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Abstract

This work addresses the problem of determining the most suitable sites for locating
biogas plants using dairy manure as feedstock, specifically in the Entre-Douro-e-Minho
Region in Portugal. A Multicriteria Spatial Decision Support System is developed to
tackle this complex multicriteria decision-making problem, involving constraints and
many environmental, economic, safety, and social factors. The approach followed
combines the use of a Geographic Information System (GIS) to manage and process
spatial information with the flexibility of Multicriteria Decision Aid (MCDA) to assess
factual information (e.g., soil type, slope, infrastructures) with more subjective
information (e.g., expert opinion). The MCDA method used is ELECTRE TRI, an
outranking-type method that yields a classification of the possible alternatives. The
results of the performed analysis show that the use of ELECTRE TRI is suitable to
address real-world problems of land suitability, leading towards a flexible and integrated
assessment.

Keywords: Siting problem, Location analysis, Land-Use Suitability, Multiple Criteria,
Spatial Decision Support Systems, ELECTRE TRI.
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1. Introduction

Livestock farms produce excreta in large quantities, which traditionally have been used
directly as manure to fertilize the land. However, in some cases, the disposal methods can cause
environmental problems such as odour and water pollution [1]. There is growing interest in
installing Anaerobic Digester (AD) to use dairy manure as a biomass resource for both
economic value and environmental benefit [2,3]. An AD energy system promotes methane
production, captures and converts it into electricity and heat, and also yields a fertilizer.

Biomass is part of Portugal’s renewable primary sources, but in 2008 the relative
contribution of Portuguese biogas for the biomass primary energy consumption did not reach
1% [4]. This factor together with the high biogas potential of Portugal shows that this important
sector has been somewhat neglected [5].

To promote the development of dairy manure-based bio-energy systems it is essential to find
suitable locations for such development [3]. Land-use suitability analysis is a tool used to
identify the most suitable places for locating future land uses according to specific requirements,
preferences, or predictors of some activity [6]. Determining suitable land for a particular use is a
complex process involving multiple aspects that may relate to biophysical, socio-economic and
technical aspects [3].

Choosing an appropriate location for a biogas plant is a task for which Geographic
Information Systems (GIS) and Multicriteria Decision Aid (MCDA) are helpful [7,8,9,10].
MCDA provides significant support for the generation and comparison of alternatives taking
into account the evaluation criteria through an active participation of experts and stakeholders
involved in the decision-making process. MCDA offers as set of procedures, techniques and
algorithms for structuring decision problems, and designing, evaluating and prioritizing decision
alternatives [11,12]. Location problems have strong spatial dimensions, as a large number of
spatial variables are involved, such as the proximity to rivers, roads or populations, and spatial
characteristics of the region including geology, slope, and soil types among others. GIS are
designed to store, manage, analyse and visualize geospatial data required by decision-making
processes [13].

A large number of papers concerning multicriteria suitability analysis and GIS have been
published (see [14,15,16,17,18,19]). More recently, GIS has been combined with MCDA in
environment/ecology (e.g. [20,21]), in undesirable facilities location (e.g. [22,23,24]), energy
([25,26]), and location ([27,28]), among other application areas.

In this context, a specific family of Decision Support Systems (DSS) named Multicriteria
Spatial Decision Support Systems (MC-SDSS) may provide effective support. MC-SDSS
typically includes a set of geographically defined alternatives from which a choice, a ranking or
a classification of a set of alternatives is made with respect to a given set of evaluation criteria
[17].

In this paper, a spatial multicriteria approach for supporting decision-makers in the process
of locating of biogas plants is proposed. Spatial multicriteria analysis requires information on
the value of the criteria and geographical location of the alternatives, in addition to the
preferences of decision makers. A variety of constraints, as well as economic, environmental
and social factors are integrated in this approach to help determine the most suitable sites for
installing such bio-energy systems. As an application of the approach proposed in this work, a
land suitability map for locating biogas plants was developed for the Entre-Douro-e-Minho
(EDM) region in Portugal. The result is a classification of each potential location into one of
three categories of suitability: low, medium, or high suitability.



