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Abstract

:

The optimization of the energy portfolio for a small, open, landlocked economy with rather limited fossil resources is a complex task because it must find a long-range, sustainable balance between the various goals of society under the constant pressure of different interest groups. The opinions of independent, informed experts could be an essential input in the decision-making process. The goal of this research was to determine the relative importance of the values and goals potentially accompanying projects, based on the utilization of bioenergy. The current research is based on a wide-ranging survey of 65 non-partisan experts, applying the Pareto analytic hierarchy process to ensure the unbiased prioritization of project segments. The results of the survey put a spotlight on the importance of the economic role of bioenergy projects. Contrary to previous expectations and considerations, the social functions of these projects have hitherto been given relatively little importance. The results highlight the importance of bioenergy in increasing the income-generating capacity of agricultural producers by optimal utilization of natural resources for agricultural production. This can be achieved without considerable deterioration of the natural environment. Modern agricultural production is characterized by high levels of mechanization and automatization. Under these conditions, the social role of bioenergy projects (job creation) is rather limited.
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1. Introduction


Supra-, national- or community-level decisions related to the application of biological resources for energy production (bioenergy, or BE) must deal with complex questions related to climate and energy policies. Both are specific realms due to following reasons: Firstly, according to a widely accepted statement, the climate-change–human interaction is a hypercomplex problem [1,2]. It has numerous, non-directly quantifiable (measurable) aspects, as noted by Christophers [3], and, by definition, should be considered as a non-linear phenomenon [4], for the reason that “human decisions, ideas and interventions can (and have done in history) literally change the course of the world” [5]. Secondly, energy policy discussions have, for a long time, been limited to engineering and economic [6] problems; however, this approach does not provide justice in terms of the decisions reached. In the opinion of Jones et al. [7], the basic dimensions of justice in energy policy decisions are related to distributive, procedural and cosmopolitan aspects. Sovacool and Brown [8] advocate for an energy justice framework based on availability, affordability, due process, transparency and accountability, sustainability, intra- and intergenerational equity and responsibility, serving the futurity, fairness and equity dimensions of energy production. Sovacool et al. [9] have proven that the concept of energy justice is deeply interwoven into philosophy, reflecting deep-rooted values such as virtue, utility, human rights, welfare, happiness, freedom and fairness.



The problems of energy policy are closely linked to the United Nations (UN) sustainable development goals [10]. The most important aspects of the UN 2030 agenda and bioenergy projects are summarized in Table 1.



Analysis of the socio-economic aspects of the application of bioenergy is a highly complex question involving numerous aspects that are not directly measurable. That is why they must be considered as imponderables, the evaluation of which is highly dependent on the opinions of different specialists. The optimization of the energy portfolio is a question of strategic importance for each nation and is influenced by the constant pressure of different interest groups.



The aim of this paper was to demonstrate how to determine the relative importance of different factors of bioenergy in the highly complex goal system of society, and how to harmonize the goals of different segments of society in the field of bioenergy. The authors’ efforts are based on global experiences with the development of bioenergy systems [26,27] and methodological advances in the field of complex decision making [28,29].



The novelty of the article is threefold: (1) the results are based on a wide-ranging, in-depth, systematic bibliometric analysis and mapping of the relevant literature related to bioenergy; (2) the calculations are based on a highly innovative approach to AHP analysis, developed by Bozóki and Fülöp [30], offering a better approximation of weight vectors than the traditional, eigenvector-based models, and thus providing the robust prioritization of bioenergy project segments; and, (3) to the best of our knowledge, this is the first attempt to determine the place and role of general bioenergy policy in the development of a small, open, landlocked economy, based on the tacit knowledge of informed, mainly non-partisan experts, as opposed to a socio-economic evaluation of individual projects.



The paper is structured as follows. The first part offers a general overview of the most important results in the field of research: the socio-economic aspects of bioenergy systems, as well as the development and application of AHP in general and in the field of bioenergy in particular. In the second part of the paper, the most important results of an expert-based survey as well as the discussion and interpretation of the survey results are presented.




2. Literature Review


2.1. Bioenergy Projects in the Context of Biometric Analysis


To evaluate the knowledge base accumulated in the field of the socio-economic aspects of bioenergy, the authors utilized the Web of Science (WoS) system (WoS, 2020). Although there are several bibliographic data collection systems included (e.g., Scopus, Microsoft Academic, OpenCitations, Dimensions, Crossref), this bibliometric database is considered a high-quality source of peer-reviewed academic publications [31,32].



The bioenergy-related articles were searched in a core collection of English articles on WoS, based on a keyword combination as follows: ((TS=(((((((((((((((“bioet*”) OR (“bioenergy*”)) OR (“biodies*”)) OR (“biogas*”)) OR (“short rotation crop*”)) OR (“biofuel”)) OR (“energytree*”)) OR (“Energygrass”)) OR (“energyplantation”)) OR (“energy plantation”)) OR (“energy forest*”)) OR ((“biomass”) AND (“energy”))) AND (“Econom*”)) AND ((“Social”) OR (“Socio*”)))) AND (LA=(English))) AND (DT=(Article)) [2 047 results].



The Share of the Most Important States in Bioenergy-Related Publications


An extremely rapid expansion of publications can clearly be observed in the field of socio-economic aspects of bioenergy. However, the deep-rooted inner dynamics of different topics in the field can also be noticed. To uncover the changes in bioenergy-related socio-economic research, we applied the approach developed by [33] and widely used in bibliometric cartography [34]. Based on a co-word analysis, we suggest a clustering of the most important topics. These clusters are called themes. The themes can be characterized by two parameters: density and centrality. Density expresses the connectedness of different keywords within the same cluster, and centrality expresses the connectedness of the given topics with one another. According to their position in the centrality–density plan, the different themes can be categorized as “motor-themes” (high centrality and density), highly developed and isolated themes (high density and low centrality), emerging or declining themes (low density and centrality) and basic and transversal themes (high centrality and low density).



