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Abstract

:

The industrial sector in Burkina Faso faces two significant energy challenges access to efficient energy sources that are also renewable. Pyrolysis and gasification are emerging as conversion pathways that exploit available agricultural and industrial biomass. Pyrolysis has been adopted successfully, whereas gasification failed without getting beyond the experimental stage. This article assesses potential barriers to the adoption of gasification based on interviews with the stakeholders of the energy sector (users, NGOs, policy makers). We use pyrolysis as a benchmark to point out the barriers to adoption. The hierarchical analysis process (AHP) method was applied to identify the most significant barriers to the adoption of gasification. Twenty-seven barriers were identified and prioritized in two dimensions and five categories “technical”, “economic and financial”, “socio-cultural and organizational”, “political, governmental and institutional”, and “ecological and geographical” barriers. The category of socio-cultural and organizational barriers emerged as the most critical in the adoption of gasification. This category deserves special consideration to go past the pilot installation stage and adopting this technology.
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1. Introduction


1.1. Biomass as a Source of Energy for Agro-Industry in Developing Countries


Fossil fuels are still the world’s most widely used energy source, accounting for more than 80% of primary energy consumption [1]. However, they are sources that emit large amount of CO2, emission that has environmental impacts in terms of global warming [2]. With growing concerns about greenhouse gas emissions and climate change associated with the growing scarcity of fossil fuels, renewable energy sources are becoming essential for the world’s energy production [3,4]. Biomass is widely used in traditional industries and rural households in most developing countries [5]. Various kinds of biomass are possible and their conversion pathways must be improved. If lignocellulosic biomass is suitable for thermochemical recovery, the organic fraction of municipal solid waste is mainly treated by composting or anaerobic digestion [6]. In Africa, the main source of biomass is wood, and in 2010 the total forest stock was 7130 billion tons, but the amount available each year without incurring the risk of deforestation is lower [7]. Forest areas are constantly decreasing due to strong anthropic pressure. Forest cover in the Sahelian region decreased from 11.4 million hectares in 2010 to 3.9 million hectares in 2017, i.e., an average decrease of about 66% [8]. Given the sustainability constraints associated with the use of firewood, agricultural by-products and waste are used to produce energy for industry. The main tropical crops that provide residues or waste are rice, sugar cane, and cotton [9]. Most developing countries use rice husks as an energy source to parboil paddy rice [10]. Additionally to the use of rice husks, the industries in Burkina Faso use locally available cashew nut shells as a substitute to firewood [2].




1.2. Gasification and Pyrolysis Are Eco-Friendly and Efficient Routes for Lignocellulosic Biomass Conversion


Biomass can be converted into high-value primary and end products in solid, liquid or gaseous form using thermochemical conversion technologies [11]. Direct combustion is often used to meet the heat and steam needs of traditional industries. However, it releases particulate and gaseous pollutants harmful to human health and the climate [12]. Mixing of various fuels, such as coal and torrefied biomass, can reduce gas emissions, but the ash problems remain [13]. Gasification and pyrolysis are environmentally eco-friendly and efficient ways of converting lignocellulosic biomass to direct combustion [14]. Both processes have certain advantages in terms of energy efficiency. The products are more sustainable and suited to the bioenergy needs of traditional industries. Gasification is a process for the thermal conversion of carbon-based solids (coal, wood, straw, etc.) into synthesis gas or syngas, which is composed of hydrogen (H2), carbon monoxide (CO), carbon dioxide (CO2) and methane (CH4) [15]. Syngas is usually used to produce electricity, heat, or chemicals such as methanol and hydrogen [16]. The transformation takes place under the effect of a gasification agent (air, oxygen, steam) added in controlled quantities, usually with air flow rate between 10 L/min to 30 L/min and temperatures ranging from 500 °C to 1000 °C [17]. Gasification can therefore be considered as optimization of pyrolysis aimed at increasing the yield of gas. Replacing air with oxygen as a gasification agent eliminates nitrogen. This favors the production of high calorific value gases. Heating rate, reactor design, and gas after-treatment are the main factors that control the production of clean, high-quality gas products from gasification [18]. Pyrolysis is the thermal decomposition of organic matter without oxygen or any other reagent to produce coal, a liquid fraction, and gases such as hydrogen, carbon monoxide and dioxide, and methane. Pyrolysis is carried out at temperatures ranging from 400 °C to 760 °C [19]. At these moderate temperatures, two types of pyrolysis can be distinguished depending on the residence time. When the residence time is very short, pyrolysis is called fast pyrolysis and improves the liquid yield. With a low heating rate, a longer vapor residence time, and a moderate temperature, slow pyrolysis mainly produces charcoal [18].




