved carbohydrates and (iii) direct photofermentation from carbon dioxide to bioethanol using light energy. However, the conventional technologies of fermentation of biomass by using these microorganisms are still of great interest [43].



Considerable attention is also paid to the creation of technologies for the production of bio-oil and biodiesel from cyanobacterial algal [40,45]. Although the cost of algae bio-oil is still rather high (about $2 L−1), as compared to the costs of similar fossil fuel, the cost of such bio-oil may become competitive and occupy a significant market share in the following decades [46].



As can be seen from the given above information, among the characteristics of the three generations of BF, an important place is given to the raw material principle, that is, the ability to process certain raw materials. Alas, this area is also undergoing evolution transformation. Recently there are reports surrounding the development of the new, fourth generation of technologies. Among the features of which is the application of technological principles involving the creation of specialized genetic engineered constructions, modifications of microorganism complexes, etc. [45,47]. The main steps of technological evolution in BF production are presented in Figure 2.



Optimization of the developed technologies has sufficiently accelerated the production processes and also led to an increase in the output of the final product and a decrease in its costs.



For example, a quite high yield of bioethanol has been achieved by the leading countries in conditions of industrial production (75–84% of theoretically possible level and even approximating 95%) [53]. At the same time, the applied technological solutions in the production of BF allowed obtaining an additional some valuable by-products (for instance, glycerin in biodiesel production) which are used in the pharmaceutical, cosmetic and chemical industry. As a result, the by-products began to contribute to the added value generated by the production of certain types of BF [36,56].



One of the particular trends in contemporary bioenergy is the development of fuel pellet production technologies. Wood chips and other timber processing industry wastes are used as raw materials for this [57,58]. The trees growing both in a moderate climate (e.g., Pinus sylvestris) and in the tropics may be the source of such raw materials. The relevant products are in a significant demand on the world market due to the environmental component of consumer properties. Currently, the world community is striving to increase the share of REn production and application in the economy, mainly due to the perspective of the environmental safety provision. This striving is determined by the possibility of obtaining additional energy resources and the proven ecological effect from the reduction of CO2 emission [54,59,60], efficient processing of steadily accumulating biological wastes [61,62] and non-demanded agricultural resources [63,64,65]. In many countries of the world, there are state plans for development and use of green energy based on REn [66,67,68,69] which have confirmed their efficiency. In this vein, it is interesting to note that the growth of electricity capacity with a cumulative result from 2014 to 2018 in global bioenergy, for example, amounted to 30% [11] (Figure 3).



The significant economy indexes already reached in the course of implementation of such plans are confirmed by the materials of the European “Updated Bioeconomy Strategy” [70]. In particular, there are data on the annual growth of added value in the course of production of biochemicals (including BF), which has provided additional €3.5 billion of added value [70]. At the same time, it became known that from 2003 to 2018, world ethanol production increased by 230.5% [69]. Certainly, these results are caused by comprehensive organizational activities by the state and active institutions. Results of ongoing works on regulatory mechanisms improving, standardization of management processes, development, and unification of technological solutions in the area of BF are reflected in the different publications of many scientists from various countries, including Russia [71,72,73,74,75,76,77]. It is also worth noting that positive environmental effect from the application of BF is already being registered. For example, according to the available data [78], the CO2 emissions have reduced by 1.2 million tons since 2015 due to production of electricity using REn facilities. Moreover, a possible reduction of CO2 emissions may reach 7 million tons per annum due to application of green energy. Currently, there are opening opportunities for a comprehensive economic and environmental analysis from the results of technologies application used in the production of BF [79,80]. The suitable analysis will allow enhancing the evidential base in terms of positive characteristics of the application of BF and diffusion of innovations. As an illustration, the number of publications on economic results, technological features, and environmental consequences of industrial production of BF annually increased. In particular, there are different reports from Spain, Scandinavian countries, Thailand, etc. about the successful experience of BF production from agricultural wastes and timber biomass [81,82,83].



Due to this, the main direction of REn-based green energy development in Russia may be oriented on the growing opportunities for processing of non-demanded biological resources and various wastes into BF. Thanks to this, it is possible to expect an increase in production efficiency and qualitative change of environmental situation. Besides, several by-products are expected to be obtained [84,85,86], and these products can contribute to the added value in the production of BF [87].




4. The Results of Analysis of Organisational and Economic Mechanisms Applied for Production of Biofuel in Russia: Status-Quo and Some Prospectives


4.1. Official Regulators and Participants of the Biofuel Market in Russia


The energy sector of Russia based on conventional energy resources is the market barrier on the way of development of renewable energy. The existing production problems of REn facilities connection and high capital expenditures for construction of REn facilities [88] slow down the growth of potential utilization capacity of this type of energy.



The key roles in the economic life of Russia played by the state and other official regulators require special consideration within the analysis of organizational and economic mechanisms applied in BF production. Naturally, the Government and the specialized ministries are located on top of the management pyramid. Also, different programs and projects are developed and officially regulated by appropriate agencies, research, and educational institutions, technological platforms, as well as other organizations accumulating information on key stakeholders of the market. Such organizations may be considered a separate group which provides policy-making, development of significant state and regional programs as well as supervision of their implementation.



The group of the regulator organizations (i) actively cooperates with BF producers which are enterprises with different profiles, sizes, and forms of incorporation. BF producers may be considered as a separate group (ii) of the market participants. Another group of participants (iii) is de facto formed by different consumers. Some of them act as intermediate consumers, converting biofuels, for example, into electricity. Then, this electricity is transferred to end consumers. Finally, it seems appropriate to note various non-profit organizations, profile associations, specialized companies involved in market relations in the course of production and utilization of BF, as a distinct group (iv). The general scheme of relations between the four groups of the BF market participants (organizations) is shown in Figure 4. The analysis of information on these organizations will be given below.