The last few decades can be divided into three periods: an initial period beginning with the first publication of bioenergy-related articles and extending up to the millennium. During this period, climate change became an established, widely accepted fact, and the technologies of bioenergy-based systems achieved a certain level of technological stability, reliability and social acceptance [35]. In the second period—between 2000 and 2008—the importance of publications related to bioenergy production rapidly increased, but in the third period, the global economic crisis and its consequences have created a new socio-economic environment for further development, parallel with the increasing importance of climate change.



In the first phase of the research, we prepared thematic maps of the different themes using the Bibliometric R package for the three periods outlined above. The algorithm gave well-separable clusters, but interpretation of the different clusters proved rather difficult and unsuitable for publication; therefore, the original data have been recorded based on keywords and converted into more interpretable names. We verified this method using the natural language processing package of R Feinerer [36] and replaced the original keywords with more interpretable ones before dividing the dataset into a teaching set and a test set, in a 70:30 ratio. The reliability of the separation was more than 90%, so we accepted the new, relatively clearly interpretable words that show the focus of the research activities.





2.2. Bibliometric Mapping of Bioenergy Research


The map of the most important research directions in the three time periods (1994–2000; 2001–2008; 2009–2020) is summarized in Figure 1.



The first period (1994–2000) can be characterized by a rather intensive discussion on the economic aspects of modern bioenergy systems. In this period, biofuel production was at the center of public and professional attention; therefore, the focal countries during this period were the USA and Brazil with their rapidly increasing biofuel production. This was the beginning of the never-ending food or feed dilemma, which did not become integrated into the general exchange of ideas. This is well reflected by the fact that topics related to ethical problems have a high level of centrality (numerous authors have cited articles analyzing these problems) but a low level of density, indicating a high level of “parallel monologues” instead of constructive discussions. Policy analysis appeared as a new, emerging topic at this time. Interestingly, policy- and ethics-related questions are in totally different topological positions. This fact highlights the lack of a constructive discussion between researchers on value systems and economic policies.



The second period (2001–2008) can be characterized by an abundance of different topics in a period of unprecedented global development. In this period, the most central topics were the optimization of land use policy and the analysis of the air pollution consequences of the bioenergy process. This was the era of the carbon dioxide trade boom [37]. The optimal management of capacities as well as consumer aspects were also important topics, but these problems were analyzed by a relatively closed circle of researchers. The introduction of modern econometric methods (e.g., panel cointegration) of analysis gained importance. Economic aspects of the utilization of residuals and by-products were also studied. The ethical aspects maintained their relevance, but mainly in the context of developing states. This was a relatively important topic but could not be integrated into the general debate.



The last decade (2009–2020) can be characterized by the rise of China and India as major world powers. The integrated policy analysis of different aspects of bioenergy projects became the principal topic of research. After in-depth analysis, there is an increasing possibility of a synthetic approach [38]. The optimal utilization of biomass became a relatively hot topic within a close-knit community of researchers. System optimization seems to be a favorite topic of a relatively small group of researchers; however, their results are relatively weakly reflected in the research community.



In summary, it can be stated that the complex socio-economic analysis of bioenergy systems is a question of utmost importance, which is at the cutting edge of academic research but remains a relatively lesser studied problem, especially in the central European context.




2.3. The Analytical Hierarchy Process: The Intellectual Evolution of an Innovative Method


The methodology of the comparison of imponderables has been developed organically over the last few decades, but the bases of the methods have remained item theory and Thurston’s complex pairwise comparison [39]. A considerable sophistication of Thurston’s original idea is the AHP, developed by [40,41]. This method is based on the human ability to hierarchically analyze complex systems, i.e., to judge the relative importance of one object over another [42]. Since its introduction, the method has been widely applied in different fields of policy analysis [43].



Obviously, several other methods exist for the analysis of multi-criteria-decision-type problems. Among the main competitors, TOPSIS, PROMETHEE, ELECTRE and SAW can be mentioned. However, none of these methods are capable of synthesizing the ratings of large-scale evaluators (over 20) along with checking their consistency to capture a trustworthy image of the problem analyzed. A clear advantage of the AHP over all other well-proven multi-criteria methods is, on the one hand, the hierarchical decision structure, which helps the participants to understand the attributes of the problem in focus. On the other hand, there is the advantage of the threshold of violating the transitivity in the scoring of the criteria and alternatives. In the next section, we stress this consistency check by formulas (4) and (5). In all AHP applications, we first compute the consistency ratio and filter all evaluations that do not correspond to the minimum degree of consistency. Consequently, only those scores are computed that fulfil the condition of a sufficiently transitive rating. All the other techniques utilize less hard or no filtering of non-transitive preference expressions.



In this part of the study, attention is paid to the application of the AHP in the energy sector in general and in biofuel production in particular. The AHP is widely used in the planning and analysis of energy supply systems. An example of the increasing application of the AHP in energy system forecasting in general, and in the biofuel system in particular, is presented in Figure 2. In this case, authors have focused only on biofuel production because it is quite difficult to separate bioenergy-related analytical projects from other projects (bioenergy is involved in the majority of “general” energy-related AHP projects). Figure 2 summarizes a query on the number of articles in the Scopus document retrieval system. The keywords were “Analytic hierarchy process” AND energy in the first case, and in the second case, “Analytic hierarchy process” AND energy AND (biofuel* OR bioet* OR biocarb* OR biodies*) AND DOCTYPE (ar). The number of publications applying the AHP in the field of energy in general, and biofuel-related problems in particular, has grown exponentially since 2010.



