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Abstract

The Mantaro Valley in Peru is an inter-Andean River valley, through which the Mantaro River passes. Approxi-
mately a population of one million inhabitants live here. Currently, the damage caused by the use of non-renewable
energy sources is very evident, both to the environment and to the local economy, which will become unsustainable
in the future. That is why we want to critically study the implementation of renewable energy projects that support
the generation of electricity and other types of energy in this area. However, this has some positive and negative
elements. In this paper, we apply a PEST-SWOT analysis to evaluate the balance of each of these aspects. Further-
more, we use an evaluation in the form of single-valued neutrosophic numbers, which allow us to capture the un-
certainty and indeterminacy in this decision-making problem.

Keywords: Renewable Energies; SWOT Analysis; PEST Analysis; Single-Valued Neutrosophic Numbers; Neutro-
sophic PEST-SWOT Analysis.

1. Introduction

The Mantaro Valley in Peru, which is known for its stunning natural beauty and rich cultural history, faces signif-
icant socioeconomic and environmental challenges. Like many regions of the world, it is affected by climate
change, environmental degradation, and dependence on unsustainable energy sources. Given this reality, the im-
plementation of renewable energies emerges as a promising alternative to address these challenges comprehen-
sively.

There is a wide variety of renewable energy sources that can be used by nature, and they are not sufficiently used
yet. This may be due to the need to have the necessary technology to carry out this exploitation. These technologies
are practically in the hands of first-world transnational companies, which is why countries like Peru must import
the necessary equipment, which could be expensive. On the other hand, it would be necessary to invest in the
maintenance of the equipment and in the training of local workers who work in these plants. However, we consider
that in the medium and long term, this investment will be profitable.

On the other hand, traditional financial and purely economic measures are not sufficient to evaluate the impact
that a renewable energy project would have on our country, from a political, social, and ecological point of view.
Among the most notable renewable energies is hydraulic energy, such that the potential energy accumulated in
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waterfalls can be transformed into electrical energy. Solar thermal energy tries to collect energy from the sun
through solar panels and convert it into heat which can be used to satisfy humerous needs. Solar energy can also
generate non-polluting electrical energy. Wind energy takes advantage of the force of the winds, or in other words,
the kinetic energy obtained from the winds.

In this critical review, we explore the socioeconomic and environmental impact of the adoption of renewable
energy in the Mantaro Valley. We immerse ourselves in an exhaustive analysis of the implications that this energy
transition may have in the region, considering both its positive aspects and the possible challenges and limitations
that could arise.

Through this research, we seek to understand how the introduction of renewable energy sources, such as solar,
wind, hydroelectric, and others, can reshape the socioeconomic and environmental landscape of the Mantaro Val-
ley. Furthermore, we examine how these initiatives can influence crucial aspects such as job creation, improving
the quality of life of local communities, reducing greenhouse gas emissions, and conserving the natural environ-
ment. By approaching this issue from a critical perspective, we aim to provide a balanced assessment of the benefits
and potential drawbacks associated with the implementation of renewable energy in the Mantaro Valley. With this
review, we hope to contribute to informed debate and strategic decision-making that promotes sustainable devel-
opment in this emblematic region of Peru.

To achieve our objective, we use a neutrosophic mathematical model based on PEST and SWOT [1-2]. The SWOT
analysis allows the study of a project even when it is future, in terms of its internal characteristics (Strengths and
Weaknesses) and its external characteristics (Opportunities and Threats) [3-6]. The study of external factors can
be carried out through PEST analysis, which identifies the factors (Political, Economic, Social, and Technological)
in the general environment that will affect the project [7-9]. Evaluation with the help of neutrosophic tools allows
us to capture the indeterminacy of decision-making and the uncertainty that exists in it. So, in this paper, we study
the feasibility of carrying out a renewable energy project in the Mantaro Valley in Peru with the help of evaluative
tools such as the combination of PEST, SWOT, and single-valued triangular neutrosophic numbers. More literature
about neutrosophy combined with SWOT PEST or Neutrosophic decision-making can be read in [10-13].

2 Materials and Methods
2.1 SWOT analysis

SWOT analysis is a methodology for studying the situation of a company or a project, analyzing its internal char-
acteristics (Weaknesses and Strengths) and its external situation (Threats and Opportunities) in a square matrix [3-

6].