It is worth noting that the Federal Law No. 35-FZ dated on March 26, 2003 “On Electric Energy” already provided different mechanisms of stimulation support of electric energy production by REn-based generating facilities with a capacity not exceeding 25 MW. For example, compensation was provided for the cost of technological connection to electrical networks [102]. The main conditions of the state regulation of the green energy production processes and utilization of renewable energy are applicable since 2009 following the Decree of the Government of the Russian Federation “The Energy Strategy of Development of Russia before 2030” [103].



One of the recent steps for implementation of the green energy development policy in Russia was introduction of amendments to the Federal Law No. 171-FZ dated on November 22, 1995 “On State Regulation of the Production and Distribution of Ethanol, Alcoholic and Alcohol-Containing Products and Restrictions on the Consumption (Drinking) of Alcoholic Products” [104,105]. As a result, some restrictions on bioethanol production were lifted. Also, the procedure of licensing of this type of activity was set out.



Moreover, over the previous 3–4 years, the Government of the Russian Federation and some profile ministries (the Ministry of Energy [89], the Ministry of Economic Development [90], the Ministry of Natural Resources and Environment [91], the Ministry of Industry and Trade [92]) compiled a number of statutory documents aiming at development of BF production in the country. In particular, the Government of the Russian Federation [102,106] has provided for increasing the investment attractiveness of projects for the construction of REn-based generation facility. For this purpose, excessive requirements to the process of design, development, and operation of such generation facilities located in hard-to-reach and isolated areas were excluded. In addition, the Ministry of Energy of Russia prepared some of the measures for the systematization of management in energy and introduced the term “energy management” [107]. Thus, we can talk about the emergence of new opportunities for a system of energy management.



The group of regulator organizations (i) also takes new measures for improvement of the investment environment in the area of BF production. For instance, in 2018, The Ministry of Economic Development of Russia proposed the draft law “On Public Non-Financial Accounting” for public consideration and it currently undergoes expertise [108]. In particular, this document provides the establishment of conditions for the increase of transparency of organizations concerning environmental impact, awareness of the general public of the existing international social responsibility standards, and provision of sustainable development. The list of crucial indexes of the planned accounting will include such essential characteristics as determinants of the weight of pollutants emissions from stationary sources in atmosphere and the estimation of the contribution of energy resources produced employing of REn in the total volume of energy resource production. Moreover, the Government elaborated the plan [109] of reduction of the level of greenhouse gases emission down to 75% of the level of emissions in 1990 by 2020. This plan [109] also provides development of the relevant information base, forecasting the level of greenhouse gases emission for the period before 2020 and before 2030.



The conditions of BF productions may be significantly changed by the initiative of the Government of the Russian Federation for the introduction of amendments to the Federal Law “On Electric Energy” regarding the development of microgeneration [110]. The proposed changes will allow increasing the share of REn-based facilities with an installed capacity not exceeding 15 kW in Russian fuel and energy balance. The following measures are proposed for reaching of this target: (i) to provide an opportunity of sales of excessive produced energy in retail markets for default providers (not to consider such activity as business activity); (ii) to grant authorities for setting of aspects of commercial metering of the produced electric energy, determination of the procedure of payment and the procedure of microgeneration facilities utility connection, etc. to the Government of Russia; (iii) to establish an obligation of execution of an electric energy sale and purchase agreement between the default supplier and the microgeneration facility owner addressed to it and to define the mechanism of price formation for the electric energy purchased by it.



Currently, the use of innovative technologies for the production of BF (I-IV generation) and systematic work on the spread of this type of energy resources have shown that on the scale of individual countries, thus the creating of prerequisites for sustainable economic development [111,112,113,114]. Consequently, in Russia, with the development of BF production without the use of food crops, similar results can be achieved. The elements of organizational and economic approaches aiming at reaching the said target presented in Figure 5.



The significance of waste processing problem in Russia has convincingly demonstrated the data contained in the documents of the Ministry of Natural Resources and Environment of the Russian Federation [91]. For instance, the State Environmental Protection Program states that the volume of waste processing will require to be increased by two times by 2020 and by ten times by 2025 [115]. According to the same Ministry, more than 60 million tons of solid household wastes are generated in Russia per annum. It corresponds to about 400 kg of residues per 1 person per year, and only about 7–8% of the collected wastes of this type are used in economic turnover [116].



According to the available estimations, currently, only 12% of the bioenergy potential of Russia is being used [117]. To combine the efforts of different ministries and agencies for the development of REn, including BF, is considered to appropriate the conduction, a comprehensive assessment of existing biological resources in dynamics. Special attention is paid to prospective of BF production and introduction of the relevant management mechanisms in the global energy and heat management system.



It is believed that the total amount of organic wastes in Russia can reach about 607,000 thousand tons per annum [3]. The available materials regarding the Federal districts of Russia [3,12] allow characterizing the structure of gross potential of organic wastes which may be processed into BF (Figure 6). These and other indexes may be applied in the course of analysis of the potential reduction of CO2 emissions.



Taking into account the current situation, the Government of the Russian Federation approved the action plan “Development of Biotechnology and Gene Engineering” for 2018–2020 [118]. It specifies the establishment of regulatory, market, and technological conditions for bioenergy development in Russia with emphasis laid on the development of electric energy production.



In general, the efforts of the regulator organizations, lead to optimization of different producers and consumers of BF activity. For instance, the initiative mentioned above of the Government of the Russian Federation on the introduction of amendments to the Federal Law “On Electric Energy” [102] includes a provision that default suppliers are the organizations (including private companies) which conduct power supply. Such organizations shall enter into a power supply agreement and an electric energy (power) sale and purchase agreement with any consumers of electric energy addressing them. Persons acting on their behalf or behalf of another consumer of electrical power and to the benefit of the said consumer of electrical power may act as consumers [102]. As a result, a direct and useful tool for connecting microgeneration facilities to power grids will be.



Some positive initiatives are contained in the draft Federal Law “On Introduction of Amendment to Article 217 of the Tax Code of the Russian Federation” [119]. In particular, it proposes to exempt the income of natural persons received from the sale of energy produced using the microgeneration facilities owned by such person from taxation.



