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Abstract

:

The bioeconomy aims at decreasing reliance on fossil fuels, preventing or reducing climate change, eliminating insecurity, and efficiently using resources; however, fierce controversy exists on conceivable pathways to accomplish these objectives. The transport sector alone, which encompasses all other industrial sectors, has grown with regard to its energy demand by 50% over the past 30 years. The aim of this paper is to promote a dialogue as to whether an economy based on biomass can be more sustainable than today’s existing economies, considering that the economy needs to expand and be boosted, while creating a cascading and recycling system. This semi-systematic review paper discusses four research questions based on findings from the last 20 years: (i) What are the crucial issues in the ongoing debate on the development of a sustainable bioeconomy concept? (ii) Where are the major conflicting points and focuses? (iii) How does the bioeconomy follow current urbanization and land-abandonment trends? (iv) How will the crisis linked to the COVID-19 pandemic change these previous scenarios? As it is not easy to currently predict which pathway will be the most effective, whether it be the one taken as of now or a specific novel pathway, this article recommends following a strategy that is diverse regarding its approaches to shaping the bioeconomy and further funding of renewable energy sources, along with the involvement of urban planning. In addition, conclusions are validated through a questionnaire completed by 51 experts in the field.
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1. Introduction


In the last two decades, the carbon intensity of the power industry has not significantly declined [1,2]. Recently, the rapid development of sustainable power sources, together with the reduction of the share of electricity produced by coal, has actually encouraged a continuous increase in the carbon intensity of the power sector [2]. In spite of rapid gains in sustainable power sources, the growth in energy demand has caused an increase in total carbon emissions from the power sector [3]. In short, decarbonization in the power sector has not been carried out quickly enough [4]. To preserve the level of carbon emissions from the electricity sector at the 2015 level, renewable generation needed to grow more than twice as quickly as it actually did [5].



Starting with energy consumption, the bioeconomy as a global social movement has the aim of building a platform for the mitigation of climate change through huge investments in research, education, and technology towards the promotion and development of renewable energies, mainly from biomass [6,7].



Biomass refers to the use of organic material to generate energy, while bioenergy is produced from organic matter and is emerging as one of the major renewable energy sources. Both living plants (wood, algae, and crops) and waste from the food and forest industries can be used as such or processed in biorefineries into ethanol, biodiesel, and methane gas to create heat via combustion.



In the contemporary bioeconomy, biomass from the agricultural and forestry sectors is considered to be the most abundant, and therefore essential, raw material [1]. However, the use of animal products in the production processes is mentioned only marginally, mainly due to an analysis of the negative environmental effects of a meat-dominated nutrition, which is difficult to integrate into a bioeconomy model [8].



While it is widely agreed that the aims of the bioeconomy as a societal and economic movement are to reduce the reliance on fossil fuels while mitigating climate change and enabling secure food chains, there is no consensus on how to achieve these objectives in a sustainable way [8,9,10]. The original meaning of ‘bioeconomy’, defined in 1971, proposes an economic model in which natural resources and limits fit into a sound framework, has since undergone major changes [11,12] in which the understanding of the phrase “of the economy” has been significantly improved. There are critics, however, with respect to the present-day bioeconomy as the “economization of ecology”, the “neo-liberalization of nature”, or the existence of “bio-capitalism”. It was also always difficult to find a common vocabulary to address and discuss the various interpretations of sustainability due to the different academic backgrounds and professional experience of stakeholders, executives, and activists involved in the processes that developed the bioeconomy [13].



Transdisciplinary research [14] has been utilized as one of the possible means to integrate the various industrial sectors that are involved in the development of bio-based products. Accordingly, it is not surprising that there are numerous open research questions around the present concept of the bioeconomy, and numerous possible routes to the development of a sustainable bio-based economy. An analysis of the bioeconomy’s structure can lead to a better understanding of what message it has delivered in the past and what it is offering in the present and future. A special emphasis should be placed on its activities regarding the expansion of various industrial sectors such as agriculture, forestry, chemicals, and food, along with the transportation sector that envelops all of these, as well as upcoming opportunities and risks. Energy scenarios are very important pillars for the development of policy goals by evaluating a broad range of future options, but the role of the bioeconomy in future energy scenarios is still not sufficiently clear.



This paper contains an extensive semi-systematic review of the literature aimed at uncovering the role of the bioeconomy in future energy scenarios and at filling the apparent research gaps. It also adds an empirical survey and experts’ opinions to confirm the conclusions drawn on the basis of this state-of-the-art review. Accordingly, the contribution of this paper is twofold. First, it offers a comprehensive overview of the available literature in one report, and, second, conclusions drawn are confirmed by an empirical survey conducted on a sample of 51 respondents.



State-of-the-Art Review Methodology


This paper focuses on the current state of knowledge and is aimed to set priorities for future strategy, investigation, and research based upon of the literature of the last 20 years.



First of all, the research questions were clearly stated, including the following: (i) What are the crucial issues in the ongoing debate on the development of the sustainable bioeconomy concept? (ii) Where are the major conflicting points and focuses? (iii) How does the bioeconomy follow current urbanization and land-abandonment trends? (iv) How will the crisis related to the COVID-19 pandemic change previous scenarios?



A semi-structured review methodology was applied and the literature selection used the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) checklist. All sources of literature used are written in English and published in a peer-reviewed form. Geographical distribution is not limited, while the date of publication is limited to the last 20 years. We chose the period of 20 years due to the facts given in previous research [15], where it is shown that our society has become more aware of the climate emergency that challenges the future of the planet in the last two decades. The literature search was conducted from February 2020 to February 2021 using the Scopus, Google Scholar, and Web of Science databases. The search terms were obtained from the proposed research questions. They had to be explicitly mentioned in the title, abstract, or keywords of the examined articles in order to be included. This state-of-the-art review is structured so that Section 2 and Section 3 discuss the background for the development of bioeconomy and the effect it has on various industrial sectors, which leads to the conclusion that such concepts of using biomass as an energy resource can create complex societal challenges. Reflections on the recent pandemic that may be considered a consequence of forest cutting and more contact of humans and wildlife are discussed in Section 5, while the availability and management of biomass sources through the discussion of biofuels and biorefineries are discussed in Section 6. The discussion section follows as the seventh part of this paper. Finally, the main conclusions are given in Section 8 and are checked by an empirical survey in the form of analyzing results of the questionnaire answered by 51 experts in the field.