The corpus of publications concerning the application of the AHP in the energy sector based on the WoS consists of 2004 items. This is a different dataset we searched first because the keywords were different. This set was divided into different clusters using CitNetExplorer software, and the AHP literature was analyzed using the same software. Based on the Leuven clustering method, five clusters were distinguished. The largest cluster has nearly 900 publications based on the work of Saaty [40]. The second largest cluster, with more than 420 publications, was developed by Zadeh [44], including the AHP with fuzzy sets theory. The third most important cluster contains roughly half of the number of publications in the second cluster. This group is based on the work of Goumas and Lygerou [45], combining the traditional PROMETHEE method with the fuzzy approach. In this group, the vast majority of articles focus on energy policy. The fourth cluster applies the AHP technique to optimize the geographical positioning of different projects. The fifth cluster is based on the application of the Delphi method.



The studies on the AHP show a relatively high level of concentration by country—i.e., the ten most important countries in the world produce AHP-related articles based on the home country of the corresponding authors. The most important countries are shown in Figure 3.



The majority of AHP studies related to energy concern China and other developed countries (Figure 3). Analysis of the energy sector in central European and Balkan states can be considered a lesser studied realm in the current situation; however, these countries can be characterized by numerous specific features: (1) a relatively low level of endowment of traditional energy resources (e.g., mineral oil); (2) a high level of energy dependence on Russia; (3) a lack of material resources for the rapid development or transformation of the energy sector; and, (4) due to the landlocked characteristic of numerous countries (the Czech Republic, Slovakia, Hungary, Serbia and North Macedonia), a rather limited access to alternative oil imports.



The results of the AHP analyses in the renewable energy sector are summarized in Table 2. In summary, it can be concluded that the focus of energy policy research is related to renewable energy. The AHP is gaining importance within energy policy research in general, and in renewable energy studies in particular.





3. Methodology


Synthesizing expert knowledge related to the topic of bioenergy requires an appropriate model and technique. The method selected was one of the well-proven techniques of Multi-Criteria Decision Making (MCDM), the analytic hierarchy process (AHP). Among the advantages of the AHP, the hierarchical structure of the decision elements, the consistency check and the clear interpretation of the results can be mentioned.



However, there are two types of bias attached to any AHP survey: a bias towards scoring in the pairwise comparisons (the AHP is based on a pairwise comparison of the hierarchical decision elements) and a bias towards deriving weights from the scoring, creating the risk that the determined weights (which are determined by the eigenvector method as the essence of the AHP) do not reflect the evaluators’ real intentions.



In this paper, the first bias was handled on the one hand by a thorough explanation of the scoring procedure to the evaluators, and on the other hand by careful selection of the participants involved in the survey, who are well-known experts on the topic with relevant experience and knowledge of bioenergy. The second bias is connected to the weight derived from the scoring, which is a crucial phase of any AHP application as it produces the final results of the survey and completes the objective of the acquisition of knowledge. To ensure that the final results reflect the intentions of the decision makers, an extended model of the AHP was constructed: a Pareto AHP model. The Pareto approach is well known in the social sciences, and in this case, the AHP results are optimized from a Pareto point of view, i.e., the weight coordinates attached to decision elements cannot be improved in terms of the consistent approximation to the evaluator scores without worsening the approximation of other weight coordinates.



3.1. The Analytic Hierarchy Process


The analytic hierarchy process, originally created by Saaty [53], applies a strict hierarchical structure to the decision criteria of a complex, multi-level decision problem. The top level of the attributes refers to the most general criteria, while the lower levels contain more specific decision elements, and the last level is for the possible alternatives in the decision tree. The branches of this tree are also important as they determine not only the pairwise comparisons in the procedure but also the final weight and alternative scores by the reflection of the respective previous level element score.



Here, the method of the AHP is presented. Take an arbitrary complex decision problem, in which there are n alternatives in the decision—   A 1  ,    A 2  ,   … ,    A n   —and m criteria—   C 1  ,    C 2  ,   … ,    C m   . If we denote    A   ( i )      as the pairwise comparison matrix of the alternatives with respect to the criterion i, then    w   ( i )     , the weight vector, can be derived from the matrix    A   ( i )      by Saaty’s eigenvector method (the logarithmic least squares method can also be applied at this phase). Let us denote C as the pairwise comparison matrix of the criteria, and    w   ( c )      as the weight vector belonging to C. Then, the final preference scores of the alternatives u(w) can be calculated as follows:


   u w =  w 1   ( C )     w 1  +  w 2   ( C )     w 2    + … +  w m   ( C )     w m    



(1)







Saaty proved that for any PCM, the eigenvector belonging to the largest eigenvalue can be always computed for C and    A   ( i )      by the following formula:


  A    w i  =    λ    max      w i  .  



(2)







Then, the eigenvector w can be gained as


   (  A −    λ    max   · I  )     w i  = 0 ,  



(3)




where    λ  m a x     is the largest eigenvalue of the matrix A.



Consequently, the eigenvector is calculated as though the PCMs are consistent. The theoretical pairwise comparison matrices are always perfectly transitive (which means that if a dominates b, and b dominates c, then a dominates c among the matrix elements), but the matrices gained by surveys (evaluated by real people) are probably inconsistent to a certain extent.



Of course, the principal eigenvector of the consistent matrix exhibited in Table 3 is {   w 1   ;    w 2   ;  … ;    w n   } with the maximum eigenvalue of n.



In all AHP procedures, the respondents fill the created PCMs by providing their estimation on the relative importance/significance and scoring the brackets of the PCM above the main diagonal (due to the reciprocity, scoring other positions is redundant). In most cases, participants select values from the Saaty scale for the scoring (Table 4).



Even for the practical PCMs, the reciprocity (   a  j i   = 1 /  a  i j    , where    a  i i   = 1  ) needs to be fulfilled; however, these practical matrices probably do not fulfil the condition of consistency. Thus,    a  i k   ≠  a  i j   ·  a  j k    .



Based on the above-presented features, the consistency of evaluators’ ratings had to be measured in practical matrices of C and    A   ( i )     . Following Saaty’s procedure, initially, the Random Index (RI) had to be determined by selecting the value of the same size PCM as presented (Table 2). The maximum number of attributes belonging to one branch of the decision tree in our decision problem was seven, so we presented the random index values for up to seven criteria (Table 5).



