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Abstract: The necessary transformation of the world’s energy matrices has led to a growth in
developing technologies based on renewable sources. In this context, photovoltaic panels and their
components count in Brazil with a production and commercialization chain that has accumulated a
sustained growth of more than 100% of its generation capacities between the years 2018 and 2019, and
that can fulfill or overcome this rate in 2019 to 2020. However, the conditions of a competitive market
and the availability of a significant number of middle and small companies for the distribution and
installation of photovoltaic technology may represent a scenario where multiple indicators must
be considered. The purpose of this study is to apply a combined method to aid decision-making
that corresponds to the supplier selection of the technology in the context of Northeast Brazil. The
method is composed by the combination of a diffuse inference technique together with a multicriteria
decision-making method, VIKOR, and the weight assignment to the indicators using the entropy
method, according to the values of the decision matrix resulting from the diffuse inference technique
that allows to develop the calculus. The results show that data collection from multiple sources and
based on input variables can offer metrics about the suppliers for the selection criteria. Restrictions
derived from data collection can be a barrier, and the method relies on an adapted script that
facilitates application.

Keywords: supplier selection; installation of photovoltaic modules; fuzzy inference; green approach;
selection ranking

1. Introduction

The development of new technologies for the generation of renewable energy through solar
chemical, solar thermal and solar photovoltaic methods has allowed, in recent years, an increase in
investment levels for these types of energy sources [1,2]. The use of solar energy represents a field of
strategic development where photovoltaic technologies (PV) are implemented to a great extent [3].
Countries such as China (176.1 GW (Giga Watt)), the United States (62.2 GW), Japan (56.0 GW) and
Germany (45.5 GW) are references in the creation of infrastructure for photovoltaic modules and
solar power generation, which represents a contribution to the reduction of CO, emissions and a
contribution to sustainability [4,5].

In Brazil, according to [6], the efforts to establish energy sources through PV, be it distributed
or not, differ in the incentive for investment with a credit line. According to [7], this allowed the
creation of networks of small and medium-sized companies for sale and installation, which represent
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suppliers of the installation services. The market conditions of PV in Brazil grew by 1.2 GW in 2018,
and are projected to grow by 300% in 2019 to 2020. I light of these conditions, the demand for a
supply chain is strengthened, and therefore suppliers are a key link to allow the adoption of and
investment in PV technologies. The study of the procedures for the evaluation of suppliers of PV
installation services reveals that the necessary classification of the criteria that define the profile of
these actors, [6], is lacking in terms of valuation and integration of technique, as well as in economic
and environmental dimensions.

The Northeast of Brazil presents favorable irradiation conditions with values of 4.20-6.30 kWh+m 2,
which justifies financing projects and, therefore, installation of this technology, both in the residential
and business sectors. According to [8], the results on the installation of photovoltaic energy generation
plants are shown by its current rise over the wind energy generation in the National Interconnected
System. Thus, the link between the economic and environmental aspects that characterize the mentioned
region and the diagnosis of the existing conditions in companies that provide these services, which
contribute to the decision-making regarding the use of this natural resource and investment mode,
must be studied.

Green financing refers to investment forms [9,10] that are summarized in a system of
performance-oriented indicators vs. risk. The relationships in fact exceed the limits of costs and sources
of funding for the case of PV technology, where it is considered to use such resources. Articulating this
subject in the selection of suppliers of PV technology, in green financing it is conceptually essential to
define the relative weight of each valued dimension. For questions concerning policies and financing
strategies in the Brazilian context, it can be stated that this sector presents a credit line for the adhesion
of the different socio-economic actors to the PV technology that is valued in PR: Law 13.20-2015, [7].

The causes of investments flexibility derive from the renegotiation of the hydrological risk of
electric power generation, where PV technology offers a potential of local generation through credit
lines such as [11-13] which are financing lines for companies and individuals to purchase and install
solar energy equipment. The conditions of green finance and investment forms in Northeast Brazil,
which it constitute an important point for the suppliers, will be discussed.

In this line of valuation, the access that a supplier provides during the training-orientation-aid on
financing would represent a differential for the selection, which corresponds to the economic dimension.
For its part, the provision of environmental licenses and certification of technical-environmental
standards by suppliers are proof of corporate competence to deal with the barriers to access green
financing, which represent another edge that presents green financing [10]. Therefore, the conditions
under which each supplier can meet the requirements demanded by customers for green financing
is key.

PV systems in the power generation sector have recorded doubling growth rates per year.
According to [8], the combination of favorable regulations plus cost reduction plus tariff increases
results in an exponential increase of micro- and mini- photovoltaic generation. For its part, the industrial
chain for PV technology in Brazil has different actors at each stage of production (raw materials,
material development, manufacture of components and distribution and installation of equipment).
It is precisely this last phase, the distribution and installation of the equipment, which is considered
the target of this study, specifically the process of selecting suppliers related to these activities.

The review of the suggested procedure for the selection of suppliers is demarcated by a checklist
of the conditions and availability of the supplier before, during and after the distribution and
installation [9]. A previous study carried out on a sample of technology recipients shows that despite
the favorable conditions offered by the normative resolution according to [14], there is a lack of
an instrument for evaluating the suppliers of goods and services in the context of acquisition and
installation of components. In turn, the review of individual procedures declared by the companies’
focus of study considers a set of factors, such as green financing, a local feasibility study of installation
and the capacity of flexibility in the distribution and installation of components, which could be
integrated as indicators of the profile of each supplier to be studied. This represents a lack of exploration
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and classification of the supply alternatives, at least from the method guidance. Thus, the creation of a
measurement instrument that considers information based on multiple criteria would help to compare
different companies in the study region.

