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Abstract: The Sustainable Development Goals (SDGs) of the United Nations Organization pursue the
provision of affordable and quality energy for all human beings, which is why the correct planning
of Energy Supply Systems (ESS) in communities that present levels of energy poverty, that is, the
impossibility to satisfy their minimum needs for energy services. This work proposes a methodology
to evaluate the contribution to development by the adequate provision of the demand of ESS in
remote communities through the approach of Sustainable Livelihoods (SLs). The methodology
starts from the initial evaluation of the sustainable livelihoods or capitals of the communities and
the analysis of their interaction. Then, a capital improvement process is proposed by selecting the
indicator values that optimize the model in each period, through an evolutionary algorithm that
guarantees that the indicators evolve to a rich scenario as a result of planning to evolve the key
variables based on a quantitative model with the indicators that empower evaluating the contribution
of the ESS to them.

Keywords: sustainable livelihoods; energy management; renewable energy; energy systems optimization;
evolutionary algorithm

1. Introduction

The sustainable development goals (SDGs) of the United Nations Organization have
set as objective-7 (SDG 7), access to sustainable and quality energy for all. That is why
correct long, medium, and short-term planning of energy supply systems in remote com-
munities is necessary [1,2]. The gap between energy planning models and community
development planning mechanisms justifies the need for models that integrate energy
demand planning and the criteria of the Sustainable Livelihoods approach (SLA) to help in
the decision-making in the development planning of remote communities in relation to the
evolution of its energy demand [3].

The concept of Energy Poverty (EP), measures the possibility that a population has
to satisfy their minimum needs for energy services [4]. This concept can be applied to
monitoring studies of access to quality energy services in communities or regions [5], as
presented by a study by the National Energy Commission (CNE) of the Dominican Republic
that establishes the energy-poor provinces [6]. EP in communities must be reduced not
only to achieve SDG 7, related to affordable energy but also as a way to promote greater
economic development in remote communities [7]. In other words, the energy supply
systems are very important to carry out the development in communities with EP [8].
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The evaluation of EP in remote communities allows it to be articulated with Sustainable
Livelihoods (SLs) [9]. This articulation allows evaluating not only how communities can
meet their energy needs, but also the correct supply of energy demand in the long, medium,
and short term, which contributes to the integral development of communities. In order
for the SLs to be useful in contributing to the reduction of energy poverty in remote
communities, a system of indicators must be established that allows correlating demand
and community assets [10]. As part of the procedure for the development of the SLs,
the indicators of the system will be selected by key actors, as a way of adapting it to the
characteristics of the evaluated community, to contribute to the reduction of poverty under
the specific conditions of each one.

Microgrids of Renewables energy sources and new energy business models through
community cooperativism can help to improve communities” development and increase
the interest of the electrical companies in the deployment of the electrical grid [11].

The sustainable livelihoods approach has been proposed by the Food and Agriculture
Organization of the United Nations (FAO) as a tool for the implementation of rural develop-
ment projects [12]. However, the research consulted, which focuses on the development of
remote communities based on an adequate supply of energy, does not allow for evaluating
the evolution of development over time, nor with the evolution of energy demand [3].

Pereyra-Marifiez et al. (2022), have shown the analysis of different models for energy
planning and the evaluation of sustainable livelihoods in remote communities [3]. This
research argues that the current energy planning models do not include elements that
involve indicators to measure the development of the capitals that make up the SLs.
Therefore, the objective of this article is to develop a model that considers the necessary
elements to achieve the integration of long-term energy planning variables and SLs. On the
other hand, A.Vallejo-Diaz et al. (2022) have presented research on small-scale wind energy
to contribute to decarbonization in a decentralized grid [13]. This technology is suitable
for harnessing kinetic energy in the wind in remote communities. In addition, that work
introduced the approach of energy resilience for distributed energy systems against threats
from atmospheric events. Recently, E. Garabitos Lara et al. (2023) presented an evaluation
of the economic feasibility of the use of a photovoltaic system for distributed energy [14],
however, the framework of the work shows how competitive benefits can be obtained, such
as internal rate of return of 9% and payback time of 4.46 years, with scenarios in the cities,
and even better in rural areas, where the levelized costs of energy are higher according to E.
Mulenga et al. (2023) [15].

Considering the depth of the literature analysis on the integration of the SLA with
Long-Term energy planning, this work proposes:

e A methodology that allows guiding decision-making for the development and evolu-
tion of the energy supply system in the long term for remote communities.

e A process of optimization of the indicators that make up the capitals of the community,
taking them from a poor scenario to a rich one as a result and guaranteeing harmonious
and sustainable growth between the capitals.

e  The integration of long-term energy planning variables and SLs.