Having gained all comparisons, the consistency index (CI) was computed by using formula (4).


  CI = (  λ  m a x   − n ) /  (  n − 1  )   



(4)




where    λ  m a x     is the principal eigenvalue of the PCM and n is the number of rows in the practical matrix.



After calculating the RI and CI values, the consistency ratio (CR) could be gained by


  CR =  CI  /  RI  .  



(5)







The CR is acceptably inconsistent when its value is less than 0.1 [54,55].



Completing the sensitivity analysis is the last phase of the AHP procedure, which enables decision makers to check the robustness of the outcomes of the calculations by assessing the effect of small modifications of certain weight scores on the total decision structure priorities and ranking.




3.2. The Concept of Pareto AHP


Many researchers brought attention to the fact that in the AHP, the eigenvectors and the final scores of the criteria and alternatives are not always Pareto optimal; Bozóki and Fülöp [30] first described this phenomenon in the case of 4 × 4 and larger matrices. Therefore,    w i   -s can be tested and improved with dominant weight vectors that give better approximation to    a  i j    -s than the eigenvectors do.



Let us have A, a pair wise comparison matrix,   A =    [   a  ij    ]    i ,  j  = 1 , … n   ∈    PCM   n    (PCM means the pairwise comparison matrix of AHP here) and   w =    (   w 1  ,  w 2  ,  w 3  , …  w n   )   ⊺    is a positive weight vector (for   S =  ℝ  + + ,  n    is positive orthant), and n is the number of criteria in the examined matrix. The objective function


    f  i j    ( w )  : =  |   a  i j   −    w i     w j     |       for   all     i  ≠ j   ,   M =  n 2  − n   








and M is the total number of the objective functions [56].



Based on that, functions can be created for minimizing the difference between each    a  i j     and      w i     w j      value.


   f  i j   :    ℝ  + +  n  → ℝ ,   i ,   j = 1 ,   … , n ,  min   f ( x )  



(6)







Bozóki and Fülöp [30] created an algorithm for solving this objective function with the appropriate constrains. In the current research, this algorithm has been applied for all 4 × 4 or larger matrices evaluated in the survey.



Both theoretical evidence from Bozóki and Fülöp [30] and real-world evidence from Duleba and Moslem [57] exist for possible rank reversal in the prioritization without conducting the so-called Pareto test on the AHP results. This Pareto test ensures that the order of the attributes is robust and cannot be further improved to get closer to the real intentions of the expert evaluators. In this study, we conducted the Pareto test in all relevant cases. There is only one other example of utilizing the Pareto test in the AHP by Duleba et al. [58], who conducted an expert survey on the vital factors of autonomous vehicle testing. In the field of bio-based energy systems, this approach can be considered unique and might contribute to future expert survey analyses in this domain.



3.2.1. The Test Tube: Some Relevant Characteristic Features of Hungary


Optimizing the energy portfolio of Hungary, a small, open economy, is an especially complex problem because the country has numerous specific features. The most important characteristic features of the country in the context of its energy policy are as follows:




	(1)

	
A high level of openness, the importance of foreign trade and a highly diversified export structure. In terms of economic complexity, this is the tenth most diversified economy in the world according to Ertan Özgüzer and Oğuş-Binatlı [59]. The top exports of Hungary are cars, info-communication technology products and electric equipment [60].




	(2)

	
The natural energy resources are rather limited: there are neither oil nor gas deposits according to Bluszcz [61], nor such hydrogeological conditions that could be useful for hydroelectric power generation [62]. The coal deposits are limited and of low quality.




	(3)

	
Due to the meteorological conditions, the possibilities of wind energy are much more limited than, for example, in Germany (Németh et al. [63]).




	(4)

	
In spite of the low level of natural endowment of energy resources, the country has considerable possibilities for agricultural production [64]. The per capita arable land endowment is ca. 0.5 ha, which is one of the highest in Europe.




	(5)

	
Another important resource is tourism, based on thermal waters and Lake Balaton (the largest lake in central Europe) and rural tourism offering favorable possibilities for development [65].




	(6)

	
One of the most important parts of the Hungarian energy sector is nuclear energy, and considerable efforts have been made by the Hungarian government to enhance the nuclear energy generation capacity. However, analysis of the potential conflict between atomic energy and renewables would go beyond the limits of the current work due to its extremely high level of complexity [66]. In addition, this topic is well studied in the literature [67].










3.2.2. The Procedure


In the first phase of the research, a catalogue of potential respondents was set up based on three partially overlapping criteria: (a) a well-documented presence of agricultural policy, energy policy, economic strategy and rural development in academic debates; (b) a position in policy making and regional decision making; and (c) personal experience in the field of practical realization of energy policy. The structure and basic socio-economic characteristics of the respondents are summarized in Table 6.



The pool of respondents consisted of specialists with an MSc or PhD qualification. Currently, the Hungarian governmental system is heavily influenced by party politics and ideology according to Vegetti [68]; therefore, the involvement of government-level political decision makers directly influenced by political ideologies was excluded. Finally, emphasis was put on the regional development experience of university specialists. In summary, it can be concluded that, taking into consideration the relatively small pool of potential respondents based on Hungary’s size and bioenergy sector, the number and professional backgrounds of respondents are a good representation of a rather wide range of independent specialists in the field of bioenergy.



The questionnaires were based on in-depth interviews with potential stakeholders and on the academic literature, using natural language processing to extract the most important and relevant statements. The form of the questionnaires followed the general procedure and the AHP evaluation of questionnaires was as described in detail in the literature [54]. Based on the literature search strategy, described in detail in Section 2.2, we conducted a previous scoping review to obtain a general picture of the main direction and problems of bioenergy project development. Based on this, we set up a long list of statements, consisting of 135 items. These were hierarchically ordered in a framework of three workshops. In each workshop, the number of participants was between 7 and 12. In this process, we used simple visualization methods, such as interactive electronic tables. The hierarchy of items was established by consensus.