2. Global Trends as a Background to Bioeconomy Development


The very first type of economy known to humanity was the bioeconomy, being a means of using living things from nature as a raw material for food, goods, and trade. Currently, global climate change has led to an accelerated development of modern life sciences and biotechnology that have a final aim to understand biological processes and modify or engineer areas in such a way that nature itself becomes a factory that provides both raw materials and products. A bioeconomy uses research and innovations in the biological and technology sciences to create products and trade, while sustainably managing biodiversity and public benefits.



The bioeconomy began to be recognized as a knowledge-based concept due its promotion by the European Union (EU) in the 2000s [16]. For Europe alone, the concept of bioeconomy appears to be an exceptionally promising tool to achieve self-sufficiency in the supply of raw materials. However, since the biomass potentials in Europe are quite limited, ideas about shaping a sustainable bioeconomy are questionable. Additionally, the real impact of crisis response management, such as in the cases of banks over-lending (2008) and the COVID-19 pandemic (2020–2021), is very difficult to quantify [17,18,19,20]. On the other hand, the scale and direction of urbanization from agricultural land to cities and from low-income nations toward development, which are always directed by economic opportunities, need to be considered [6]. The main migrations happen from rural to urban zones, but there are also flows in other directions, such as from rural to rural, urban to rural, and urban to urban areas [1,3]. Living in urban areas creates the need for very strong service sectors, and also shifts industry to be near consumers; therefore, 65% of the world’s economically active population works in these two sectors, creating 97% of the world’s gross domestic product (GDP) [1,3]. The rural depopulation migratory pattern negatively impacts environmental, economic, and social planning in the bioeconomy [21]. It is also becoming impossible to forecast national economic performance indicators since changes vary intensively both between nations and within nations, and these performance indicators largely depend on urbanization trends and societal developments. In order to use a minimum amount of energy and enable the maximum use of biomass, the bioeconomy model is expected to overcome the traditional linear economy models and enable trough cascade principles through the reuse and recycling of waste within a circular economy. The application of circular economy principles to the bioeconomy could make a significant contribution to increasing the bioeconomy efficiency. Accordingly, the aim of this paper is to take a deeper look into the role of the bioeconomy in the context of a circular economy.



However, the sustainable nature of a bioeconomy with bio-based products attained by the recycling and reuse of waste on a global scale may be considered an “elite narrative”, particularly considering that growing economies and consumption trends of rapidly developing nations such as India will create an enormous need for biomass before the primary waste from which that biomass is produced is even accumulated.



Additionally, global trends in energy consumption should be taken into account. The energy demand grew by 2.9% in 2018 and by 0.9% in 2019, with this growth being primarily driven by China, the United States (US), and India, which contribute two-thirds of this increase in energy demand [22,23,24]. In the US, energy consumption has increased by 3.5%, which is almost evenly distributed across all fuel types, and is especially pronounced in the demand for natural gas [4,23,25]. The intensive growth in power demand adds to the complexity of decarbonizing the power sector, as illustrated in Figure 1. It is described in the Pareto chart, which reveals the division of the world between a “vital few” countries and the rest of the world. The use of energy by sector in 2019 is given in Figure 2, where it becomes evident that transport counts for the largest percent, while the transport and manufacturing sectors both exceed the mean value for energy use.



It is expected that the transition to a regime based on renewable resources will be filled with numerous obstacles. The goals, such as diminishing dependence on fossil fuels, reaching financial development and high economical gain, and mitigating climate change are not generally contentious, while hierarchical factors such as ensuring global food security, along with the increased consumption of biogenic resources, engender serious controversy and conflict of opinion over the possible pathways for achieving the more ambitious bioeconomy objectives. It is not possible to give a comprehensive descriptor for the bioeconomy as it is a very young multidimensional field, which is a mix of theories with a “learn-by-doing” approach as a reply to the urgent climate change problems.



Subsequently, the aim of this review is to consider the implications arising from related available literature, to identify main areas of disagreement in the discourse, and to parse trends by answering the following four research questions: (i) what are the crucial issues in the current polemics on profiling the bioeconomy; (ii) are there diverging views concerning these issues and where are the major points of conflict; (iii) how does the bioeconomy concept match, or not match, current urbanization and land-abandoning trends; and (iv) how will crises, such as those linked to pandemics, change previously accepted scenarios?



The fact that both the global population and urbanization are growing has led to an increase in carbon emission and climate change. The substitution of fossil fuels with diverse biogenic alternatives enables the mitigation of global warming and offers assistance for countries to meet their CO2 reduction plans. While there are distinctive sustainable choices for fulfilling future energy needs (for example wind-, sun-, or water-powered energy), biomass offers an extraordinary potential as a substitute for fossil fuels. It is also anticipated to improve the global seriousness of national industries and businesses, provide new workplaces, and contribute to a revival of rural parts of countries [5,27]. The review starts with background information regarding the development of the bioeconomy, with an aim to provide and discuss literature references and regulatory publications as well as governmental policies, which is followed by a determination of challenges, sustainability, and availability issues, as well as the agricultural and forestry aspects in the bioeconomy. Lastly, the discussion and conclusions are given.




3. Emerging Green Economies


The competitiveness between countries toward technological leadership is possible only through carefully planned networking between science, industry, and politics [8]. In recent decades, the adoption of regulations at different levels toward sustainable industry and carbon emission limitations has imposed challenges on maintaining modern economic targets of developing and developed economies using traditional fossil fuel power sources. The EU, the Organization for Economic Co-operation and Development (OECD), the Baltic Sea Region, the West Nordic countries such as Iceland, Greenland and the Faroe Islands, Australia, Finland, France, Germany, Japan, Malaysia, South Africa, Spain, Sweden, and the US already have defined their bioeconomy strategies [7]. The largest number of strategies was adopted between 2012 and 2014.