The elements can be measured by intuitionistic fuzzy sets, which define an evaluation scale for
the criteria that characterize suppliers in terms of corporate responsibility, service qualities and the
corresponding economic aspects [15]. Establishing a framework of criteria that allows for selection
according to a green approach would help the proposal of a procedural. As for the questionnaires
application and consultation of official data on the activities enterprise of the Northeast region,
a database can be defined over a supplier’s sample with a Solar Portal Seal. This seal, according
with [16], is a program that certifies the quality of the installers and that makes the service and
experience of these companies more transparent in the marketplace. When it is cited by suppliers,
it references the distribution and installation of components as a phase industrial chain. Therefore,
some points and the problematic contexts have been considered, after which a solution method is
shown below.

2. Materials and Methods

For the development of this study it will be necessary to use methods and materials that justify
the application of the selected techniques. In this case, the method considered is inductive from the
formulation of a framework of criteria to evaluate suppliers. The selected techniques are composed
of a combination of an intuitionistic fuzzy set (IFS) [17] and VIKOR [18,19] to establish a procedure
for suppliers’ ranking. The goal of the IFS is to establish a qualification matrix for the companies
and the suppliers sampled among the criteria. Additionally, the method of multiple criteria for
decision-making, which is defined as VIKOR, is used to establish a ranking among the suppliers.
The IFS links different states of categorization, such as input variables, which measure the criteria that
characterize the suppliers to establish a model through a value integrated by a mandami system, [20].
Moreover, as a qualification matrix has been defined that can be applied in this case, VIKOR is oriented
to define a ranking on the performance of the evaluated actors. The method allows the integration of
technical-economic and environmental-management criteria that can help the decision-making process
for the projects of the installation of this technology.

3. Brief Theoretical Review

The selection of suppliers for the installation of the PV technology may take into account technical
and economic aspects in accordance with [21]. However, the tendency to establish a balance between
economic and environmental aspects and expectations for the supply services may require an analysis
of the evaluation modes of these suppliers [22,23]. The supply sources of this type of technology
according to a green approach require a theoretical review in order to define which criteria should be
considered in a selection model and implemented in the supplier selection procedure.

3.1. Selection of Suppliers with a Green Approach

The concern for stable sources of supply and the commitment to environmentally responsible
practices represent a shared objective of the 2030 Agenda [24], which binds the actors of the supply chain.
Procurement of inputs and services can help local sustainability objectives, specifically with the
selection of suppliers. One way to study sustainability is to evaluate through the life cycle phases of
the components of a technology that fall under the responsibility of supply chain actors. The green
approach, in this case, would help in the particularization of indicators according to the valuation phase,
being considered by [25] as a multi-criteria decision-making process for the conceptual definition of
the selection of suppliers with a green approach.

The selection of suppliers, and therefore their previous evaluation, may represent in some cases
a systematic process that depends on the frequency of orders placed. The installation and purchase
projects of PV require a rigorous study [8], according to the technical parameters and the conditions of
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the place of use. In this case, this type of decision can be valued by the vendor selection theory [26-28],
which applies an indicator system to the analysis of the suppliers [29,30]. However, another perspective
proposed, according to [31], can integrate the green criteria based on socio-ecological variables. In both
cases—the vendor selection and green perspectives—the evaluation of suppliers creates a complex
scenario that demands the expectations of the receiving units and the evaluation of the supplying
agents already established in the market.

For the vendor selection perspective, the treatment of logistic processes to the acquisition and
use of material resources can be explained by the resource-based view and transaction cost economics
theories. Economic and technical principles represent one of the first elements to be taken into
account [38], in order to establish the efficiency indexes and performance of economic agents in the
analyses [39]. The green perspective of these cited theories presents updates on the relationships
with environmental issues, management and design of the goods studied, which allow a theoretical
approach that defines a system of criteria for the selection of suppliers (see Table 1).

Table 1. Theoretical frame for supplier selection.

Theories Argument Exponents

Economic exchange (transaction) dictates the main determinants of the
TCE theory, which are: (1) frequency, (2) specificity, (3) bounded
rationality and (4) uncertainty and opportunistic behavior. The
application of this theory underlies the quantification of the exchange of
material resources and energy. In this case, it is a determinant for
specifying and identifying assets by the following classification: the
specificity of human capital and the specificity of physical assets and
specifications in situ.

Transaction cost economics (TCE) [32-34]

The resources of a company must have four attributes to have the
potential for sustained competitive advantage: (1) resources must create
value that improves a company’s profits or reduces costs; (2) the appeal
must not be perfectly imitable; (3) the value creation strategy is not
implemented simultaneously by the economic agents and (4) this
feature cannot be replaced. The resources of an enterprise may consist
of human or nonhuman and both tangible and intangible resources, as
long as these resources produce distinct competencies for a company.

Resource-based view [34-37]

The green approach includes a system that benefits environmental factors with concern for the
processes of element design and logistics arising from these activities, through fulfillment standards
such as [40—42]. The application of a procedure for the selection of suppliers may link different
dimensions where the green criteria are distributed, [31,43-47]. Providing a method with these
conditions requires considering aspects such as green finance, environmental standards and the
socioeconomic benefits created, in addition to technical factors. It is important to highlight that these
elements in the clients must be analyzed too [48].

As a guide for the processes of resource extraction, transportation and distribution of the production
flow, manufacturing and reuse of certain resources, the evaluation of the actors would help establish
an integrated frame [41,42]. The theory expresses that the balance between the different dimensions
of study in the context of a supply chain aims to “(...) seek socially beneficial results together with
economic benefits (...)” [49]. This type of approach can contribute to the levels of sustainability of
supply chains from the environmental, technical and economic perspectives, where the green approach
can guide a process of selecting suppliers as an alternative to this theoretical framework. In this case,
green criteria can be distributed through the different dimensions, which will be identified, and as a
result could be tested on a selection model.