This analysis is carried out in four stages:

° External analysis,

° Internal analysis,

° Preparation of the SWOT matrix,

) Determination of the strategy to use.

It is known that the existence of the organization is essentially linked to the environment that surrounds it. This
environment contains opportunities and threats that can be presented to the organization. These are the aspects that
are measured in the external analysis. On the other hand, there are internal elements of the organization, these are
the weaknesses and strengths, which depend directly on the management carried out internally.

These four aspects can be classified as positive or favorable for the development of the organization, or negative
and unfavorable that hinder this development. Opportunities are positive factors that exist in the environment and
when they are identified we can be taken advantage of, to promote the good development of the organization or
the project. Threats are also external factors, but they represent a negative influence on the organization or project.
These can threaten the organization or the project and, in this case, it would be necessary to design tactics and
strategies to overcome these obstacles. Within the internal aspects, the weaknesses of the organization or the pro-
ject are negative elements that must be overcome and that are directly manageable by the elements that are the
functional basis of the organization or the project. Meanwhile, strengths are positive aspects that mean the opposite
of weaknesses and that must be taken advantage of, and they can be enhanced internally.

During the SWOT analysis, strengths and weaknesses can be found in aspects such as the availability of capital

resources, personnel, assets, product quality, internal and market structure, and consumer perception, among oth-

ers. That is why internal analysis allows us to determine the quantity and quality of the resources and processes
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that the organization or project has and that can be managed by the entity. The four elements of the analysis are
placed in a matrix and evaluated by experts. These results are aggregated using the percentages of their evalua-
tions.Within the evaluative analysis, combining the positive aspects that are the strengths with the opportunities,
the potentialities are obtained, in this way, the most promising strategies and tactics for the organization or the
project can be determined.

These promising actions can be limited by combining weaknesses with threats. This combination should never be
lost sight of, as it constitutes a brake on the organization.The risks (combination of strengths and threats) and
challenges (combination of weaknesses and opportunities), determined by their corresponding combination of fac-
tors, will require careful consideration to set the organization's course toward a desirable future.

2.2 PEST analysis

The PEST analysis identifies the external factors that affect the company. PEST refers to the components to be
analyzed: Political, Economic, Social, and Technological [7-9].

A more detailed explanation is read below:

Political-legal: Factors related to the legislative regulation of a government. For example, environmental protection
laws, antitrust laws, and government stability.

Economic: Economic factors that affect the market.

Socio-cultural: Configuration of market members and their influence on the environment.

Technological: State of technological development and its contributions to business activity.

The PEST-SWOT combination consists of two steps [1-2]. The first of them analyzes the external factors that
affect the company, from a political, economic, social, technological, and scientific point of view.

The second step consists of identifying and evaluating the internal aspects of the company, according to the SWOT
method. The combination of PEST analysis with SWOT analysis results in a more complete study of the business
situation.

2. 3 Basics About Neutrosophy

Unlike traditional PEST-SWOT methods, in this paper evaluations are carried out based on Single-Valued Trian-
gular Neutrosophic Numbers. Below are the fundamental explanations on this topic.

Definition 1 ([14-17]): The Neutrosophic set N is characterized by three membership functions, which are the
truth-membership function T,, indeterminacy-membership function I, and falsity-membership function F 4, where
U is the Universe of Discourse and VxeU, Ta(X),[a(X), Fa(X)<] 70, 1%[, and ~0<inf To(x) + infly(x) +
inf Fo (x) <sup Ta(x) + sup [4(x) + sup F(x) <3*.

See that according to the definition, T, (%), [5(x) and F,(x) are real standard or non-standard subsets of ] 70, 1*[
and hence, T, (%), 14 (x) and F,(x) can be subintervals of [0,1]. ~0 and 1* belong to the set of hyperreal numbers.
Definition 2 ([14-17]): The Single-Valued Neutrosophic Set (SVNN) Aover Uis A = {< %, To(x), [4(X), Fo(x) >
:xeU}, where Ty: U—[0, 1], I: U—[0, 1]and F5: U—[0, 1]. 0 Ty (%) + [4(X) + FA(X)< 3.

The Single-Valued Neutrosophic Number (SVNN) is symbolized by

N = (t,i,f), suchthat 0 <t,i,f<1and 0 <t +i + f<3.

