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Abstract

:

Biomass is viewed as one of the critical renewable energies and it widely exists in nature. Developing bioenergy has been promoted as a viable mean of dealing with environment issues that are related to the utilization of fossil fuel. However, due to many obstacles, the biomass and bioenergy technology has not won widespread support in developing countries, like China, with vast land area, particularly in rural area. Furthermore, most existing researches just focused on the description of the influence factors, along with the solution to the technical problems, while many social factors are overlooked. In fact, the process of developing biomass is indeed complicated due to the need for consensus and active participation of the various stakeholders, such as the government, the industry, and the local residents. Therefore, while integrating the intuitionistic fuzzy logic and fuzzy cognitive map, this study constructs an intuitionistic fuzzy cognitive map (IFCM) that is in line with experts’ suggestions and the current literature to investigate how to promote the development of biomass through enhancing public acceptance. We conduct several simulations from the perspective of different stakeholders, according to the IFCM. The analysis results reveal the influence mechanism in the system and illustrate the effect of various factors that are stressed by every stakeholder. The research design also provides a reference for future studies.
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1. Introduction


The utilization of fossil fuel is an essential driver for economic development, but it also leads to many serious problems (e.g., air pollution, greenhouse effect, energy depletion, and energy security). The threat of climate change as a result of greenhouse gas is attracting the global attention. To date, 181 parties have signed the Paris agreement, which states that all parties will put forward their best effort to work out climate change, so as to pursue to keep a global temperature rise below two degrees above pre-industrial levels [1]. Under this situation, sustainable development is stressed again, so the substitution of conventional energy by renewable energy attracts considerable attention, for which bioenergy is viewed as an important alternative with huge potential [2,3]. Biomass resources are potentially the world’s most substantial and most sustainable energy resource, providing 14% of the world’s energy [4,5,6]. Biomass accounts for 46% of national renewable energy in the United States (U.S.) [7]. Notably, in the rural area of the developing countries, biomass is not the only available energy source, as it was previously portrayed, but as an energy source that has a large range of feedstock and will continue to be widely used. The estimates of the potential of biomass source in Cameroon showed that all the biomass was able to generate 12 times the amount of national electricity production in 2010 [8], while considering that only the forest and agricultural residuals are used to generate electricity, the electricity generated from this biomass could meet 15–38% of the current national consumption [2]. The agricultural biomass residues are the most promising renewable energy source in Ghana, which could meet the growing rural energy demand [9]. In addition, biomass energy consumption had positive impacts on economic growth [10], and the direct socio-economic benefits of biomass use is a significant driver in the impletion of biomass projects [11]. What is more, biomass, such as forest residuals, straw, and agricultural crop, is commonly classified as a natural resource and the utilization of this biomass does not cause the extra increase of CO2 emission, which effectively supports the completion of emission reduction targets [4,6,7]. The use of plantation residuals showed the lowest impact on the local environment when compared with the current electricity production from natural gas [12].



In practice, in the current energy system, bioenergy is not dominant as compared to other traditional energies [12] due to its rare evidence of the vast potential of biomass. Additionally, numerous barriers prevent the development of biomass, which is related to several aspects, including socio-economical, technological, financial, policy, and political issue [11,13,14,15]. Typically, economic, along with policy and politics, are the two most significant barriers to the development of renewable energy [13] and the transportation problem is also a critical aspect in the barrier [12,13]. Moreover, in Cameroon and Zambia, the implementation of biomass project faced a considerable challenge due to the lack of research and the development of a bioenergy and financial support scheme [2,16]. Roopnarain and Adeleke also stated that the barrier to promote the biogas technology in Africa included a lack of finical support, such as the provision of loans and government assistance, but it is not limited to this [17]. Similarly, it is necessary to conduct some further researches regarding the optimization of biomass supply distance [12,18]. Moreover, enhancing the study on the mathematic modeling to deal with the trade-off between storage and transportation is imperative via investigating the animal waste-to-energy supply chains [3]. Furthermore, the engagement of all stakeholders is another critical aspect that we need to consider [3,16,17]. Svanberg et al. [3] directly pointed out that the cooperation between stable owner and energy company is needed to support the commercialization of conversion technology. What is more, the lack of public participation always results in the social amplification of the negative image of biomass technology, which is the main reason why the local residents feel anxious about the new biomass project and thus leads to failure [19,20]. Gasparatos et al. [21] demonstrated that the impact of incomplete understanding of biomass fuel is one of the most critical barriers in the development of biomass investments through a case study in the continent.



For economic and political issues, many researchers proposed corresponding suggestions regarding the particular biomass project. As to technology, the scholars focused on how to improve energy efficiency [22,23,24]. Accordingly, enlarging the use of biomass is not only feasible for technological and economic benefits, but is also significant in adding the substitute of the energy source for developing countries, although technology barriers still exist in some countries. Nevertheless, biomass source is not widely used due to the negative public attitude to the biomass. Furthermore, it is worth noting that public attitude has a complex interrelationship with the other factors mentioned above. That is the reason why we should construct a mathematical model to study how to reconcile the confliction between these factors. For instance, industry, policy, and forest management implications affected the financial viability of the biomass project [7]. Unfortunately, current studies are limited due to the lack of useful methods for the simple identification and description of the factors.