1.3. Adoption Issue of Biomass Thermochemical Conversion Technologies


The two technologies recently re-emerged due to environmental concerns and their ability to exploit available biomass. Both technologies are used in several countries including the United Kingdom, Australia, China, India, Singapore, Uganda, and Mali [20,21], but their use is limited for different reasons. In China, Zang and coll. [22] found the key factor in the development and marketing of gasification is its economic advantage, which depends on the initial investment, annual operating cost, management, and official policies. The initial investment cost includes the cost of site construction, a biomass preparation unit, a gasification reactor, a modified generator, a power grid and subsidies for the diffusion and marketing of the technology [17,20]. Financial barriers concern high initial investment, maintenance, and research costs [23]. A subsidy that is too small cannot bridge the gap between financial support and the cost of production, leaving projects short of funds [24]. Africa cannot provide lucrative market conditions for the successful commercialization of gasification technology due to sparse rural living conditions. For example, generating electricity on a household scale depends on the availability of biomass and population size. The application of the technology may have barriers such as technical, economic, financial, and political [23]. Technical barriers include parameters such as the temperature of the gasification reaction [25], the moisture content of the biomass, which should generally be below 15% [26], and the presence of tars in the resulting synthesis gas, which has contributed to the instability of the technology [27]. Non-technical barriers include institutional, financial, political, and market barriers, lack of knowledge about biomass resources and the implications of global warming, the lack of energy policies and regulatory frameworks to encourage distributed generation, and the lack of regulatory frameworks related to technical requirements [28]. The so-called institutional barriers are usually delays in the operationalization of the bioenergy program caused by scheduling problems. Informational barriers are mainly related to the level of knowledge of gasification technology. Lack of information on biomass characterization and processing techniques, the maintenance and operating costs of the technology, and lack of user training limit its long-term acceptance. Although these barriers are widely addressed in the literature, investigations into the role the barriers play in preventing the adoption of gasification are lacking. This paper aims to fill this gap by analyzing the main barriers to gasification adoption, using the success of pyrolysis as a benchmark to learn from its diffusion and adoption process.





2. Materials and Methods


2.1. Case Studies of Gasification in Burkina Faso


Some gasification plants have been installed in Burkina Faso by non-governmental and research organizations [29,30]. These plants have been implemented to produce thermal and electrical energy from biomass. The types of biomasses used are stalks of millet, sorghum, maize, cotton, rice husks and groundnut shells. In 2009, the German NGO «Atmosfair» (Berlin, Germany), installed 22 kWe Indian power generation technology in the village of Po. This gas generator was intended to supply electricity to the community Health District based on the conversion of cotton stalks, maize, sorghum, and groundnut husks. In 2012, the Burkinabe company «ISOMET» supported by Netherlands Development Organization (SNV), had installed gasification for the cashew nut producers’ group «WOUOL» (Dakoro, Niger). The 40-kW unit allows the steam production to process cashew nuts, thereby making use of production residues instead of wood, as was previously the case. In 2013, two types of rice husk gasification, one locally made for heat production and the other imported from India for electricity production, were installed in Dano for the NGO «DREYER». In 2015, the same types of gas generators were implemented for the Union of Rice Parboiler Associations of Bama by SNV funded by the Taiwanese cooperation agency.



In 2012, a small-scale gasifier intended solely for the production of heat by combustion of the syngas was installed on the research platform of LabEREE at Institute 2iE in Burkina Faso. In addition, the Institute for Research in Applied Sciences and Technologies (IRSAT) has developed gasification projects for parboiling rice in the village of Bagre in collaboration with OXFAM.



None of the gasification case studies tested in the field were successful. To identify the different barriers to the technology, qualitative information was collected from stakeholders in case studies in three rural townships in Po, Dano and Bama, Burkina Faso.




