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Abstract: Producing energy with biomass feedstocks as a renewable energy source can contribute
to the mitigation of climate change through direct CO2 sequestration and higher CO2-emitting
fuel replacement. Here, the correct location of a biomass power facility can be considered as a
critical position due to their geographical and spatial characteristic. This research presents a novel
approach involving a geographic information system (GIS) location and its integration scenario
analysis with the consideration of biomass feedstocks and climate change in agroforestry systems,
the agro-silvo-pastoral system (ASPS), of a Spanish case study. A combined participatory operative
approach, that is, fuzzy-decision-making trial and evaluation laboratory (F-DEMATEL) with simple
additive weighting (SAW) and sensitivity analysis in various disciplines and criteria, is applied by
professionals. In particular, an analysis of five biomass power facilities in the area assessed by the
methodology found that only one facility (BPF4) is located in the suitable area. Among five integration
scenarios (A to E) as the likelihood test by the stakeholders, scenario E (suitability layer) was most
supported—that is, it was selected as the most suitability map—while scenario D (general geophysical
layer) was least supported, in that the results encapsulated foreseeable problems derived from the
effects. Hence, the validation of the methodology proposed can be employed as a decision-making
tool to support proper sustainable planning and development of a biomass power facility under the
impact of climate change.

Keywords: renewable energy; climate change; sustainability; GIS; biomass energy plant location;
participatory method; integration scenario

1. Introduction

With the goals of the Paris Agreement on climate change and of the United Nations on sustainable
development and planning, bioenergy management and planning is anticipated to gradually contribute
and subsidize the following: bioenergy, biofuel, and biochemicals in various forms and procedures
can considerably enhance the generation of clean energy through co-generation and/or hybrid energy
systems [1–3]. Climate change is a substantial force to various environmental, economic, and social
aspects, which are closely connected to human growth, development, expansion, and consumption
forms [4]. Additionally, the levels of greenhouse gas (GHG) can be stabilized as decarbonizing
electricity generation in the world is key [5–7]. Producing energy with biomass feedstocks as a
renewable energy source can contribute to the mitigation of climate change through direct CO2

sequestration and higher CO2-emitting fuels replacement [8–10]. The use of biomass in the form of
bagasse and residues in agricultural land and forestry is widespread both spatially and geographically
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such that these materials produce electricity (280 TWh) globally, which is the 1.5% of the total world
electricity production per year [11]. In future world power sources, generating energy from biomass
feedstocks and materials will play an important role and have many advantages, dedicated energy
crops and residues on agricultural land and forestry for the parallel environment together with energy
promotion goals and strategies [12,13].

Because of their geographical and spatial characteristics and features, biomass power facilities
are required to be located correctly at various governmental levels as a critical concern and under
the recommendations of numerous researchers [14–19]. This significant concern has shaped a new
renewable energy and bioenergy market to use biomass feedstocks and resources [20,21]. With the
requirement of optimal biomass power facility locations, a renewable energy policy framework has
been conceived by the European Union (EU) based on Directive 2009/28/EC until 2020 [22]. Each EU
member country gets support from the Directive to develop and mature its own goal and strategy for
renewable energy for the period 2011–2020 [23]. In the case of Spain, the government focuses more on
long-term sustainability with a low carbon economy and without using the former feed-in-tariff (FIT),
which is a payment of electricity through not contributing to the depletion of natural resources [24].
In particular, the Bioenergy Plan 2015–2020 in Extremadura province contains a major key working
axis of smart concentration and adaptation in the sector of renewable energy development and
planning [25]. Hence, an important tool for biomass and its plant location optimization process,
the geographic information system (GIS), can be applied regardless of methods used, and can examine
its location in depth to investigate large volumes of data in a map format [26,27].