Fortunately, a popular participatory method for representing knowledge and modeling a complicated dynamic system is suitable for dealing with this real problem that involves many factors, as well as such uncertain and complex interrelations among them, that is, fuzzy cognitive map (FCM). FCM consists of fuzzy theory, neural network, expert system, evolutionary computing, and nonlinear dynamic system [25,26]. FCM is capable of combining accumulated knowledge and expert experience and it has the ability to incorporate various participators (i.e., individual, community, industry, and government) to an accessible and normal format, so it is usually employed as a soft computing and intelligent technique for simulating the human thinking process and reasoning process [27]. In recent years, FCM has been viewed as a promising modeling approach attracts much interest in various fields, such as medical decision support system [28,29,30,31,32], grading celiac disease [33], the supervision of multi-agent systems [34], predicting yield in cotton crop production [35], evaluating the renewable local planning [36], assessing critical success factors in high-risk emergency system [37,38], prediction [39], and decision making [40,41]. According to previous literatures, FCM has been applied to renewable energy area, but there is still a lack of researches on the public acceptance of renewable energy, which consider the participation of various stakeholders by fully taking advantage of FCM.



Under this situation, based on the integration of intuitionistic fuzzy set theory and fuzzy cognitive map, this study constructs a novel framework for quantifying the relationship among the factors, revealing the influencing mechanism, and then conducting scenario simulations to identify the key factor that influences the public acceptance of biomass, taking into account all stakeholders’ perception on biomass. All of these provide a novel insight on how to deal with the barriers to biomass utilization in developing countries.




2. Materials and Methods


This section provides the basic information regarding the intuitionistic fuzzy set and traditional fuzzy cognitive map (FCM), and it presents the process of the intuitionistic fuzzy cognitive map (IFCM) in detail.



2.1. The Basic Procedure of FCM


The fuzzy cognitive map is a popular semi-quantitative modeling approach for the representation of human thinking process and it is used to describe the causal and effect relationship among factors in the complex system. Kosko proposed FCM as a general extension of original cognitive map [42,43]. Axelrod first presented the cognitive map (CM) in 1976, aiming at tackling complex decision-making problems in the social science area [44], and then it is used in other fields, such as education, archaeology, planning, and urban management. CM consists of nodes and edge connections between these nodes. The nodes represent a set of concepts that are the variables in the real life system, while the edge between nodes is the causal relationship among these concepts extracted from the system. Every connecting edge with a plus or minus only shows whether the influence of one concept on another one is positive or negative, but not the degree of the influences. Due to the nature of the original cognitive map, there are some difficulties in dealing the practiced problems with a complicated relationship. Thus, FCM inheriting the essential features of CM is developed as an extension of CM.



Generally, FCM is a computational modeling method with the ability to simulate a complicated system that involves a fuzzy or uncertain situation and is viewed as a directed graph that consists of nodes and weighted arcs, as shown in Figure 1. These nodes are the corresponding concepts that represent different variables, features, and states that are extracted from the described complex system [33]. Each node is assigned with a real number value to express a current state for a main feature in the modeled system at a specific time. The weighted edge is the causal relationship between these concepts.



Figure 1 is a graphic representation for a simple FCM model, with five nodes and seven weighted edges. In the mathematical model, FCM is represented as a pair ⟨C, W⟩, where C and W are the collection of the concepts and the relationship between them, respectively. The value of concept ci is in the [0,1] interval. The connecting edge specifies the direction and effects of the causal relationship between two concepts, and each edge has a weight in the interval [−1,1], indicating the degree of the influences. Accordingly, W is also named as connection matrix and it is expressed as Formulation (1), where wij represents the impact of ci on cj.


W=[w11⋯w1j⋯w1n⋮⋮⋮⋮⋮wi1⋯wij⋯win⋮⋮⋮⋮⋮wn1⋯wnj⋯wnn]



(1)




where n is the number of concept in the practical system.



Obviously, the larger the absolute value of wij, the stronger the degree of the corresponding relation. However, the sign of wij shows different states of the causal relation between two concepts:



wij>0 indicates the influence of ci on cj is positive. In other words, an increase or decrease in ci cause the same result in cj;



wij<0 expresses the negative casual relation between ci and cj, which means the change of ci will cause an opposite effect on cj;



Whereas, wij=0 suggests that there is no interconnection between ci and cj. According to these rules, the connection matrix W in Figure 1 can be specified as Formulation (2).


W=[0w12w13000000w25w3100000w42w430w4500000]



(2)







As for FCM, during the simulation, the value of each concept at every simulation iteration is computed based on Formulation (3).


Ci(t+1)=f(k1Ci(t)+k2∑j=1j≠inCj(t)wji )



(3)




where t is the simulation iteration, n is the amount of the concept, and f(x) is the threshold function. Accordingly, Ci(t+1) and Ci(t) are the value of concept ci at the (t+1)th and tth iteration, respectively, and then Cj is the value of concept cj at tth iteration. Generally, the value of k1=k2=1 is selected. The simulation procedure will continue until the condition C(t+1)=C(t) or C(t+1)−C(t)≤e is met, where e is the residual that is determined by specific problems. It states that, when the modeled system enters a steady state, the condition is satisfied. The final values of all concepts are gained.



The threshold function has different types:


Bivalent f(x)={0       x≤01       x>0



(4)






Trivalent f(x)={−1x≤−0.50−0.5<x<0.51x≥0.5



(5)






Sigmoid f(x)=11+e−αx



(6)







In Equation (6), α>0 is a constant and it determines the steepness of the threshold function. In most cases, the sigmoid function is used as the threshold function, so as to promise the value of the concepts is in the universe [0,1] [33,37], and the value of α=1 is employed, which is approximate to a linear function and it outperformed the other functions in the literature [35,45].