In many cases, the state regulator organizations act as customers of works related to BF production in research and educational institutions. For instance, as part of the state contract, the Geographic Department of Moscow State University [120] and the Joint Institute for High Temperatures of the Russian Academy of Sciences [121] created the special geo-informational portal GIS RENEWABLE ENERGY SOURCES OF RUSSIA [3]. This web resource contains many essential materials on renewable energy in Russia, concerning new technologies and BF production facilities as well as other useful information. This portal will assist in the establishment of an efficient logistics and sales concept of BF utilization in Russia as well as investment planning.



The list of research institutions of the Russian Federation involved in studies of BF creation and utilization includes, in particular, Research Center of Biotechnology RAS [122], National Research Center “Kurchatov Institute” [123], Joint Institute for High Temperatures of the Russian Academy of Sciences [121], etc. Some educational institutions also participate in this work: Moscow State University [120], National University of Oil and Gas “Gubkin University” [124], National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) [125], Moscow Polytechnic University [126]. Also, there are seven specialized departments in educational institutions providing education in the field of REn [78]. However, this is not sufficient for the intentions of the long-term development of this type of production. Nevertheless, the educational standard for bioenergy and biofuel production specialist has already been approved [127].



A functional role is also played by several technology platforms related to production of BF (Bioenergy [97] and Biotech2030 [98]) with their activities also aiming at “utilization of renewable sources of biomass for the purposes of rational and sustainable industrial production and energy provision with lowering of negative environmental impact” etc.



In addition, the Government of Russia established the Agency for Strategic Initiatives [128] to assist in social and professional mobility of young professionals and teams in business and social areas, including by supporting of socially relevant projects and initiatives [128]. To reach this target, the Agency supports the implementation of the national technological initiative [128], which comprises the development of nine markets, including EnergyNet [129]. EnergyNet aims at the creation of smart energy networks, but “development of REn is also included in the wide area of interest” [129]. In the meantime, the roadmap approved by the Government [130] specifies “provision of efficient and reliable energy supplies for isolated and hard-to-reach territories by 2020 using hybrid systems (the optimal combinations of technical solutions: Renewable sources of energy, diesel, gas, local types of fuel, innovative generation, accumulators, electric energy distribution systems, management systems)”, including by lifting administrative barriers, among the results planned by June, 2020.



Some non-profit organizations, e.g., Association “Nonprofit Partnership Council for Organizing Efficient System of Trading at Wholesale and Retail Electricity and Capacity Market” (Association “NP Market Council”) are known too [131]. This organization certifies the generating facilities which utilize REn and maintains the register of issuance and revoking of certificates confirming the production volume of REn-based electric energy. Over the several years of its activity, the following facilities were included in the list of certified generating facilities utilizing organic raw materials (biomass, wastes): “Bely Ruchei” industrial mini-HES (Heating electrical station) (6 MW, Vologda region), “Luchki” biogas power plant and “Baitsury” biogas station (3.6 MW and 0.526 MW respectively, Belgorod region) and the “Novy Svet-Eko” solid waste landfill active degassing station with a landfill gas (LFG) power plant (2.4 MW, Leningrad region).



In the Russian BF market and the REn market in general, there is an additional but essential group (iv) composing by organizations with different forms of ownership. Their activities are oriented on arrangement and coordination of cooperation between producers and consumers of BF for the provision of rational and sustainable industrial production and energy supplies with lowering of negative environmental impact.



This group (iv) includes Joint-stock company «Trading System Administrator of Wholesale Electricity Market Transactions» (JSC “TSA”) [132], a subsidiary of Association “NP Market Council” [131], which is empowered to conduct tenders and ensure settlements between producers and buyers of electricity. Between 2013 and 2018, JSC “TSA” has selected 229 investment projects of construction of REn-based generating facilities with installed capacity exceeding 5 gigawatt (GW) for further support.



Different profile Associations play significant roles as cooperation coordinators. Among them, the Russian Biofuel Association [100], ENBIO Association [101], “Global Energy” Association for Development of International Energy Research and Projects [133] are especially active.



Establishment of Russia Renewable Energy Development Association (RREDA) [78] in 2019 was an essential event for REn development in Russia. Among the Association goals are assistance in the development of REn in Russia and member states of the Eurasian Economic Union, development of international cooperation, popularization of knowledge, increasing of skills in the field of REn, participation in the industry regulations development, etc.



Data about the most active innovative Russian enterprises producing BF and consumers of this type of energy resources will be reviewed in the following subsections with consideration of the regional aspect.




4.2. Liquid Biofuel Producers


The reserves of conventional energy resources available in Russia in conjunction with high capital expenditures in the production of liquid BF do not create conditions for proper development of that industry. Moreover, the legislation is still in transition and requires improvement.



Reprofiling of existing ethanol plants due to carving out of bioethanol from the law “On State Regulation of Production and Turnover of Ethanol” may become an impulse for the development of production of liquid BF [104,105]. For instance, the capacities of 17 ethanol plants in the Republic of North Ossetia-Alania which may be used for the production of bioethanol are unemployed, which is confirmed by the report of the Head of the Republic [134]. At the same time, the international standards, in particular, of fuel bioethanol, mixtures of biodiesel fuel, etc. are applicable in Russia [135,136,137]. Therefore, there are opportunities for production and using liquid BF in volumes sufficient for utilization as part of 5–10% mixture with gasoline [138,139,140,141,142]. Appearing of corresponding plan indicators may be expected to assist in the development of this type of activity and enhancement of environmental situation.



Development of appropriate biotechnological production may become another institutional breakthrough. For example, the Titan group [143], which is involved in petrochemical and agricultural production, is planning to start producing bioethanol of grain in the coming years [144].



At the same time, according to available data, the raw material supplies base of bioethanol production may be provided by agrarian regions of Russia by the processing of unclaimed agricultural products. On the example of certain regions of South of Russia, it is shown that the economic activity for the development of green energy and utilization of REn has begun as part of the state and regional programs and upon private initiative [52]. However, there are also significant untapped opportunities.