Collaborative approaches of participatory spatial planning (PSP) consider different methods as
gaining confidence and spreading various levels in an operational term [21,28,29]. With multi-criteria
decision analysis (MCDA), the state of current matters and the notion of future settings can be
distinguished and solved by decision-makers in terms of PSP and energy management and planning,
which is a convoluted process that demands knowledge from diverse disciplines and situations [29,30].
Here, the analytic hierarchy process (AHP) is an effective technique, together with the pairwise
comparison method (PCM), to extract the relative importance values and devise the evaluation scheme
in the decision-making process [31]. Simple additive weighting (SAW) is a relatively logical and
analytical method that is also easy-to-use and can be employed with MCDA in various conditions and
situations [32]. Thus, the fuzzy-decision-making trial and evaluation laboratory (F-DEMATEL) forms
a physical/structural procedure for the calculation of the criteria and their weights [33]. This inserts a
converted worth to the evaluation of problems existing and betrothed in the optimization of biomass
power facility locations. Hence, the F-DEMATEL and GIS-MCDA are an assessment step of the energy
spatial decision support system (ESDSS) under climate change issues. Furthermore, it obtains a final
result in policy decisions for renewable energy management and long-term sustainability [26,34].

The present study describes a novel method to analyze the location and integration scenario of
biomass power facilities under the consideration of biomass feedstocks and climate change. The detailed
criteria in the context of European, national, and regional strategies and policies were selected by
professionals and processed by a detailed analytical procedure, based on a participatory operative
multi-criteria F-DEMATEL and GIS-MCDA method. A Spanish case study area of agro-silvo-pastoral
system (ASPS) as agroforestry systems was used as the area has abundant agriculture and forest resources
and higher vulnerability to climate change. Then, a sensitivity analysis was tested against the suitability
map of the criteria and their connected weights of the SAW. With five biomass power facilities assessed by
the methodology, five integration scenarios were analyzed through the likelihood test by the stakeholders.
The proposed framework is described with a case study, which is discussed along with the methods
applied in this study, in Section 2. Sections 3 and 4 describe the results and discussion, and the conclusions,
respectively, from this approach.
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2. Materials and Methods

To analyze a biomass power facility location and its integration scenarios under biomass feedstock
and climate change, the proposed method is employed in a case study area of agroforestry systems in
a long-term sustainability perspective. First, with the help of ArcGIS 10.3.1 ESRI software (ESRI Inc.,
Redlands, CA, USA) [35], the case study area was rasterized in certain grids (10 m by 10 m). Second,
the criteria were selected by professionals to combine geospatial data. Third, the assessment framework
was applied with F-DEMATEL and GIS-MCDA techniques. Fourth, the SAW and sensitivity analysis
were reflected. Fifth and finally, the integration scenarios from the previous analyses considering five
biomass power facilities were analyzed by the stakeholders.

2.1. Case Study Area Description

The proposed case study area consists of a multifunctional agroforestry system, ASPS. This system is
the land-use scheme containing the connotation of deciduous forest (chestnut trees), wood modules with
cattle and pre-existing agrarian activities. Thus, the case study area has extensive agro-forest resources
as renewable/sustainable biomass feedstocks. In Table 1, it depicts the composition/distribution ratio
of Extremadura province (Spain) [36]. Currently, a total 96% of biomass feedstocks are not used in
this area to make the province’s fuel importation. Additionally, in Figure 1, climate conditions in the
case study area are well-known by the base of high spatial and temporal variability in the indicated
report [32,33]. Specifically, the case study area’s predicted average annual precipitation, based on
information from 1940 to 2010 (average of 700–750 mm), demonstrates a decline of approximately
−20% in total, which indicates over a long series that the impact of climate change could worsen [37].
In the case of predicted annual temperature, a further increase is indicated based on the information
from the 1940 to 2010 period (average of 9–10 degrees) [38]. It is observed that the mean of both the
maximum and minimum temperature increases by approximately 4 degrees in total by the end of the
21st century. To smear the established method, the case study area is chosen in particular, because
more than 4 million tons of biomass raw materials in Extremadura province can be altered under
climate change vulnerability and variability.