2.2. Case Studies of Pyrolysis in Burkina Faso: Reference Benchmark


Benchmarking is defined in different ways depending on the field of application. However, Rank Xerox, the founder of this concept, defined benchmarking as “a continuous and systematic process of measuring performance, products, methods and services against those of the most serious competitors and companies recognized as world leaders to ensure superiority” [31]. Benchmarking can help understand the failure of gasification by comparing it with the success of pyrolysis. Since 2015, pyrolysis facilities have been installed in more than six cashew processing and mango drying plants in Burkina Faso. They were designed to produce thermal energy from waste (cashew shells) and reduce waste produced by these factories by at least a third using an environmentally friendly approach. The system can operate independently from the power grid.




2.3. Data Collection


Data were collected through a literature review and semi-structured interviews with gasification stakeholders (NGO managers, paddy rice processors, millers, technicians, and private companies). In addition, data on pyrolysis benchmarking were collected from oil mill managers and cashew nut processors. The information focused on the context of installed technologies, their advantages, and the barriers to their adoption.




2.4. Analytic Hierarchy Process (AHP) Method


AHP was used to rank obstacles to the adoption of biomass gasification thanks to its mathematical simplicity and flexibility [32]. Used alone or combined with other methods, it is one of the preferred research tools in several decision-making areas [33,34].



For instance, AHP has been widely used in the field of renewable energy. Recently, AHP was used to prioritize the main barriers to the use of renewable energy-based mini-grids in Ghana [35] and Myanmar [36], for the development of renewable energy that can fill the electricity gap in Kazakhstan [37], the acceptability of renewable energy technologies in Nepal [38] and in Indian [39]. AHP compares the criteria in pairs according to a hierarchical structure at several levels [40,41] and constructs a set of pairwise comparison matrices to determine the weights of the barriers.



In the present study, the pairwise comparison matrices of the categories and subcategories of barriers were constructed either by simulation or by collecting stakeholder opinions using a participatory approach. In this article, the collected information is simulated for each category of barriers and each subcategory of barriers according to a nine-point scale, called the Saaty scale (Table 1).



The relative importance of a component or criterion i with respect to component j is assessed using the Saaty scale and assigned to the (i, j) th position of the pairwise comparison matrix. The inverse of the assigned judgment is automatically associated with the (j, i) th position. The diagonal elements of the matrix are equal 1. Thus, the comparison matrix is formed according to the following rule [42]:


aij > 0; aji = 1/aij and aii = 1 Ұi.











The judgments were combined by applying the geometric mean to form the matrix of the comparison judgments. After constructing the comparison matrix in pairs, we used its eigenvalues to select the highest one or the associated eigenvector. The terms of this column matrix constitute the weights or importance coefficients of the various criteria. The weights for each category were calculated using Equation (1):


Aw = λmax * w



(1)




where A = the square matrix resulting from the comparison by pairs of size n × n, for n criteria; w = the eigen vector or priority vector of size n × 1, or weight; λmax = the maximum eigen value.



The eigen value and priority vector can be obtained by solving the eigen vector principle. However, the priority vector can be solved in different ways. In this paper, the priorities were obtained by normalizing the geometric means of the lines.



In this hierarchical approach, it is also possible to check the consistency of comparison of the barriers by calculating the consistency or coherence ratio (CR). The CR is an acceptance test of the weights of the different barriers. This step aims to detect possible inconsistencies in the comparison of the importance of each pair of barriers. The consistency ratio CR is calculated by dividing the consistency index (CI) by the randomized index (RI) as in Equation (2). Then, the consistency index is calculated using Equation (3). The randomized index depends on the size of the matrix or the number of barriers considered (Table 2).


CR = CI/RI,



(2)






CI = (λmax − n)/(n − 1)



(3)







The value of the ratio varies with the size of the matrix. With matrices larger than 5, judgments of the criteria become difficult. For the consistency of comparative judgments to be acceptable, the CR ratio should normally be less than or close to 0.2 [44]. Some authors have considered a ratio of at most 0.1 [39] and others 0.2 [36,45]. In this article, we consider a ratio of 0.2.





3. Results


3.1. Typology of Barriers to the Adoption of Gasification


The hierarchical structure of the barriers was established by classifying them according to three levels of dimensions, categories and subcategories. Twenty-seven barriers likely to block the adoption of gasification were identified in our study context. These barriers were classified into five categories: technical, economic and financial, socio-cultural and organizational, governmental and institutional policy, and ecological and geographical barriers (Figure 1).