2. Methodology

The MC-SDSS developed for the present study is shown in Figure 1, encompassing the
three phases: intelligence, design and choice, according to the model proposed by [29]. In the
intelligence phase, data is acquired, processed, and an exploratory data analysis is performed.
This phase focuses on structuring the problem after which the objectives to pursue are explored
and the evaluation criteria or attributes are selected. The design phase involves data collection
and processing, as well as the development of multicriteria analysis through the definition of the
relationships between objectives, attributes and preferences of the decision maker [12]. In this
phase, specific decision rules are used to evaluate and sort alternatives. The choice phase
usually involves formal MCDA-GIS interaction in order to develop a solution set of spatial
decision alternatives, with integration of decision analytical techniques and GIS functions. In
this phase, alternatives are evaluated in order to derive appropriate recommendations. This
general framework for MC-SDSS development is based on the general architecture of spatial
multicriteria decision-analysis from [12], but presents some changes in the Design Phase, such
as the iterative application of the ELECTRE TRI to perform MCDA, and uses an innovative
way to define the set of alternatives that are evaluated.

Figure 1 goes about here

2.1.Problem Definition

The EDM Region is located in the northwest of Portugal and consists of a set of 10
counties: Viana do Castelo, Barcelos, Esposende, P6voa de Varzim, Vila Nova de Famalicio,
Vila do Conde, Santo Tirso, Trofa, Maia and Matosinhos, with an area of 158,438 km”. This
region has 1705 dairy farms with more than 100,000 bovine animals, which produce
approximately 1.5 million cubic metres of wastewater (solids and liquids) per year.

The dairy sector has significant economic and social importance to this region. However,
this activity has generated numerous environmental problems linked to the high spatial
concentration of farms and increasing number of animals, either caused by the volume of
effluent generated and related impacts on water and soil, or by conflicts with urban areas. These
factors, sometimes associated with insufficient storage capacity and sewage treatment, as well
as the misuse of equipment and methods of spreading in the soil, result in contamination of
crops and waterways, as well as production of unpleasant odours, among other problems.

As pressure from environmental regulations and surrounding community increases, it is
important to build a set of ADs for a better manure management in this region. On the other
hand, biogas plants belong to the group of undesirable facilities and are considered as NIMBY
(not in my backyard) facilities, whose location presents two main problems to be addressed: (i)
social opposition and (ii) a large number of social, economic and environmental data that have
to be taken into account [30].

2.2. Constraints and Factors

Recently, in Portugal, there has been a concern regarding the problem of evaluation of
biogas production using different sources, but there is still no legislation defining the location,
characteristics and limitations for installation of this type of plants. In this study, we resorted to
Portuguese legislation directed to the installation of similar infrastructures (such as solid waste
landfill), European legislation, other studies and the contribution of two experts — an agronomic
engineer, specialized in the environmental field and GIS applications (Expert 1), and another
agronomic engineer specialized in Photogrammetry and Remote Sensing (Expert 2), who have
developed various works in the region in study.

In the present study 20 criteria (attributes) are involved in the methodological process,
either as constraints (or exclusionary criteria) or factors (or non-exclusionary criteria).

We consider seven exclusion criteria, defined in Table 1 by Expert 1 that considered
legislation about the implementation of landfills, the Municipal Master Plans and other similar



studies such as [3,31,32]. Based on these constraints the GIS obtains independent eligible
geographic areas of polygonal shape (referred as polygons from now on) considered as non-
excluded or potentially suitable sites, through basic GIS operations of ESRI® ArcGIS® 10
(buffering, boolean logic, etc.) [33]. An additional constraint named "Minimum Area"
represents the minimum area of the polygon required for the implementation of a centralized
biogas plant. We defined that the implementation of a centralized biogas plant occupies at least
one hectare (ha), based on Expert 1 knowledge and other studies as [34]. The final constraint
relates to the physical shape of polygons, which sometimes are not realistic options for the
implementation of this type of infrastructure. In this work, we use a shape measure including
area and perimeter measures — the compactness (or circularity ratio). Involving the Expert 2
about different shape measures and [35], a restriction “Adequate Shape” is defined based on a
constraint of each polygon area (represented in Table 1). Considering the constraints set, we
obtained a suitability map containing the location alternatives.