Although the questionnaire did not feature any sensitive, personal information, we consulted the Ethical Council of the University of Debrecen, which did not raise any concerns regarding the method, format or content of the research.






4. Results and Discussion


All the results presented in this section were verified by the Pareto test of the analytic hierarchy process; thus, the ranks and scores can be considered robust. For all groups of attributes containing four or more aspect/function members, Pareto optimality has been checked and proven.



In the presented case study, we utilized three hierarchical levels containing 52 attributes/criteria in total. On the first level, merely three general criteria were positioned. On the second level, nine criteria were present, while on the third level, there were 40. Based on the designed structure, we had a 3 × 3 pairwise comparison matrix on the first level; three 3 × 3-sized matrices on the second; and four 3 × 3, one 4 × 4, two 5 × 5 and two 7 × 7 matrices on the third. Consequently, by the survey and the eigenvector computation (note that we applied the AIJ technique of AHP, so first, the individual matrices were aggregated to one global matrix), altogether, we gained eight three-dimensional weight vectors (from the 3 × 3-sized matrices), one four-dimensional weight vector, two five-dimensional vectors and two seven-dimensional vectors. Following the Pareto test guidance and the theoretical findings that non-optimality might only occur in case of 4 × 4 or larger matrices, we examined five weight vectors from the Pareto aspect (a four-dimensional, two five-dimensional and two seven-dimensional vectors). The result of the four-dimensional vector is presented in Table 7.



In all four cases, the Pareto optimal vector was identical to the weight vector computed from the survey scores; thus, the results can be considered robust. Considering that we only examined the values up to four digits, a more sophisticated test could possibly have indicated slight differences between the original weight vector and the Pareto optimal vector; however, it must be outlined that in this case, the difference is non-significant from the aspect of the case study.



It is possible that due to the high level of competence of the experts in the evaluation process, all scorings were verified as Pareto optimal; consequently, the final outcomes are trustworthy and unbiased.



There is a wide-ranging consensus that different projects should be evaluated on the basis of their economic, social and environmental impacts [69,70]. In the first phase, the relative importance of these three domains of bioenergy projects was analyzed. The results of this phase of the research are summarized in Table 8.



In the opinion of the respondents, the most important function of bioenergy is its contribution to the development of the economy. This fact could be explained by two factors: (1) the relative level of economic development is lower in Hungary than in the more developed western European countries, and there is a high level of motivation to catch up in a relatively short time to the more economically advanced countries; (2) in the value system of central European citizens, the importance of environmental functions is still relatively low [71].



The significance of the social function in bioenergy projects was especially low in Hungary, which is in contradiction with the results of AHP studies conducted outside of Hungary. Therefore, it seems to be a good idea to further analyze the partial influence of different sub-factors.



4.1. Economic Factors and Consequences of Bioenergy Projects


By analyzing the economic functions of bioenergy projects, it becomes clear that adequate income is a key driver of economic development, since the generation of income and value added is relatively low in Hungarian agriculture (Table 9). Currently, the subsidies of the Common Agricultural Policy of the EU, acting as a “ventilator”, are able to counterbalance the low level of efficiency, but reformation of the EU budget could jeopardize the income stability of farms [72].



In Hungary, energy dependence on oil and natural gas is especially high accounting for 80%. At the same time, the declining share of fossil fuels in electricity production can be observed due to the increasing use of renewable energy sources; however, the greatest proportion of electricity is generated from nuclear power. The reducing fossil fuel use can be explained by two main factors: a general increase in the awareness that fossil fuels are harmful to the environment, and the desire to reduce the reliance on limited fossil fuels.



Analyzing the system of sub-criteria within the economic dimension, a higher weight was attached to the criterion of reducing dependence on energy imports (Table 10). This can be explained by the general global tendency towards increasing energy sovereignty and by the negative consequences of the Russian–Ukrainian conflict on Hungary’s energy supply system, as it jeopardized the stability of Ukrainian energy transit [73]. Stabilization between the supply and demand of agricultural products is a considerable problem in the EU. On the one hand, the diversification of land use (e.g., energy crop production) could contribute to a decreasing supply of food products, leading to increasing food prices. On the other hand, the competitiveness between the food and biofuels industries for the same crops may enhance farm incomes. In summary, the experts assigned importance to biofuel production due to decreasing energy dependence and increasing farm incomes. Interestingly, the diversification of agricultural production was given a relatively low value.




4.2. Environmental Criteria of Bioenergy Production


The most important environmental aspect of bioenergy projects was considered to be the contribution made to environmental protection, followed by the contribution made to saving the rural landscape (Table 11). The results are in line with the opinion of [74], who highlighted that environmental problems are not yet at the center of political discussions. At first, this might seem surprising, but we have to take into consideration that the traditional Hungarian landscape is an important part of the national identity [75]. Howley [76] has proven that landscape is an important carrier of aesthetic value, but there are considerable individual differences in the preference structure.



The improvement of harmony between the development of the economy and society is a generally accepted goal, but one that is difficult to achieve. Bioenergy projects should contribute to improvements in life quality and to the promotion of better harmony between citizens, society and the economy. These could be quantified by different indices (e.g., the Human Development Index Streimikiene [77], Sagar and Najam [78], the Sustainable Economic Welfare Index, the Genuine Progress Indicator, Lawn [79], etc.).



In line with the general results, the sub-criterion of reducing CO2 emissions and other greenhouse gases received the highest relative importance (Table 12). This fact can be interpreted by the increasing perception of the negative consequences of the economic burden on local (e.g., health-related) and global (e.g., greenhouse gas emissions) problems [80,81,82]. The results of the survey highlight the dominant paradigm of the last 30 years according to Weinschenck [83], which has been that the cheapest way of safeguarding the agricultural landscape is rational agricultural production.