3.1.1. Technical Barriers


In Burkina Faso, gasification is still in its infancy. According to stakeholders, most of the installed technologies became defective one year after installation, or even earlier, after only three months of use. This situation is partly linked to the large size of the gasification equipment (F1), the problem of dimensioning the equipment about the real needs of the users (F2) and the lack of spare parts at local and national level (F3). The large size of the gasifier makes it a complex and challenging technology to set up. The problem of dimensioning the equipment about the users’ needs influences the quantity of energy produced and the expected production capacity. The incompatibility of the new technology with user expectations and the difficulty of obtaining spare parts (batteries and spark plugs) have harmed its adoption.




3.1.2. Economic and Financial Barriers


An important initial investment is usually required for the development of technologies. A significant investment is commonly a challenge given factors such as lack of funding and government policies [23]. Economic and financial barriers have also contributed to the failure of gasification. This technology, which is imported from industrialized countries, is more expensive than local technologies. The initial cost (F4) of the technologies installed in Burkina Faso is very high. However, it does not seem to be a determining barrier in its adoption, given the subsidies provided by donors. However, the high cost of spare parts (F5), the lack of a financing mechanism (F6), absence of subsidies (F7), its lower profitability compared to older technologies (F8), insufficient financial resources for investment (F9), the time needed (minimum 4 h) to operate the gas generators (F10) and the competitive price of other energy sources (F11) have helped discourage actors.




3.1.3. Socio-Cultural and Organizational Barriers


Socio-cultural and organizational barriers include the lack of successful gasification experience (F12), lack of awareness among beneficiaries (F13), the fact the technology is not suitable for some beneficiaries (F14), insufficient training of users (F15), and lack of involvement and coordination between the different stakeholders (F16). The lack of information on the operation and management of the technology has made it difficult to set up, start, maintain and service the gas generators. Consequently, some parts (engines, batteries, etc.) have had a breakdown. In addition, their unavailability and inaccessibility on the local market have been a veritable barrier to the adoption of gasification. The lack of involvement and coordination between the different stakeholders (F16) prevented transparency in communication between the actors and led to a breakdown in trust. The non-involvement of key actors after the technology installation project was launched weakened the links between actors. Suspicion and trust lack set in between actors. This led to reluctance or resistance to the idea of adopting the technology. The state of mind led to a boycott of the organization and scheduling of work and ultimately to the failure of the technology. The proven unreliability of gasification (F12), the users’ lack of awareness (F13), benefits and the lack of gender sensitivity (F14), have also been real barriers to the technology adoption.




3.1.4. Political, Governmental, Institutional Barriers


Burkina Faso’s renewable energy program has been characterized by a notable lack of political commitment to, promotion of, and interest in these promising technologies. This prevents the adoption of gasification. In addition, no subsidy mechanism is available for biomass energy and even less for gasification technologies. However, better access to financial incentives in different forms (subsidy, low-interest loans, long-term credit, etc.) could improve the financial viability of technologies and the affordability of services [46]. Recently, interest in renewable energy was promoted by giving civil servants access to credit for the purchase of solar panels. The lack of certification of manufacturers of the equipment does not guarantee that the operation complies with local legislation. The political instability linked to the insurrection, the transition and the attempted coup have tended to block the continuity and application of regulatory and legal texts. Beyond government actions, the political affiliation of the project actors has hindered their success. Every development project is a center of interest for specific categories of actors. The project thus appears to be a system of resources and opportunities that everyone tries to appropriate in their own way. For example, an individual’s membership of a political party may hinder negotiations to ensure the sustainability of a given technology.




3.1.5. Ecological and Geographical Barriers


Ecological and geographical barriers are crucial aspects for the functioning of renewable energy technologies. The biomass availability (F24) is determined by the quantities allocated to competitive uses such as land fertility conservation, domestic use and animal feed. Availability of biomass is crucial for the uptake of gasification. Its disruption could prevent the exploitation of the technology for an extended moment and consequently reduce profits. For example, lack of feedstock contributed to the abandonment of a biomass gasification project as had already occurred in India [39]. Accessibility of biomass collection sites (F25) and non-industrial means of biomass transport (F26) are geographical barriers to the lack of paved roads, distance to collection points, and non-industrial means of transport such as mopeds, carts, and tricycles. Electricity access (F27) in the new technology site can also be a barrier to adopting gasification technology.