Table 1 goes about here

In this study, the criteria factors are defined by the expert who identified three dimensions:
an environmental dimension, an economic dimension, and a social and safety dimension. A
biogas plant site should be situated as far away as possible from biophysical elements such as
water, and other areas with ecological and agricultural value in order to reduce the risk of
contamination and to protect the environment. The use, occupancy and type of the soil also
should be considered to minimize the impacts on their use and to reduce risks. Moreover, when
considering economic feasibility of a candidate site, the proximity to the electricity network, the
proximity to roads and the slope of the terrain are important. At the same time, the biogas plant
is considered to have a significant impact on the population living within close proximity to the
site, due to concerns such as aesthetics, odour, safety, noise, decrease in property value and
health hazards. Therefore the plants should be situated at a considerable distance from urban
residential, commercial and industrial areas. In this study, we considered 13 criteria factors
(Table 2) defined by the two experts, based in their knowledge and in study [32], where some
factors (roads, transmission lines, urban areas, water and slope) are considered.

Table 2 goes about here

These factors are mostly quantitative and represented by distances, and so the majority of
the derived maps are distance maps. Only two criteria are qualitative (“Occupation and Land
Use” and “Agricultural Soils”), given the subjectivity of qualitative criteria, we proceed to its
simplification through the use of a rating scale defined by the experts.

2.3. Outranking Method

Outranking methods are a type of MCDA methods that are well suited to land suitability
assessment and to deal with spatial decision problems since they: (i) permit to consider
qualitative evaluation criteria (in addition to quantitative ones) for which preference intervals
ratios have no sense; (ii) permit to consider evaluation criteria with heterogeneous scales such
that coding them into one common scale would be very difficult or artificial; (iii) avoid the
complete compensation between evaluation criteria; and (iv) require a fewer amount of
information from the decision maker [36]. But it is also recognized that these methods are
subject to computational limitations with respect to the number of decision alternatives [37].
Outranking approaches require a comparison of all pairs of alternatives along each factor
defined. In cases where dealing with large raster datasets these methods reach their
computational limits quickly.

In this study the previously identified potential sites (polygons) are the location alternatives
to be subject to a multi-criteria evaluation process. Each of polygons has a different shape and
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area and the occupied space is not homogeneous for each factor. The MCDA method requires
numerical values but it is not possible to associate with each polygon a unique value for each
factor. To overcome this difficulty we resort to descriptive statistical values and spatialized
scenarios. We apply this process again to new smaller sites inside these classified polygons,
created through a vector grid, to obtain a more specified and complete suitability classification.

2.3.1. Decision Matrix and Spatialized Suitability Scenarios

In order to obtain a decision matrix indicating the performance of each alternative on each
factor, the minimum and maximum values of all factors across each region are computed, using
a tool in Spatial Analyst’s, the “Zonal Statistics” of ArcGIS®. Although the maximum and
minimum values are two extreme measures we consider that using a simple average value as an
estimate would be insufficient to address the potentially significant differences between the best
and the worst cases.

In order to classify each alternative, the decision matrix is constructed taking into account
two scenarios, called “Best” and “Worst” scenarios. The Worst Scenario decision-matrix
contains the worst values, i.e. the minimum values of each criterion for each alternative,
obtained from the Zonal Statistics tool, if the objective is to maximize, and maximum values, if
the objective is to minimize. On the contrary, the Best Scenario decision-matrix contains the
maximum values if the objective is to maximize and the minimum values if the objective is to
minimize. Thus, two decision matrices associated with two scenarios were obtained, on which
the decision rule will be applied. Each of these scenarios has spatial information about each of
the factors involved, which is the input for the MCDA method. If the classification is the same
in both scenarios, it means that we can classify this alternative in that particular category and so
the classification is robust regardless of the location of the plant within this site.