The relevance of establishing a decision model about the qualifications of suppliers, in this case
PV installation services, can be explained by a system of criteria that allow evaluation [25]. This leads
to identifying the dimensions that should be considered in the aims of the study based on a green
performance, and which are evaluated below, in accordance with the theoretical review.
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3.2. Dimensions of Analyses for the Selection of Suppliers: Photovoltaic Installation Services Case Study

The analysis process that must be applied to suppliers so as to consider green behavior is defined
by a system of structural dimensions that determine the selection framework. Each dimension that
makes up the model is characterized by different criteria, which are elements to value in the methods
that will be applied to establish a selection ranking. According to [44—46], the selection of suppliers by
green criteria determines a practice that relies on its own drivers to predefine the inputs and outputs of
the system in question. For this reason, each dimension to be considered must be adapted to the context
of the evaluation of suppliers, which allows the diagnosis and measurement of the qualifications
sought (see Table 2).

Table 2. Dimensions system for the supplier selection criteria.

Dimensions Indicators Label Data Source
Provides environmental licenses for projects C; DQ and IQ
Environmental ISO 14000- ISO 9000- SA 8000 Management System G DQ and CDB
Environmental commltmenF expressed by supplier s DQ and IQ
reputation
Sales price of components or installation service Cy CDB and IQ
Economics Related logistics costs Cs CDB and IQ
Credit and advisory channel availability Ce CDB and IQ
Photoelectric conversion efficiency Cy CDB
Degradation rate of installed components Cg CDB
Adaptability to use environment Co CDB
Technical Product defect rate Cio CDB
Delivery time Cnp CDB and IQ
Service warranty period Cpo CDB
Advice on after-sales service of components Ci3 CDB and IQ
Installed technological capacity Cyy CDB and DQ

Note: C: Criteria; DQ: Direct questionnaire to suppliers; IQ: indirect questionnaire (customer responses); CDB:
consultation in institution databases over activity.

Among the dimensions that should be considered in the assessment of the suppliers in question
is the environmental dimension [50,51]. In this case, an element that should be considered is the
direct environmental standard derived from the installation of this type of technology. For this reason,
this type of standard should be attributed basically to the agents down the value chain and to the use
of technology for the installation processes. The indicators that may be appropriate in this case are
associated with the reverse logistics of the components, such as batteries, inverters, load controllers
and photovoltaic cells [6]. Besides the verification of the suppliers of the manufacturing components,
the certification according to the technology standards and the environmental stamps establish an
indication about the qualities of the components to be installed.

The second dimension that must be met in the supplier selection model is related to economic
factors. In this case, the economic dimension should look for the cost-benefit ratio and services
associated with the purchase and installation values of the PV technology. The costs can be described,
according to sale and installation, by the logistical costs directly associated with the acquisition, either
by transport or by a possible import of the components that are evaluated. The expenses not associated
with the logistics of services of the modules depend on each business model adopted by the supplier,
which should be studied for evaluation. Another element is the availability of advisory services by
suppliers for the sources of financing and purchase of PV; here the issue is indirectly related to logistical
costs and the expected profit from the service, which is more important in the decision-making of
clients receiving these items. Thus, the indicators that make up this dimension can be used in the
selection of suppliers.

The technical dimension corresponds to the qualities of the different components of the PV
technology and the working conditions of the actors studied, which creates a differential between the
alternatives for the execution of the installation services. In this case, the indicators depend on the
technical qualities of the inputs to be installed plus the service conditions [52]. The indicators that should
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be related to the technical dimension are in the characterization of the absorption capacities on the part
of a supplier to meet the demands of installation of this technology, which are necessary to guarantee
these prerequisites. For this reason, the technical indicators include aspects of performance, lead times
and levels of accumulated empirical knowledge that can be identified in each supplier studied.

In this way, each of these dimensions creates a network of criteria that establish a model for the
supplier selection for the installation services of PV technology. Therefore, the criteria can be presented
as a hierarchical analysis as a form of exposition of this model [3], and which is defined as follows (see
Figure 1).

[ Supplier Selection ]
| \
Emvirommental Economic Technical

Figure 1. Analytic hierarchy of supplier selection of photovoltaic technologies (PV) installation services.

In this case, the study of the interrelationship between the criteria applied to a sample of suppliers
can create a comparative frame of the actors that are considered, which will be used in the application
of a solution method for the selection of suppliers of PV technology. The focus on companies in the
Northeast of Brazil with the social purpose of the marketing and installation of the PV in the region can
be field-studied for this case. Therefore, as a result of this analysis, a set of questions can be formulated
regarding the dimensions mentioned and the selection problem:

1.  What resource can be used to establish a decision matrix that links the indicators to a sample
of providers?

2. How can the causality between different indicators distributed by the three mentioned dimensions
be evaluated?

3. What are the conditions in the process of qualifying the indicators according to the different
sources selected?

4. According to the number of suppliers with valid data, what will be the ranking of selection
among them?

To answer each of the research questions, an explanation is developed from choosing the method
to the conditions of the contracting process of the installation services and the market for the purchase
of the photovoltaic technology. For this reason, each question must be answered for the practical
development of the exposed theory.

3.3. Supplier Selection Techniques and Method to Use

The problems related to the selection of suppliers have, in general, integrated the issue of
environmental responsibility together with the criteria of economics [53]. As a result, the methods for
establishing a metric to aid decision-making encompass several of techniques that allow for different
types of variables. For this reason, the definition that dictated the selection of the method is based on
this point, according to the literature consulted [25]. Among the aspects that gain weight in the decision
models for the evaluation of suppliers are certain attributes or competencies that must be presented by
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the entities studied. These attributes include environmental standards, responsibility for the mitigation
of environmental impact and seals certification of the business model, which represent discrete
variables and very vague factors of measurement in certain cases. These required measurements must
be attended by the techniques for this type of problem.

At this point, the techniques to be used face the necessary linkage between continuous and
discrete variables, which represents a methodological challenge. Another element is that, despite being
internally heterogeneous, for both variables, an indefinite number of variables need to be considered.
For this type of problem, heuristic and meta-heuristic methods help to create evaluation scales for the
selection and evaluation of suppliers, and specifically in this case [53]. However, this assessment can
be reinforced with the combination of multi-criteria methods that are analytical-type methods ([54]
and cited by [55]), and which contribute to the capabilities of the method in question.