The organization of the article is as follows: Section 2 presents a systematic review of
the literature about SLA, the assets pentagon calculation, and the methods for simulation
algorithm and polynomial regression. Section 3 develops the methodology that was applied
to integrate the SLA with lorn-term energy planning variables. Section 4 analyzes the results
obtained from the simulation. Section 5. discusses the findings from the simulation model
results. Finally, in Section 6 the conclusions and future work on the findings are shown.

2. Systematic Literature Review

Energy projects in remote communities that make it possible to achieve the SDGs
require the development of methodologies for forecasting energy demand, the availability
of renewable energy carriers, guaranteeing minimum costs of the energy served, achiev-
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ing high levels of social acceptance, maximum use of renewable resources and a lower
environmental cost [16].

2.1. Sustainable Livelihoods Approach

The Sustainable Livelihoods Approach (SLs) measures the capacities or assets that
communities have for the development of their lives [17]. A livelihood is sustainable when
it is resilient to sudden shocks and maintains its capabilities and assets both now and
in the future without undermining its natural resource bases. The capacities or assets
of livelihoods can be classified into five types of capital according to M. Barman et al.
(2017) [18]. A review of the capital used by authors of development projects in remote
communities has been carried out by Pereyra-Marifiez et al. (2022) [3]:

- Human Capital: characterized among others by the levels of health, nutrition, educa-
tion, and knowledge.

- Social Capital: they are networks and connections between individuals with shared
interests, forms of social participation, and relationships of trust and reciprocity.

- Natural Capital: these are the natural resources useful in terms of livelihood.

- Physical Capital: these are the infrastructures and equipment that respond to the basic
and productive needs of the population.

- Financial Capital: These are the financial resources that populations use to achieve
their livelihood objectives.

Chen et al. (2013), have presented four stages for the evaluation of the capitals of
a community as follows: (1) Identify the attributes and key variables. (2) Select to set
the weights of the selected indicators according to your experience. (3) Rate the options
with reference to a scale of scores regarding their relative importance, in terms of different
weights, such as 0-0.33, 0.34-0.66, and 0.67-1.00; deficient, medium, and well, respectively.
(4) Calculate the weighted scores [19].

Fang et al. (2014), have developed a methodology combining the SLs capital and
the questionnaire method. The main variables correlated are selected. To measure the
contribution of different capitals in livelihood strategies, it is important to standardize each
variable based on Equations (1) and (2) [20].

Zi= 1)

Ci=) Wz @

where, C; is the estimated value of livelihood capital (i = 1,2,3,4,5), W; indicates the
weight of the i’ observation and Z; represents the normalized value, as well. Table 1
presents the indicators proposed according to the level of relationship with the energy
demand. Where WB means World Bank, UNDP means United Nations Development
Program and DFID means Department for International Development.

Table 1. Energy-related indicators, presented by Pereyra-Marifiez et al. (2022) [3].

Capitals and Indicators Acronym WB DFID UNDP Total
Human capital CH 1 3 4
The economically active population (%) CHI1 1 1
Occupancy rate CHI2 1 1
Scholarship CHI3 1 1
Life expectancy CHI4 1 1
Family size (According to Organization for Economic Cooperation and CHI5

Development (OECD).)
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Table 1. Cont.

Capitals and Indicators Acronym WB DFID UNDP Total
Labor productivity (According to Organization for Economic Cooperation CHIeé

and Development (OECD).)

Social capital CSs 4 1 5
Community Participation Level csin 1 1
Collective representation CSI2 1 1
Leadership CSI3 1 1
Participation in decision-making CSI4 1 1
Climate information services CSI5 1 1

Financial capital CF 8 1 9
Local GDP /hab (is taken from the International Monetary Fund (IMF).) CFI1
Access to credit CFI2 1 1
Household income CFI3 1 1
Social help CFI14 1 1
Arrival of tourists CFI5 1 1
Grid electricity cost CFI6 1 1
Spending on energy sources CFI7 1 1
Remittances CFI8 1 1
Investment Capital CFI9 1 1
Savings CFI10 1 1

Physical capital CP 7 1 2 10
Access to information CPI1 1 1
Access to energy CPI2 1 1
Energy consumption per inhabitant CPI3 1 1
Self-coverage of the Energy Demand CPi4 1 1
Use of renewable energies CPI5 1 1
Transport infrastructure CPI6 1 1
Carrier penetration Renewable energy CP17 1 1
Grid reliability CPI8 1 1
Proximity to the grid of the community interconnected system CPI9 1 1
Access to water CPI10 1 1

Natural capital CN 1 7 8
Disponibility of Renewable Energy carriers CNI1 1 1
Air quality CNI2 1 1
Particles total CNI3 1
Net absorption CO, CNI4
Available Water CNI5 1 1
Biodiversity CNI6 1 1
Forest cover area CNI7 1 1
Hydrographic basin management CNI8 1 1
Availability of water and aquatic resources CNI9 1 1

Total 17 6 13 36

Capitals and Indicators Acronym WB DFID UNDP Total
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Table 1. Cont.