In some polygons there is only one possible location for the biogas plant, whereas in some
large polygons there may be several locations where the biogas plant may be implemented. We
consider that it is important to study the location of the biogas plant within suitable areas that
are comparable in size and that are small enough to be considered homogeneous (i.e. the
characteristics of the location should not differ much from one place to another inside a
polygon). For this purpose, we create a vector grid that intersects with suitable areas, creating a
grid within these sites. The Vector Grid generation process subdivides larger areas into smaller
regular polygon cells and allows saving the polygon cells generated as a vector object. For the
Grid Generation a tool called ET GeoWizards [38] in ArcGIS® is used. The cell size must be
greater than the minimum required area (1 ha) since the grids created in this work will also be
considered as possible alternative locations for the biogas plant. In this study, we considered
that the cell size of the grid is two hectares. The grids obtained are intersected with some of this
suitable polygons and the intersect results from both have to be re-analysed using the constraints
related to the minimum area required and the adequate shape (adapted for this step).

2.3.2. ELECTRE TRI Method

The chosen MCDA method is ELECTRE TRI, which is specifically devoted to
classification problems and has been used by several authors in environmental problems (e.g.,
[39,40,41,42,43]).

ELECTRE TRI has been developed for dealing with the so-called sorting problematic,
which sorts a set of alternatives into a set of predefined categories, considering multiple criteria.
This assignment of each alternative a; from a set A to a category or class C; is undertaken,
based on a comparative study between each alternative and the reference profiles that
characterize the limits of each category. To assign each alternative to a category,
ELECTRE TRI makes use of the outranking concept, building binary relations among each
alternative a; and the profiles b; and b;_; that bound each category C;. For the context of this
problem, each a,, represents a suitable site to be sorted, and each profile b; defines a category



of suitability. The method assumes that classes are listed in increasing order of preference, e.g.,
C; is the worst category (least suitable for a location).

ELECTRE TRI builds a valued outranking relation S whose meaning is “a;, is at least as
good as b;” [44,45], i.e., it defines an index o(ay, b;) € [0,1] that represents the degree of
credibility of the assertion a;Sbh;. The assertion a;Sbh; is considered to be valid if a(ay, b;) = A,
A being a “cutting level” such that 4 € [0.5, 1], that is defined as the lowest degree of credibility
(o) for which we can say that a; outranks b; [46,47].

According to the pessimistic procedure, which is the one most used in practice [46], the
alternative a;, is assigned to the highest category C; such that a; outranks b;_; (the category’s
lower bound) and does not outrank b; (the category’s upper bound). For further details on the
algorithm and concepts of this method, see [44,45,46,49,50,51].

2.3.2.1. Decision makers preferences of ELECTRE TRI

In this work ELECTRE TRI classifies the alternatives according to predefined categories
which are: Category 1 — low suitability, Category 2 - medium suitability and Category 3 - high
suitability. The criteria (factors) considered are those presented in Table 2. ELECTRE TRI will
evaluate land-use suitability according to multiple factors considered by a comparison of the
category profiles, in order to classify the most suitable sites for implementation of a biogas
plant, with the subjective parameter values (that express preferences) being specified by experts,
legislation and other studies. The most important subjective parameters are composed of two
reference profiles (b, and b,). The reference b, defines the set of criteria performance values
separating medium and high suitability, whereas reference b; defines the limits separating low
and medium suitability. Each alternative is compared with these reference profiles. If an
alternative outranks b,, its suitability is qualified as high. In an analogous way, its suitability is
low if it does not outrank b;. If the alternative outranks b; but does not outrank b, its suitability
is qualified as medium. The reference profiles set by the expert are presented in Table 3.