The first case, which will be considered fuzzy logic [56], comprises a set of techniques that allow
different discrete or continuous variables to be measured, simulating human thought. Fuzzy logic
presents techniques such as fuzzy cognitive mapping that helps the study of causality between variables
of different order and complexity [25], and which contributes to the problems of supplier selection.
According to [57], the advantage of fuzzy cognitive mapping is in the understanding of complex
systems, and it is delimited by the quality of the information and the relation of the objects that are
analyzed, [58-66].

On the other hand, a technique that integrates fuzzy sets is comprised of another type of technique,
intuitionist fuzzy sets [17], which is applied by [67,68], and which represents another modeling
perspective for previously cited conditions in fuzzy cognitive mapping. The application of IFS allows to
demarcate [69] from a certain group of input variables the unification through a membership function
into an integrated set of these variables in relation to two dimensions of analysis [70,71]. Therefore, the
application of this IFS resource through a system of input variables can be used with multi-criteria
methods, which in that case represents a group of several techniques.

Among the techniques and methods of MCDM, (Multicriteria Decision-Making), several are
available, such as: VIKOR, AHP (Analytical Hierarchy Process), ANP (Analytical Network Process)
and PROMETHEE, that allow multiple factor processing in relation to groups of alternatives.
The establishment of a ranking between different factors and different case studies leads to the
consideration of VIKOR [18,19]. The conditions it sets out in the IFS output variable allow the VIKOR
method to set out adequate resources for the application of the principle of proximity of optimum
solution, expressed by the objective function. The process elements that this combination represent are
presented below in the integrated method.

Despite this, a system of diffuse inference, recognized by [59], can help interpret and quantify a
necessary dependent variable for the qualities of the study object cited. According to [17], IFS provides
the resources for the comparison of input variables that result in a matrix, which it contributes to the
VIKOR application as a combined method. Therefore, in this study, the strategy that IFS be a modeling
tool is adopted to define an A; ) matrix and the supplier performance levels are determined using the
VIKOR method.

4. Fuzzy Inference Method Integrated with VIKOR

Combining several indicators for the selection of their suppliers allows defining a decision
matrix, A j), which can be formed as an input for a VIKOR method [18,72-75]. The preparation of
these inputs for the VIKOR method must be treated by IFS, which is an instrument of interpretation
with a distributive matrix of the form where f;; represents the values of an alternative in an indicator
(see Equation (1)):

G G Cu
Sui | fu fiz fim

A= Suz | fa f2 fom |,
Suy, f nl f n2 f nm

)
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For the development of a rule for the attribution of measured indicators, an IFS is used,
which includes the weights assigned to the indicators, a qualification of the practice of each indicator
in the suppliers and, finally, the influence of the indicators on the supplier selection, each of which
are input variables. The data sources used combine judgments of clients receiving this service,
self-assessment by the managers of the companies” sampled and complementary information recorded
in databases that monitor this activity in the region. IFS is determined by a mandami model [17,20],
as a multi input-single output system (MISO). The steps of IFS-VIKOR are explained as follows:

Step 1: Establishing linguistic labels in accordance with the membership function model.
In this case, the IFS must meet the following aspects: being a fuzzy set with equality in
{(x, pa(x), va (x))|x € X:, wherein: py4 : X; — [0,1] and va : X; — [0,1], and with conditions such
that 0 < ua(x) +v4(x) < 1; VxeX. For the numbers that are represented as 4 (x) and va(x) it is
intended that [0, 1]. In u(x) are all values that fulfill the membership function model and in v4(x)
are all values that do not fulfill the membership function model, and both values are X in a set of A.
Each value of set X; — [0, 1] is defined as 0 < p4(xm) <1, in which p4(xm) depends on the membership
function model to generate the values of the A;j) with the values Y—[0, 4]. For each input variable,
the following linguistic labels can value the indicators cited (see Table 3).

Table 3. Linguistic labels and fuzzy numbers.

Degree of Influence Weights Qualification Label Fuzzy Numbers
Does not influence Irrelevance Very low VL (0;0;0,1;0,2)

Very low influence Very low relevance Low L (0,1;0,2;0,2;0,3)
Low influence Low relevance Moderate low ML (0,2;0,3;0,4;0,5)
Moderate influence Moderate relevance Moderate M (0,4;0,5;0,5;0,6)
Influence Relevance Moderate high MH (0,5;0,6;0,7;0,8)
High influence High relevance High H (0,7;0,8;0,8;0,9)

Very high influence Very high relevance Very high VH 0,8;09;1;1)

The linguistic labels are adopted through a trapezoidal model by seven values of assessment,
in accordance with a Likert scale normalized to 0 to 1, relative to X; of IFS. The proposal allows that
each label (see Figure 2a) and the IFS system can present the following distribution:

p=1 \ ] | | | |I 1|\| |
II| ‘III II| |II T II| |II III |II | I" ; II',' lJI ﬂ \

| 1 1 1
Vo VL Vo Influence

=

(mamdani)

L]

'II \I II‘ I1| [ |II III |[I II| I |[I | ||| I'. Weights
IIII -',III III| |III | III| |III II'II ‘III | I‘I|| |’I IIIII. I']I /

50 I fij =100 Qualfication
(a) (b)

Figure 2. (a) Representation of linguistic labels and (b) representation of intuitionistic fuzzy set (IFS)

input and output variables.

Step 2: A combination of data sources to define the values the weights of each indicator that was
attributed is used to establish the MISO model through all the input variables in X;; the qualification of
these indicators over the practice that was reached and the degree of influence of these indicators on
the supplier selection can be used to study the suppliers of the sample. The fuzzy sets obtained are
combined by the membership function, which creates a single output according to the MISO model
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and defines it as Y; output values among the alternatives by the indicators (see Figure 2b). The IFS
application can establish the A;j) matrix, which must be converted in values by the process of the
defuzzification model with an interval of 1 to 4.