We can outline the basic procedure of FCM, according to the description above:



Step 1: Invite experts to identify the factors relevant to the modeled system.



In this stage, a group of experts that are related to this issue should determine the element that comprises the FCM model based on their own experience or knowledge. Subsequently, all of the experts work together to identify the final elements and construct the FCM model that can be accepted by all experts. Furthermore, the expert describes the interrelation among these elements. They point out whether there is a causal and effective relation between two elements and the direction of the causality. Hence, the basic structure of FCM model is constructed.



Step 2: Define the strength of the interrelation.



The weight represents the strength of the relationship among these concepts. The experts give the value of the weights. The experts offer their suggestions on the degree of the relationship in linguistic variables, and these linguistic variables are then transformed in crisp value by using the center of gravity defuzzifier.



Step 3: Simulate the inference process.



During the simulation, Formulation (3) is used to calculate the value of concepts, and the new values repeatedly replace the value at last iteration.



Step 4: Check the termination condition.



If condition C(t+1)=C(t) or C(t+1)−C(t)≤e is meet, then output the final value of concepts to the decision maker. Otherwise, continue Step 3.




2.2. Intuitionistic Fuzzy Set Theory


In practical situation, experts usually cannot express their opinions on a given issue due to lacking complete or abundant information, even though they are experts with expertise knowledge associated with this issue. Therefore, they might be uncertainty and hesitated in making their decisions, especially when they are involved in a multi-objective of complicated systems. Fuzzy set (FS) theory was developed to deal with fuzziness and the partial truth of information to overcome the drawbacks that are mentioned above [46]. Subsequently, intuitionistic fuzzy set (IFS) theory was proposed as an expanded fuzzy theory [47,48]. Set X as a nonempty fixed set of the universe and then an IFS A in X is expressed as:


A={⟨x,μA(x),νA(x)⟩|x∈X}



(7)




where μA(x):X→[0,1] is the membership function of element x∈X to the set A⊆X, while νA(x):X→[0,1] is the corresponding non-membership function. μA(x) and νA(x) meet the condition: 0≤μA(x)+νA(x)≤1. When μA(x)+νA(x)=1, the IFS is reduced to the output of a traditional FS. In addition to the membership and the non-membership function, for an IFS, there is another concept of hesitancy degree πA(x)=1−μA(x)−νA(x) (0<πA(x)<1), which represents the uncertainty or hesitancy of whether x belongs to the set A. Accordingly, IFS has the ability to handle much of the hesitancy in complex circumstances when compared with traditional FS. Therefore, the trapezoidal intuitionistic fuzzy number A is expressed as A=⟨(a1,a2,a3,a4),(b1,b2,b3,b4)⟩ and the membership and non-membership functions are shown as Formulations (8) and (9). The trapezoidal fuzzy number is transferred into a triangle fuzzy number under a special situation where the most promising value is equal, namely a2=a3 and b2=b3.


μA (x)={0x<a1x−a1a2−a1a1≤x≤a21a2≤x≤a3a4−xa4−a3a3≤x≤a40x>a4



(8)






νA(x)={1x<b1x−b1b2−b1b1≤x≤b20b2≤x≤b3b4−xb4−b3b3≤x≤b41x>b4



(9)








2.3. Intuitionistic FCM


FCM is a suitable technique for modeling complex systems that involve various elements (concepts, variables, factors, or characteristics) according to the aforementioned, for it can depict and quantify the interrelation among these concepts rather than just conduct a simple pairwise comparison. What is more, substituting the traditional FS with IFS is a feasible approach towards improving the experts’ ability to tackle the vagueness of information when facing the complex practical circumstances. Therefore, integrating IFS with FCM is an effective way for all stakeholders to evaluate the current state of the concepts and the corresponding interrelation among them. The detailed procedure of this IFS and FCM based approach is as follows:



Step 1: invite all of the stakeholders containing official staffs from government administration, experts from industry and institute, and individuals from the local community to form a group of an advisory committee. Combining literature review and the committee’s advice on the factors that are related to the given issue determines which concepts construct the FCM. This method provides a convenient way of integrating previous knowledge and individual perception and improving the participation of all stakeholders.



Step 2: define the linguistic variables and the parameters of the membership and non-membership functions. At this stage, the number of linguistic variables is defined and the parameters of the corresponding membership and non-membership functions are then fixed according to the description of intuitionistic fuzzy set theory.



The experts’ determinations on the degree of the influence of one element on another are acquired while using a seven-scale linguistic variable or the corresponding score, which is described in Table 1. Figure 2 depicts the corresponding membership function and non-membership function. Note that the experts have reached a consensus on the direction of all influences in the system before they determine the corresponding degree.



Step 3: produce the crisp value of the connect matrix (i.e., weight matrix). After the experts’ opinions on the degree of the influence are submitted, while using SUM method, all of the fuzzy initial connect matrices are aggregated to produce an overall fuzzy connect matrix. Considering that the selected experts have rich knowledge and experience regarding the problem, we assume the same weight for experts’ suggestions in calculating the degree of the influences. After that, these fuzzy numbers are transformed into a crisp value by means of the defuzzification method of the centroid of gravity. Eventually, the connection matrix, belonging to [−1,1], is yielded, respectively.



Step 4: execute the simulation process. In this stage, the simulation refers to the reasoning process of FCM and it can be executed according to the calculation rule aforementioned based on the gained connect matrix. Finally, intuitionistic FCM yields the last state of all concepts, which is viewed as the original steady state of the system.