Capitals and Indicators Acronym WB DFID UNDP Total

Human capital CH 1 3 4
The economically active population (%) CHI1 1 1
Occupancy rate CHI2 1 1
Scholarship CHI3 1 1
Life expectancy CHI4 1 1
Family size (According to Organization for Economic Cooperation and CHI5

Development (OECD).)

Labor productivity (According to Organization for Economic Cooperation CHI6

and Development (OECD).)

Social capital CS 4 1 5
Community Participation Level CsIt 1 1
Collective representation CSI2 1 1
Leadership CSI3 1 1
Participation in decision-making CSI4 1 1
Climate information services CSI5 1 1

Financial capital CF 8 1 9
Local GDP /hab (is taken from the International Monetary Fund (IMF).) CFI1
Access to credit CFI2 1 1
Household income CFI3 1 1
Social help CFI4 1 1
Arrival of tourists CFI5 1 1
Grid electricity cost CFlI6 1 1
Spending on energy sources CFI7 1 1
Remittances CFI8 1 1
Investment Capital CFI9 1 1
Savings CFI10 1 1

Physical capital CP 7 1 2 10
Access to information CPI1 1 1
Access to energy CPI2 1 1
Energy consumption per inhabitant CPI3 1 1
Self-coverage of the Energy Demand CPl4 1 1
Use of renewable energies CPI5 1 1
Transport infrastructure CPI6 1 1
Carrier penetration Renewable energy CPI17 1 1
Grid reliability CPI8 1 1
Proximity to the grid of the community interconnected system CPI9 1 1
Access to water CPI10 1 1

Natural capital CN 1 7 8
Disponibility of Renewable Energy carriers CNI1 1 1
Air quality CNI2 1 1
Particles total CNI3 1 1

Net absorption CO2 CNI4
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Table 1. Cont.

Capitals and Indicators

Acronym WB DFID UNDP Total

Available Water CNI5 1 1

Biodiversity CNI6 1

Forest cover area CNI7 1 1

Hydrographic basin management CNIS8 1 1

Availability of water and aquatic resources CNI9 1 1
Total 17 6 13 36

Cfis

Poor scenario

AN €5 N~

2.2. Assets Pentagon

The assets pentagon is used to graphically represent the value of each of the capi-
tals [21]. Each capital can take on a value between 0 and 1. The capitals are independent,
although there is an interrelation that occurs through the variables and parameters that the
indicators that the capital shares. In the ideal case, a regular pentagon is obtained, however,
the capitals evolve forming irregular pentagons in which the area shape of this allows for
establishing the level of development reached by the study community.

In Figure 1 three assets pentagon scenarios are presented. In the poor scenario, a low
total area is observed with a level of more than half of natural capital and social capital,
while human, physical, and financial capital are much less than half. In the normal scenario,
the community has an increase in its human capital and this in turn is transformed into an
increase in financial and physical capital. In the wealth scenario, energy intervention projects
have influenced the increase to optimal levels of human capital and this in turn evolves to
the optimal level of other capitals, reaching the pentagon in a quasi-regular manner.

Normal sceneario Rich scenario

CH
|

.v""\

€S N /S N\, €5

&
Cfin Cfis Cfin Cfis Cfin

Figure 1. Assets Pentagon Scenarios, presented by [22].

The area of the pentagon that is formed with the results of the capitals can be calculated
using Equation (3) which is called the Gaussian determinant [23]. The area of the pentagon
that will result from the evaluation of the capitals in each scenario in the long term,

will allow evaluation of the global gain or loss of the assets that make up the EMV [24].
Equation (4) represents Equation (3) expanded.

n—1

1 n—1
A= 5 2 XiYit1 + XnY1 + Z X +1y; — x1Yn 3)
i=1 i=1

1
A= §|x1yz +xoy3 4+ -+ X — 1yn + Xny1 — XoY1 — X3Y2 — - — XpYnt1 — X1Yn|  (4)
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Although the total area of the pentagon allows us to assess the overall contribution of
capital to community development, there are different irregular pentagons that can have
the same area. To distinguish and compare the pentagons, the coefficient of variation on
the capitals can be adopted [25]. Between two pentagons of equal areas, the one with the
smaller coefficient of variation will be the more stable. In Equation (5) the coefficient of
variation (CV) is presented.

CV=—= ®)
where o¢, is the standard deviation between the capitals, and X is the mean of the capitals.

2.3. Simulation Algorithm

An evolutionary algorithm is an artificial intelligence-based computer application that
solves problems using mechanisms commonly associated with biological evolution, weaker
solutions are eliminated, while stronger and more viable ones are retained and re-evaluated
to the time limit of achieving the desired results [26,27].

The evolutionary method, similar to other genetic or evolutionary algorithms, finds a
good solution to a reasonably well-scaled model. Because the evolutionary method is not
based on derivative or gradient information, it cannot determine whether a given solution
is optimal, so it never really knows when to stop [28].