Some active enterprises capable of processing bioethanol into products with the price compared to that of the petrochemical plants production may be an exciting example promising for production and further utilization of liquid BF in Russia [113]. Such activity is already commenced by ETB Catalytic Technologies [145].



According to the basic forecast of IRENA, with target-oriented management, cumulative consumption of liquid BF in Russia may reach 200 petajoule (PJ) by 2030 [12]. Therefore, there is the reason to believe that in the future production of liquid BF will reach a decent level and will assist in the sustainable development of different regions of Russia. The questionnaire survey showed that at least eight Russian enterprises are planning to start producing liquid BF in the near future.




4.3. Producers and Consumers of Solid Biofuel


The conducted analysis showed that current production of solid BF in different regions of Russia is oriented on the following major products: Fuel peat, timber, wood chips, and fuel pellets. It is fuel pellets that are on the leading interest for different producers as they are demanded in the global market and successfully exported. For instance, according to Proskurina et al. [146], the Russian production of fuel pellets will keep its high potential provided this product is sufficiently demanded by EU countries [95,96].



With consideration of the existing achievements, the Strategy of Development of the Russian Timber Complex before 2030 was updated in 2018 [147]. In the course of its implementation, it is planned to achieve significant effects of the measures for stimulation of production, export, and consumption of BF. In particular, the basic scenario implies that the export of pellets will reach 3912 thousand tons by 2030 with a gross potential production volume of 3968 thousand tons. As a comparison, this volume was equal to 1112 thousand tons in 2016, i.e., it is planned to be tripled within 15 years. In case of successful implementation of the updated strategy, the federal and regional budget revenues may reach 1.4 billion rubles per annum in 2030 [147].



The forecast by IRENA suggests that cumulative consumption of solid biofuel in Russia may be equal to 146 PJ by 2030 [12]. Currently, the main part of pellet producers (about 60%) is located in the North-West of Russia, and about 30% is located in the Central region [148]. The leading pellet producing and exporting regions of Russia are Leningrad, Arkhangelsk, Irkutsk regions, Khabarovsk, and Krasnoyarsk krais [149].



In the Leningrad region, the regional state information system (GIS “Energo Efektivnost”) is introduced for maintaining of energy-saving and energy efficiency [150]. The leading enterprises of the region are Vyborg Forestry Development Corporation [93], Setnovo (Stora Enso) [151], etc.



According to available data, the annual consumption of BF in the Arkhangelsk region is about 1.2 billion TCE, the share of BF utilization in public energy service reached 42.8% in 2018 whereas the plan indicator is 44% [152]. The region government sets itself the task to expand the use of REn obtained from wood reserves, that will provide up to 30% of the energy supply potential [153]. In the Irkutsk region, it is planned to increase the production of wood pellets by 3000 tons in Biotoplivo-Irkutsk Limited Liability Company (LLC), capital expenditures for production capacities will be equal to 123.9 million rubles [154]. In Krasnoyarsk Krai, BF is utilized in 41 boiler plants, and it is planned to produce 59% of heat energy [155] using this type of fuel.



Production of pellets is intensively developed in many regions of the North-Western Federal District, Siberia and the Far East with the attraction of important investments. For instance, it is reported on plans of construction of a wood torrefaction plant in the Novgorod region, the project volume of investment will be equal to about 14 million dollars [156]. When characterizing producers and consumers of solid BF in some regions of Russia, it is necessary to note a plant functioning in Altai Krai since 2015, which besides sunflower meal and protein concentrate, produces 12,000 tons of fuel pellets [144].



According to the questionnaire survey conducted, 52 Russian enterprises are already producing or plan to start creating solid BF in the nearest future.




4.4. Producers and Consumers of Biogas


The “Luchki” biogas power plant (BPP) owned by AltEnergo (Belgorod region, Luchki settlement) has been efficiently operating in the Russian market for more than seven years [94]. Currently, the “Luchki” BPP annually processes about 95 thousand tons of raw materials using different types of environmental pollutants as raw materials: Solid cattle-breeding wastes (pig and chicken excrements, non-used parts of bodies of livestock animals, etc.), crop production wastes and household wastes. A pig-breeding farm supplying the raw materials using a particular pipeline is located nearby. As a result, according to current estimates, from the time of launch to 2018, the “Luchki” BPP processed about 350 thousand tons of waste [157]. In other words, this BPP achieves a rather significant environmental effect.



The produced biogas is used for generation of electric energy. The capacity of the generating unit reaches 3.6 MW, which allows producing up to 29.3 million kWh per annum. In 2015, LLC “AltEnergo” connected the “Luchki” BPP to the electric network of Interregional Distribution Grid Company of Centre JSC, Belgorodenergo. As part of the stimulation of electrical energy production by REn-based generating facilities, 50% of the capital expenditures for network connection were compensated by the state [102]. Consequently, the “Luchki” BPP currently acts both as a producer of biogas and intermediate consumer, whereas the end-users of the produced electric energy are residents of neighboring settlements.



The output of electric energy produced by the “Luchki” BPP has been growing over the last years. For instance, the “Luchki” BPP produced 1.5 million kWh of electricity more in the first half of 2019 than in the similar period of 2018 [94].



Alongside with electric energy, the “Luchki” BPP created about 27 thousand Gcal of heat energy and obtained 90 thousand tons of biofertilizers as a by-product, which was successfully marketed [94].



For about seven years, Regional Energy Company LLC which produces biogas in the “Baitsury” BPP and processes it into electric energy generating 0.5 MW, has been operating in Belgorod region [158].



It appears that the development of renewable energy in the Belgorod region was provided by taking a set of institutional measures [159]. In particular, some pilot projects were implemented in this field, the regional REn research center was established, and bioenergy specialists were trained in local educational institutions. Last but not least, the relevant production facilities were constructed. A smart grid was established on the basis of AltEnergo and support of certified generating facilities was provided.