Table 1. Territorial type distribution of Extremadura province, Spain [36].

Territorial Type (Area) Surface (ha.) Percentage (%)

Reservoir and urban 66,646 1.60
Agricultural 938,368 22.54

Peripheral agricultural 326,792 7.84
Forest 2,831,651 68.02
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2.2. Participatory Multi-Criteria Method Description

The criteria used for this study were determined and weighted by an expert panel, including
professors, industrial mangers, policy makers, planners, and local authorities, who are involved
with planning and policymaking on technical measures, and whose working field incorporated
renewable energy together with environmental matters. These criteria are referenced from real data
of the appropriate literature, regional and national polices, and EU directives [32]. The participatory
multi-criteria method within a structured framework stipulates an apparent approach to catalog and
analyze decision-making problems and supports the derivation of decision-making preferences (see
Figure 2). In this study, extensive criteria and evaluation processes are organized into three main
criteria involved in the computation procedure, as follows (see Table 2): first, biomass socio-economic
criteria are (1) potential demand, (2) transport cost, (3) site access, and (4) economic area; second,
climate change environmental criteria are (1) temperature, (2) precipitation, (3) biodiversity, and (4)
hydrology; third, general geophysical criteria are (1) geology and soil, (2) orientation, (3) vegetation
cover, and (4) visibility. Table 2 states a full interpretation of the criteria preferred for this study.

To extract the criteria’s relative importance weights (selected and weighed by professionals),
AHP and MCDA were utilized in the assessment system form for a detailed decision-making
problem [31]. Additionally, PCM is used to postulate the hierarchical arrangement, to conclude
the relative importance weights of the criteria and sub-criteria, and to allocate the relative weights of
each alternative and the final mark. The PCM organization and design is significantly liable on the
perceived importance of each criterion, which uses certain prearranged facts of scale (see Table 3) [39].
Here, the DEMATEL techniques and fuzzy sets are combined to judge crucial locations in planning for
biomass power facilities under biomass feedstock and climate change. Hence, the relationship between
the criteria and systematizing the criteria can be determined by the anticipated constructive method,
according to the relationship severity type and its consequence on every criterion in Equation (1).
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Figure 2. Schematic flowchart for biomass power facilities’ location under biomass feedstock and
climate change. GIS—geographic information system; MCDA—multi-criteria decision analysis;
F-DEMATEL—fuzzy-decision-making trial and evaluation laboratory; PCM—pairwise comparison
method; AHP—analytic hierarchy process; SAW—simple additive weighting; CR—consistency ratio.
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Table 2. Criteria and their description for the study designated.

Criteria Description Acronym

Biomass socio-
economic

Potential demand
Areas identifying spatial coverage classification of energy
utilization and demand, and spatial articulation of potential
demand with the 0.26 criterion weight.

PD

Transport cost
Areas specifying spatial coverage classification of biomass
assembly and distribution cost, and spatial articulation of
transport cost with the 0.56 criterion weight.

TC

Site access
Areas depicting spatial coverage classification of transport
grids (highways, local roads, and railways) and spatial
articulation of site access with the 0.05 criterion weight.

SA

Economic area
Areas explaining spatial coverage classification of
socio-economic activities and population density, and spatial
articulation of economic area with the 0.13 criterion weight.

EA

Climate change
environmental

Temperature

Areas specifying spatial coverage classification of
pleasantness and relating with average worth of annual
temperature rises, and spatial articulation of temperature
with the 0.28 criterion weight.

TE

Precipitation

Areas identifying spatial coverage classification of rough
distribution of annual precipitation and involved with
geomorphology impacts, and spatial articulation of
precipitation with the 0.39 criterion weight.

PR

Biodiversity

Areas describing spatial coverage classification of
ecologically protected by the European commission for
biodiversity and nature policy by NATURA 2000 and the
regional law by LESOTEX, and spatial articulation of
biodiversity with the 0.13 criterion weight.