Step 3: The objective for this step is the conversion of fuzzy values to values that compose the A; j)
matrix. The conversion is done using the centroid method, in accordance with the following equation
(see Equation (2)):

f p(x)xdx
ajj = ————, (2
f p(x)dx
where (x) are the values that correspond to the weights of each indicator that were attributed, the
qualification of these indicators over the practices that were reached and the degree of influence these
indicators have on the supplier selection; and a;; are the values that correspond to (i,j) in the A;; matrix.
The matrix can be implemented in the VIKOR method in accordance with the proposal of [72,73].

Step 4: Determining the classification limits for the parameters L,; that depend on the matrix

alternatives A;; and that correspond to f;; in accordance with following equation (see Equation (3)):

Lyi = Zn MP E 1<p <o0;i=1,2,...,m, )
=1 (f].*—f].—)

where L,; represents the classification limits and is composed of L1; and defined as S; and Lo is defined
as R;, according to [73].

Si is represents the maximum usefulness of alternatives groups, while R; represents the minimum
individual alternative. The next step, step 6, determines the best performance (fj*) and the worst
performance (f;”) (see Equation (4)):

f;=1"fij, f; =1"fij @

This allows determining the values in the following weighing step that it is assumed by the
VIKOR method.

Step 5: Calculating the weight of each indicator using the entropy method [74], which is based on
the following mathematical formulation. First, the sum of the indicator values must be realized (see

Equation (5)):
rij = ijl fijs @)

Next, determination of the natural logarithm of 7;; multiplied by ;; (see Equation (6)):
Next, determination of parameter ¢; that combines the numbers of alternatives multiplied by

m
Zizl Tij X In Tij, 6)
the sum of r;; » In(rj;) (see Equation (7)):
m
6]‘ = —kXx Zi:l T’i]' X In T’l']', (7)
In this case, the ¢; values allow the determination of d; values (see Equation (8)):

d]'zl—e]- (8)
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Determining the sum of 1 —¢; to define proportional distributions of the indicators weights that
are considered, according the Equation (9):

1—6‘]‘

Wi =

’ ©)

n .
=11-¢

Thus, the steps that are necessary for the VIKOR application are defined.
Step 6: Compute the values S; and R; for alternatives (see Equations (10) and (11)):

Si= 2 Wil = i)/ (5 - 7)) (10)

Re =" Wi(f; = f)/(F; = £7) an
Consequently, the parameter of Step 7 can be calculated.

Step 7: Calculate Q; values, in whichi=1, 2, ..., m, for each one of the alternatives (see Equations
(12)-(14)):

Qi=v(5-5)/(S-8)+(1-v)(R;—R")/(R™ =R"), (12)
where:
S§* = minS;, ST = max§; (13)
1 1
R* = minR;, R™ = maxR; (14)
1 1

Parameter v is related to a consensus in the evaluation process [18,75], which requires compliance
with the necessary conditions in the fourth and fifth steps.

Step 8: Propose an alternative that is defined as S,,” (Suppliers alternative) and S,”,. ..., s,M,
that depends on the conditions. In this case, S, corresponds with Q; minimum values and S;,” to the
following Q; minimum values:

S,’: the best supplier alternative.

Su”: the next best supplier alternative.

S.™): subsequent supplier alternatives.

The following conditions must be fulfilled:

C1. Acceptable advantage, i.e.: Q(S,”)-Q( S.') = DQ.

C2. In Su’ the values of S; and/or R; must also be better, in both or at least in one of the parameters
(see Figure 3).

DQ is the result of 1/m—-1), with m being the number of alternatives. Another condition, C2,
must check the established decision-making. Among the conditions the v values must be considered,
which can contain the following intervals: when v > 0.50, the vote is by majority rule, when v = 0.50
the vote is by consensus and when v < 0.50 the vote is by veto rule to stimulate different perspectives
in decision-making. In this case, conditions that are not fulfilled can be analyzed using the following
combinations in accordance with the new conditions. It is stated that the vote was by veto rule to
stimulate different scenarios in decision-making.

Choose both S;,” and S,,” if and only if the C2 it not satisfied (3). If the C1 is not satisfied then
check S,/, S,” until S, ™M, wherein S, ™ is determined by the relation of Q(SM(M) )-Q(S,’) < DQ and
M is the maximum value that meets the sets of Q;. Each one of the positions is based on the proximity
principle that can have alternatives. As a result, this phase is established in the definition of a suitable
supplier to be selected.

In this case, IFS fulfill the role of establishing the interpretation of the variables input, combined
with VIKOR and a weight estimation for criteria using the entropy method, which is defined as the
ranking among the suppliers. The separation of the different levels of performance is reflected through
IFS-VIKOR, which is the result of the characterization of these suppliers and is a potential this study
attempts to investigate. Yet, the limits of this procedure are determined by the inability to define the
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green skills before, during and after the acquisition of photovoltaic technology, and another limiting
point is the selection of experts and quality assurance of information is collected. These questions in
the application of the procedural must be valued.

¢ Judgments of clients
e Self-assessment Establishing linguistic labels D Inputs variables definition
e Databases that monitor l

Establishing the MISO

Outputs variables by the
defuzzification?

Creating of Aij matrix

!

Determining of Lp i

!

‘ i ="% fi =" ‘ Calculating the weight
‘ Compute the values Si —)‘ Compute the values R: —)‘ Calculate Qi values
‘ Checking since Su” until Su (M) i Defining Su” and Su”

A

C1. Acceptable advantage?

C2: Su’: Si and/or Ri must also be better?