The EU aimed to cut its carbon emissions by 2030 to levels that are 40% below the levels that existed 40 years ago through a strategy which consists of consumption reductions, higher energy efficiency, and the greater use of renewable energy and to become carbon-neutral by 2050 [28]. In addition, for a sustainable use of biomass resources, its strategy brings the hierarchical utilization of biomass together with healthy food [16,29,30] and satisfied societal needs [31]. The harvesting of wood biomass from forests should support development with an emphasis on increased employment in the bioeconomy sector, while smaller European countries should not be abandoned in improving the bioeconomy in favor of centralized producers and countries rich in forest resources [8,29,32]. A conversion from fossil-fuel-based energy to renewables is underway internationally and in the EU’s bioeconomy [5,22]. The use of the EU bioeconomy as a trademark and an exchange characteristic of the European response to ecological issues was a procedure which started more than 30 years ago, advancing from an idea to financial and research funding actions, to the creation of bioeconomic policies and strategies [30,32,33]. A move toward a bioeconomy requires huge investments and increases business uncertainty, which is in contrast to the fact that it is the key driver for sustainable productivity growth. While all strategies thus far share the motivation to advance the bioeconomy, different countries have adapted varying priorities. It is well understood that smaller countries should not lag behind in favor of centralized producers and countries with huge forest resources. The North Rhine-Westphalia strategy was developed to contribute within the wellbeing segment due to its long tradition of involvement within the pharmaceutical industry [34,35], whereas the Canadian regions, which are rich in forest resources, focus on the forestry sector, while the West Nordic countries invest in forests and marine resources [36].



In Europe, where numerous enterprises are exceptionally reliant on fossil fuels and petroleum products, forest biomass is seen as the answer for the socially responsible and secure economic growth due to the steady fuel supply [29,32,33,35]. The innovative work in research and development in support of the bioeconomy is profoundly contributing to creative new advances, resulting in organizations delivering novel items and materials from bioresources, such as bioplastics and nanocellulose materials. The EU Renewable Energy Directive and the EU Fuel Quality Directive contain mandatory ecological sustainability criteria for the implementation of the bioeconomy through strategies that define rules for biomass feedstock conversion into biofuels [6,37,38,39,40]. Challenges are arising not only from the fact that it is difficult to fulfill the valuation of financial expectations from the bioeconomy concept, but also from the fact that if focusing industrial development on renewable energy sources, the growth should be more accelerated than theoretically feasible in order to reach carbon emissions that match the 2015 level.



Asia/Pacific is the area with the largest percent of adopted biofuel strategies (33%), followed by Europe (31%). Transnational strategies are the least represented, with only 9% of total documents, as shown in Figure 3. Regarding Europe, it can be noted that the number of adopted strategies does not depend on GDP. Most of the European countries have adopted only one of the directives (Figure 4).



Regulations in China, the US, India, and other developing Asian countries, which contribute vitally to primary energy growth, exist; however, there is no evidence of regulations in Russia, which also contributes significantly to primary energy growth. The EU and Germany have the largest number of documents in the field, and numerous monetary and research funding activities contributing to success in reaching bioeconomic targets [7,44].




4. Challenges, Sustainability, and Availability Issues in the Bioeconomy


To succeed with bioeconomy initiatives, the issue of land must be seriously approached. In Europe, the existing surface dedicated to forest and agricultural activities at present is enough to fulfill the demand, but the attempt to expand such territory will face regulatory restrictions, such as Natura 2000 that aims to protect a maximum number of natural areas [1,39]. The use of land will need to be balanced between residential areas, industrial areas, agricultural food related areas, agricultural bioeconomy related areas, roads, railways, harbors, and airports, as well as natural protected areas. In some places, this will add more tension between the stakeholders, and in others, it will simply not be possible. Digging the “green gold” for one nation can be a road to misery for another.



4.1. Societal Challenges


The implementation of a bioeconomy depends on the public investments and change of consumption patterns, mainly for urban consumers, through socio-ecological strategies. After centuries of population movement following the industrial revolution from rural zones to cities, we will need to make sure that all new forest and agricultural activities have the needed workforce, especially in light of recent situations, such as the pandemic, that restrict movement [6,21]. Societal movements have settled in the urban areas and are largely concentrated within megalopolises, which contradicts the concept of bioeconomy raw material supply. It is possible to create scenarios similar to the situation with fossil fuels, where two sides could be separated: one privileged side, where the extraction of crude oil is performed in remote areas in a few countries or offshore, and the work is not particularly intensive on the workforce; and one less-privileged side, where the oil is transported to the refinery and value is added. However, there is a real need of knowledge to improve this refinery process [8,45]. Refineries are considered vital for all countries, but extraction is vital only for a few, which can create negative consequences on democracy [18,31].



Developing countries are beginning to realize that renewable energy sources, led by biofuels, give a chance for a new beginning of industrialization, which will later come with advantages in the form of novel technologies and systems, such as multiple feedstock bioreactors [46]. Due to their huge area, new industrial blocks based on the biofuel value chain are built around the plantations, processing, distillation, and downstream capture and recycling of byproducts at levels of efficiency hardly obtainable in the Northern regions. However, bioethanol, as the first generation of biofuel, allowed for developed countries to concentrate on technological developments, which then provided the possibilities for the Southern regions to reap the benefits of the request to set up new industrial clusters which produce and export biofuels due to the way it was obtained (made from biomass supplied from tropical crops) [35].



Environmental consciousness might only be achieved through changes in both the concepts of bioeconomy and consumption patterns. While all national policies are investing into the development of the bioeconomy, it is most likely that fully developed countries will provide the realized and economically feasible processing facilities with high automation, while the raw materials will be provided by developing countries, where the working force is less expensive and willing to work and live in rural environments [47,48]. The migration could be a transitional solution, and, as always, could also create some side effects on the origin and destination countries. However, in the same way that China is moving production to Africa to reduce costs, when African countries improve their living standards, migration will no longer be an option [6,37,44]. The basic economic criteria will prevail, so it will be very difficult for all countries with the initiatives listed in Figure 3 to succeed at the same level in the implementation of their bioeconomy strategies [49,50,51,52].



A potential successful scenario could be achieved if the generation of biofuel is truly decentralized and performed as close as possible to the final point of consumption.




4.2. Sustainability in a Biofuel Economy


Numerous authors welcome the use of renewable energy sources, but point out that all sustainable criteria must be met [53,54,55].



There are authors that argue for the necessity of governmental regulations to prioritize the use of the extremely productive soils in the food industry due to the rapidly increasing global population and higher demands for food [56]. There is also an impact on the bioeconomy as energy production sites, particularly those for the first-generation biofuels (from food crops including maize, rapeseed, canola, soybean, sugarcane, and sunflower), develop only in good soil, which leads to land use conflicts, the risk of expropriations/land grabs, and the frustrations of small farmers who see economical potential in growing biofuel crops. The recent development of the second-generation biofuel feedstock, which do not rely on sugar- or oil-rich crops and that are not dependent on soil quality, can help mediate the land use situation, but can still cause constraints regarding the accessibility of water for the growth of food crops.