BI

Hydrology

Areas demonstrating spatial coverage classification of water
bodies (springs and/or wells) and main and secondary
streams of water surface followed by European Union (EU)
water directive, and spatial articulation of hydrology with
the 0.20 criterion weight.

HY

General
geophysical

Geology and soil
Areas relating to spatial coverage classification of earth
modules assortment and spatial articulation of geology and
soil with the 0.23 criterion weight.

GS

Orientation
Areas specifying spatial coverage classification of better
phase for aesthetical intention and spatial articulation of
orientation with the 0.20 criterion weight.

OR

Vegetation cover
Areas describing spatial coverage classification protecting
natural developments and spatial articulation of vegetation
cover with the 0.39 criterion weight.

VC

Visibility
Areas identifying spatial coverage classification of aesthetic
fortification and appraisal, and spatial articulation of
visibility with the 0.18 criterion weight.

VI

Table 3. Pair-wise comparison of relative importance and numerical degrees [31,39].

More Important Description Less Important

9 More or less extreme importance or preference 1/9
8 More or less very to extremely strong importance or preference 1/8
7 More or less very strong importance or preference 1/7
6 More or less strong to very strong importance or preference 1/6
5 More or less strong importance or preference 1/5
4 More or less moderate to strong importance or preference 1/4
3 More or less moderate importance or preference 1/3
2 More or less equal to moderate importance or preference 1/2
1 Equal importance or preference 1
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Additionally, on the fuzziness condition, key profits are pliable in order to reflect the fuzziness
situation and achieve the fuzzy unified DEMATEL [40]. According to these profits and benefits,
the DEMATEL is utilized to choose the criteria in “cause and effect” and to realize the linguistics
standard parameterized within the triangular fuzzy number (TFN). Particularly, in a fuzzy setting,
the F-DEMATEL method for companies confronting difficulties and problems can be utilized to build
group decisions. Then, the solicitation of the SAW method estimates the index of suitability, which
is an extensively employed method for scheming and computing final score values of multi-criteria
problem sets. Thus, in multi-criteria decision problems, it is used to determine the suitability value
according to the grading scale used for the suitability index 0 to 255 (the higher score is the more
suitable area), as shown in Equation (2) [41].

SI =
n

∑
j=1

wixij (2)

Sensitivity analysis is employed to examine the stability and constancy solution. The selected
alternative and its rank are the alternations inside the input data. Finally, in this study, to change
the weights of the input criteria, sensitivity analysis is applied and the generated outcome provides
an idea of the visualization layout of the final results. Meszaros and Rapcsak [42] mentioned that
sensitivity analysis is used to check the constancy of the answers acquired against the subjectivity
that the decision-makers might create. In order to gauge its sensitivity, the sensitivity analysis is
ended where the GIS layers’ weights are changed to measure the differences in the biomass power
facilities’ suitability maps. Precisely, five different scenarios (A to E) were applied for the sensitivity
analysis: for A, 0.33 is applied to all criteria as equal weights; for B, 0.50 is applied to biomass
socio-economic criteria (given the priority) and 0.25 is applied to the rest of criteria; for C, 0.50 is
applied to environmental criteria (given the priority) and 0.25 is applied to the rest of criteria; for D,
0.50 is applied to general geophysical criteria (given the priority) and 0.25 is applied to the rest of
criteria; and for E, the suitability map—based on the authors’ weightings—are applied as 0.59, 0.29
and 0.12 for three criteria, respectively.

2.3. Survey Modeling Description

Five integration scenarios were obtained by the previous sensitivity analysis and the effective
likelihood was tested by the stakeholders. For the test, survey data were collected with questionnaires,
which avoids motivation of participants’ problems and augments effectiveness [43] and is designed
by up-to-date standards to extract individual preferences [44,45]. Precisely, a total of 105 answered
responses were collected through the survey.