Recently, the leadership of the Belgorod region has identified regional target indicators of the development of REn-based green energy before 2020 [160] and specified tax benefits and subsidizing of credit interest rates [161].



It is worth noting that the concept of development of small-scale distributed energy before 2025 is developed and approved in the Belgorod region [162]. According to this plan, the number of generating units capable of processing the agricultural wastes shall rise up to 100 by 2025 (capacity of 223.3 MW). Consequently, the conditions for the efficient disposal of organic wastes will be established, which shall lead to a reduction of human-induced impact on the environment. Moreover, it is planned to widen the energy infrastructure and production energy clusters in rural areas, which will allow increasing the sustainability of power supplies and will limit the growth of prices for heat and electric energy. It is expected that the planned measures will provide sustainable development of the region [162].



To some extent, the positive experience of biogas production in the Belgorod region influences the neighboring regions of the Central Federal District of Russia. For instance, attention to the energy production from renewable raw materials was reflected in the recent Decree of the Head of Tambov Region “On Approval of the Concept and Program of Electric Energy development in Tambov Region in 2019–2023” [163]. This document provides data on the feasibility of deploying BF production from agricultural wastes. For the implementation of this task, it plans to build mini biogas heating and power plants in the existing pig-breeding farms for the production of electric energy and disposal of plant biomass and livestock waste. The designed capacity of the planned facilities for the energy production from renewable raw materials will lead to the production of both heat energy (4 thousand Gcal) and electric energy (8.3 million kW) and by-products in the form of organic fertilizers (14.3 thousand tons). Moreover, JSC “Biokhim” is assumed to be one of the key players [164].



The authorities of the Lipetsk region also plan to use REn-based technologies. According to the analytical data presented in the Decree of the administration of the Lipetsk region [165], investments in solar and wind energy are evaluated as being of little promise for this region. It is preferred to develop renewable energy based on the processing of agricultural waste and construct small hydropower plants. It is believed that the gross bioenergy potential of crop waste in the Lipetsk region is 1153.5 thousand TCE and livestock: 104.4 thousand TCE. This raw material can ensure the production of 529.29 MW of energy and even lead to energy independence of the agricultural sector in this region.



According to the questionnaire survey conducted, fourteen Russian enterprises are already producing, or plan to start producing biogas in the near future.




4.5. Prospects of Utilization of Algae and Wastewaters as Raw Material for Biofuel Production in Russia


Reportedly, over the first two decades of the 21st century, the tracked climatic changes and growing impact of human-induced factors have led to, in particular, an increase of biomass of cyanobacterial algal. This biomass is considered as promising raw material for the production of BF [40,166]. Cyanobacteria is a large and rather heterogeneous group of prokaryotic organisms, some species of which are toxic. In some regions of the world, including in Russia, these limnetic, and marine microorganisms have begun to affect the environment significantly and even potentially threaten human health.



It is known that Cyanobacteria and some eukaryotic microalgae have complex photosynthetic systems. These systems allow using solar energy for the accumulation of various organic compounds which may be used for the production of both BF and a number of valuable by-products [40,167,168]. There are several reports on the creation of the third generation of BF production technologies which allow processing algae, including specifically cultivated ones, into BF [169,170,171,172,173]. At the same time, some authors pose the question of whether it is possible to use contemporary technologies of algae processing effectively for environmentally clean production of BF and cleaning of wastewater [46,174]. It is also noted that currently there are different problems which make it complicated to give a positive answer to this question without any reasonable doubt.



For instance, according to some authors, the industrial utilization of cyanobacterial algal is not economically sustainable due to the comparatively high cost of production of required biomass [175]. Although there is a broad spectrum of methods for manufacturing and accumulation of these microorganisms, including separation of cells from surrounding liquid, apparently, there is still no universal technology. According to Singh & Patidar [175], the efficient technique for this purpose may be a combination of different methods matching the following six criteria: Provision of biomass quality, economic cost, the quantity of biomass, appropriate processing time, maintenance of species specificity and nontoxicity. Singh & Patidar [175] pay special attention to the methods based on different methods of filtering and ultra filtering stressing that they demonstrate high efficiency and economic cost, do not require any chemical actions and allow using filtered water (water recycles).



The significance of emerging opportunities of algae and wastewaters processing may be presented using the example of the Volga river basin, the largest river in the European part of Russia. In particular, the long-term research of Cyanobacteria in the river Volga and many other water reservoirs of the Volga basin showed that the content of different species of these organisms reached rather high values in summer. For example, it was shown that average quantity and biomass of Picocyanobacteria in Gorky and Cheboksary basins of the river Volga might range between 34–322 × 103 cells per mL and 38–455 mg/mL3 respectively in summer [176]. In addition, molecular genetics methods and immunoassay, the populations of toxic Cyanobacteria synthesizing hepatotoxin (microcystin), were discovered in Upper Volga reservoirs [177]. It was also noted that non-indigenous species of planktonic algae previously inhabiting other regions of Eurasia or even North America appear in Volga water [178].



One might think that the conditions of the Volga reservoirs with a slow flow of water and relatively shallow water contribute to the intensive growth of planktonic Cyanobacteria. As a result, there is a very negative phenomenon called “water bloom” [176,179]. These processes are also significantly affected by the so-called diffusive pollution of the Volga basin water objects. The anthropogenic sources of it shall be studied, and the effect of them shall be minimized to enhance the environmental situation in this vast region [180]. Cyanobacteria accumulate in wastewaters and water treatment plants, like excessive planktonic microorganisms, shall be disposed of and they may be utilized, in particular, for production of BF and some by-products.