Evolutionary methods are widely applied to optimize processes, being basic for the
use of artificial intelligence [29]. The evolutionary method using the generalized reduced
gradient solving method (GRG), never ensures that it has found the best solution or that
an improvement could be found in the evolutionary algorithm were executed for a longer
time [30]. When Solver has converged to the current solution this can mean that Solver has
found an optimal solution; if so, new members of the solution will tend to “crowd” around
this solution. When Solver cannot improve the current solution, it will continue to search
for better solutions in the specified time.

2.4. Polynomial Regression

Modeling the factors makes it possible to evaluate how much the community develops
as energy is provided, the capital will change with a trend toward the energy demand. A
polynomial regression analysis using Microsoft Excel is useful to find this trend [31]. With
this, we can have a path between an initial scenario and an optimum point in time and
establish the goals at each stage of the horizon of development planning.

3. Methodology

The proposed methodology for modeling and simulating the behavior of capital initial
with diagnosis in a study community is shown in Figure 2. This scenario evaluates each of
the capitals based on the selected indicators applicable to the selected community. After
the analysis of the interaction of capitals, the specific indicators of the study related to
energy demand are defined. The ranges of variation of the indicators are defined and the
optimization model is run until an optimal solution is found. In the case of not reaching an
optimum, “n” runs of the model are carried out until reaching the best feasible solution
during the “n” times. The following figure presents, divided into three stages, the structure
of the proposed methodology. The first called endogenous potentialities development
includes the evaluation of the potential of the community, its capital, and opportunities
for intervention. The second called development of the quantitative model deals with the
development of the quantitative model that models the indicators with their variables and
parameters that contribute to the development of the community related to energy. The
third stage is the model simulation and optimization which performs the simulation of
the evaluation of the variables and parameters of these indicators in the energy planning
horizon as a way of having a tool that allows evaluating the contribution to the development
of the interventions carried out.
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Methodology for planning energy supply systems in remote communities integrated with SLAs.

IO

Sustainable
Livelihood
Diagnostic

Energy Demand Demand Factors )

. Model simulation
Factors Indicators

l

Participatory
analysis of capital
interaction

l

Determination of
intervention
opportunities

|

Capital Assessment
Protocol

!

®

\fl

Participatory
analysis of capital
interaction

~_Yes.

Optimal model?

|

Indicators
adjusted ?

10

Indicators
Simulation and
adjust

1 |
No
Tolerance Range
Definitions

Endogenous potentialities

development

Model simulation and

Development of
optimization

quantitative model

Figure 2. Proposed model for planning energy supply systems in remote communities based on SLs.

As has already been indicated, the area of the pentagon that is formed with the results

Table 2. Value of each component for the five capitals analyzed.

of the capitals can be calculated employing the Gauss determinant. To establish a resolution
method that allows the Gauss determinant to be applied, the ordinate axis has been set as
human capital, then social capital is at 45°, financial capital at 135°, physical capital at 225°,
and natural capital at 315°. All degrees are clockwise. This allows obtaining the Cartesian
components in the plane of each capital by multiplying the value of the capital by v/2/2.
Table 2 presents the value of each component for the five capitals analyzed.

Variable Description Value

xCp, Component x of Human Capital 0

xCs Component x of Social Capital Csv2/2
xCfip Component x of Financial Capital CrinV2/2
xC Component x of Physical Capital CrisV2/2
xCy, Component x of Natural Capital Cuv2/2
yCy, Component and Human Capital Csv/2/2
yCs Component of Social Capital Csv/2/2
YCin Component y of Financial Capital Csv/2/2
yCis Component y of Physical Capital Csv/2/2
yCn Component y of Natural Capital Csv/2/2

Therefore, the area of the pentagon will be determined by Equation (6).

1
A= 5 xcpycs + XCsYCpin + - -+ + XCn — Lycn + XCnlYCp — XCsYCp — XCfinYCs — * + = — XCpYCpy1 — XCpYCn

(6)
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where ¢, is human capital, ¢; is social capital, ¢y, is financial capital, ¢z = physical capital,
and c, is natural capital.

3.1. Pentagon Area Shape Coefficient

The area shape coefficient (ASC) of the pentagon, obtained through Equation (7) allows
us to evaluate the aspect ratio of the asset pentagons resulting from each proposed scenario.
Equation (7) is the function objective to asset the evolution of areas, where A is the area of
the pentagon of capitals. All capitals have values between 0 and 1.

Max- ASC = A (1—CV) @)

Subject to:

0> cp, ¢y Cs, Ciny Chis) Cn > 1

Given the possibility of having the same total area of the pentagon with different
arrangements of the capitals, it is necessary to establish a measure that allows evaluating the
shape differences. The ASC penalizes the resulting area, subtracting a value proportional
to the existing deviation (variation coefficient) [32-34]. The ASC of pentagons of equal area
will be less while the more the capitals vary among themselves.