Table 3 goes about here

Other subjective parameters are weights (k j) and three thresholds: indifference (g j),
preference (p;) and veto (v;), which are associated with each soft criterion. Weight expresses
the relative importance of the criteria. Indifference is the largest difference in performance, for a
factor, that may be considered insignificant. Preference is the smallest difference in performance
constituting a clear advantage. The veto threshold indicates a difference in performance
(discordance) so large that it vetoes an outranking, even if all other criteria agreed to it. In
practice, setting a veto threshold allows to specify minimum performances that an alternative
has to achieve to reach a certain category, and that cannot be compensated by excellent
performances in other criteria. The indifference, preference and veto thresholds, as well as the
criteria weights were obtained directly by considering the responses of experts, as presented in
Table 4. The cutting level considered was A = 0.60 (in the absence of veto, the criteria
supporting an outranking must represent at least 60% of the total criteria weights).

Table 4 goes about here

2.3.2.2. Tterative application of ELECTRE TRI

We begin by applying ELECTRE TRI twice to classify the polygons according to the Best
and Worse scenarios, using two decision matrices. If the ELECTRE TRI results (classification)
are the same in both scenarios, it means that we can classify this site in the particular category
and so their classification is obtained regardless of the location of the biogas plant within this
suitable site. In case the classification is different in both scenarios then we create a vector grid
that intersects with suitable sites (polygons) that not are classified yet. ELECTRE TRI is applied



again, considering now the intersected grid cells as alternatives and the same parameters defined
previously. Again, two matrices for each scenario (Worst and Best) and the classification of
each one of grids according to defined categories are obtained but, since the areas are smaller, it
is expected that the differences between the two scenarios decrease. At the end, the most
suitable alternatives are identified and a map of the most suitable sites is obtained.

3. Results
3.1. Obtaining the suitability map

This methodological approach began by considering the seven exclusion criteria defined to
obtain potentially suitable sites. In this case study, 521 polygons (independent geographic
regions) were obtained. However, only 380 polygons have the minimum area required, i.e., 141
polygons were excluded for having an area smaller than 1 ha. Taking into consideration the
adequate shape constraint, 62 polygons that do not fulfil the requirements described above, were
excluded. After applying these three constraints, 318 sites were found to be suitable for locating
a biogas plant, with areas from 1 ha to 35.4 ha.

The suitability map (Figure 2), corresponding to the condition of the study that represents
the suitability or unsuitability of a certain place, shows that a large portion of the area under
analysis is unsuitable due to one or more constraints.

Figure 2 goes about here

3.2. Application of ELECTRE TRI considering the suitable polygons as alternatives

In this phase ELECTRE TRI was applied to 318 sites classified to be suitable as alternatives,
for each scenario (Best and Worst) in order to classify each of the alternatives. The following
results were obtained (Figure 3):

- 245 alternatives (suitable polygons) were classified as Category 1, i.e., low suitability;
- 9 alternatives were classified as Category 2, i.e., medium suitability;

- 1 alternative was classified as Category 3, i.e., high suitability;

- 22 options ranging from low to medium suitability (Category 1 in the worst scenario
and Category 2 in the best scenario, defined as Category 1-Category 2);

- 20 alternatives vary between low and high suitability (Category 1 in worst scenario
and Category 3 in the best scenario, defined as Category 1-Category 3);

- 21 alternatives ranging from medium to high suitability (Category 2 in worst scenario
and Category 3 in the best scenario, defined as Category 2-Category 3).

Figure 3 goes about here

This means that out of 318 alternatives, 255 obtain the same category in both scenarios and
63 alternatives are not definitively classified. To obtain a more detailed classification of the
areas for which the two scenarios do not coincide, these areas were partitioned by means of
grids.

3.3. Application of ELECTRE TRI considering vector grids as alternatives

For a better classification of the 63 polygons not definitively classified, having areas
between 1.1 ha and 35.4 ha, in the second phase a sub-division of these sites with a vector grid
was considered in order to obtain a more specific classification. In this study, quadrangular
grids with two hectares were built using the ET GeoWizards tool.



By intersecting this quadrangular grid with the 63 unclassified suitable sites, 513 grids
were obtained. It is also necessary to require that each of them has the required minimum area
of 1ha, eliminating 389 grids. This yields 124 grids with the required area but some of them do
not have the appropriate shape for the implementation of biogas plants. By imposing the
condition that compactness = 0.40, we obtained 109 grids, i.e., 15 have been eliminated.