Three parts addressed in the survey questionnaire consisted of the following: the first part
questions the general background; the second part questions the likelihood that integration measures
could be implemented if a certain scenario is applied (e.g., a total of five integration scenarios,
numbered A to E, based on a five-point Likert-type scale), which can extend from ‘very likely’ to ‘very
unlikely’; and the third and final part gives a choice for remarks and a zone for an email address if the
stakeholders desire to be notified of the research results at a later time. Specifically, 105 respondents
(86.78%) as actual participants from a total of 121 stakeholders completed their answers for the
survey questionnaire. Their answers were post-coded to specify more generic explanations for the
further assessments.

3. Results and Discussion

Regarding the final results, obtained through a participatory operative multi-criteria F-DEMATEL
and GIS-MCDA method from the twelve possible impacts grouped into three criteria, the map layers
were presented using SAW and sensitivity analysis to identify biomass power facility locations under
biomass feedstock and climate change in the proposed case study area. Then, these five different
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integration scenarios, containing five biomass power facilities constructed in the area, were evaluated
by 105 stakeholders using a survey questionnaire. Hence, they conveyed the correct routine and
redirected the main patterns and designs used to locate biomass power facilities under climate
change vulnerabilities.

3.1. Participatory Spatial Location Analysis

Figure 3 shows three major criteria as intermediate layers (see figures on the left of Figure 3),
derived from the previous twelve sub-criteria displayed in Table 2, the final suitability map (E),
and the current situations faced by the five biomass power facilities in the proposed case study
area. Three intermediate maps were calculated and aggregated: 0.59 was applied to the biomass
socio-economic criterion, 0.29 was applied to the climate change environmental criterion, and 0.12
was applied to the general geophysical criterion. Then, these generated maps present consistent and
constant processes for concluding the land optimization, suitably fulfilling the research goals presented.
To extract the final suitability map (E), the SAW method was first used. The maps of biomass power
facilities under biomass feedstock and climate change were recognized as the suitability index 0–255
(the higher the number is, the more priority the area in the dark blue color), as shown in the legend of
Figure 3. Constraints can be excepted from the suitability map (E) (see figures on the right of Figure 4),
which always left Boolean-like masks and was truly not connected with any procedure of weight
distribution. The analysis of the results determined that the most suitable locations were near to
forest and agricultural areas, with 9.23% and 5.53 km2 being the transport cost, and precipitation and
vegetation cover, respectively, as the most influential ones under each criterion. Regarding the five
biomass power facilities (named BPF1 to BPF5) (see figures on the right of Figure 3), we can see that one
was situated in suitable areas (BPF4), two were in moderately suitable areas (BPF1 and BPF5), and two
were in slightly suitable areas (BPF2 and BPF3). None were in the most suitable area. Alternatively, we
suggest moving the current locations and/or constructing a new biomass power facility in the very
highly suitable areas.

Figure 4 presents different suitability maps from the sensitivity analysis test for identifying
suitable areas for biomass power facilities in the proposed case study area. The maps used the various
criteria weights of the SAW method and sensitivity analysis. Five different integration scenarios
were produced by the sensitivity analysis, with different weights applied to the aforementioned three
criteria. Five different scenarios (A to E) indicate the following (as shown in Figure 4): A applies
equal weights to all criteria (0.33 to all); B prioritizes biomass socio-economic criteria (0.50, 0.25 and
0.25); C prioritizes climate change environmental criteria (0.25, 0.50 and 0.25); D prioritizes general
geophysical criteria (0.25, 0.25 and 0.50); and E is the suitability map based on the authors’ weightings
(0.59, 0.29 and 0.12 for three criteria, respectively). Specifically, each run generates a different final map
of a distinct new biomass power facility site. Regarding the sensitivity analysis, scenario E (suitability
map) had the biggest suitable area (5.53 km2). Additionally, looking at scenario D (priority to general
geophysical map), which had the smallest suitable area (2.30 km2), there was 3.23 km2 and 5.40%
difference between D and E. Hence, it indicates how to manage the location suitability problems, as
well as the straightforward link for molding the highly suitable and favorable areas for a locally built
biomass power facility.