The goal of the proposed methodology is to obtain the maximum ASC according to the
capital structure in the selected community. A maximum ASC guarantees the development
of the community based on the growth of the ESS, as well as sustainability since this
development will take place with a harmonious growth rate among the five capitals.
After the first phase (evaluation of the capital), based on this potential, interventions are
developed that modify the indicators and variables to promote development.

3.2. Capitals Modeling and Simulation Algorithm

Once the initial values of the capitals have been defined, the model is developed by
performing macros, optimizing the areas, and calculating the capitals. A set of restrictions
are developed for the variables so that the best response can be obtained for each case. For
the evaluation of the three scenarios (poor, normal & rich) two cases were deemed. The
first all evolve at the same rate and the second independently, however, the second was
considered to have a better reference of the same condition of both.

Once the planning model was simulated, random variations were made for its sim-
ulation that allowed verifying its behavior and taking the average values. The average
values are used as references to accurately determine the values of the three scenarios that
define the three stages of evolution, from very low to rich resources. With the data from
three scenarios, the behavior graphs are defined for the energy planning model integrated
with the SLs. Furthermore, with them they are determined by adjustments of the most
representative curves of each planning model run, to have the planning model represented
through an equation and not of data. An equation allows us to determine the condition at
each moment of the evolution between capitals. It is of great importance to establish that
the analysis is conducted for limited conditions between 0 and 10 years.

With the modeling and simulation of the capitals and other variables, an analysis of
the behavior of the systems can be developed at any moment. With the application of
Equation (8), it has been possible to carry out a quantitative study from qualitative data.

=10 Av
Capyny = ZZ:O Capy(n_1) £ 8% e 0<Capy <1 (8)

where Cap,(,_1) is the capital under study x in the state 1, § is the discrete trigger function
to define the addition or subtraction of the percentage factor, and 42 is the percentage of
1% growth or decrease.

Figure 3 shows the capital simulation process. This flowchart expresses the logic of

the simulation process of the variables and parameters for the calculation of the capital
indicators. The prediction model starts from the generation of an initial scenario for the
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variables of the indicators defined from the review of the literature and is dimensioned
using the community’s survey, then it evolves to a rich scenario, optimized at each moment
of the planning. the objective function. The optimization guarantees for each moment the
highest value of each capital with the most regular shape possible of the asset pentagon.

Inicial Condition of Capital Value

!

Poor,Normal, Rich Communities

» Polinomial Regression Analysis

\ !

Simulation whith D of Capital
Area Shape Coefficient Forecast

Each Value <1 and Cycles < 100
Area and Objetive Function Calculation ( )
End

Y

Evaluation Capitals from Poor to rich Calcaulation

{

Capital Average Value, Area and Objetive Function Calculatiosn

Figure 3. Capitals simulation flowchart.

Figure 4 shows the trend of the evolution of capital in the planning time horizon based
on indicators related to energy demand. As can be seen, there is a linear increasing trend
for four of the five capitals, except for natural capital, which decreases linearly because it
is capital used by the community for its economic expansion. In any case, the proposed
model limits the reduction of natural capital to 60% of the initial level and a harmonious
regularity with the other capitals with the ASC.

Capitals Evolution

MNat. Cap.
Hum. Cap.
Sot. Cap.
Fin. Cap.
Phy. Cap.

0.9

0.8

0.7

Capitals

0.6

0.5

0.4

03 T T T T T T T T T
i 1 2 3 4 5 & 7 8 9 10

Years

Figure 4. Capital evaluation equations.
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4. Results

The results have been obtained through a simulation of the values of the variables
established based on a survey carried out in Santana, a remote community of Los Cacaos,
San Cristébal Province in the Dominican Republic.

Figure 5 allows us to see graphically how the proposed methodology relates the vari-
ables of the key indicators for the delivery of livelihood opportunities to the communities
so that their capitals improve over the time horizon. It is important to consider that the
sustainable livelihoods approach carries out a process of participatory interaction between
the indicators of the capital to guarantee the sustainable development of the community.

-------------------- VARIABLES-INDICATORS-ASSETS RELASHIONSHIP

Consumer Spending: 1:-
Investment: 11w

CFI1:5|

Exports: 1)
Imports: 1= g~ CFra:2l
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Saving: 1)m CFl9:
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Figure 5. Variables indicators assets relationship diagram.

The analysis through the parameter’s simulation of the community livelihood, shows
the evolution from the poor to rich scenario, going through normal. With this, it is possible
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to establish the pathway that the community must follow in planning its development, at
the same time that they control their development through monitoring capital variables.

A set of polynomial regressions equations were calculated based on the simulations
performed, which allows seeing the behavior and analyzing its average value. This serves
as the basis for establishing the initial and final value of the capital considering a normal
evolution of the same. Table 3 shows the equations obtained through polynomial regression
for each of the capitals.