Despite the fact that the purpose of a bioeconomy is clear, the term sustainability is interpreted in different ways and its rationales usually are not precisely defined. The recognized positions can be separated into three groups: (i) those that contend biomaterials and bioeconomy sustainable, due to the fact that biomass is renewable; (ii) those that contend that the bioeconomy will only add to sustainability if all aspects and perspectives of sustainability are met; and (iii) those that believe that favorable effects might be conceivable in the short run but will turn out to be negative and unpredictable in the case of urbanization and populace development patterns.



Previous trends are the basis for understanding the shift to European bioeconomy advancement, and its approach to a sustainable development model is criticized to be “weak” when nature is considered as a “resource” that must be continuously used.



One of the most serious objections to biomass use stems from the belief that the available biomass will be insufficient to meet the demand for food security and will create competition for land grabbing and land acquisition between food and energy crops [6,51,57]. The solution to this problem could be the second-generation biofuel crop, Miscanthus giganteus, by using non-food crops, but there are opinions that this will not solve land use conflicts. The definition of sustainable biomass, particularly with to biofuels, food crops and, land that can be used for other renewable energy sources such as solar and wind remains an open question [58,59].



Agricultural commodity prices and the cost of biomass production, land fertilization, pollution, and political instabilities in producer countries are included as key factors [60]. Certain researchers [60,61] believe that the total biomass potential is sufficient to meet demand, using only lands that are not necessary for food production, while others have the opposite opinion [62] based on social, technological, and economic constrains.



Two types of biomass could be distinguished from its availability aspect for biofuel: (i) sustainably available waste (SAW) biomass; and (ii) dedicated fuel (DF) crops [35,63]. SAW does not require new land for cultivation, as it uses existing agricultural and forestry assets. Being sustainable, SAW biomass contains crop, residues, and waste, collected in an environmentally sound manner. The SAW biomass could be treated in the same way as other primary energy sources and can be used for electricity generation, H2 production, liquid fuel for transportation, or heat. As another option, DF crops are cultivated on land not used for the production of food crops, livestock feed, or forest products, and thus the land on which they are cultivated becomes biofuel land [64]. DF crops contain a mixture of crops that have up to 200% greater biomass yield than SAW biomass [32]. Although DF crops were initially proved successful, it is questionable if the sunlight used there would be more efficiently used when collected in another form, such as heat, electricity, or hydrogen (H2) [21,65,66]. Solar energy recovered as fuel energy (S2F) is a percentage of incident solar energy, whilst solar energy can also be recovered as mechanical energy (S2W) [67]. The efficiency of converting DF crops to liquid fuel should be higher than S2F efficiency, whilst S2W efficiency for DF crops is significantly worse than that for alternative routes of using solar electricity or H2 [48,68]. Finally, in the context of policymakers, the concept of “green” and “sustainable” should be understood as compatible with the ecological resources of the planet, both regionally and nation-wide.



Finally, it is evident that an investment in alternative energy sources via the bioeconomy is a long-term process that each country can obtain with various tools through strategic investments. While generating economic benefits, sustainable development can be reached only if public interests are fulfilled and technologies and practices are transferred into assets in the competitive global market. Since the concept of bioeconomy as a set of diverse practices which are based on the development of products and commodities from renewable resources is not well understood, it is questionable if it will remain part of a political project and business model domain or if it will manage to become a transnational industrial and societal driving force for a sustainable future on the global scale. In our opinion, preventing the radical regularization that should be aligned with the initial idea of bioeconomy, and instead using a “layer-by layer” approach, will add more sustainable long-term benefits and prevent “neo-liberal-bio-capitalism”.




4.3. Crisis Response Management/Impact of COVID-19 and Bioeconomy


The COVID-19 pandemic issues have caused numerous changes in social and economic behavior at the worldwide level. Due to COVID-19, planting and harvesting plans have not been executed in the desired way due to the lack of workers, which has caused unfinished harvesting of some fruits [69], as well as with evident disruption in the transportation, distribution, and other processes in supply chains. When the free movement of people is restricted (as with COVID-19) or when the conditions for migration are restricted (as in North America), it becomes extremely difficult to find workers ready to perform the needed tasks [18,70]. Societal and economic activities are slowed down, while environmental monitoring and climate services are challenged [71]. Previous work has anticipated the impact of the COVID-19 pandemic on GDP, energy consumption, and climate change, and expects a decrease of growth by 1.3% in 2020 and 1.32% in 2021, and 1.25% in the next 4 years [72], while the average temperature is expected to be dropped by 0.05 and 0.02% in 2020 and 2021, respectively. The top 10 areas of the world where COVID-19 has been forecasted to have the greatest negative impact on GDP (both cumulative and amplified) are shown in Figure 5 and Figure 6.



The bioeconomy has a great potential to help in the recovery from the COVID-19 crisis. A socioeconomic prevention strategy for future epidemics aims to reduce pollution, which rationalizes the sustainable development and deindustrialization of polluting behavior for the production industry with huge costs and long-term benefits. The mitigation of pollution calls for the widest possible international cooperation; the pandemic crisis shows that climate changes are moving faster than strategies, illuminating the need for systemic changes. As such, it is also necessary to avoid the danger of slipping into a promissory societal revolution, unless there is a way to allow for a better understanding of the possibilities of its role in changing social practices, values, economic, and non-economic impact. More co-creation, openness, inclusiveness, and promptness are needed, while lower-level strategies need to address, in detail, all sustainability aspects, particularly the sustainable use of agricultural, forest, and marine resources.





5. Production, Technology, and Economy of Biofuel Use


5.1. Different Models for Biorefineries and Centralization


Due to its flexibility, road transport by trucks is used in bioenergy plants and it is especially suitable for facilities within a distance of less than 100 km. For biomass to liquid fuel (BTL) plants, low-cost feedstock is favored as it gives lower production and transportation costs, which limits transportation to up to 100 km [38]. In addition, it is assumed that wood chips will be delivered by trucks. Due to the lack of truck drivers in developed countries, autonomous transport might be the solution, first for road transport, and later on for this new demand of drivers for primary biomass transport [5,47].