Step 5: conduct the scenario simulation. As for the constructed intuitionistic FCM, the last state of the modeled system can be produced under different conditions by using scenario simulation, because the structure of FCM allows for interaction with external variables at each iteration. It is clear that we can obtain some useful advice through the comparison between the last states of the system yielded under different conditions.



Eventually, Figure 3 provides a brief framework of IFCM that is based on the above steps.





3. Parameters Identification


The participation of all stakeholders is a critical aspect in the promotion of biomass energy. The stakeholders regarding the development of biomass can be classified into three categories based on the stakeholder theory: officials from government, local residents, and experts from industry. According to the presented studies, their focus on the issue of development of biomass differs from each other. Hereby, a group of factors that influence the development of biomass has been extracted by integrating the previous researches and the committee’s advice. This section introduces these factors from perspectives of various stakeholders.



3.1. Government Perspective


The government is a significant participator in the implementation of biomass, even being viewed as the overall designer and always being responsible for its layout at the national level. Accordingly, they focus on the macro issue of the development of biomass.



3.1.1. Policy and Regulation


Government focus is very important in the promotion of biomass energy and other renewable energy [13,49]. In most cases, failures to implement the biomass technology arise from the lack of direction of normalizing policies and dedicated regulations [8,17,21]. An attractive policy mechanism and an effective regulation on biomass are the basis of its development, so the designed policy and regulation should involve every aspect of the life cycle of biomass. Particularly, the stability of policy also matters in the dissemination of biomass technology, since the uncertainty always leads to failure [50,51].




3.1.2. Financial Support


High investment cost is one major barrier to the adoption of biomass [17], so the development of biomass technology has a high demand for subsidy that is provided by the government viewed as the financial incentive [2,4,52]. In this respect, while taking into account how to provide financial support at different stages of its development is the responsibility for the national or local administration [53].




3.1.3. Promotion Information


The promotion information that was launched by the government is a very important incentive for individuals to adopt a new technology. Issuing the official report can enhance the communication between the governor and the individual, avoiding hurdles to the dissemination of biomass resulting from the limited communication and negative perceptions of the biomass [14,17,20]. What is more, the promotion information is also viewed as policy commitment for the development of technology [52], and even a guarantee for the safety of biomass technologies.




3.1.4. Effect on Employment


The sufficient supply of energy that results from the implementation of biomass leads to the acceleration of urbanization and the occurrence of surplus labor diverted from the original agriculture. What is more, industrialization and urbanization also cause a large amount of unemployment in developing countries. The potential to contribute to employment generation is also a crucial issue for the government in the promotion of biomass technology [14,21]. Biomass is proven as a labor intensive technology and it has huge potential to create employment [11]. Therefore, the regional unemployment rate also amplifies the impact of developing biomass technology on the economy [19].




3.1.5. Impact on Regional Economy


The regional economic impact refers to the local economy gain and poverty alleviation [11,21], because the limited access to modern energy in the rural area results in adverse effects on economic development in general. Additionally, the perceived regional economic benefits from the diffusion of biomass technology facilitate the local residents adopting these technologies.





3.2. Industry Perspective


All of the companies at different stages of the supply chain of biomass industry play a major role in the diffusion of technology and they also face various critical obstructions. These limits are in place, being explained as the following aspects.



3.2.1. Availability of Technology


For different regions, the dissemination of biomass depends on specific techniques, which are capable of taking advantage of local feedstock and observing the corresponding regulations [54]. Various kinds of technology, as the basis of the development of biomass, provide the energy company with more proper choices when facing the different requirements of the residents. Moreover, the local residents prefer more kinds of available technologies than the sole option.




3.2.2. Maturity of Technology


One main barrier for firms in the commercialization of biomass technology is the underdeveloped technology, which leads to high conversion losses [6,55,56]. The maturity is essential to the adoption of biomass technologies, because the failure experiences resulting from the previous projects have a strong negative influence on the public perception towards biomass technologies [17,54]. Furthermore, many biomass conversion technologies are in their infancy phrase and they need further research and development.




3.2.3. Profitability of Investment


A major hurdle to the successive of penetration of biomass technology is the high initial investment and capital cost, including the construction cost, initial operation cost, and the cost of storage and transport [3,13,17,55]. Many researches were conducted to evaluate the viability of the biomass project while using net present value, internal rate of return, and the payback period [7,24], which demonstrated that the profitability of the biomass project technology is essential in the successful development of biomass.




3.2.4. Consumer Paying Capacity


At the initial stage of promoting biomass technology, the first barrier that the industry faces is the lack of end-users, especially in rural areas where the user always has a limited paying capacity [52,55]. Additionally, energy is essential for daily life, but the fuel choice of end-users is susceptible to household income [57]. Other alternatives to biomass energy widely exist in rural areas, such as firewood, agriculture crop, and forest residual.




3.2.5. Prospect of Market


The market prospect of biomass refers to the limitation of the market access, the guaranteed grid connection mechanism, and also the potential of the local market in the consumption of biomass energy, which has a huge impact on the willingness of investors [13,58]. If the region presents a broad market prospect for application of biomass energy, then the investor may supply an additional investment to enhance the development of biomass. Creating stable biomass markets plays a key role in attracting interest from investors [21].