4.3. The Role of Projects in Regional Development


The most important social function of energy policies is the enhancement of rural occupations and the quality of rural life. The workplace creation effect of modern, industrial bioenergy projects is rather marginal. Among the economic aspects of bioenergy production, priority was given to increasing farm income. At the same time, the utilization of by-products (e.g., in the case of bioethanol production) also obtained a high importance (Table 13).



The role of bioenergy projects as rural innovations based on their social functions (Table 14) can be analyzed in terms of three pillars: increasing rural workplaces and improving the quality of life; contributing to the preservation of the cultural heritage; and improving the human resource capacity in rural regions. When analyzing the local importance of bioenergy projects, the respondents attached an importance value of 0.13 to increasing employment. At first, this is surprising, because in central and eastern Europe, there is a great need for projects that contribute to regional development [67,84]. This contradiction may be based on the perception that modern bioenergy systems are not considered to be important drivers for creating workplaces. Despite numerous references to creating workplaces in the bioenergy sectors by Mironenko and Poleva [85] and Luca et al. [84], highlighting the importance of bioenergy projects in rural development by Igliński et al. [86], there are no documented arguments supporting the effects of these projects on increasing competitiveness and the quality of life in central and eastern Europe.



Analyzing the differences in the opinions of the specialists according to their professional activity, it can be concluded that experts working directly in agriculture had an above-average preference towards increasing farm incomes based on bioenergy projects. Experts working in the fossil energy sector gave an above-average importance to energy independence.





5. Discussion and Conclusions


The results have shown that when evaluating the most important aspects of bioenergy-based projects, Hungarian experts attach relatively high importance to economic factors, as opposed to the conclusions reached by the European and Chinese scientists Xiaohua and Zhenmin [46], Kurka [47] and Meixner [51], who placed approximately similar importance on economic, environmental and regional considerations. This contradiction can be explained by the fact that the income-generating capacity of Hungarian agriculture is rather low, and the main driver of its development is the financial transfer in the framework of the Common Agricultural Policy of the European Union [87].



This can be explained by the relatively low farm income in Hungary.



Although it is rather difficult to define policy guidelines in an unstable regulatory environment, four pillars should be highlighted:




	
Bioenergy projects ensure a sustainable intensification in agricultural production. This is an extremely important precondition of environmental management because rational agricultural production is the cheapest and most suitable way to protect the environment and safeguard the natural landscape [83].



	
Bioenergy should be considered a source of national energy independence, as a decreasing dependence on energy can be achieved [88].



	
Central and eastern European countries are situated in regions where the future consequences of global climate change are rather hard to predict, as opposed, for example, to Kazakhstan, where there are numerous signs of increasing agricultural potential [89]. It is possible that the years to come will be characterized by extremely low yields due to decreasing precipitation and increasing temperature in the vegetation period [90].



	
By-products of bioethanol production can be used as protein feed in the livestock sector according to Arodudu et al. [91], but the rapid reduction in animal production in Hungary forces biofuel producers to export by-products all over the world.








The most important aim of this research was to map the evaluation and value systems of experts. In the future, a comprehensive bioeconomy strategy could be formulated in line with current documents of the European Union and some of its member states. An important part of this bioeconomy strategy could be the determination of the place and role of bioenergy [92].



However, the limits of our current knowledge must also be recognized. These biases can be divided into two aspects:




	
Firstly, the bioenergy policy of the EU is a rather confused one, creating a high level of uncertainty [93]. Given the lack of coherence, bioenergy projects are subject to the individual decisions of member states [94]. In the case of a small country with relatively under-developed political control mechanisms and a lack of counterbalances, as highlighted by Sata and Karolewski [95], bioenergy-related decisions depend on the level of influence of stakeholder lobbies and the influence of other member states of the EU.



	
Notwithstanding the considerable increase in the number of publications, there are numerous questions to which no definitive response can be given based on evidence and a wide-ranging consensus among the academic community. These can be divided into two categories:




	(a)

	
A lack of evidence regarding the environmental and health-related aspects of bioenergy projects. There is a widespread hypothesis on the favorable environmental and health aspects of bioenergy projects underlined by Banimostafa et al. [96] and Kheybari et al. [97], although there is no wide-ranging evidence on the positive effects of bioenergy projects on human health via an improvement in air quality [98].




	(b)

	
There are considerable differences among countries in terms of agricultural technologies and the cost–benefit relationship. The results of a life-cycle analysis are not directly transferable from one macro-region to another; thus, a complex life-cycle-based analysis focused on specific conditions is essential.














The limitation of the study results from the method applied. The AHP is based mainly on a comparative analysis of imponderables and the tacit knowledge of experts. Even if by applying the amended form of the method with the Pareto optimality aspect, the bias of the responses could be mitigated and the robustness of the ranking ensured, the results can be considered a synthesis of opinions rather than an objective final prioritization, despite the fact that the limited number of respondents did not provide a great deal of variance among their evaluations of the different aspects of bioenergy projects. From this, it follows that increasing the number of respondents would not significantly enhance the reliability of the research. However, the application of more “hard” methods, above all system dynamic modeling, would be an important step towards reaching a better understanding of the socio-economic mechanisms determined by bioenergy systems.
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Figure 1. Results of the thematic bibliometric mapping of publications dealing with the socio-economic aspects of bioenergy (1994–2000; 2001–2008; 2009–2020). 
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Figure 2. The number of articles applying the AHP to energy-related decision analysis in general, and to biofuel-related decision analysis in particular, based on Scopus. 
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Figure 3. The key countries of AHP-related energy studies, based on the country of the corresponding author. 
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Table 1. The UN sustainable development goals and the question of bioenergy production.
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	UN 2030 Agenda for Sustainable Development
	Aspects of Bioenergy Policy





	“Eradicate extreme poverty”
	Bioenergy production can contribute to the creation of new workplaces [11].