The easy implementation of wood biomass into biorefineries is expected because of existing biorefineries and the existing know-how on wood production, handling, and processing due to the practices developed in the pulp and paper manufacturing industries [48]. The biomass produced in the tropical regions could be imported into the US and Europe as a fuel [6,44,52].



Environmental issues linked with the production of the first generation of biofuels in cases where poor countries need to produce the waste amounts of biomass for the needs of OECD countries, the issues of deforestation, genetically modified crops, species loss, water usage and runoff, herbicide and pesticide use, soil degradation, and land energetic are being mitigated with the second generation of biofuel production. The second generation of biofuel involves the production of ethanol by the biochemical breakdown of lignocellulose, as well as the production of biodiesel from a range of biomass processes, such as fast pyrolysis for biooil or gasification and the Fischer–Tropsch process for synthetic biodiesel [29,31,74].



The development of the second generation of biofuels will dramatically raise the biomass available for the production of fuel in both the North and South regions for developed and less-developed countries. The second generation of biofuels utilizes non-food-based biomass, such as agricultural and communal waste consisting of lignocellulosic biomass, which presents a low value waste for numerous industries. Its economic production on a large scale has not yet been achieved due to technological issues that are largely focused on the chemistry and structural aspects such as inertness and rigidity properties.



There are an increasing number of power plants that work on co-firing combinations of biomass and fossil fuels. Commonly used as an addition to petroleum-based fuels, biofuels can contribute to a decrease in the emission of air pollution and can increase octane.




5.2. Technological and Economical Gaps within Biofuels


Economic growth represents a crucial factor in the increase of energy demand. There is an obvious gap in biofuel technology between the OECD countries and the developing countries that grow the biofuels. The success of Latin American countries, like Brazil, in growing and exporting cane-sourced ethanol, at prices and at levels that make biofuels economically competitive with fossil fuels, has far exceeded those obtained by the EU and the US. This success was followed by other developing tropical countries that now grow sugar cane and other starch-rich crops for ethanol production and a variety of oilseeds for biodiesel production. India and China are also in the race to find their pathways for independence from fossil fuels [2].



The world’s GDP is projected to grow by 3% between 2015 and 2040. The highest growth rates are projected in non-OECD regions, where, thanks to the combined GDP growth of 3.8% per year, energy consumption will increase, while in OECD countries GDP growth rate will be 1.7% per year [22]. Trade and transport enable economic growth, and fossil fuels remain as the dominant source of transport energy. Most of the world’s energy growth is expected to occur in non-OECD countries. Non-OECD Asia, including China and India, is projected to account for over 50% of the total growth in energy consumption in the world until 2040 [70,75], as is shown in Figure 7. In addition, by 2040, energy use in non-OECD Asia is expected to exceed the amount of energy use in the entire OECD [76]. In 2019, natural gas conditioned the growth of energy consumption, contributing more than 40% to the total increase. In the last 30 years, the US consumption has increased the fastest. Carbon also increased by 3%, which is the fastest growth in the last seven years [22].



For these reasons, there is a possibility that fossil fuels will not be able to be completely replaced by biogenic ones, especially if food production becomes a priority. Therefore, although there are some undiscovered possibilities in Asia, Africa, and South America, biomass remains as another scarce resource.




5.3. Liquid Fuels


In order to compare yields of alternate processes for various biofuels, the biofuel produced per ton of biomass is converted to ethanol gallon equivalent (ege) units. The yield of 100 ege per ton of biomass is equivalent to the production of biofuel with an energy content of 8.014 MJ from a kilogram of biomass [52,77].



However, the carbon found in biomass is valuable because if it is released into the atmosphere during the conversion of biofuels, then collecting the same amount of carbon by growing DF crops would be energy inefficient. If, even after retreating all available biomass through augmented processes, there is still a need for liquid fuels, then the direct extraction of CO2 from the air and its conversion into synthetic fuel using solar energy and H2 is more efficient than growing DF crops.



In any case, the structure of a typical biomass is made up of cellulose, hemicellulose, and lignin [1,29,78].



Unlike fossil fuels, biomass is characterized by a high atomic ratio of oxygen and carbon, which is from 0.4 to about 0.8. This ratio depends on the source of the biomass, and results in an oxygen content of 40–45 wt% and lower energy content of lignocellulosic biomass [78].



The development of the biomass liquid fuel technology represents a future development for the energy industry [79]. Therefore, it is necessary to shift the focus towards biomass processing.





6. Agricultural and Forestry Aspects


Beginning in the 1960s, with the development of agriculture and the use of new technologies, there has been an increase in productivity worldwide. However, this progress also has negative aspects, the most significant of which were the loss of biodiversity, lack of fresh water, soil pollution, emissions of harmful gasses, and other similar environmental damage. It is assumed that global population growth by 2050 will lead to an increased demand for agricultural productivity [38,80].



The sustainable intensification represents selective crop planning followed by an increase in yield per hectare, which will lead to minimizing the environmental damage and maintaining soil fertility. It is very likely that some regions will give up on increasing yields and unproductive agricultural land in favor of natural ecosystems. Certain experts suggest a strategy of sustainable intensification, which involves reducing yields from unsustainable land until a balance is established with the carrying capacity of agroecosystems [81,82]. The main streams in current agricultural development are precision farming, which leans largely on genetic engineering, and sustainable agro-ecological farming.



When it comes to forestry, it performs an important function by removing atmospheric carbon dioxide through photosynthesis. The net forest carbon sink is the balance between carbon input (photosynthesis) and carbon output. There are three main pathways of carbon output: respiration (50%), decomposition (36%), and carbon removal from the site through harvest, fire, run-off, and leaching (7%) [83]. The terrestrial carbon uptake is increasing globally over recent decades [84]. Old forests have slower carbon storage than young forests, due to a decrease in growth rate, as old and dead trees are considered to be carbon pools with a low rate of carbon adsorption. The importance of carbon management towards the planned usage of carbon stocks in forests was addressed in the Paris Agreement document in 2015 at UNNFCCC COP21 [85].



With the development of technology, it is considered that the forest waste from other biomaterials will be used more widely for commercial bioenergy production [35]. The augmented use of forest biomass in energy consumption is firmly supported by forest policies at the EU level and within the Nordic and Baltic countries, which have plentiful forests. The increase in production of biomass in the future will create competition among the agriculture and forestry sectors for land, investment, research funding, etc. [36].