3.3. Local Residents Perspective


When compared with the industry and authority, the residents living around the concrete biomass plant pay more attention to the impact of the biomass facility on the individual life and local environment. From a rational point of view, adopting biomass is a good choice for improving the region development, but the residents usually oppose constructing a biomass plant near their location, which is called “not in my backyard” syndrome.



3.3.1. Impact on Health and Safety


Even though there are various kinds of mature biomass technologies, the local residents are usually concerned the public health and safety problems that are associated with the biomass technology [20] and are very prudent and conservative in the face of these technologies due to an insufficient understanding of the impacts in less developed areas [21]. Actually, we have to confess that the environmental issues resulting from some biomass technologies, such as dust, noise, odor, fly ash, and exhaust gases, exist in the current circumstance [58], but the negative effects of these technologies on health and safety are usually consciously exaggerated. Therefore, this issue is considered as the most critical barriers to the widespread acceptability for the residents who live around the biomass facility




3.3.2. Resources Requirement


The resources requirement is related to the land use for constructing the unites and facilities, along with the water use for the production of feedback, which is considered as land competition with traditional agriculture and competitive demand for water resources; furthermore, the production may have negative impacts on local water quality [21,58,59,60].




3.3.3. Landscape and Local Environment Impact


From the perspective of the local residents, implementing a biomass project can have a negative influence on the local environment to some extent, such as emission of particulate, noise pollution, and pungent odor, especially the natural landscape of the protection area [19,20].




3.3.4. Energy Price


Energy or electricity is essential for modern society, so the individual is always sensitive to the product price and more concerned about the cost of purchasing energy, especially in rural and remote regions [15]. Therefore, from the perspective of the local residents, the economic impact of biomass on the local residents is closely associated with the energy price after the adoption of biomass.




3.3.5. Energy Literacy


The energy literacy aspect refers to the knowledge and understanding of energy issues, such as energy independence, energy security, and the price of various kinds of energy that contains the cognitive, affective, or attitude and behavior (or action) about energy in daily life [61,62,63]. Although education can enhance their knowledge on energy-related problems, the degree of education does not simply represent the level of residents’ energy literacy. What is more, the energy literacy can change the users’ energy consumption pattern [64] as well as their attitude towards renewable technology. Energy literacy also concerns the foundational ability to distinguish renewable energy from traditional energy [61].




3.3.6. Environment Awareness


The environment awareness is relevant to the focus of individuals on the global environment, such as greenhouse gas emission, the status of global warming, and other fossils fuel-related environment problems. A lack of basic knowledge regarding global warming and climate change is viewed as the major informational barrier to the development of biomass technology [58], and the users with high environmental values are more interested in the development of biomass [60]. Particularly, the Paris Agreement highlighted the enhancement of climate change education [1].



The factors listed above are not independent but have great influence on each other. There are considerable reduplications and interactions among them, but there is non-substitution of one factor for another. What is more, all of these factors have a significant impact on the public acceptance or perception of biomass either directly or indirectly. Hence, the proposed intuitionistic FCM is employed to depict the interrelation among these factors and reveal the influence mechanism in order to promote the development of biomass by enhancing the public acceptance and mitigating the opposite for biomass.






4. Case Study and Scenario Simulation


In the remote area of China, about 33% of the population still depends on the traditional biomass energy source [17]. In contrast to the modern biomass technologies, the traditional approaches to biomass energy source produce more pollution and they are more harmful to human health. Therefore, it is urgent to accelerate the adoption of biomass technologies in order to enhance energy security, promote regional economic development, as well as better local life condition. In fact, various factors hinder the development of biomass technology and vary in different regions. Accordingly, some researches and investigations were conducted to solve this severe problem, but they were limited to the description of these obstructing factors. Aiming to explain the interrelationship among these factors and exhibit the influence mechanism, this study integrates intuitionistic fuzzy logic and cognitive map to model the complex cause relation that exists among these factors when considering the public acceptance of biomass technologies. In light of the description of the factors that are mentioned above, all the components used to construct the IFCM are listed in Table 2, and then the process is shown as follows in detail according to the introduction of IFCM.



Firstly, taking the biomass and bioenergy situation in China into consideration, nine experts with rich knowledge and experience in the biomass industry are collected to identify the causal relation among the identified factors and construct the original cognitive map, as depicted in Figure 4 where the red lines indicate the influence is negative whereas the blue one shows a positive influence. Four experts come from universities and institutes that involve two professors concentrating on energy research and two professors studying on the effect of government policy; four experts are selected from renewable energy company, including one project manager and three engineers, who have first-hand experience regarding the implementation of the biomass project; and, another expert is an officer for the design of the energy development planning. The collective FCM includes 18 components and 186 connections among these factors and the density score is 0.608.



Secondly, using the fuzzy rules that are described in Section 2.3, all of the experts give their advices on the strength of the interrelationship among these factors. Table 3 shows one of these experts’ advice. Furthermore, after all experts give their views on the connection matrix, the numerical value is calculated by using the SUM method, and then Table 4 tabulates the full matrix.



After that, the simulation process is actualized on the Matlab platform according to the simulation procedure. Additionally, the nature of FCM proves that the initial value of all the factors has slight significances for the decision-makers, so we carried out several simulations and compared these results with a basic scenario. Consequently, as for the basic scenario (i.e., the business-as-usual scenario), the initial state of all the factors is set to 0.1, and the basic steady state of this system is calculated. We constructed three other scenarios in order to obtain the distinct impact of particular factors concerned with various stakeholders on other factors as well as the whole system: the government scenario, the technology scenario, and the individual scenario. Distinct factors are stressed because the emphasis of the relevant stakeholder is different at various scenarios.