Table 3. Regression equations for each capital.

Capitals Equations
Human capital y = 0.0013x? + 0.0391x + 0.4412
Social capital y = 0.0011x? + 0.0381x + 0.3952
Financial capital y = 0.0009x% + 0.0371x + 0.3492
physical capital y = —0.001x> — 0.068x + 0.3139
natural capital y = —0.0003x> — 0.036x + 0.9933

A polynomial regression analysis was performed for the objective function, taking
the three scenarios: poor, normal, and rich. The resulting equation is described in Figure 6.
The objective function represents the growth of the capital and the growth condition of the
community, which is observed as a community whose growth objectives are outlined with
a vision, allowing the capital to develop favorably, resulting in economic and social growth.

Objetive Function Regression
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Figure 6. Regression of the objective function.

Table 4 presents the data that describes the behavior of the capitals and the objective
function considering the polynomial regressions and evolution behavior between the
different scenarios, as well. There is a growing trend in the data corresponding to human,
social, financial, and physical capital, while natural capital decreases due to the use of
resources made to promote community development.

This methodology allows evaluating the contribution to development by the adequate
provision of the demand of the ESS in remote communities through the SLs approach by
comparing the area of the pentagon with the optimum of the ASC with what is chosen for
each possible scenario the solution that has the most regular shape for the largest possible
area which translates into resilient and harmonious development among all capitals. For a
case study, it will only be necessary to select the specific indicators and variables applicable
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to the community and substitute them in the validated model to obtain the long-term
planning of community development based on its livelihoods.

Table 4. Capitals evolution behavior between the different scenarios.

. Objective

Period Cp Cs Cfin Cris Cy o :1 ion
0 0.4412 0.3952 0.3492 0.3139 0.9933 0.80
1 0.4816 0.4344 0.3871 0.3809 0.9576 0.91
2 0.5246 0.4758 0.4268 0.4459 0.9225 1.02
3 0.5702 0.5194 0.4683 0.5089 0.8880 113
4 0.6184 0.5652 0.5116 0.5699 0.8541 1.24
5 0.6692 0.6132 0.5567 0.6289 0.8208 1.35
6 0.7226 0.6634 0.6036 0.6859 0.7881 1.46
7 0.7786 0.7158 0.6523 0.7409 0.7560 1.57
8 0.8372 0.7704 0.7028 0.7939 0.7245 1.68
9 0.8984 0.8272 0.7551 0.8449 0.6936 1.79
10 0.9622 0.8862 0.8092 0.8939 0.6633 1.90

5. Discussions

When evaluating the area-time curve with energy-time demand, there is a direct
relationship between the area of the pentagon at each stage of the community planning
horizon and energy demand. This allows corroborating that a correct provision of energy
for intervention projects that allow taking advantage of the endogenous potential of the
community will increase the capital of the community. However, this capital increase
may not be sustainable if the growth of one capital is achieved at the expense of another
capital, as has been seen in communities where financial capital grows and natural capital
deteriorates significantly. Therefore, this research proposes that the Objective Function
based on the ASC chooses for each possible scenario the solution that has the most regular
shape, which will be the one that harmonizes the results among all the capitals.

There is a high correlation between the variations of the area and the ASC, which allows
us to establish that as the capitals grow, there is a growth around the pentagon that they form
and therefore a community development growth. This constitutes the fundamental utility
of the methodology, being able to have a tool to evaluate within the temporal horizon how
winning livelihood interventions help to improve community capital.

The variation of the energy demand expressed by the curve allows the evaluation of a
trend highly correlated to the evolution of the area, which clearly states how the correct
provision of energy to a community contributes not only to the decrease of PE but also to
sustainable development, based on SLs indicators. As shown in Figure 7.

In the case studies, there will be a line of evolution that may go below at one time and
at others above the trend line of the simulated planning. When this occurs, the variables
that affect this change must be verified and the necessary interventions to control them
according to future projections.

In certain cases where the rise or fall difference is too great at the beginning or end, or
where shapes of the trend line are obtained that are far from the planned one, it is possibly
intervention projects executed at very specific times within the time horizon. This is due
to the certain availability of resources obtained by the particular social processes of the
community. The differences produced must be adjusted with the initial planning model.

The sustainable livelihoods approach has a set of variables and parameters that in
this work have been selected for their relationship with energy management, which can be
considered as decision elements in future work that focuses on smart management in the
short term.
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Figure 7. Forecast of the evolution of capitals.

Table 5 presents a model comparison with eighteen recent papers. In 2020, Mukisa
et al. included the optimization of the model for a local case and develops his model
for specific moment conditions [35]. The proposed model included the optimization and
focuses on the long term with the annual evolution within a timeline only, the proposed
work has included the projection of the evolution of capital through the temporal horizon.

Table 5. Proposed model comparison.