7. Discussion


7.1. Trade between Local and Global as Well as Centralized and Decentralized Production


Biomass is a unique renewable energy. Due to the fact that, as a direct combustible replacement to fossil fuels, it can be used in dispatchable centralized power stations. However, the major shortcoming of biomass is its lack of availability [86]. Growing international trade has led to improvements in biomass transport and storage over the past decade, with a rise in global biodiesel production, as it is considered to remain the main liquid renewable fuel, with several airlines beginning to operate commercial flights using biofuels. Limited, but growing, quantities of gaseous biofuels are fueling trains, buses, and other vehicles, particularly in Europe.



As biomass production in Europe will not be able to meet demand, industrialists have relied on imports of cheap biomass from other regions, primarily from Asia (65% of total EU consumption) [86,87]. On the grounds of the increased demand for biomass, developing countries will face foreign companies that will want to acquire land within them. Within the political bioeconomy debate over whether it should be planned on a regional or global scale, industrialized countries claim the technological leadership in the production of biofuels. For industrialized countries, other countries are biomass suppliers, and are also markets in which to place bio-products and procure developed technologies [31,88].



When it comes to biorefineries, it is important to determine whether small-scale or large-scale facilities are needed and whether centralized or decentralized solutions should be pursued [13,89].



When considering the bioeconomy, experiences from the past have shown that regional planning has led to negative environmental and social consequences. Developing countries that traditionally supply sugar-rich biomass have witnessed increased social injustice toward farmers on their own lands and the delayed development of human capital [89,90,91,92]. For that reason, many politicians and researchers point to the necessity to establish globally applicable sustainability certification procedures for biomass production to ensure global bioeconomy development with ecological, economic, and social benefits for all parties involved.




7.2. The Centralized versus Decentralized Biorefineries


In order to improve biofuel yields from biomass, modern and large biorefineries are necessary, which also imposes the need for large investments and loans [47,65].



Consequently, the available literature in the field of design and the optimization of biomass supply chains focuses mainly on an economic point of view and emphasizes the investment and operational costs. It is often assumed that regional or industrial integration reduces the cost of biorefineries [51,93]. A number of previous studies [5,22,36] show that the integration of biorefineries with other industries is possible, such as the use of excess heat from some processes and byproducts that can be integrated into traditional forest industries, as well as planning bio refineries in terms of logistics due to the industries’ huge experience with operating with a large-scale biomass. The prevalent attitude is that biorefineries, as a typical example of the bioeconomy, should be planned as large-scale facilities characterized by huge throughputs via maximal investments into high-tech technologies in order to achieve the maximum use of biomass in the most sustainable way. Centralized plants could possibly be economically justified at certain sites only with the aim to maintain the transportation costs within realistic limits, such as large ports in regions like Russia, Finland, or Sweden. The Finnish strategy attempts for an in-between approach and promotes the idea that the local and global levels should be interrelated [1]. Some authors [7,78] point out that a global-level development can only impede trade between innovation clusters, such as industrial biotechnology in Germany or the palm oil industry in Malaysia.



As an alternative to large-scale technologies, decentralized, smaller, highly specialized biorefineries tailored to the particular regional biomass supply and that produce sub-products of biofuels are also advocated, which requires lower transportation costs to the larger plants [94]. If raw materials are processed locally, the added value stays in the region, transport costs are as low as possible, and new workplaces are opened in rural areas; however, there is a limitation to the investment in continuously developing sustainable technologies. In any case, the stochastic nature of the dimension caused by seasonal effects should also be taken into account, instead of using deterministic variables for modeling and optimization [86,95]. Thus, decentralized supply chain configurations are proposed to improve economic performance indicators by the reduction of transportation costs in supply chains in areas with an advanced forestry sector and numerous, large biorefineries. With dispersed biomass availability, however, the distributed supply chains can turn competitive, which raises questions about sustainable supply where biorefineries are far away due to CO2 emissions [6].



Nevertheless, for lower production scenarios, slight difference in the supply chain costs for the centralized and decentralized supply chains exist [66,96]. It means that the cost advantage for centralized or decentralized configurations are closely and heavily dependent on the location and technology applied. Changes in transportation have a lesser impact on the supply chain costs, as compared to the biomass price. An increase or decrease in the transportation cost certainly will favor either the decentralized or centralized supply chain configuration to be applied [21].



A fall in biomass price certainly has a significant impact on the total system cost, but it is not evident how the biomass price decrease would influence the biomass usage by the system, particularly in situations when fossil fuel price decreases. The use of biofuels for transport, especially ethanol from the fermentation of carbohydrate crops, to substitute gasoline and vegetable oils instead of diesel fuel is desirable. However, it requires very large areas of land in order to provide an economically feasible contribution to the reduction of fossil fuel emissions and also has the potential to put further pressure on natural forests and grasslands [65,93].



The cascading approach, such as the use of food waste and fermentation products for the second generation of biofuels, has disadvantages such as the decline in technical quality of recycled products, a lack of economic incentives for the collection of waste products. In addition, while there are cheap imported raw materials from abroad, there remains an inadequate infrastructure for the collection of waste repairing products and for their second-hand use [49,97]. As such, the initial circular economy and cascade concept, which prioritizes the collection of bio waste towards biofuel production without considering the additional CO2 footprint due to the collection and transport of waste or its decay of quality, is no longer valid [98,99].




7.3. Empirical Validation


In addition, after deep theoretical research by a semi-systematic review methodology, a questionnaire containing possible conclusions was conducted. The questionnaire was shared with sustainability expert groups to be filled out on a voluntary basis. It has been filled in by 51 participants originating from 21 countries. Table 1 shows the demographic statistics of participants.



The questionnaire had 15 different statements, and for all of them participants had to answer how strongly they agree using the Likert scale from 1 to 5 where 1 means “strongly disagree” and 5 means “strongly agree”. Descriptive statistics have been done, and as is shown in Table 2, the mean values of almost all the answers are higher than 4. The only statement that has a mean value lower than 4 is the statement about criticality of transportation, where the participants showed high levels of disagreement, which indicates that they recognized the issue of transportation. The values obtained for the answers empirically validate the conclusions drawn on the basis of the semi-systematic review.