For the government scenario, this scenario focuses on the factors concerned with the official function and political role in promoting biomass energy, such as the “policy and regulation”, the “financial support”, and the “promotion information”. As for the technology scenario, this scenario emphasizes the effect of technology factors on other factors and the role of related companies for the diffusion of biomass energy technologies. Accordingly, it concentrates on the “availability of technology” and the “maturity of technology” in view of better representativeness for the technology element. Besides, the individual scenario studies how the traits of the local residents influence the whole system. Specifically, “energy literacy” and the “environment awareness” are the central factors emphasized. What is more, the value of these factors belongs to the interval [0,1], so we post two special conditions for these three scenarios: the best and worst circumstance. The best circumstance sets the relevant factors to equal to 1, while the worst circumstance assumes the factors to be equivalent to 0.1.




5. Results and Analysis


As far as the development of biomass energy is concerned, it is necessary to study the effect of political elements. Regarding the government scenario, under the best circumstance, the factors that are stressed by the central or local authority are set to 1, indicating that the government has its full support of biomass energy; whereas, under the worst circumstance, these factors are set to 0.1, which suggests that the government does not show a lively interest in biomass area. Figure 5 presents the results that illustrate the effect of government policy on other factors. The simulation results reveal that these policy elements have significant impacts on the system and government policy influences all the other factors. Notably, under the worst condition, the availability and maturity of biomass energy technology incur a decrease of more than 15% when compared to the steady state of business-as-usual scenario; meanwhile, “prospect of market” also has a reduction of about 15% and “public acceptance” drops by over 5%. What is more, the environment elements that local residents are concerned about (i.e., “impact on health and safety”, “resource requirement”, and “landscape and local environment impact”) have an increase of more than 5%. However, it is worth noting that the performance of technology availability and maturity increases by more than 15% and the “prospect of market” also rises by about 15% under the best circumstance, and then the environmental elements drop by over 5%. Furthermore, the increase in “public acceptance” exceeds 5%.



In light of the difference of possible effects of various acts of government, there are three sub-scenarios that are constructed to compare the separate impact of several kinds of policies on other elements in the system. Sub-scenario A focuses on the government policy and regulation on the bioenergy and Figure 6 presents the results. The analysis reveals that elements, such as “prospect of market”, “availability of technology”, and “maturity of technology”, are the most influenced factors followed by “impact on regional economy”, “impact on health and safety”, and “resources requirement”. The “prospect of market” varies from almost −14% under the worst condition to near 13% with the best case.



Furthermore, Figure 7 depicts the results of sub-scenario B that stress the effect of “financial support”. Obviously, the technological components (i.e., “availability of technology” and “maturity of technology”) are also significantly influenced by the factor “financial support”. Besides, the “effect on the employment”, the “impact on the regional economic”, and the “local consumer paying capacity” have a considerable connection with the value of “financial support”. The deviations range from −4% to 9%, from −2% to 5%, and from −3% to 6%, respectively, when compared to the steady state of business-as-usual. The results demonstrate that the government provides financial support for the research and development of technology, recruitment subsidy, and the direct allowance for the consumption of renewable energy.



Moreover, Figure 8 explains the impact of “promotion information” on other elements for sub-scenario C. Under the impact of the change of “promotion information”, the “public acceptance”, which varies from −3.3% to 3.6%, is the most significantly affected element, followed by the “environment awareness” with a fluctuation from −3.1% to 3.4% and the “energy literacy”, ranging between −2.3% and 2.5%. It is worth noting that “promotion information” mainly affects the local resident knowledge on biomass and bioenergy.



To sum up, the role of various acts of government in the promotion of biomass technology is different from each other. Different policies affect different components of the whole system, in which “policy and regulation” and “financial support” mainly influence the technological elements, while “promotion information” affects “public acceptance”. Consequently, a policy mixture would have a large effect on the development of biomass and bioenergy.



Similar to the government scenario, at the technology scenario, the best circumstance makes these focused factors equal to 1, which suggests that the biomass energy technology is booming and the company has access to various techniques. On the other hand, the worst circumstance assumes that these factors are equal to 0.1, which hints that the relevant technology is at a poor level and the company cannot find an appropriate technology for the investment in biomass area. Figure 9 demonstrates the changes in other factors when compared with the steady state of the business-as-usual. Under the worst circumstance, the “policy and regulation” and the “promotion information” drop by 10%, which proves that the government has less interest in low-technology. The “profitability of investment” and the “prospect of market” decrease by more than 10%, which demonstrates that the low-technology has a negative influence on the company. Moreover, the almost 15% growth in the “impact on health and safety” and the “resources requirement” fully confirms that the low-technology also has an undesirable impact on human health and greater demand for local resources, so as to negatively affect public attitude to the relevant bioenergy. Consequently, the decrease in the “public acceptance” is over 5% when compared with the steady state of business-as-usual scenario. On the contrary, under the best circumstance, all of the mentioned factors have an opposed change. Specifically, an increase in the “promotion information” is over 5% as compared with the business-as-usual scenario. The results prove that it is easier for high-tech technology to get the government support due to its lower passive effects on the health and safety and less demand of the local resources. Subsequently, there is a slight increase in the “public acceptance”.