Definition 3 ([14-17]): The single-valued triangular neutrosophic number, 3 = ((a;, a5.a3); a, B, Ys), IS a neu-
trosophic set on R, whose truth, indeterminacy, and falsity membership functions are defined as follows:

aﬁ(%),alsxs:ﬂz
Ol x=
Ta() = { o ma )

./ az-x
a(3—), ap<x<ag
az-ap

0, otherwise

((az=x+Ba(x-a1))

,a3p <x<a,
ap—aq
o = {PaX =22 @
(x—az+Bz(az—x)) <
T aia A, <X < ag
3 2

1, otherwise
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((azxtvs(x-ay)

<x<
Y3X = a;
Fi(x) =4, 7 ®3)
g + ~ p—
(x—az+va(as X))' a, <X <a,
az—az

1, otherwise
Where a3, B3, Y5 € [0,1], a1, a5,a3 E Rand a; < a, < as.

Definition 4 ([14-17]): Given d = ((ay,a,,a3); &, Ba, Ya) and b = ((by, by, bs); ag, Bg, v two single-valued
triangular neutrosophic numbers and A any non-null number in the real line. Then, the following operations are
defined:

1. Addition: 3+ b = ((a; + by, a, + by, a5 + b3); a5 A ag, Ba V Br, Ya V Vi)
2. Subtraction: @ — b = ((a; — bs,a, — by, a3 — by); 05 Ao, Ba V B, Ya V Vi),
3. Inversion: 371 = ((a3 7Y, a,7% a;71); a5, Bs, va), where ag,a,,a3 = 0.
4. Multiplication by a scalar number:
)\5 — {(()\al' 7\32,)\33); Az, Bé! Yé)v A>0
((Aaz, Aay, Aaq); ag, Ba vah A < 0
5. Division of two triangular neutrosophic numbers:

a; 4d; ag
(( );aﬁAag,Bﬁvﬁg,y5Vyg),a3>Oandb3>0

bs'b, b,
R
b | \bs'by by

(22

b; b, by
6. Multiplication of two triangular neutrosophic numbers:

3 ((aiby,ayby,a3b3); 05 Ao, Bs V By, Ya VvV YE), as > 0and bz > 0
ab =< ((ajbs,a;by,azby); 05 Ao, B3 V B Ya VYg)as <0andbz >0

((agbs,a;by,a:b1); 05 Ao, B3 V B YaVYg)az <0and bz <0

);aaAaB,Bavﬁg,y5Vyg),a3 <0andb; >0

);aaAag,65VBg,Y5VYB),a3 <0andb; <0

Where, A isat-normand V is a t-conorm [18,19].

3 Results of the Study

The study is carried out on the factors that positively or negatively influence the implementation of a renewable
energy project in Valle del Mantaro. To do this, experts on the topic and specialized literature were consulted. In
this way, the following factors were identified:

To build a comprehensive model that evaluates the socioeconomic and environmental impact of the implementa-
tion of renewable energies in the Mantaro Valley, in Peru, it is essential to consider a series of critical indicators
that cover various aspects. Here is a list of the key indicators that could be relevant to this analysis:

. Employment generation: Measure the number of direct and indirect jobs created through the development,
construction, and operation of renewable energy projects in the region. This includes both temporary and perma-
nent jobs, as well as the quality and stability of these jobs.

. Investment and financing: Evaluate the amount of public and private investment destined for renewable
energy projects in the Mantaro Valley, as well as the financing sources and support mechanisms used.
) Impact on the local economy: Analyze how the implementation of renewable energy affects the local

economy, including increasing income for local inhabitants, business development, and the revitalization of sectors
such as tourism and agriculture.

. Reduction of greenhouse gas emissions: Quantify the amount of CO; and other greenhouse gas emissions
avoided through renewable energy generation compared to conventional energy sources.

. Energy coverage and electricity access: Evaluate how the implementation of renewable energy improves
energy coverage in the region, as well as access to electricity for rural communities and remote areas.

. Impact on air quality and public health: Study how replacing fossil fuels with renewable energy reduces
air pollution and improves air quality, which in turn can have significant health benefits for local people.