8. Conclusions


During the last few years, the prompt and sizable growth of renewable energy, along with the reduction in terms of the share of coal in energy production, leads to a more sustainable enhancement in carbon intensity in the power sector, such that the impact of the increased energy demand on carbon emissions has been partially offset. However, the offset is still only partial; regardless of the rapid rise in renewable energy, the speed of growth for energy demand still resulted in total carbon emissions from the electricity sector that have been amplified significantly in the last three years. As the analysis of the existing discourse in this review has shown, various considerations of the relationship between sustainability and the bioeconomy should be considered. In accordance with the greater part of the research, the bioeconomy will only add to a more sustainable future if certain, very important, requirements are fulfilled. A novel framework should comprise principles and criteria for a sustainable bioeconomy, and involve ecological, social, and economic aspects as an input for regulation, science, and broad society together, with a balance between all influential factors and objectives. The discussion on this essential topic is still in its early phase, and debate will last for years and has to be fortified in a sense to reach an internationally agreed set of criteria, including the trade of biomass between different regions of the world, land purchase, and the social wellbeing in those regions. Worldwide population growth, habits towards calorie-rich diets, and a rising request for biogenic raw materials require greater agricultural efficiency. The alternative of extending the cultivated regions is, for the most part, viewed as barely attainable without imperiling the remaining natural environments and the ecosystem services that they give. It is expected that the accessibility of fertile soil will shrivel due to worldwide environmental changes. The commonly acknowledged rule of “food first” gives priority to worldwide food security and that the food supply is adequate, nutritious, healthy, and safe for the world’s growing population, even far above the required quantities, and this is placed ahead of all other ways to use biomass.



However, reliable facts about presently available quantities of biogenic raw materials, their spatial distribution, and their availability is lacking, and it is not possible to evaluate the level to which fossil fuels can be substituted by biogenic raw materials. To increase yields while improving environmental indicators, there are two diverse, sustainable paths: a high-tech strategy as an intensive approach to centralized agriculture and an agrienvironmental strategy as a transition to sustainable knowledge-based agriculture where local farmers play important roles. Keeping in mind the diversity among European farming systems, both proposed paths seem promising. Depending on the contextual factors, the energetic use of biomass should be limited to exceptions, such as the decentralized heat and electricity supply in sparsely populated rural areas or in the form of biofuels for specific purposes such as shipping and air transportation, while there are no viable alternatives for solar and wind energy.



Looking at European waste hierarchy, it is evident that combustion should only be considered as an option for the very end of the life cycle of biogenic products, and holistic and integrated life cycle assessment methodology should be applied to bioeconomy systems [100]. Thus far, other renewable energy roles within political bioeconomy strategies are not considered enough.



The degree to which consumers are incorporated in the concept differs together with their consumption patterns. There are consumption patterns which lead to environmentally conscious and responsible, reduction-aimed behavior, as critical levers for reducing the demand for biomass and lessening the pressure on land. The current path strongly relies on technology, which causes a narrow understanding by other disciplines, predominantly the social sciences, which results in numerous, unsolved, complex issues. As such, in the transition route, it is necessary to broaden technology-guided routes to the social field, especially when forming diversity strategies. It will certainly present novel challenges. For instance, biofuel products are defined as biofuels and not food in order to enable interregional trade and define the difference between food crops and biofuel crops. However, since an internationally agreed set of criteria for a sustainable bioeconomy does not yet exist, it should be emphasized that such criteria and restrictions have a significant impact on the potential of biomass that will be sustainably produced in the future. The EU criteria are related to the potential of biofuels to contribute to greenhouse gas reduction and the avoidance of direct land use changes, which is unavoidable due to the trends of massive urbanization and land abandonment, such as people moving to more developed countries or from agricultural areas to cities. The further inclusion of even stricter criteria would significantly reduce the available biomass potential.



Finally, the following points have to be mentioned:




	
The need for a consistent regulatory frame;



There are numerous countries with applicable legislation and defined strategies about the bioeconomy, but they are not always consistent with other national laws and strategies on related issues.




	1.1.

	
The balance between food and biomass uses of available land needs to be defined, while also incorporating the protection of natural spaces in each country.




	1.2.

	
The consolidated megatrend is to migrate from rural communities to cities, but today’s processes of biomass require a considerable workforce to be present in forests and arable lands.




	1.3.

	
Most countries are evolving from industrialization to a knowledge economy. The workforce needed in the biomass process requires traditional agricultural, forest, and transport skills. The limited creation of highly educated positions would be concentrated in the biorefining process. This is quite similar to the skills required today for crude oil, so the professional education for blue collar (or now green collar) workers needs to be properly implemented.




	1.4.

	
Funding of the infrastructure.









On large projects for gas or electricity, and even for crude oil, the main investor has been the government of a country. These utilities are a public service, so funding from taxpayers makes sense. The new situation, even more critical after the crises of 2008 and COVID-19, is that some countries cannot finance more debt, so new infrastructure projects must be privately funded. In this new scenario, the decision between centralizing or decentralizing could be taken solely by the business interest of a given company or fund.



	
The decision for the centralized or decentralized process of biomass must take more elements into consideration and not only the short-term cost.




	2.1.

	
Replacing crude oil with mainly biomass might be correct using traditional economic criteria, but may also lead to a misuse of natural resources and a loss of the possibility to implement the learning points from the decades of intensive use of crude oil.




	2.2.

	
To approach the generation of energy to the consumption point is even more important when we deal with substances with less specific energy. Transport becomes more critical, not only because of the cost, but also because of emissions.




	2.3.

	
All new solutions will compete with stabilized infrastructures for the generation and distribution of crude oil, gas, and electricity. Huge pipes communicating between different continents for the supply of gas or the big investments already deployed for windmills, will clearly limit the opportunities to implement the best possible solution.









	
Specific energy is key, but it is not the only criteria for the final selection of the solution.




	3.1.

	
Some traditional indicators are too focused on the short-term return on an investment. Renewable sources of biomass, such as a forest, do not have a closed period of use; theoretically, they are “eternal by definition”. We have no real tool to calculate the return on an investment for a forest, as the forest will not have a real expiration date.




	3.2.

	
CO2 emissions, water use, land use, and some other environmental issues are now being consolidated within a Life Cycle Analysis, so this could be a way to compare different scenarios.




	3.3.

	
Societal impact will vary considerably depending on the final scenario chosen, so this must be included in the decision-making process. The concept of societal impact also needs to be revised after the COVID-19 pandemic. The closing of the borders, as well as the difficulties for the harvest, storage, and transport of crops have created a new awareness for the need to take these issues into consideration.