The application of a multi-criteria model, based on the adopted criteria for identifying suitable
areas for biomass power facilities under biomass feedstock and climate change, verifies as positive
and justified in sustainable environment. The sensitivity analysis, which alters the criteria weights,
reveals a high degree of model stability and constancy. Hence, because of its flexible character,
this methodology can be utilized for renewable and sustainable energy planning and development
policy at all governmental and industrial sectors for solving decision problems. Thus, this approach
allows for the utilization of individual advantages that take a much more holistic view on certain
decision-making processes.
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3.2. Survey Modeling Analysis of Integration Scenarios

The five different integration scenarios explained above (see Figure 4) were determined feasible
for the effective integration of biomass power facilities’ adaptation to biomass feedstock and climate
change. This is because of the combination of the theoretical approaches while mutually reimbursing
them for their fragile points. The sensitivity analysis results revealed that the paradigm pattern shaped
by the SAW had very high dependability and suitability. Whereas the previous theoretical approaches
were assessed by the stakeholders, this work sheds light on the implementation chances of a larger
stakeholder population of the five integration scenarios (see Figure 5). Particularly, these results
were also reinforced by a five-point Likert examination completed by 105 stakeholders. Scenario E
(suitability map) acquired 29% ‘very likely’, whereas scenario D (general geophysical map) acquired
7% ‘very likely’ (see Table 4). Through the analysis of the map and survey questionnaire, an interesting
facet can be found: both analyses reinforced that scenario E is the most favored and scenario D is
the least favored. Thus, scenario E, as most favored, has an overall assessment of 3.84 calcification, a
difference of 1.51 points when compared with scenario D (least favored). Between scenarios A and
C, there is no indication of a significant difference to prove. Hence, the aforementioned clarified
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integration scenarios are considered reasonable and practical for the effective integration of biomass
power facilities’ adaptation on biomass feedstock and climate change.
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Table 4. Likelihood of the integration strategies by the survey.

Intensity Category A (%) B (%) C (%) D (%) E (%)

0 Do not know 5 6 5 7 4
1 Very unlikely 12 5 14 19 2
2 Unlikely 16 11 22 40 6

3 Not unlikely or
likely 19 20 16 9 11

4 Likely 32 36 31 18 48
5 Very likely 16 20 12 7 29

Overall (Point) 3.09/5 3.31/5 2.90/5 2.33/5 3.84/5

3.3. Study Discussions, Comparisons and Limiations

Although a new method was presented for adapting biomass power facilities under biomass
feedstocks and climate change, this work has several discussions, comparisons, and limitations for
authentic implication. This work discusses an operative participatory multi-criteria F-DMATEL and
GIS-MCDA, in the context of professionals’ and stakeholders’ participation, to analyze the location
and integration scenario of biomass power facilities under the consideration of biomass feedstocks and
climate change for the renewable energy sector. The approach is confident and justified based on the
adopted criteria in the agroforestry system environment. Positively, it distinguishes space parts, which
are vastly favorable and suitable for planning biomass power facilities on a long-term, sustainable
basis. The sensitivity analysis, which changes the criteria weights, reveals a high degree of model
constancy and stability. By shifting the weight coefficients of the criteria, the analysis of the sensitivity
test discloses a high stability degree of the proposed model. Hence, the validation of the proposed
methodology can be utilized as a decision-making tool to support proper sustainable planning and
development of a biomass power facility under the impact of climate change.

With the comparison of approaches available in literature, a range of factors and methodologies,
inducing the optimization and decision-making of biomass power facility locations, are studied.
According to Viana et al. [46], GIS data has been utilized to analyze, map, regulate, and classify the
optimal biomass power facility location by gathering the radius area of thirteen new forest biomass
power facilities in Portugal. Herrea-Seara et al. [47] utilized a MCDA, as well as AHP and GIS
techniques, to choose the optimal biomass power facility location in Granada province in Spain, and a
comparable approach was projected in Valencia province by Prepina et al. [48]. The Valencia province
case of Spain has also been addressed with different approaches and methodologies to associate GIS
methods on mathematical programming in order to optimize the location and size of a biomass power
facility [49], as was a similar case in Italy by Freppaz et al. [50].