. Resilience and adaptation to climate change: Investigate how the diversification of the energy matrix

towards renewable sources contributes to the resilience of the region against extreme climate events and other

impacts of climate change.

. Conservation of natural resources and biodiversity: Evaluate the impact of renewable energy projects on
207
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the conservation of local natural resources, including the protection of sensitive ecosystems and biodiversity.

. Community participation and empowerment: Analyze the degree of participation of local communities in
the development and decision-making on renewable energy projects, as well as their empowerment in terms of
ownership and shared benefits.

By integrating these critical indicators into a comprehensive analysis model, a more complete and balanced view
of the impact of renewable energy in the Mantaro Valley can be obtained, which in turn can inform the formulation
of sustainable development policies and strategies in the region.

The construction of a comprehensive model on the socioeconomic and environmental impact of the implementa-
tion of renewable energies in the Mantaro Valley, in Peru, may face several obstacles that require attention and
consideration. The main obstacles include:

o Data availability and quality: The lack of accurate and up-to-date data on key variables, such as renewable
energy production, employment generated, and environmental and social impacts, can make it difficult to build an
accurate and reliable model.

. Complexity and multidimensionality of impacts: Analysis of the socioeconomic and environmental im-
pacts of renewable energy involves multiple interconnected variables and can be difficult to comprehensively
capture in a single model.

. Geographic and contextual variability: The geographical, socioeconomic, and environmental characteris-
tics of the Mantaro Valley can vary considerably in different areas, which requires adapting the model to local
specificities and considering the heterogeneity of impacts.

. External factors and uncertainty: The influence of external factors, such as changes in energy policies,
fluctuations in natural resource prices, and extreme weather events, can introduce uncertainty into the model and
make it difficult to accurately predict impacts.

. Community participation and perceptions: Lack of adequate participation and consultation with local
communities can lead to a lack of understanding of their needs, concerns, and perceptions about renewable energy
projects, which can affect the accuracy and validity of the model.

) Technological and infrastructure limitations: The lack of adequate technologies and energy infrastructure
may limit the ability to implement and scale renewable energy projects in the Mantaro Valley, directly affecting
the model results.

. Regulatory and political framework: The existence of regulatory, political, and legal barriers can hinder
the development of renewable energy projects and affect their economic viability, which must be considered in
the model.

. Human resources and training: The lack of trained personnel and experts in the region can hinder the
construction and application of robust impact assessment models, as well as the effective implementation of re-
newable energy projects.

Addressing these obstacles requires a multidisciplinary approach that integrates diverse perspectives, collaboration
between different actors, comprehensive data collection, and careful analysis of the complexity and uncertainty
inherent in socioeconomic and environmental impact assessment.

According to the PEST analysis, we classify the previous aspects into threats and opportunities, in terms of the
four aspects of this analysis.

1. Threats

1.1 Political

T1: Availability and quality of data,

T2: Regulatory and political framework,

1.2 Economic

Ta: External factors and uncertainty,

Ta: Impact on air quality and public health,

1.3 Social

Ts: Community participation and perceptions,

1.4 Technological

Te: Geographic and contextual variability,

T7: Technological and infrastructure limitations,

2. Opportunities

2.1. Political

O1: Reduction of greenhouse gas emissions,

2.2. Economic

O2: Investment and financing,

Os: Impact on the local economy,
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2.3. Social

O4: Employment generation,

Os: Energy coverage and access to electricity,

3. Weaknesses

W1: Human resources and training,

Wa: Complexity and multidimensionality of impacts,
4. Strengths

S1: Community participation and empowerment,

S2: Resilience and adaptation to climate change,

Ss: Conservation of natural resources and biodiversity.

There was a group of 11 experts, who evaluated the possible combinations of an external factor with an internal

factor. To do this, they were asked to evaluate using the linguistic terms that appear in Table 4.
Table 1: Linguistic terms for evaluations and their associated SVTNNs. See [14-17].