Besides, at the individual scenario, the best circumstance with these factors equal to 1 indicates that the local residents get a decent education in the energy area, so that they can fully master knowledge of renewable energy and they have higher requirements for community living environment, so as to pay more attention to the relevant issue. In contrast, the worst circumstance with these factors equal to 0.1 suggests that the residents who have little knowledge on energy do not keep their eyes on the environment issue. A sensitive analysis is conducted under these conditions to show the roles of the local residents, and Figure 10 presents the corresponding results. When considering the results, the most affected factor is the “public acceptance”, which has a decline of 20% when the individual factors take the lowest value but obtain an increase of 15% under the best condition. In the same way, the individual features make a serious effect on the “impact on health and safety”. This factor rises by over 15% under the worst condition, but it drops by almost 10% in the best case. Likewise, the “availability of technology” and the “maturity of technology” are also influenced, which have a change that range from −10% to almost 7%.



In summary, when comparing the three scenarios, these simulation results suggest that policy elements have the most significant impact on the whole system, especially on the development of technology. It is clear that all of the factors have a considerable change under different political conditions. Meanwhile, the development and innovation of biomass technology depend on government policy to a large extent. Additionally, the impacts of technology on the health and safety, along with the requirement of local resources, also determinate whether the government will support its development and financially back it up. What is more, when taken together, these results suggest that there is an association between the feature of local residents and public acceptance of bioenergy technology as well as the development of the bioenergy. Another striking observation that emerges from the comparison is that the change of the development state of relevant technologies is indeed consistent with the public acceptance of these technologies under different conditions.




6. Conclusions and Policy Implications


The development of biomass technology has made a significant contribution to ecological resources circulation and the environment improvement of China, especially in rural areas. It also has considerable significance for the local economic development and energy security at the national level from the perspective of government. However, the spreading of such technologies confronts many obstacles, because the promotion of biomass and bioenergy involves several factors from various stakeholders, including the government, the energy company, and the local residents. Consequently, promoting the use of bioenergy not only relates to technology itself, but it also involves many social elements, which suggests that the solution of this problem turns out to be more complicated. This study aims to explain the interrelationship among these elements and illustrate the influence mechanism by virtue of integrating intuitionistic fuzzy logic and fuzzy cognitive map, so as to identify the role of various components concerning different stakeholders.



First and foremost, the components related to the government, such as the “policy and regulation”, the “financial support”, and the “promotion information”, contribute a significant effect on the other factors and the “availability of technology” and the “maturity of technology” are the most influenced factors. Therefore, it is concluded that the advancement of biomass technology is more sensitive to the cost in China. Furthermore, the technological factors largely influence the “impact on health and safety”, the “resources requirement”, and the “landscape and local environment”, which are the most concerned components for the local residents. Based on these simulation results, for the government, more attention should be paid to the research and development of new technology and the enhancement of the infrastructure of the industry, so as to reduce the high cost of investment for the company and gain environmental benefits for the local residents. It is evident that the proper policy guideline on the bioenergy market is essential to the industry due to its crucial role in boosting industry confidence in the investment of biomass and bioenergy. Apart from the effective regulation and favorable policy, various financial supports for the company provide greater access to technology innovation. For the company related to biomass, the company should strengthen the research on new high-tech technology and mitigate adverse effects on the environment to get more policy support and promotion as well as public acceptance.



What is more, the relevant promotion information is vital in improving public energy literacy and environmental awareness in rural China. Generally, the public hesitates to adopt a new energy technology because of unfamiliarity, particularly in remote regions where the residents have less access to relevant information. Hereby, the official promotion information about bioenergy, along with the foundational education on the nation energy, are essential in enhancing the public knowledge of renewable and environment awareness, which has a significant effect on the public acceptance of the related technologies. Apart from that, the information that is issued by the government is viewed as a guarantee for the safety of relevant technologies, particularly in rural China. Therefore, distributing proper information regarding new biomass technologies to the public may boost support for the development and use of bioenergy.



In conclusion, this study analyzes how various elements influence the public acceptance of biomass and bioenergy and illustrates the influence mechanism. According to the analysis results, we give some pieces of advice on how to improve the public recognition to promote the development and use of biomass and bioenergy in rural China. However, there are some shortcomings to our study, so further experimental researches are needed to explore the roles of each element in detail while using a wilder investigation to avoid the limitations of the expert’s experience and take more consideration of the local residents. Although this study has validated that public energy literacy and environment awareness have a significant effect on public acceptance, a greater focus on the exact method for intensifying public recognition on biomass could produce interesting findings that account more for the purpose of boosting public acceptance of bioenergy.
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Figure 1. The basic fuzzy cognitive map. 
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Figure 2. The membership and non-membership function of trapezoidal IFN for the degree of influence. 
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Figure 3. The process of intuitionistic fuzzy cognitive map (IFCM). 
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Figure 4. The collective fuzzy cognitive map. 
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Figure 5. The impact of political factors on the other factors. 
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Figure 6. The effect of the factor “policy and regulation”. 
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Figure 7. The effect of the factor “financial support”. 
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Figure 8. The effect of the factor “promotion information”. 






Figure 8. The effect of the factor “promotion information”.



[image: Energies 12 01598 g008]







[image: Energies 12 01598 g009 550]





Figure 9. The impact of technological factors on the other factors. 






Figure 9. The impact of technological factors on the other factors.