Choosing both, Su” and Su” ‘ Choosing Su’

Figure 3. Procedural of method.
5. Suppliers of Photovoltaic Modules and Installation Services

The demand for renewable energy sources has led to the development of medium-sized and
small companies downstream of the chains that allow them to integrate the production of photovoltaic
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panels, batteries, inverters and support structures for the PV. In this case, the compliance condition,
according to [76], may be an inadequate assessment to consider the green approach from the aspects
and conditions of the actors responsible for this activity. However, the selection of suppliers can be
governed, according to [1], by the study of the solar resource of the localities, the valuation of auxiliary
components, such as the technical parameters on the photovoltaic cells that determine the performance
indicators, and the return on the investment in question. This determines the characterization of the
actors that are related to this type of activity, specifically in the Northeast of Brazil.

The market of companies in the Northeast of Brazil, according to [16], consists of 139 that are
verified or bearers of the Seals of the Solar Portal, in the levels 25+, 50+ and 100+ thus representing the
number of generators plus one installed by each company in question. The average of the installation
carried out by the verified companies in the Northeast of Brazil is 377.54 kWp, with a maximum value
of installation of 3956.19 kWp per unit studied. However, aspects of the capacities and practices of
these actors lack a reference, at least in the consultations carried out, of evaluation methods of suppliers
specialized in these services, e.g., [2,16] and. Therefore, a study on the market for the installation of PV
and diagnosis of the market dynamics of these actors would help in the decision-making process (see
Table 4).

Table 4. Enterprises verified with the Solar Portal Seal (25%, 50* and 100*).

States Quantity
Bahia 40
Sergipe 5
Ceara 26
Piaui 10
Alagoas 6
Pernambuco 19
Paraiba 9
Rio Grande do Norte 9
Maranhao 15
Northeast Brazil 139

5.1. Market and Conditions for the Development of Photovoltaic Technology in the Northeast Region

A modification of the legislation for distributed generation, in accordance with normative
resolutions 482 and 517 of 2012, ANEEL (Agéncia Nacional de Energia Elétrica (in Portuguese)),
which allows the proximity of electricity generation to the place of consumption, defines a potential
scenario for the market and technical assistance in their installation processes. Another element that
potentiated the adoption of technology by socioeconomic agents is the incentives in the Decennial Plans
for Expansion of Energy in Brazil, which establishes a combination of funding programs for research
and access to credit that diversifies the country’s energy matrix, according to [7]. Thus, added to the
natural and climatological conditions of Northeast Brazil, the investment in solar energy generation
technologies presents a variety of modality that goes from the generation plant to the level of solar
energy generation farms to the installation of PV in the residential and business sectors.

The social and economic benefits of this technology are sustained by the combination of the
gradual reduction of production costs by photovoltaic cells that provide accessibility to it, and the
environmental contribution by distributed generation that reduces CO; levels to the atmosphere that
are derived from energy generation for fuel plants. In addition to the economic and environmental
aspects, employability in regions with a potential for irradiation is, in fact, a social variable to be
highlighted. However, this economic sector is characterized by a complex condition for the diagnosis
of the competences of suppliers, specifically those responsible for the installation of PV, which can
be linked to multiple criteria, as has been valued. The PV installation projects, regardless of the
economic viability seen by the variables of shading and irradiation, demand agents with technical
and organizational conditions that should be evaluated in this case. Therefore, the factors related to



Sustainability 2020, 12, 2242 13 of 19

the criteria that characterize suppliers for the installation of PV, according to the green approach, can
contribute to the management procedures for the selection of a portfolio of suppliers.

In order to establish a supplier selection procedure, a sample design is carried out that links a
certain number of agents of this type to the corresponding results of the services performed and that
is the aim of this study. The combination of direct questionnaires to suppliers and questionnaires
from the benefited customers, in addition to the consultation in a database, such as ANEEL and MME
(Ministério de Minas e Energia, (in Portuguese)), provide specific information on the activities of the
suppliers studied. According to the IFS-VIKOR method, the weighting of the study by means of the
three dimensions mentioned helps to create a differential of suppliers, which represents a possible
condition to be faced that is as much empirical as theoretical.

5.2. Application of the Method

According to the conditions presented in a sample of seven suppliers, the IFS-VIKOR method
established the criteria values that were studied for each supplier. The data sources comply with
previously defined conditions through a combination of questionnaires and consultation on the basis
of official data on activities of adoption of these technologies. The values are normalized in order
to create the IFS input variables with corresponding language labels (see Table 5). After defining
the service states of the suppliers sampled according to the surveyed criteria, the IFS is applied to
calculate the criteria values (see Table 6). The scripts in Matlab R2017a (see Appendix A) calculate the
entire procedure.

Table 5. Results by language tags.

Sui\Cj GG G G G G G €C C C Cyp Cpp Cp Gz Cu
I MeB B MeB A MeA MA MB MB Me Me MeB A MB MeB
Suy P MA A MeB MeB MeA MB B B MeB MeA Me MA MeB MB
C MA MB MeA MeA MB MB Me MA B MeA MA B MeA MA
I MB MA MeA B B A MB Me MeA Me B MA MeA MB
Su, P B B A MeB A B A MB MeA MB MB Me A B
C MB Me MA A Me MA MeA MeA B Me A MeB MA MeA
I MA MB MA MA MeB A Me Me MA B A B MeA MA
Suj P Me Me MeB MB B B A Me B B MeA MeA MeA MeA
C MeA MeB MeA B MeB MA Me Me MA MeA MeA MA MA MeB
I A Me B B MA MB MB A MeB B MA MeA MB MA
Suy P B MA MA MA Me B Me MB MA MeB A B MA MB
C Me MA B MeB MA B MeA Me Me A MA MB A A
I B Me B MeA Me B MeA MA MeA B MA MA Me Me
Sus P MB MA MeA MB MeA MB MB Me Me A A MA A Me
C MeB A MB A MA MA MB A A Me MB MeB A B
I MB MB A MB B Me MeA MeA Me MA Me B MeA MeA
Sug P Me MB MeA Me MeA Me Me B MeB B B MB Me A
C B MeA MeA A MeA B Me MA MeB B MA A Me MeB
I MeB MA B MeB A MeA A MeA B MB MeB MB MB Me
Suy P MB B Me MeB MA B MeB MeB MB Me MA MB B MeB
C MeA Me MeB A MA MA B Me MeB MA MA MeB MB MB
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Table 6. Criteria values of the defuzzification model that was applied.
Sui\(Gj & ¢ G G G G ¢ G G Gy Gy Cp Gz Cy
Su; 380 187 267 322 267 229 229 296 231 323 317 347 207 260
Su, 150 355 347 283 273 377 267 260 305 260 261 317 347 229
Suz 355 173 355 260 221 377 287 28 379 267 360 322 365 325
Sug, 347 378 255 288 355 18 229 274 333 28 377 229 333 342
Sus 150 377 167 298 363 260 176 352 322 273 273 380 322 271
Sug 149 176 360 280 3.05 271 288 365 267 255 355 261 288 275
Su; 243 355 220 283 377 365 283 28 150 284 378 127 150 207