	“Enhance the resilience of the poor and those in vulnerable situations and reduce their exposure and vulnerability to climate-related extreme events and other economic, social and environmental shocks”
	Bioenergy programs can reduce rural poverty [12].



	“Ending hunger, achieving food security”
	Bioenergy crops compete with food and feed production [13].



	“Healthy lives, and the promotion of well-being for all”
	The application of bioethanol could contribute to the emission of harmful gases [14].



	“Sustainable management of water”
	Irrigation can have negative consequences for the structure of soil [15].



	“Ensure access to affordable, reliable, sustainable and modern energy for all”
	A bioenergy program can contribute to the enhancement of the energy independence of different countries [16].



	“Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all”
	An efficient bioenergy supply system can be an important contributor to economic growth, based on the accelerative and multiplicative effects of BE programs [17].



	“Inclusive and sustainable industrialization, fostering innovation”
	The development of a bioenergy program is, per se, a contributor to industrialization and innovation, especially in rural areas [18].



	“Reduce economic inequality”
	BE programs could contribute to regional economic development [19].



	“Inclusive, safe, resilient and sustainable cities”
	BE projects contribute to reductions in pollution [19].



	“Sustainable consumption and production patterns”
	BE could contribute to sustainable consumption and production, but the practical reality of this is an open-ended question [20].



	“Combat climate change and its impacts”
	One of the most important motivators of bioenergy projects is reducing the burden of the climate [21].



	“Sustainable ecosystems, forest management and reversion of land degradation”
	The energy forest can play an important role in sustainable forest management and reducing landscape degradation [22].



	“Effective, accountable and inclusive organizations”“Sustainable bioeconomy”
	Bioenergy could contribute to the development of local clusters [23].Bioenergy can sustain the transition to a sustainable bioeconomy [24,25].







Source: Authors’ own research, 2020, based on selected references.













[image: Table] 





Table 2. Results of AHP analyses of some renewable energy projects.
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Xiaohua and Zhenmin [46]




	
Sustainable energy supply

	
0.072




	

	
Energy supply for industry

	
0.637




	

	
Energy supply for households

	
0.258




	

	
Household energy availability rate

	
0.105




	
Sustainable energy consumption

	
0.472




	

	
Energy benefit index

	
0.484




	

	
Energy saving rate

	
0.226




	

	
Energy efficiency

	
0.064




	

	
Community-based energy in total energy

	
0.141




	

	
Annual electricity consumption

	
0.149




	
Energy exploitation

	

	
0.170




	

	
Satisfaction of energy demand

	
0.750




	

	
Other renewable resources

	
0.250




	
Environmental aspects

	
0.285




	

	
CO2 discharging rate

	
0.637




	

	
Organic matter in soil

	
0.105




	

	
Forest cover

	
0.258




	
Kurka [47]




	
Air quality

	
0.173




	
GHG emissions

	
0.170




	
Efficiency

	
0.149




	
Waste

	
0.110




	
Regional job creation

	
0.099




	
Regional food security

	
0.098




	
Economic viability

	
0.091




	
Renewable energy self-sufficiency

	
0.062




	
Technology

	
0.048




	
Yedla and Shrestha [48]




	
Energy efficiency

	
0.147




	
Emissions reduction

	
0.132




	
Economic feasibility

	
0.139




	
Technological preparedness

	
0.207




	
Adaptability

	
0.219




	
Barriers to implementation

	
0.157




	
Kaya and Kahraman [49]




	
Energy efficiency

	
0.101




	
Investment costs efficiency

	
0.100




	
Operation and maintenance

	
0.113




	
NOX emissions

	
0.128




	
CO2 emissions

	
0.152




	
Land use

	
0.109




	
Social acceptability

	
0.093




	
Job creation

	
0.123




	
Yazdani-Chamzini et al. [50]




	
Power

	
0.319




	
Investment ratio

	
0.090




	
Implementation period

	
0.026




	
Operating hours

	
0.116




	
Useful life

	
0.134




	
Operation and maintenance costs

	
0.042




	
Tons of emissions avoided

	
0.273




	
Meixner [51]




	
Costs

	
0.180




	
Availability

	
0.270




	
Climate

	
0.320




	
Dependency

	
0.050




	
Utilization

	
0.190




	
Ahmad and Tahar [52]




	
Technical

	

	
0.265




	

	
Maturity

	
0.047




	

	
Efficiency

	
0.188




	

	
Lead time

	
0.020




	
Economical

	

	
0.520




	

	
Costs

	
0.231




	

	
Operational lifetime

	
0.054




	

	
Resource protection

	
0.122




	

	
Decrease in tariff rate

	
0.131




	
Social

	

	
0.0665




	

	
Public acceptance

	
0.017




	

	
Workplace creation

	
0.052




	
Environmental

	

	
0.1461




	

	
CO2 reduction

	
0.093




	

	
Environmental impact

	
0.038




	

	
Land

	
0.015








Source: Authors’ own research.
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Table 3. The structure of a (n × n) perfectly consistent PCM.
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	…
	…
	…
	…
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	…
	…
	…
	…
	…



	…
	…
	…
	…
	…



	wn/w1
	wn/w2
	…
	…
	wn/wn







Source: Authors’ own research.
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Table 4. Pairwise scale (1–9) of relative weight of criteria in PCMs [54].
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	Numerical Values
	Verbal Scale





	1
	Neutral connection of elements



	2
	Slightly more significant



	3
	Moderately more significant



	4
	Moderately to strongly more significant



	5
	Strong significance



	6
	Strongly to very strongly significant



	7
	Very strongly significant



	8
	Very strongly to extremely significant



	9
	Extreme significance of one element over another







Source: Authors’ own research.
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Table 5. The utilized Random Index (RI) values in the AHP.
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	Number of Attributes
	1
	2
	3
	4
	5
	6
	7



	Random Index Values
	0
	0
	0.58
	0.9
	1.12
	1.24
	1.32







Source: Authors’ own research.