Linguistic Terms SVTNN

Very low (VL)

Medium Low (MDL)
Medium (M)

Very High (VH)

((0,0,1); 0.00, 1.00, 1.00)
Low (L) ((0,1,3);0.17,0.85,0.83)
((1,3,5); 0.33,0.75, 0.67)
((3,5,7); 0.50, 0.50, 0.50)
Medium High (MDH)  ((5,7,9); 0.67, 0.25, 0.33)
High (H) ((7,9,10);0.83,0.15,0.17)
((9,10, 10); 0.00, 1.00, 1.00)

Specifically, there are the following sets:
W= {Wl, Wz} denotes the set of Weaknesses,

S= {51,52,53} denotes the set of Strengths,

T = {Tl, T,, T3, T4, Ts, T, T7} denotes the set of Threats,
0= {01, 0,,0,,0,, 05} denotes the set of Opportunities.

The steps are the following:

1. Each expert was asked to evaluate the possible combinations between the elements of SO, ST, WO, and WT.
This evaluation is carried out in terms of how the combination would influence the implementation of a renewable

energy project in the Mantaro Valley.

2. Linguistic terms are replaced by the equivalent Single-Valued Triangular Neutrosophic Numbers (SVTNN) in

Table 4.

3. Aunique SVTNN is obtained by calculating the median of the SVTNNSs for all experts for each pair of items.

4. The arithmetic means of the SVTNN for each quadrant SO, ST, WO and WT, is calculated.

5. The final result for each quadrant is converted into a crisp value using Equation 4 of accuracy. This converts

them into values on a numerical scale out of 10 that allows the results to be compared.

(4)
Tables 5, 6, 7, and 8 summarize the results obtained after applying the previous steps.
Table 2: Calculation results for the SO quadrant. Medians are shown for all experts.

A@) = g [a; +a, +a3](2 + az—B5 + va)

Opportunities
0, 0, 0; 0, 05
Strengths S, | MDH H H VH VH
S, | H VH H H H
S; | VH VH VH H H

Table 3: Calculation results for the ST quadrant. Medians are shown for all experts.

| | Threats
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Ty T, T3 T, Ts Te T,
Strengths | §; | MDH H MDH MDH VH H H
S, |H H H H H H H
S; | H MDH H H H MDH H
Table 4: Calculation results for the WO quadrant. Medians are shown for all experts.
Opportunities
0, 0, 0, 0, 0,
Weaknes- | w; | MDH MDH MDH MDH MDH
ses w, | MDH MDH MDH MDH MDH
Table 5: Calculation results for the WT quadrant. Medians are shown for all experts.
Threats
T, T, T, T, Ts T, T,
Weaknes- | wy | H H H H H H H
ses wy, | M M M M M M M

From Tables 5-8, we have the following results:

< Potentials (Opportunities+Strengths): ((7.6667,9.2667,9.9333); 0.67,0.25, 0.33),
Risks (Strengths+Threats): ((6.6190,8.5714,9.7619); 0.67,0.25,0.33),
Challenges (Weaknesses+Opportunities): ((5,7,9); 0.67, 0.25, 0.33),

«  Limitations (Weaknesses+Threats): ((5.0,7.0,8.5); 0.50,0.50, 0.50).

As a last step, these values are converted into a crisp scale with a maximum of 10 using Equation 4. From here we
have the following results:

Potentials (Opportunities+Strengths): 9.2354,

Risks (Strengths+Threats): 8.5774,

Challenges (Weaknesses+Opportunities): 7.2188,

Limitations (Weaknesses+Threats): 6.4062.

R/
0.0
R/
0.0

e

%

e

%

e

%

e

%

3. Conclusion

The implementation of projects for the generation of renewable energy in the Mantaro Valley in Peru is a very
welcome idea by the local inhabitants and the authorities. However, to develop the project it is necessary to carry
out a preliminary study about the factors that would enhance or hinder the creation of such projects. This article
addresses this problem, first identifying a total of both positive and negative factors that could influence a project
of such magnitude. The tool selected to model this assessment was a Neutrosophic PEST-SWOT. The PEST anal-
ysis allowed the identification of external factors that could affect the project as a preliminary process. These
results are incorporated into the SWOT analysis to determine the internal factors that would affect the project.
Single-valued triangular Neutrosophic Numbers were used for the measurement. The inclusion of neutrosophic
tools allowed us to take into account uncertainty, indeterminacy, and the use of a linguistic scale. 11 experts de-
termined that the potential is very high, although the risks are also high, the challenges are high, but to a lesser
degree than the risks and potential. Finally, the limitations are not negligible, but they are of a lesser degree than
the other aspects measured.
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