Optimized Capitals, Indicators and . Spatial
No. References SLA Model Variables Projected Temporal Resolution Resolution

1 Proposed Model YES YES YES Long Term Local
2 Henao [36] YES NO NO Specific conditions Local
3 Bhattarai and Thompson [37] - NO NO Specific conditions Local
4 Martinkus [38] YES NO NO Specific conditions Local
5 Huang et al. [28] - NO NO Long-term Regional
6 Nadimi and Tokimatsu [39] - NO NO Long-term Global
7 Yadav et al. [40] - NO NO Long-term Global
8 Mahmud et al. [41] - NO NO Long-term Global
9 Akinyele et al. [16] - NO NO Specific conditions Local
10 Chinmoy et al. [42] - NO NO Long-term Global
11 Khanna et al. [43] - NO NO Long-term Regional
12 Soraa et al. [44] - NO NO Long-term Global
13 Karthik et al. [45] - NO NO Specific conditions Local
14 Viteri et al. [46] - NO NO Specific conditions Regional
15 Mukisa et al. [35] YES YES NO Specific conditions Local
16 Musonye et al. [47] - NO NO Long-term Global
17 Lozano and Taboada [48] - NO NO Long-term Global
18  Campos and Marin-Gonzalez [49] - NO NO Long-term Global
19 Ahmadi & Rezaei [50] - NO NO Specific conditions Local

6. Conclusions and Recommendations

This paper studies the gap research between energy planning models and the Sustain-
able Livelihoods (SLs) approach. To contribute to decision-making in the development
planning of remote communities in relation to the evolution of energy demand, work
has been carried out to achieve sustainable development goals, especially objective-7. A
model has been proposed that has the practical utility of guiding decision-making for the
community’s development and evolution of the energy supply system in the long term.

Due to the correlation between the area of the pentagon and energy demand, it can be
concluded that the adequate energy supply system to remote communities will increase
the community’s sustainable livelihoods. In the case studies, the variables that affect the
changes in the modeled trend line should be controlled. This must be carried out by
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comparing the real value with the projected one and taking actions that allow driving the
study variable to the desired value.

A trend line from the case study will diverge from the modeled one, according to
the execution of the interventions, based on the use of energy that affects the variables
of the model. These interventions may be plans, actions, or microcredits that allow the
installation of electro-energy equipment and machinery that help improve the efficiency of
the products or services that the community offers.

Modeling of the energy supply system is necessary for the provision of the demand
in long-term planning technologies. It brings the application of optimization of energy
systems, especially with renewable energies to ensure an affordable and clean pathway.
The proposed methodology is intended to be applied to communities classified with energy
poverty. This will allow for having totally objective selection criteria in establishing an
order of priority for the proper implementation of development projects.

Future works should study how an energy management system can control the dis-
patch demand in the short term the energy supply system according to the resources
availability and its harnessing.

Author Contributions: Conceptualization, C.P-M., ES.G. and V.5.0.-G.; methodology, C.P.-M.,
J.LA.-M. and V.5.0.-G.; investigation, C.P-M., ].A.-M. and V.5.0.-G.; writing—original draft prepa-
ration, C.P-M.,, J.A.-M., AV.D. and V.S.0.-G.; writing—review and editing, C.P.-M. and A.V.D;
supervision, ES.G.; project administration, C.P.-M.; supervision, FS.G.; funding acquisition, C.P.-M.
and FS.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Ministerio de Educacion Superior, Ciencia y Tecnologia
(MESCyT) grant number [2020-2021-3A9-054] and the APC was funded by Instituto Especializado de
Estudios Superiores Loyola (IEESL).

Acknowledgments: The authors acknowledge the Instituto Especializado de Estudios Superiores
Loyola (IEESL) for the contribution to the development of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Mustafa Kamal, M.; Asharaf, I.; Fernandez, E. Optimal renewable integrated rural energy planning for sustainable energy
development. Sustain. Energy Technol. Assess. 2022, 53, 102581. [CrossRef]

2. Quevedo, J.; Moya, LH. Modeling of the dominican republic energy systems with OSeMOSYS to assess alternative scenarios for
the expansion of renewable energy sources. Energy Nexus 2022, 6, 100075. [CrossRef]

3. Pereyra-Marifiez, C.; Santos-Garcia, F.; Ocafia-Guevara, V.S.; Vallejo-Diaz, A. Energy Supply System Modeling Tools Integrating
Sustainable Livelihoods Approach—Contribution to Sustainable Development in Remote Communities: A Review. Energies 2022,
15, 2668. [CrossRef]

4. Castafio-Rosa, R.; Solis-Guzman, J.; Marrero-Meléndez, M. Midiendo la pobreza energética. Una revision de indicadores. Rev.
Habitat Sustentable 2020, 10, 08-21. [CrossRef]

5. Cruz-De-Jesus, E.; Martinez-Ramos, J.L.; Marano-Marcolini, A. Optimal Scheduling of Controllable Resources in Energy Commu-
nities: An Overview of the Optimization Approaches. Energies 2022, 16, 101. [CrossRef]

6. CNE. Analisis Pobreza Energetica Republica Dominicana. Comisiéon Nacional de Energia. September 2014. Available online:
https:/ /www.cne.gob.do/wp-content/uploads/2016/04 /analisis-pobreza-energetica-republica-dominicana.pdf (accessed on 2
January 2023).