The VIKOR method establishes a calculation on the results of the criteria by the alternatives, thus
creating a ranking for the selection of the alternatives in question. The values of the weights by criteria
are solved by the entropy method, the results of which are shown in Table 7.

Table 7. Weights by criteria.

Criteria C;

C

GC;

Cq

Cs

Ce

Cy

Cs

Co

Cro

Cnn

Ci2

Ci3

Cua

W;

0.206 0.151 0.085 0.005 0.042 0.082 0.034 0.020 0.089 0.007 0.026 0.118 0.098 0.036

The IFS result matrix translates the labels together into clear values that are interpreted as an
Aji-type matrix as an input to VIKOR. Calculations of Lpi values result in a matrix (m x n) where the
maximum and minimum supplier values can be determined for each evaluated criterion, (see Table 8).

Table 8. Sij and Rij values.

Sui\Cj C; C Cs Cy Cs Ce Cy Cs G Co Cin Cp Ciz Cy

Suy 0.000 0.067 0.034 0.000 0.050 0.055 0.038 0.047 0.046 0.000 0.037 0.009 0.052 0.043
Su, 0.071 0.008 0.005 0.045 0.048 0.000 0.013 0.071 0.023 0.066 0.071 0.018 0.006 0.060
Suj 0.008 0.071 0.002 0.071 0.071 0.000 0.001 0.054 0.000 0.059 0.011 0.016 0.000 0.009
Suy 0.010 0.000 0.039 0.039 0.010 0.071 0.038 0.062 0.014 0.042 0.001 0.043 0.011 0.000
Sus 0.071 0.000 0.071 0.028 0.006 0.044 0.071 0.009 0.018 0.0563 0.064 0.000 0.014 0.038
Sug 0.071 0.070 0.000 0.048 0.033 0.040 0.000 0.000 0.035 0.071 0.014 0.034 0.026 0.035
Suy 0.042 0.008 0.052 0.045 0.000 0.004 0.003 0.054 0.071 0.041 0.000 0.071 0.071 0.071

method according to the definition given (see Table 9).

The resulting values of the L,; matrix make it possible to calculate the parameters for the VIKOR

Table 9. VIKOR parameter results.

Alternatives S; R; Q;
Su; 0.486 0.141 0.569
Su, 0.415 0.205 0.715
Sus 0.279 0.151 0.277
Suy 0.309 0.082 0.048
Sus 0.473 0.206 0.809
Sug 0.588 0.207 1.000
Suy 0.571 0.123 0.634

The calculation of the Q; parameters tells us which is the order in distance modes between the

optimal value and different alternatives of each supplier. In this case, the 5,4 supplier is available as
the best alternative to register the minimum Q;. The next best alternative is S,3 for registering the
second lowest value. This way, the alternatives are selected. Therefore, most the suitable alternative for
installation services according to the combined criteria is 5,4, in which Q(S,’) = 0,048. The second-best
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alternative ranking is S,3, which corresponds to Q(S,”) = 0.277. Both parameters can be used to
demonstrate the VIKOR method condition, which in condition (1) exposes the following state:

Q(5,”) =0.277;, Q(S,,”) = 0.048 and DQ = 1/(7-1) = 0.167, then S,” — S, must be > the same DQ in
order to fulfill condition (1). Therefore, condition (1) is met since it is 0.277 — 0.0480 > 0.167.

For C2, Q(S,’) corresponds to the lowest value in R; = 0.082, fulfilling this condition.

For all selection cases, the best option is S,,4, with a competitive advantage, C1, and with stability in
decision-making, C2, which defines that this supplier combines favorable economic conditions, a level
of environmental responsibility and the best technical conditions to perform this service. The study
carried out should recognize that the combination of data sources, such as customer criteria prior
to the study, the self-assessment of the persons responsible for the sampled units and records of
sales and installation activities allowed defining the entry for the tested ranking. This leads to the
following conclusions.

6. Conclusions

The application of the combined method IFS-VIKOR to suppliers of PV technology allows
concluding some relevant points. The first point is the access to data according to the chosen sources of
qualifications: the evaluation given by the PV technology recipients; it self-assessment of suppliers
on the correspondence with the indicators; and the reconciliation of government information on this
sector in the region, which represented a phase with some difficulty for the development of the study.
However, this was resolved by reducing the number of suppliers that complied with the condition
of complete data by each of the qualification sources, which is in line with the establishment of a
decision matrix. The results of the weighting between the indicators define that access to project
environmental licenses, certification of management standards and service assurance terms are the
most important issues for the respondents, and from these a relationship with the other indicators
can be structured. The conditions between the cases evaluated show a divergence between the most
relevant indicators that were cited, which have given the conditions to evaluation. Additionally, the
supplier that exposes the best conditions for acceptance, according to VIKOR, is 5,4, where a balance
between economic, environmental and technical indicators are converged, and the verification of the
decision conditions justifies this selection. Besides, it proves that the availability of vague data can
create a causal relationship between the variables with a direct effect that positions each supplier in
a selection ranking. In this way, the procedure applied can help decision-making if multiple supply
options are compared according to the analysis framework.
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Appendix A