[image: Table] 





Table 6. Basic socio-economic characteristics of the respondents.
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Highest Level of Qualification (%)






	
MSc

	
65%




	
PhD

	
35%




	
Average length of professional experience (years)

	
14.3




	
Scope of activity (%)




	
Higher education and research

	
86




	
Agricultural production

	
10




	
Mineral oil production, processing and trade

	
4




	
Gender (%)




	
Women

	
43




	
Men

	
57








Source: Authors’ own research.
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Table 7. The Pareto test on the four-dimensional weight vector of the decision attributes.
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	Original Weight Vector
	Pareto Optimal Vector
	Difference





	0.4305
	0.4305
	0



	0.3185
	0.3185
	0



	0.1368
	0.1368
	0



	0.1142
	0.1142
	0
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Table 8. Results of the AHP on weighting the relative importance of three dimensions of bioenergy projects.
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	Aspect/Function
	Relative Weight





	Economic functions
	0.4731



	Environmental functions
	0.3778



	Social functions
	0.1489







Source: Authors’ own research.
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Table 9. Results of the AHP on weighting the relative importance of the economic dimensions of bioenergy projects.
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	Aspect/Function
	Relative Weight





	Upgrading the income-generating capacity of farms
	0.4118



	Reducing the utilization of fossil fuels
	0.4501



	Possibilities of utilization of by-products of bioenergy projects
	0.1382







Source: Authors’ own research.
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Table 10. Relative importance of different sub-criteria ordered by ascending rank order of sub-criteria.
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	Function/Goal
	Normalized Weights
	Finalized Weights
	Rank





	Reducing dependence on imports of energy resources
	0.3554
	0.0756
	1



	Diversion of utilization of agricultural production potential
	0.2622
	0.0511
	4



	Replacement of fossil energy resources
	0.2322
	0.0494
	5



	Stabilization of agricultural markets
	0.2353
	0.0458
	6



	Reducing dependence on foreign oil
	0.2147
	0.0457
	7



	Utilization of by-products of bioenergy projects (e.g., dried distillery grain with solubles, corn gluten feed, corn gluten meal in the case of bioethanol projects)
	0.6056
	0.0395
	9



	Stabilization of producers’ incomes
	0.1801
	0.0351
	11



	Diversification of the energy portfolio
	0.1481
	0.0315
	13



	Creation of a network for raw material suppliers
	0.1046
	0.0203
	19



	Increasing value added of agricultural products by processing
	0.0977
	0.0190
	21



	Reducing import dependence on protein feed (by-products of bioethanol production)
	0.2778
	0.0181
	23



	Motivation of the optimal utilization of land by increasing land usage alternatives
	0.0724
	0.0141
	26



	Reducing fossil energy resource prices by increasing and diversifying the energy supply
	0.0493
	0.0105
	31



	Contribution to the increase in agricultural raw material prices
	0.0475
	0.0092
	32



	Production of environmentally friendly food or food products
	0.1164
	0.0076
	34







Source: Authors’ own research.
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Table 11. Results of the AHP on weighting the relative importance of the environmental dimension of bioenergy projects.
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	Aspect/Function
	Relative Weight





	Contribution to saving the rural landscape
	0.3244



	Contribution to environmental protection
	0.4717



	Improvement of harmony between society and nature
	0.2038







Source: Authors’ own research.
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Table 12. The relative importance of different environment-related sub-criteria, ordered by the ascending rank order of sub-criteria.
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	Sub-Criteria
	Normalized Weights
	Finalized Weights
	Rank





	Reducing CO2 emissions and other greenhouse gases
	0.6425
	0.1145
	2



	Maintenance of natural and landscape values and their diversity
	0.6105
	0.0748
	3



	Improvement in the Human Development Index (HDI)
	0.5200
	0.0400
	8



	Diversification of agricultural production
	0.2605
	0.0319
	12



	Reducing the ecological footprint of production
	0.1409
	0.0251
	14



	Improving the Index of Sustainable Economic Welfare (ISEW)
	0.2937
	0.0226
	16



	Contributing to the solution of global environmental problems
	0.1136
	0.0202
	20



	Safeguarding the biosphere
	0.1029
	0.0183
	22



	Protecting natural resources by maintaining the agricultural culture–landscape
	0.1289
	0.0158
	24







Source: Authors’ own research.
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Table 13. Results of the AHP on weighting the relative importance of the economic dimensions of bioenergy projects.
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	Aspect/Function
	Relative Weight





	Increasing the income of farms
	0.41187



	Reducing the use of fossil fuels
	0.45000



	Utilization of by-products (bioethanol)
	0.13811







Source: Authors’ own research.
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Table 14. Relative importance of social dimension components.
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	Sub-Criteria
	Normalized Weights
	Finalized Weights
	Rank





	Creating workplaces
	0.3064
	0.0209
	18



	Reducing workforce mobility
	0.1849
	0.0126
	28



	Strengthening the socio-economic position of family enterprises
	0.1699
	0.0116
	29



	Increasing the activity of rural communities
	0.1239
	0.0084
	33



	Contributing to the social responsibility of economic stakeholders
	0.0848
	0.0057
	35



	Strengthening social capital in rural regions
	0.0714
	0.0048
	37



	Promoting the public transport system by enhancing environmentally friendly solutions
	0.0583
	0.0039
	39



	Maintaining traditional architecture
	0.5845
	0.0215
	17



	Enhancing the knowledge base in rural regions
	0.2903
	0.0107
	30



	Enhancing bioenergy-specific knowledge in rural regions
	0.1250
	0.0046
	38



	Enhancing special education
	0.5631
	0.0246
	15



	Promoting cluster formation in bioenergy-related fields
	0.3185
	0.0139
	27



	Giving new impetus to research, development and innovation
	0.1182
	0.0051
	36







Source: Authors’ own research.
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