	3.4.

	
The real dimension of globalization could also be affected by the COVID-19 pandemic.









A decentralized solution and the vertical integration within each country could be a strategy to minimize the impact of potential similar situations.



Cooperation between countries might become more difficult or easier. During the COVID-19 crisis, we have observed an almost global coordination with almost all countries acting in equivalent ways to reduce the impact of the pandemic on the population. In addition, the health criteria have overruled the economic priority that was in place until this crisis occurred. It is too early to say if such global cooperation will be an exception or will remain.



	
Impact on the potential scenarios on the evolution of global democracy.




	4.1.

	
Replacing crude oil with biomass could lead to a similar situation with some countries producing most natural resources, others processing and refining them, and others consuming most of them. History shows us that the wealth generated by natural resources did not always improve the living conditions of citizens. Moreover, democracy is not the most predominant political system in countries that produce crude oil.



The decision on how to evolve bioenergy can have a critical role in the evolution of political systems. This, combined with the new scenario after COVID-19 where individual freedom has been reduced for the common good, can lead to a significant change in the way that countries are governed.




	4.2.

	
The political impact might be even more difficult to assess, but it looks as though it is not a neutral element in this discussion. The same political system used to generate the legislation to move to a bioeconomy can also create a primary ally or enemy.














Elements for future research are the following:




	
Definition of evaluation criteria for “eternal” investments, not only economical but also environmental (like the Life Cycle Analysis), social (such as the education level needed for the bioeconomic workforce), and governance (ESG).



	
Definition of potential scenarios, such as only replacing crude oil with biomass or integrating vertically, decentralizing energy production, or approaching the generation to the consumption.



	
Based on the experience on the influence of crude oil on the political systems of the production countries, we should try to assess the potential effect of each scenario on the country’s political system and on its geopolitical relations.








The limitation of this paper, surely, is the number of participants who participated in the questionnaire survey. Future lines of the research should be focused on motivating more participants willing to fill in the questionnaire, as well as a deeper analysis of the questionnaire, such as a factor and reliability analysis. In addition, a systematic review and meta-analysis are recommended due to the importance of the topic examined.
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Figure 1. Pareto chart of the contribution to primary energy growth in 2018 and 2019 (analysis is based on data given in [4,22,23,25]). 
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Figure 2. Use of energy by sector in 2019 (analysis is based on data given in [26]). 
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Figure 3. Distribution of adopted documents theworld (analysis is based on data given in [6,38,39,40,41,42]). 
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Figure 4. Relationship between adopted documents and GDP per capita in 2020 for European countries (analysis is based on data given in [6,38,39,40,41,43]). 
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Figure 5. Cumulative COVID-19 consequences on global GDP for the top 10 areas of the world predicted to have the greatest negative impact (analysis is based on data given in [73]). 
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Figure 6. Amplified COVID-19 consequences on global GDP for the top 10 areas of the world predicted to have the greatest negative impact (analysis is based on data given in [73]). 
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Figure 7. Global increase of world energy demand (analysis is based on data given in [22,23]). 
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Table 1. Participant’s data.
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Sex

	
Region






	
Male

	
49%

	
Urban

	
76.5%




	
Female

	
51%

	
Rural

	
23.5%




	
Age

	
Academic degree




	
18–25

	
5.9%

	

	




	
26–30

	
3.9%

	

	




	
31–35

	
15.7%

	
Bachelor’s or equivalent

	
4%




	
36–40

	
9.8%

	
Master’s or equivalent

	
21.5%




	
41–45

	
25.5%

	
Doctoral or equivalent

	
74.5%




	
46–50

	
15.7%

	

	




	
51–55

	
7.8%

	

	




	
56–60

	
3.9%

	

	




	
61–65

	
7.8%

	

	




	
65+

	
3.9%
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Table 2. Descriptive statistics of collected data.
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Question

	
Mean Value

	
Standard Deviation






	
Q1

	
The balance between food and biomass uses of available land needs to be defined, while also incorporating the protection of natural spaces in each country.

	
4.67

	
0.589




	
Q2

	
The consolidated megatrend is to migrate from rural communities to cities, but today’s processes of biomass require a considerable amount of workforce in forests and arable lands.

	
4.27

	
0.874




	
Q3

	
COVID-19 pandemic will affect the aspects of globalization.

	
4.32

	
1.095




	
Q4

	
Most countries are evolving from industrialization to a knowledge economy, so the professional education for blue collar (or now green collar) workers needs to be properly implemented.

	
4.49

	
0.674




	
Q5

	
After the crises of 2008 and COVID-19, some countries cannot finance more debt, so new infrastructure projects must be privately funded. In this new scenario, the decision between centralizing or decentralizing could even be taken solely by the business interest of a given company or fund.

	
4.08

	
1.036




	
Q6

	
The decision for the centralized or decentralized process of biomass must take more elements into consideration and not only the short-term cost.

	
4.63

	
0.631




	
Q7

	
Mainly replacing crude oil with biomass might be correct using traditional economic criteria but may lead to a misuse of natural resources and loss of the possibility to implement the learning points from the decades of intensive use of crude oil.

	
4.37

	
0.824




	
Q8

	
Transport does not become more critical, not only because of the cost but also because of emissions.

	
2.78

	
1.487




	
Q9

	
All new solutions will compete with stabilized infrastructures for the generation and distribution of crude oil, gas, and electricity.

	
4.35

	
0.820




	
Q10

	
Some of the traditional indicators are too much focused on short-term return on investment.

	
4.55

	
0.673




	
Q11

	
Renewable sources of biomass, like a forest, have not a closed period of use; theoretically, they are “eternal by definition”. We have no real tool to calculate the return on investment for a forest, as the forest will not have a real expiration date.

	
4.04

	
1.232




	
Q12

	
CO2 emissions, water use, land use and some others are now being consolidated within a Life Cycle Analysis, so this could be a way to compare different scenarios.

	
4.37

	
0.774




	
Q13

	
Societal impact will vary considerably depending on the final scenario chosen, so this must be included in the decision-making process.

	
4.51

	
0.703




	
Q14

	
The real dimension of globalization will be affected by the COVID-19 pandemic.

	
4.18

	
1.090




	
Q15

	
A de-centralized solution and the vertical integration within each country could be a strategy to minimize the impact of potential similar situations.

	
4.05

	
0.899
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