It is believed that currently the environmental situation is rather tense in the Volga basin due to the anthropogenic pollution [180]. Due to excessive discharges of polluted water, in particular, the active development of Cyanobacteria occurs [181]. For solving of the existing problems, the Presidium of Presidential Council of the Russian Federation elaborated and approved the federal project “Preservation and Prevention of Pollution of the River Volga” in 2017 [180,182]. By this project, a set of measures shall be taken for reduction of the volume of discharge of polluted water in the river Volga basin by 80% before 2025. In the course of implementation of the project, it is planned to construct several engineering, sanitary-hygienic facilities. Also defined is a list of treatment facilities that must be built in 16 regions of the Russian Federation involved in the project.



The initiatives, which are comprised by this project, may facilitate the development of unique, economic opportunities for production of BF directly of algae, wastewater and organic raw materials, that may be produced during wastewater treatment by the algae-bacterial consortium [183].



By the reference data [183,184], there are consortiums of eukaryotic and prokaryotic algae, which are capable to provide a high level of synthetic wastewaters treatment. There is the opinion that these consortiums be able to eliminate up to 96% of chemical oxygen demand (COD) [183,184].



The use of technology with the participation of such consortia of microorganisms seems to be quite promising given the volume of polluted wastewaters discharged by the constituent entities of the Russian Federation in the river Volga. It is estimated this amount could reach up to 3175 thousand km3 per annum [184].



Some propositions for determination of growing points for the production of BF in the Volga river basin are justified by the conducted studies and technical solutions related to the processing of Cyanobacteria into BF [184,185,186,187].



Thus, the orientation on the utilization of Cyanobacteria and eukaryotic algae in conjunction with the introduction of the third-generation BF production technologies is rather promising at least for some regions of Russia.



In conclusion, the analysis of the Status-Quo of BF production in Russia show that the creation of BF is performed with a relatively low level of subsidizing and at certain market limitations. Given this, the efforts aiming at the processing of different wastes and non-demanded raw materials seem to be promising. As a result, a significant economic effect which will allow for making a big step towards “establishment of the renewable energy sector” [129] is possible.



Apart from distinct environmental, social and economic advantages, according to some authors, production of BF may open a door for the transition of economy from the linear model to the closed cycle model or “circular economy” [188,189,190,191,192]. It is believed that transition to the circular economy is the most efficient method to provide sustainable development.



Hence, ongoing with the taken measures, it is necessary to assess the reached effects and possible risks in dynamics. Solving of such problems requires the formation of assessment, measurement instruments [189], and the determination of application conditions.




4.6. Six Indexes for Assessment of the Biofuel Production Development


The conducted analysis of organizational and economic mechanisms applied for production of BF in Russia and the obtained data on several producers allowed for proposing six individual indexes to the BF production development assessment. The proposed set of assessment tools is intended for use in the BF production management system in Russia.



First, at least for Russia, the level of raw material reserves may be one of the important indexes. Index assessment is proposed to be carried using the k(M) ratio:


k(M) = MBF/Mn,



(1)




where MBF is the amount of available raw materials for BF production, Mn is the number of raw materials required for the continuous production of BF.



It is expected that calculation of the index (1) will allow systematizing the information about available raw materials, their types, territorial belonging and major technical and economic characteristics as well as on opportunities to use the existing reserves.



Secondly, the availability of BF for end consumers may be of significant importance. This characteristic may be assessed employing the index (2) represented by BF consumption ratio k(CON). For the corresponding calculation, it is necessary to define the share of energy consumption, produced by BF, in the total energy consumption:


k(CON) = CONBF/CONt,



(2)




where CONBF is a volume of consumed electricity (in MW) or consumed heat energy (in gigajoule (GJ)) produced from BF, CONt is the total consumption of electric or heat energy (in MW or GJ, respectively).



One might propose that determination of the index (2) in dynamics will allow for combining the data on BF sales, the territorial potential of use, technological connection to electric networks, and opportunities of interregional distribution.



It is suggested that, based on results of the index (2) analysis, opportunities for taking different measures aiming at the formation of the sustainable target market will appear [193].



Another one means of assessment may be monitoring of tariffs on energy resources produced from BF. For this purpose, it is proposed to compare the cost of a unit of energy produced from BF with conventional analog by calculating the cost ratio k(V):


k(V) = VBF/V,



(3)




where VBF is the cost of a unit of energy produced from BF, V is the cost of a unit of energy produced by conventional sources.



It is evident that for the development of efficient production of BF in Russia, it is necessary to give preference to competitive technologies of raw material processing, as well as to lower the number of subsidies and other financial incentives.



The following proposed index (4) is intended for assessment of technical support of BF production. This problem may be solved using the technical support ratio k(F):


k(F) = FBF/Ft,



(4)




where FBF is the number of machinery and equipment for the production of BF, Ft is the total number of energy machinery and equipment. The index (4) will allow characterizing the increase of the number of machinery and equipment for the production of BF in dynamic.



At the stage of mass production and application of BF, it will be important to assess how it may be influenced by changes in the levels of state subsidizing. Hence, the special index (5) using the subsidizing ratio k(G) for analysis is introduced:


k(G) = GBF/Gt



(5)




where GBF is the number of subsidies for the development of BF, Gt is the amount of state subsidies for innovative activities.



Lastly, with consideration of the fact that the role of the workforce capacity of BF production will rise, it is necessary to conduct monitoring of specialists involved in this production. The corresponding index (6) may be obtained using the ratio: k(H), which reflects the number of employees with specialized education in the area of BF production.


k(H) = HBF/Ht,



(6)




where HBF is the number of employees with specialized education in BF production, Ht is the total number of employees.



Currently, the estimated number of employments in the BF production sector is 1.9 million, and Brazil is justly considered the leader in terms of the number of employees [13]. In terms of this data, Russia significantly lags behind the leading countries. It is evident that an increase in employees’ qualifications in BF production will be associated with long-term expenditures in the sphere of education for Russia. Management of this index (6) will allow providing human resources for BF production over the long term.



The proposed indexes are intended for detection of different necessary measures, which will be planned for the long-term development of BF production. Using the proposed indexes, various measures aiming at the development of BF production possible to plan and to take. The appropriate management may be implemented by analyzing the dynamics of these indexes and the application of targeted transmission mechanisms.