Using the ELECTRE TRI for both scenarios (Worst and Best), taking into consideration
these 109 Vector grids as alternatives, the following results were obtained (Figure 4):

- 31 alternatives (suitable sites) are classified as Category 1, i.e., low suitability;
- 11 alternatives are classified as Category 2, i.e., medium suitability;

- 1 alternative is classified as Category 3, i.e., high suitability;

- 31 options ranging from low to medium suitability;

- 3 alternatives vary between low and high suitability;

- 32 alternatives ranging from medium to high suitability.

Figure 4 goes about here

Taking into consideration these restrictions (minimum size and adequate shape) and the
fact that the creation of the grids by ET GeoWizards is automated, some of the 63 suitable sites
do not contain grids. Fifteen suitable sites are in this situation: five are classified as category 1
in the worst scenario and category 2 in the best; four are classified as category 1 in the worst
scenario and category 3 in the best and seven are classified as category 2 in the worst scenario
and category 3 in the best.

Overall, we obtained:

- 39 sites classified as Medium-High suitability (classified as category 2 in the worst
scenario and category 3 in the best scenario), of which 32 appeared as grids and 7 as
suitable polygons;

- 2 sites classified as High Suitability are added to this: one being a grid and the other
one a suitable polygon. The area of the most suitable sites varies between 1.038 and
2.215 ha.

These 41 sites deemed to be the most interesting ones for locating biogas plants are spread
over eight counties (Figure 5): Barcelos, Esposende, Maia, P6voa de Varzim, Trofa, Viana do
Castelo, Vila do Conde and Vila Nova de Famalicdo, and about 46% of sites are located in the
county of Vila do Conde, 19.5% in the county of Pévoa de Varzim, 12.2% in Barcelos and
7.32% in Esposende. In addition to polygon distributing across counties, we also analysed the
distribution across parishes (Table 5).

Figure 5 and Table 5 goes about here

3.4. Discussion

The results show that this GIS-based model, by integrating both spatial data and non-spatial
information, is capable of providing a broad-scale and multidimensional view on the potential
bio-energy systems development in the area of study to account for constraints as well as
economic, environmental and social factors.

The suitability of development projects depends, to a large extent, on the integration of local
knowledge with scientific inputs from the stakeholders (e.g. planners, local governments,
electric utilities, dairy farmers and other interested parties) in the decision-making process, so
the involvement of more experts and decision makers will be necessary to eventually implement
decisions based on this type of approach.

The main limitation of this work is that the amount and location of animal waste sources to
be used by a biogas plant was not taken into account. This can be addressed by facility location
optimization models able to consider the amount of waste needing to be processed on each farm
and the road network. Such models usually have a large size. Nevertheless, the work developed
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in this paper allows such a location model to be much easier to solve, since it already identifies
a small number of candidate locations.

4. Conclusions

Multicriteria Spatial Decision Support Systems, with integration of GIS and MCDA,
constitute a very promising research line in the broad field of suitability assessments of land-use
and, particularly, in that of undesirable facilities location problems, thanks to the greater
effectiveness and efficiency gained by the spatial decision-making process. This study presents
an innovative approach to the GIS/ELECTRE TRI methodology, in consideration of two
scenarios and the iterative application of the method, (firstly) considering suitable sites as
alternatives and (secondly) vector grid cells as alternatives, and considering the variability of the
site’s geographical characteristics from one zone to another (factor homogeneity inside each
alternative location).

Using the resulting suitability map the decision makers can make decisions based on better
knowledge of land-use suitability. The domain experts assumed a technical (vs. political)
perspective when setting the ELECTRE TRI parameters. Reaching a final decision can benefit
from involving the local authorities and other stakeholders, who may weigh differently the
evaluation criteria and may bring concerns of a more political nature. Therefore, although land
plots excluded by the hard constraints or poorly classified by the ELECTRE TRI model are
clearly alternatives to be excluded, land plots with a good classification are not necessarily
politically acceptable alternatives for siting a plant.
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Constraints

Description

Hard Criteria

National ecological
reserves, Natura 2000
and Protected Areas

Areas classified as National Ecological Reserve, Protected
Areas and Natura 2000 are excluded from the analysis.