[System]

Name="ISF

Type="mamdani’

Version=2.0

NumlInputs=3

NumOutputs=1

NumRules=343

AndMethod="min’
OrMethod="max’
ImpMethod="min’
AggMethod="max’
DefuzzMethod="centroid’

[Input1]

Name="Influence’

Range=[01]

NumMFs=7

MF1="MB’:"trapmf’,[0 0 0.1 0.2]
ME2="B":"trapmf’,[0.1 0.2 0.2 0.3]
MF3="MeB':"trapmf’,[0.2 0.3 0.4 0.5]
MF4="Me’'trapm{’,[0.4 0.5 0.5 0.6]
MFE5="MeA’:'trapmf’,[0.5 0.6 0.7 0.8]
MF6="A"-"trapmf’,[0.7 0.8 0.8 0.9]
MF7="MA’"trapm{’,[0.8 0.9 1 1]
[Input2]

Name="Weights’

Range=[01]

NumMFs=7

MF1="MB""trapmf’,[0 0 0.1 0.2]
MF2="Me’:'trapm{’,[0.4 0.5 0.5 0.6]
MF3="A""trapmf’,[0.7 0.8 0.8 0.9]
MF4="B":"trapmf’,[0.1 0.2 0.2 0.3]
MF5="MeB':"trapmf’,[0.2 0.3 0.4 0.5]
MF6="MeA":'trapmf’,[0.5 0.6 0.7 0.8]
MF7="MA’"trapm{’,[0.8 0.9 1 1]
[Input3]

Name="Qualification’

Range=[01]

NumMFs=7

MF1="MB’:"trapmf’,[0 0 0.1 0.2]
MF2="B""trapmf’,[0.1 0.2 0.2 0.3]
ME3="MeB':"trapmf’,[0.2 0.3 0.4 0.5]
MF4="Me’:'trapm{’,[0.4 0.5 0.5 0.6]
MF5="MeA":'trapmf’,[0.5 0.6 0.7 0.8]
MF6="A":"trapmf’,[0.7 0.8 0.8 0.9]
ME7="MA""trapm{’,[0.8 0.9 1 1]
[Outputl]

Name="Ajj’

Range=[0 4]

NumMFs=7

MF1="MB""trapmf’,[-0.6 —0.0667 0.164021164021164 0.6]
ME2="B":"trapmf’,[0.06668 0.6 0.7332 1.267]
MF3="MeB":"trapmf{’,[0.7332 1.267 1.4 1.933]
MF4="Me’:'trapmf’,[1.4 1.933 2.067 2.6]
MF5="MeA:'trapmf’,[2.067 2.6 2.733 3.267]
MFE6="A":"trapmf’,[2.733 3.267 3.4 3.933]
MF7="MA’"'trapmf{’,[3.41 3.82539682539683 4.08 4.21]

[Rules]

%Source: adapt of [41]

clos
clea
clc;

e all;
r all;

global mn w v mn’
m=7;

n=1

V=

4;
0.50;

%% %%

mn

= [3.801.872.67 3.222.67 2.29 2.29 2.96 2.31 3.23 3.17 3.47 2.07 2.60
1.50 3.55 3.47 2.83 2.73 3.77 2.67 2.60 3.05 2.60 2.61 3.17 3.47 2.29
3.551.73 3.55 2.60 2.21 3.77 2.87 2.86 3.79 2.67 3.60 3.22 3.65 3.25

3.47 3.78 2.55 2.88 3.55 1.86 2.29 2.74 3.33 2.83 3.77 2.29 3.33 3.42
1.503.77 1.67 2.98 3.63 2.60 1.76 3.52 3.22 2.73 2.73 3.80 3.22 2.71
1.491.76 3.60 2.80 3.05 2.71 2.88 3.65 2.67 2.55 3.55 2.61 2.88 2.75
2.433.552.202.83 3.77 3.65 2.83 2.86 1.50 2.84 3.78 1.27 1.50 2.07];

%Entropy weigth

rij=sum(mn);

vij=

mn./rij;

lij=log(vij)
yij = sum(vij.* log(vij));
k= 1./(log(m));

e =

—kryij;

ejj=sum(1- ej);

w =

Xval=length(mn(;,1)); % extension total de las alternativas

forj

end

(1-€j)./ ejj;

= l:length(mn)
if mn(1j)==0
fmax(1,j)=min(mn(:j));
fmin(1,j)= max(mn(.);
else
fmax(1,j)=max(mn(:,j));
fmin(1,j)= min(mn(:));
end

for i=1:Xval
for j= 1:length(mn) Xnew(i,j)=(fmax(1,j)—mn(i;))./(fmax(1,j)—fmin(1,j));

end

end

for i=1:Xval

end

for j= 1:length(w)
WXnew(i,j)=(new(i ) sw());
end

for i=l:length(mn(:))

min

end

for j= l:length(mn)
%Si(i,1)=sum(WXnew(i,:))
Ri(i,1)= max(WXnew(i,:));

%Qi(i,1)=(v+((Si(i,1)—min(Si))/(max(Si)—min(Si))))+((1-v)*((Ri(i,1)—

(Ri))/(max(Ri)-min(Ri))))
end

Si=sum(WXnew,2);

Ri;

16 of 19

Qi=(v+((Si—min(Si))/(max(5i)—min(5i))))+((1-v)*((Ri-min(Ri))/(max(Ri)—min(Ri))));
DQ=1/(m-1);
al=min(Qi);
Q=Qi;
Q=sort(Q);
a2=Q(2);

if a2—al >= DQ

Condition1="TRUE’

elseif a2—al<DQ

End

Condition1="FALSE’
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