In particular, the index (1) may be considered convenient for determination of the balance between the amounts of available raw materials and the amounts required for maintaining of continuous production of BF. In this case, if it turns out that k(M) < 1, one should expect the suspension of production, with k(M) > 1, overstocking is possible. Therefore, the significant (indicator) value of the index (1) is 1.0. For correction of the situation and maintenance of continuous BF production, measures for optimization of generating facilities deployment and raw material base may be taken. Moreover, it is possible to change the methods of transfer or products transportation with the consideration of the location of the end-user.



The results of BF accessibility for end consumers determination using the index (2) may be useful for arrangement of measures aiming at the increase of the consumption ratio k(CON). The proposed significant (indicator) value of the index (2) is 0.05. This value is based on an estimated share of BF consumption in the total amount of energy resources in Russia [4,12,78]. Among the measures which may influence this index, it is recommended to use the mixture of gasoline with addition of 10% of liquid BF, to enhance the indirect BF costs control mechanism (“green tariff”), to keep tax benefits due to lack of mineral extraction tax, to consider possibility of quota arrangement of BF consumption. Also, the positive effect can provide the specialized information base containing data on the availability of raw materials for BF production, location of producers, licensors of technological solutions and possible consumers of BF in the territory of Russia.



Moreover, the measures aiming at achieving this goal may probably include different educational events for organizations producing and processing the crop products, timber industry enterprises as well as for concerned parties representing the private business. Participation of executive bodies and investors in such events is believed to be an essential condition for the achievement of expected effects.



The index (3) may be useful for taking measures aiming at the reduction of the cost of a unit of BF energy produced by BF. The possible ideal indicative value of this index is 1.0, i.e., equalizing of the cost of energy produced by renewable and conventional sources of energy. In this case, it is considered necessary to estimate the economic effect of CO2 emission prevention which is reached by using BF as compared to conventional hydrocarbon sources of energy.



The index (4) is intended for monitoring of increase by the number of machinery and equipment involved in the production by BF. The possible significant (indicator) value of this index is 0.05 as it reflects the share of equipment required in BF production in the total number of energy equipment in Russia with specific assumptions.



Development of this index may be stimulated by the provision of maximum equivalence of connection and introduction of environmental requirements for processing of waste and unnecessary agricultural products in BF. At the same time, it is also necessary to define the enterprise’s fixed assets threshold deterioration level and efficient ways of possible interaction with the centralized distribution network.



The use of this index may assist in the popularization of knowledge on available BF generation technologies and equipment with different capacity. For example, the relevant information on existing mini-plants will be useful for organizing of the BF production in hard-to-reach or rural areas.



The results of the application of the index (5), using the subsidizing coefficient, apparently will be useful for efficient cooperation between BF producers and the regulator organizations. In case of positive economic effect and increase of the number of power supply agreements, it is proposed to balance the number of state subsidies and to consider the base trend of this type of investment the downtrend with use of the subsidizing ratio k(G). It appears that assessment of the significant (indicator) value of the index (5) is not possible so far.



The index (6) applying the k(H) ratio is intended for monitoring of specialists involved in BF production and may significantly influence the processes of training of such specialists. For instance, the obtained data on necessity of additional high-skilled specialists involvement in production of BF or on their retraining with consideration of new technologies and equipment will stimulate a set of measures, in particular, those aiming at updating of existing educational standards, modernization of educational programs and establishment of other conditions for additional BF-related education. The opportunity of scientific and educational support employing association of industrial enterprises with regional scientific and educational centers or specialized consulting facilities may play an essential role. It will become possible to define the significant (indicator) value of the index (6) as far as similar experience is accumulated.



Naturally, alongside the target measures causing influence on the process of creation and application of BF, it is essential to assess possible risks which may cause a negative impact on the development of BF production.




4.7. Application of the Proposed Indexes for Analysis of Potential Risks of Biofuel Production and Utilisation in Russia


The assessment of risks faced by companies producing BF in different countries of the world is an essential component for rational decision-making [24,25,26]. Respectively, it appeared to be necessary to analyze the above-listed indexes for a description of potential risks which may arise in this sphere of activity in Russia. The risks were categorized and grouped according to the assumption that the state currently provides public assistance to this sector of the economy, and the political risks are minimal.



To define attitudes towards specific types of risk, the value of possible losses (Pq) and possibility of arising (I) were estimated by reflecting the risk rank (Ir) as the product of these values: Ir = Pq × I. Risks ranging by degree and level of impact was undertaken by the E. Kulikova’s method of determining the probability of risks [27]. The achieved results with the specification of opportunities to manage these risks are presented in Table 1.



The several application of the presented indexes for analysis of corresponding risks is presented below.



For maintenance of positive dynamics of the index (1), it is necessary to determine the following risks: (i) variability of raw material suppliers; (ii) narrow range of raw material application by a specific enterprise using existing equipment. For index (2) with ratio k(CON), the risks may be caused by market stagnation and high expenditures for popularisation events.



The growth of the cost of an energy unit may be identified as the risk for index (3). The risks for the index (4) are the following: Lack of sales and distribution corresponding to production level, insufficient supply, low sales, and distribution.



Despite the fact that the significant (indicator) value of the index (5) and (6) currently appear to be impossible to be determined, studying of their changes over time and in conjunction with different other data on the state of BF production may become the basis for additional classification of some risks. For instance, based on the results of such studies of the index (5), it appears to be possible to note the risks caused by the low efficiency of state subsidies and low efficiency of investments. In turn, accumulation of information on human resources and the existing qualification level of available human resources which is reflected by the index (6) in dynamics, may become a basis for determination of relevant risks. With consideration of these reasons, some potential risks associated with the application of indexes (5) and (6) are also included in Table 1.



The materials accumulated in Table 1 allowed for proposing some methods for potential risk management of BF production in Russia (Table 2). Representation and grouping of these methods correspond to the order in Table 1.