[image: Energies 12 01598 g009]







[image: Energies 12 01598 g010 550]





Figure 10. The impact of individual factors on the other factors. 
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Table 1. Linguistic variable and fuzzy number for the degree of influence.
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	Linguistic Variable
	Score
	Intuitionistic Trapezoidal Fuzzy Number





	Absolutely strong influence
	6
	⟨(1,1,1,1),(1,1,1,1)⟩



	Strong influence
	5
	⟨(0.7,0.8,0.9,1),(0.7,0.8,0.9,1)⟩



	Fairly strong influence
	4
	⟨(0.5,0.6,0.7,0.8),(0.4,0.6,0.7,0.9)⟩



	Medium influence
	3
	⟨(0.3,0.4,0.5,0.6),(0.2,0.4,0.5,0.7)⟩



	Fairly weak influence
	2
	⟨(0.1,0.2,0.3,0.4),(0.1,0.2,0.3,0.5)⟩



	Weak influence
	1
	⟨(0,0.1,0.2,0.3),(0,0.1,0.2,0.3)⟩



	Absolutely weak influence
	0
	⟨(0,0,0,0),(0,0,0,0)⟩
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Table 2. All the factors in IFCM.
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Concepts

	
Description

	
Stakeholders






	
C1: The current state

	
The current state of the implementation of biomass and bioenergy

	
Government




	
C2: Public acceptance

	
The degree of public acceptance of bioenergy




	
C3: Policy and regulation

	
Official guideline, regulation and development planning on the promotion of biomass issued by government




	
C4: Financial support

	
The strength of financial support provided by the government




	
C5: Effect on the employment

	
The potential of developing biomass to create employment




	
C6: Promotion information

	
The government launched information about biomass technology




	
C7: Impact on regional economy

	
The role of biomass in the development of regional economy




	
C8: Availability of technology

	
the number of available technologies for the industry to transform biomass

	
Industry (the energy company)




	
C9: Maturity of technology

	
the maturity of biomass technologies




	
C10: Profitability of investment

	
The evaluation of the commercial value of a specific biomass technology or a pointed project




	
C11: Local consumer paying capacity

	
the paying capacity of the local residents to pay for the bioenergy or renewable energy




	
C12: Prospect of market

	
Market access requirement for bioenergy as well as the energy market’s capability to consume bioenergy or renewable energy




	
C13: Impact on health and safety

	
The effect of biomass technology on the local residents’ health

	
The local residents (the individuals)




	
C14: Resources requirement

	
The demand for the limited local resources




	
C15: Landscape and local environment impact

	
The influence of biomass project on the local landscape due to the visual effect along with the negative impact on the living environment




	
C16: Energy price

	
The impact of increasing the portion of bioenergy in the energy market on the energy price




	
C17: Energy literacy

	
Public knowledge and recognition of the energy and bioenergy




	
C18: Environment awareness

	
Public attention on environment issues such as the living environment, global climate change, air pollution and so on
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Table 3. One expert’s advice on the strength of these factors.
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	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18





	C1
	VL
	VL
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C2
	FH
	VL
	−L
	−L
	VL
	VL
	L
	VL
	VL
	L
	VL
	L
	VL
	VL
	VL
	VL
	VL
	VL



	C3
	VL
	VL
	VL
	VL
	L
	VL
	L
	M
	M
	VL
	VL
	M
	−FL
	−FL
	−FL
	−M
	FL
	L



	C4
	VL
	VL
	VL
	VL
	L
	L
	L
	FH
	H
	FL
	M
	L
	−L
	−L
	−L
	−L
	L
	L



	C5
	VL
	L
	L
	VL
	VL
	L
	L
	VL
	VL
	VL
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C6
	VL
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	L
	L



	C7
	VL
	VL
	L
	VL
	L
	L
	VL
	L
	L
	L
	L
	VL
	VL
	VL
	VL
	L
	L
	FL



	C8
	M
	VL
	L
	L
	VL
	L
	VL
	VL
	L
	VL
	VL
	L
	−L
	VL
	−L
	VL
	VL
	VL



	C9
	FH
	VL
	L
	L
	−L
	FL
	VL
	−FL
	VL
	FL
	VL
	L
	−L
	−L
	−FL
	−L
	M
	VL



	C10
	L
	VL
	VL
	VL
	VL
	VL
	FL
	FH
	M
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C11
	L
	L
	L
	−L
	VL
	VL
	VL
	VL
	VL
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C12
	L
	M
	VL
	VL
	L
	L
	VL
	M
	FH
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C13
	−VH
	−FH
	−FL
	−FL
	−L
	−M
	−M
	−M
	−H
	−M
	VL
	−FH
	VL
	VL
	VL
	VL
	VL
	VL



	C14
	−H
	−FL
	−L
	−L
	VL
	−L
	−L
	−L
	VL
	−L
	VL
	−L
	VL
	VL
	VL
	VL
	VL
	VL



	C15
	−FH
	−L
	−L
	−L
	VL
	−L
	−L
	−L
	VL
	−L
	VL
	−L
	VL
	VL
	VL
	VL
	VL
	L



	C16
	−H
	−M
	L
	L
	VL
	VL
	VL
	FL
	L
	L
	−M
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C17
	VL
	M
	−L
	VL
	VL
	VL
	VL
	L
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL



	C18
	VL
	FL
	−L
	VL
	VL
	VL
	VL
	L
	L
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL
	VL







Note: “VH” represents “absolutely strong influence”, “H” denotes “strong influence”, “FH” shows “fairly strong influence”, “M” refers to “medium influence”, “FL” is “fairly weak influence”, “L” is “weak influence”, and “VL” denotes “absolutely weak influence”, and then the minus sign “−” represents the influence is negative.
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