This work then describes the limitations. It notes that the data for the influence and risk appraisal
were attained from a very extensive scope and established with diverse research methods. These very
extensive analysis goals to reduce the uncertainty and insecurity levels of the results were acquired
from the numerous pertaining methods. Nevertheless, across works in a particular area, it can be
stimulating to build harmony and commonality. This work consequently reproduces data that can
be contradictory. Additionally, the weighting mechanism for criteria is slightly arbitrary in character,
and it is recognized that grounding the method upon the criteria is broadly conventional of impact
evaluations available in various peer-reviewed literature. Hence, further analysis of the previously
mentioned factors could move toward to tangible likelihood together with these limitations given
in advance.

4. Conclusions

The approach proposed in this study, as a powerful application, shows the final results via a
participatory operative F-DEMATEL and GIS-MCDA method, together with SAW and the sensitivity
analysis, and consequently answers biomass power facilities’ suitable location questions in regard
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to renewable energy problems under climate change on a long-term, sustainable basis. The results
derived from the criteria and groups decided by professionals demonstrate five different integration
scenarios of the current five biomass plants constructed with five categorical values on a grading scale
of 0 to 255. The five scenarios were assessed by the stakeholders via the survey. Hence, this study
denotes a proper way to optimize suitable biomass power facilities under biomass feedstocks and
climate change in the aforementioned case study area.

This work describes an operative participatory multi-criteria F-DMATEL and GIS-MCDA approach,
in the context of professionals’ and stakeholders’ participation, to analyze the location and integration
scenario of biomass power facilities under the consideration of biomass feedstocks and climate change
for the renewable energy sector. It was applied to an empirical case study area of agroforestry systems,
ASPS, in Spain. SAW and the sensitivity analysis deliver great flexibility in the arrangement procedure,
proposing rankings-based weights. The analysis of results determines that the most suitable locations are
near to forest and agricultural areas, with 9.23% of the proposed case study area being the transport cost,
and precipitation and vegetation cover as the most influential one under each criterion. For five biomass
power facilities (named BPF1 to BPF5), we can see that one is situated in a suitable area (BPF4), two are
in moderately suitable areas (BPF1 and BPF5), and two are in slightly suitable areas (BPF2 and BPF3).
None are in the most suitable area. Regarding the sensitivity analysis, scenario E (suitability map) had the
biggest suitable area (5.53 km2). Additionally, looking at scenario D (priority to general geophysical map),
which had the smallest suitable area (2.30 km2), there was 3.23 km2 and 5.40% difference between them.
The results of the sensitivity analysis suggest that the paradigm created by SAW has high reliability and
suitability. These results were also supported by a five-point Likert test completed by 105 stakeholders.
Scenario E acquired 29% ‘very likely’, while scenario D acquired 7% ‘very likely’. The integration scenarios
explained above are considered feasible for the effective integration of biomass power facilities’ adaptation
on biomass feedstock and climate change.
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Nomenclature

AHP analytic hierarchy process
ASPS agro-silvo-pastoral system
ESDSS energy spatial decision support system
e decision-maker preference
EU European Union
F-DEMATEL fuzzy-decision-making trial and evaluation laboratory
FIT feed-in-tariff
GHG greenhouse gas
GIS geographic information system
k total number of decision-maker
MCDA multi-criteria decision analysis
n number of criteria
PCM pairwise comparison method
P final criteria
PSP participatory spatial planning
SAW simple additive weighting
SI suitability index
TFN triangular fuzzy number
xij grading value of area i under criterion j
wi normalized value of weight criterion i
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