Hydrographic network | To exclude areas which contain or are less than 150 meters
away from water lines

Roads and Railway To exclude areas which contain or are less than 70 meters
away from motorways, regional roads, national roads and rail
network.

Slopes To exclude areas with slopes greater than 15% or less than
2.5% (avoid areas prone to flooding and high costs of
construction)

Urban, Industrial and | To exclude areas which contain or are less than 200 meters

Commercial and | away from Urban, Industrial and Commercial and

Infrastructure Infrastructure areas (Airports, port areas and other equipment).

Built-up areas

To exclude Buildings (isolated type, as residential
building)

Electricity Grid

To exclude areas whose distance to the Very High Voltage
electrical lines is less than 200 meters, the distance to High
Voltage lines is less than 100 meters and the distance to
Medium Voltage lines is less than 50 meters (for security
reasons).

Minimum Area

Potential sites must have an area of at least one hectare (ha) for
implementation of a biogas plant.

Adequate Shape

Exclude polygons that verify the following condition:
(1 < area(ha) < 1.5 and compactness < 0.45) or
(1.5 < area (ha) < 2.5 and compactness < 0.25).

Table 1. Description of the constraints defined in the suitability analysis.




Type Name Factors Objective
F1 Distance to the National Ecological Reserve Maximize
Environmental F2 Distance to Protected Habitats (Natura 2000 and Protected Areas) Maximize
F3 Distance to the National Agricultural Reserve Maximize
F4 Distance to Hydrographic Network Maximize
F5 Occupation and Land Use (qualitative assessment of adequacy) Maximize
Fé6 Agricultural Soils (qualitative assessment of adequacy) Maximize
F7 Slope (in %) Minimize
Economic F8 Distance to Highways, Regional and National Roads Maximize
F9 Distance to the Municipal Roads and Paths Minimize
F10 Distance to Electricity Grid - Medium Voltage Lines Minimize
F11 Distance to Electricity Grid - High Voltage Minimize
Social and F12 Distance to Urban, Industrial, Commercial and Infrastructure Maximize
Safety F13 Distance to the built-up areas Maximize
Table 2. Description of the factors defined in the suitability analysis.
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 FI12 FI3
b, | 250 250 200 350 3 4 6 250 150 150 150 600 600
by | 50 50 0 200 2 2 12 150 250 250 250 400 400
Table 3. Reference profiles.
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 FI12 F13
q; | 25 25 15 5 0 0 2 20 20 50 50 50 50
pj | 50 50 35 100 1 1 4 50 S0 100 100 100 100
Vi | 230 230 200 200 @2 3 9 150 350 250 250 400 400
k]- 0.075 0.075 0.10 0.10 0.05 0.10 0.10 0.05 0.05 0.05 0.05 0.10 0.10

Table 4. Indifference, preference, veto thresholds and weights.




BARCELOS
BARQUEIROS
GALEGOS (SANTA MARIA)
GAMIL
ESPOSENDE
ANTAS
VILA CHA
MAIA
GEMUNDE
POVOA DE VARZIM
ARGIVAI
LAUNDOS
TERROSO
TROFA
BOUGADO (SANTIAGO)
MURO
VIANA DO CASTELO
NEIVA
VILA DO CONDE 19
AZURARA
FAJOZES
GIAO 11
GUILHABREU 1
RETORTA 1
VILA NOVA DE FAMALICAO 1
CARREIRA 1
Total 41

NN — = NN W —= W — = = N W= NN W

Table 5. Distribution of the most
Suitable Sites by Parishes.
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Figure 1. The decision flowchart for the spatial multicriteria analysis methodology.
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Figure 2.

Suitability Map obtained after applying the constraints set.
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Figure 3. Classification of the polygons meeting the constraints, considering the best and worst

values for each polygon (map detail).
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Figure 5. Final map of the most suitable sites for siting biogas plant.