5. Discussion


The gathered materials on the state and perspectives of development of renewable energy in Russia confirm that positive growth of production of power using different types of BF may be expected in the near future. Figure 7 summarizes the results of the conducted analysis and forecasting of the electric energy production volume by certified REn-based facilities with consideration of the discovered risks.



The expected growing trends of production using biogas, biomass, including solid wastes, and landfill gas utilization are shown by dashed lines which are built based on the calculations performed using the tendency function and the least square method [131,194].



The presented calculations and some noted-above data show that significant growth of production may be provided, in particular, by fuel pellets demanded in the global market. Biogas production and landfill gas processing also demonstrate positive dynamics provided targeted management is performed.



Based on the existing data, it is possible to assume that institutional changes are required for the activation of liquid BF production. In addition, it appears to be necessary to grant the respective power to related ministries and agencies for the lifting of bureaucratic barriers. Moreover, it is essential to systematize the studies and available data on raw material reserves and technologies which may be applied in Russia. The positive impact may be caused by the resuming of existing but frozen ethanol plants operation. Conducting of full-scale works for fuel mixtures utilization may be of help too.



Generally, it seems that monitoring of the proposed indexes and other indicators influencing the production of BF may be useful for an increase in work efficiency. A significant role may be played by the creation of a specialized information base, which will provide all market participants with authentic information on dynamic changes in this area. Formulation of multiplicative (aggregate) coefficient which may be useful for reflection of relations between the discovered indexes with the assignment of weighting coefficients may be another organizational and economic mechanism contributing in the development of BF production in Russia [195,196].




6. Conclusions


The progress in development and application of innovative technologies in BF production has become a significant factor contributing in the establishment of conditions for sustainable development of economy among the leading countries. Relevant environmental results have already been achieved: Effective recycling of various industrial, agricultural, and household wastes is carried out, greenhouse gas emissions in the environment are reduced, etc.



With this in mind, although in Russia the fuel and energy sector of the economy continues to be based mainly on conventional sources of energy, the production of biofuels is also beginning to deploy. In a relatively short time, the necessary legislative and regulatory system was largely created; dozens of enterprises that produce various types of biofuels appeared. Some types of produced BF (pellets) became exported goods.



The conducted analysis of organizational and economic mechanisms applied for BF production in Russia, and the obtained data on some producing organizations allowed proposing six distinct indexes for the assessment of such production performance. These indexes were used to describe potential risks, which may be faced in this sphere of activity in Russia.



Therefore, the gathered materials allow us to suggest that BF production in Russia will develop and contribute to the sustainable development of a number of the country regions in the nearest future.



Moreover, taking into account the existing world experience, it can be assumed that in the coming years, the development aimed at improving biofuel production technologies will continue actively. In parallel, progress can be expected in managing the production and use of biofuels to achieve better economic results.
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Abbreviation




	BF
	Biofuel



	REn
	Renewable energy



	TCE
	Tons of coal equivalent



	MW
	Megawatt



	HES
	Heating electrical station



	LFG
	Landfill gas



	JSC
	Joint Stock Company



	GW
	Gigawatt



	PJ
	Petajoule



	LLC
	Limited Liability Company



	BPP
	Biogas power plant



	GJ
	Gigajoule



	COD
	Chemical oxygen demand
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Figure 1. General study algorithm. 
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Figure 2. Scheme of the main steps made during the technological evolution in biofuel (BF) production. G1—first generation technologies [30,31,32,48,49,50,51,52]; G2—second generation technologies [34,39,49,52]; G3—third generation technologies [36,40,41,42,53,54,55]; G4—fourth generation technologies [45,47]. 
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Figure 3. Dynamics of installed capacity of electricity production from renewable sources, megawatt (MW), (2014–2018) [11]. 
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Figure 4. The general scheme of relations between the four groups of the BF market participants group (i) [89,90,91,92]; group (ii) [93,94]; group (iii) [94,95,96]; group (iv) [97,98,99,100,101]. 
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Figure 5. Scheme of organizational and economic approaches to use Biofuel production as a way to sustainable development in Russia regions [4,52,106,108,109]. 
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Figure 6. Structure of gross potential of organic wastes in Russian regions, thousand tons per year [3,12]. 
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Figure 7. Forecasting of certificates confirmed electricity production by qualified renewable energy facilities (retail and wholesale markets), 2014–2021, thousand kWh [131,194]. 
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Table 1. Assessment of potential risks of biofuel production in Russia.
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№

	
Risks

	
Pq 1

	
I 2

	
Ir 3

	
Addiction




	
Influence Degree

	
Influence Level






	

	
operational, resource

	

	

	

	

	




	
1

	
Variable raw material supplies

	
2

	
4

	
8

	
Minor

	
Reasonable




	
2

	
Narrow range of raw material application using existing equipment

	
4

	
3

	
12

	
Significant

	
Intolerable




	

	
distributive

	

	

	

	

	




	
3

	
Market stagnation

	
3

	
3

	
9

	
Moderate

	
Reasonable




	
4

	
Lack of relevant target market, insufficient supply, low volumes of sales and distribution

	
2

	
5

	
10

	
Moderate

	
Reasonable




	

	
financial

	

	

	

	

	




	
5

	
High expenditures for popularization events

	
2

	
1

	
2

	
Ignorable

	
Acceptable




	
6

	
Growth of the energy unit cost

	
4

	
3

	
12

	
Significant

	
Intolerable




	
7

	
Low efficiency of state subsidies

	
2

	
5

	
10

	
Moderate

	
Reasonable




	
8

	
Low efficiency of investments

	
2

	
5

	
10

	
Moderate

	
Reasonable




	

	
human resource

	

	

	

	

	




	
9

	
Insufficient human resources and low level of trained human resources

	
5

	
3

	
15

	
Significant

	
Intolerable




	
10

	
Low quality of educational programs of main and additional education

	
3

	
3

	
9

	
Moderate

	
Reasonable








1 Pq—possible losses; 2 I—possibility of arising; 3 Ir—risk rank.
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