3.2. Hierarchy of Barriers Subcategories


The prioritization of barrier subcategories within each barrier category was made possible using AHP. The different components of each barrier category were classified according to their relative weight (Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6).



Analysis of Figure 2 suggests that within the category of technical barriers, the lack of spare parts at the local and national level (57.36%) is the most decisive barrier to the adoption of gasification followed by the problem of dimensioning the equipment in relation to the real needs of users with a weighting of 28.65%.



Figure 3 shows that among economic and financial factors, the profitability of the technology compared to the past practices (20.10%), the high payback time (16.46%) and the lack of a financing mechanism (14.52%) are the factors that determine the adoption of gasification.



Figure 4, which corresponds to the prioritization of socio-cultural and organizational barriers, shows that insufficient training of technology users ranks first (29.4%), followed by the non-involvement of key actors (22.74%), lack of coordination between stakeholders (20.43%), and lack of successful experience (17.07%).



Among the subcategories of governmental and institutional policy barriers (Figure 5), lack of subsidies, interest and promotion, political stability, which would help promote the technology, are the main barriers to the technology adoption.



The weighting of the ecological and geographical subcategories reveals that biomass availability (38.75%), and access to electricity (30.41%) are the two main barriers to the adoption of gasification (Figure 6).



The different categories of technical (T), economic and financial (EF), socio-cultural and organizational (SCO), governmental and institutional policy (GIP), and ecological and geographical (EG) barriers were assessed by the stakeholders (Figure 7).



The analyses show that socio-cultural and organizational barriers ranked first with a weighting of 34.27%, followed by ecological and geographical barriers (28.94%) and technical barriers (22.76%).



A general classification of the key barriers of gasification adoption was undertaken based on their total weights. These weights were determined by multiplying the overall weight of each barrier category and the local weights of each of the specific barrier subcategories (Figure 8).



Ranked in order of decreasing importance, the lack of spare parts at local and national level, the lack of available biomass, insufficient training of users, access to electricity in the zone where the technology is located, lack of involvement and coordination between the different stakeholders, lack of experience with gasification, the size of the equipment, lack of user awareness, non-industrial means of biomass transport and inaccessibility of biomass collection sites are the most important barriers to the adoption of gasification.



In the following section, these results are discussed based on the literature and in light of information resulting from the benchmarking analysis on pyrolysis technologies.





4. Discussion


Several barriers were identified that contributed to the failure of gasification. Using the AHP method, we ranked the barriers to identify the most significant ones. The pyrolysis benchmarking exercise revealed that these barriers are, conversely, the drivers of the success of pyrolysis. This biomass conversion technology, which is similar to gasification, has been a resounding success because its intrinsic attributes (comparative advantage, compatibility, complexity, adaptability and observation) are appropriate to the context in Burkina Faso. Interviews showed that when implementing pyrolysis, its promoters were inspired by the failure of gasification. The adoption of pyrolysis was favored thanks to the relatively low initial cost and the short three-month payback period. This helped to reassure investors and to create a bond of confidence between project leaders and beneficiaries. The availability of information on its operation and management, the training and supervision of users, the availability and accessibility of spare parts, the involvement of the actors of the design of the project were also drivers of the success of pyrolysis. In addition, the proven reliability of the pilot pyrolysis and easy access to biomass guided all the following cases. The fact that pyrolysis still works is partly due to the accessibility and availability of large quantities of cashew nut shells which have no other use as crop residues. The success of pyrolysis thus helped to better identify the key barriers to gasification deployment. Several studies have identified similar barriers, although they placed little emphasis on their prioritization, as required by the AHP method [23]. Information, for example, a description of the biomass, processing techniques and operating parameters of gas generators is often not available in a language that Burkinabe users can understand. In addition, Burkinabe users are not trained to use the machines, and information on product specifications, maintenance costs and technology costs is still not available in the public domain. This limits the long-term acceptance of gasification. The lack of awareness makes it difficult to promote gasification, as is the case in the Netherlands [47]. Additionally, the low income obtained by industries in Burkina Faso may reduce their enthusiasm for acquiring expensive technologies. The technology was introduced based on how to manage industrial waste and not on a real need for the technology by the population [23]. The success of an innovation is achieved through the combination of several technology packages (social, economic, organizational), as was the case of pyrolysis, where, in addition to the economic benefits of heat production, the by-products, mainly coal, are used as fuel by women employed in industries concerned.



Despite disruptions in state management of the country, highlighted by social crises in recent years, political barriers play a less important role. As gasification is still being tested and was introduced by projects, the government has had very little involvement in its dissemination. This echoes results obtained in Latin America, where despite favorable policies for the development of renewable energies, gasification has failed. Profitability compared to that of older techniques and long payback time are the main barriers to the adoption of the technology. This can be explained by the fact that the profit generated by any technology plays a significant role in encouraging users. The introduction of gasification requires high investment for installation, and long-term maintenance [23]. However, in Burkina Faso, this cost turned out to be one of the least important determinants of the adoption of gasification in the prevailing context. This was attributed to the contribution of donors in the implementation of the technology, which covered purchase of the equipment and the payment of salaries. However, this form of subsidy is often linked with a tendency to rely on assistance, which hinders the appropriation of operating accounts and consequently undermines the sustainability of the gasification technology.




5. Conclusions


Gasification is a promising solution to cover the need for heat and power of industries. However, it remains a complex and immature technology in Burkina Faso. This article identifies the key factors that may be blocking the adoption of biomass gasification. A total of 27 factors were identified and prioritized in 5 categories using the AHP method. Socio-cultural and organizational factors, and ecological and geographical factors were identified as the key determinants of the adoption of biomass gasification. These factors require more attention if the technology is to be revived and accepted. Adopting any technology or innovation can be facilitated by adequate training and an approach that includes all the stakeholders involved. Internal factors, especially technical ones, could be readapted or modified according to the needs and aspirations of users.



On the other hand, changing the extrinsic environment of gasification, such as the individual or collective behavior of the stakeholders, requires years or even generations. The technology should be further promoted by trying to emulate successful cases. Once the “socio-cultural and organizational” category has been eliminated, there is a good chance of eliminating other categories of barriers that may influence the adoption of the gasification technology.



For the successful deployment of gasification in the Burkinabe context, it is crucial to conduct further investigations into how to give added value to by-products such as the ash left from the processed biomass. Nonetheless, the findings of this study will interest both development project coordinators and researchers and will be of practical use for both government and industry. The approach used will therefore help decision makers to consider the barriers highlighted there in the decision process for gasification technologies implementation. The approach can also be extended to the adoption of the renewable energies in African context.



The AHP method is one of the most popular and widely employed multicriteria decision making methods. Its approach is suitable for many decision-making problems. In the current study, it was used to identify of the key barriers of gasification technology. This can contribute to the revitalization of the gasification sector in Burkina Faso and to the improvement of the environment. Nevertheless, the approach has limitations related to the subjective nature of the modelling process. The pairwise comparison matrices were constructed based on the opinions of energy and gasification experts. These opinions are relative to the expert’s background. As such, they may be biased. Some other methods such as ELECTRE methods can be combined to AHP in order to integrate quantitative data such as the cost of the biomass and the technology.
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Figure 1. Hierarchical structure of gasification adoption barriers in Burkina Faso. 






Figure 1. Hierarchical structure of gasification adoption barriers in Burkina Faso.



[image: Sustainability 13 07324 g001]







[image: Sustainability 13 07324 g002 550] 





Figure 2. Weighting of the subcategories of technical barriers. 
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Figure 3. Weighting of the subcategories of economic and financial barriers. 
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Figure 4. Weighting of the subcategories of socio-cultural and organizational barriers. 
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Figure 5. Weighting of the subcategories of political, governmental, and institutional barriers. 
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Figure 6. Weighting of the subcategories of ecological and geographical barriers. 
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Figure 7. Classification of different categories of barriers to gasification adoption. 
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Figure 8. Overall hierarchy of factors determining the adoption of gasification. 
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Table 1. Saaty scale.






Table 1. Saaty scale.





	Weight or Intensity of the Comparison
	Verbal Judgment of Preference





	1
	Equal importance



	2
	Weak or slight



	3
	Moderate importance



	4
	Moderate plus



	5
	Strong importance



	6
	Strong plus



	7
	Very strong importance



	8
	Very, very strong



	9
	Extreme importance
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Table 2. Value of the randomized index as a function of the size of the matrix [43].
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	Matrix size
	3
	4
	5
	6
	7
	8
	9
	10





	RI
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49
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