7. Mohsin, M,; Taghizadeh-Hesary, F.; Shahbaz, M. Nexus between financial development and energy poverty in Latin America.
Energy Policy 2022, 165, 112925. [CrossRef]

8.  Bhattacharyya, S.C. Review of alternative methodologies for analysing off-grid electricity supply. Renew. Sustain. Energy Rev.
2012, 16, 677-694. [CrossRef]

9. Calvo, R.; Alamos, N.; Billi, M.; Urquiza, A.; Lisperguer, R.C. Desarrollo de Indicadores de Pobreza Energética en América Latina y el
Caribe; CEPAL: Santiago, Chile, 2021.

10. Liu, Y,; Yu, S.; Zhu, Y;; Wang, D.; Liu, J. Modeling, planning, application and management of energy systems for isolated areas:
A review. Renew. Sustain. Energy Rev. 2018, 82, 460—470. [CrossRef]

11. Montoya-Duque, L.; Arango-Aramburo, S.; Arias-Gaviria, J. Simulating the effect of the Pay-as-you-go scheme for solar energy
diffusion in Colombian off-grid regions. Energy 2022, 244, 123197. [CrossRef]

12.  Gutiérrez-Montes, I.A.; de Imbach, P.B.; Ramirez, F.; Payes, ].L.; Say, E.; Banegas, K. MAP-CATIE Las Escuelas de Campo Del; Centro

Agronémico Tropical de Investigacion y Ensefianza (CATIE): Turrialba, Costa Rica, 2012; p. 67.


http://doi.org/10.1016/j.seta.2022.102581
http://doi.org/10.1016/j.nexus.2022.100075
http://doi.org/10.3390/en15072668
http://doi.org/10.22320/07190700.2020.10.01.01
http://doi.org/10.3390/en16010101
https://www.cne.gob.do/wp-content/uploads/2016/04/analisis-pobreza-energetica-republica-dominicana.pdf
http://doi.org/10.1016/j.enpol.2022.112925
http://doi.org/10.1016/j.rser.2011.08.033
http://doi.org/10.1016/j.rser.2017.09.063
http://doi.org/10.1016/j.energy.2022.123197

Energies 2023, 16, 3143 16 of 17

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Vallejo-Diaz, A.; Herrera-Moya, I.; Fernandez-Bonilla, A.; Pereyra-Marifiez, C. Wind energy potential assessment of selected
locations at two major cities in the Dominican Republic, toward energy matrix decarbonization, with resilience approach. Therm.
Sci. Eng. Prog. 2022, 32,101313. [CrossRef]

Garabitos Lara, E.; Vallejo Diaz, A.; Ocana Guevara, V.S.; Santos Garcia, F. Tecno-economic evaluation of residential PV systems
under a tiered rate and net metering program in the Dominican Republic. Energy Sustain. Dev. 2023, 72, 42-57. [CrossRef]
Mulenga, E.; Kabanshi, A.; Mupeta, H.; Ndiaye, M.; Nyirenda, E.; Mulenga, K. Techno-economic analysis of off-grid PV-Diesel
power generation system for rural electrification: A case study of Chilubi district in Zambia. Renew. Energy 2023, 203, 601-611.
[CrossRef]

Akinyele, D.; Belikov, J.; Levron, Y. Challenges of Microgrids in Remote Communities: A STEEP Model Application. Energies
2018, 11, 432. [CrossRef]

FAO M | Guide for Monitoring and Evaluating Land Administration Programs | Organizacion de las Naciones Unidas para la
Alimentacion y la Agricultura. Available online: http://www.fao.org/in-action/herramienta-administracion-tierras/glossary/
m/es/ (accessed on 4 April 2020).

Barman, M.; Mahapatra, S.; Palit, D.; Chaudhury, M.K. Performance and impact evaluation of solar home lighting systems on the
rural livelihood in Assam, India. Enerqy Sustain. Dev. 2017, 38, 10-20. [CrossRef]

Chen, H.; Zhu, T.; Krott, M.; Calvo, ]J.E.; Ganesh, S.P.; Makoto, I. Measurement and evaluation of livelihood assets in sustainable
forest commons governance. Land Use Policy 2013, 30, 908-914. [CrossRef]

Fang, Y.; Fan, ].; Shen, M.; Song, M. Sensitivity of livelihood strategy to livelihood capital in mountain areas: Empirical analysis
based on different settlements in the upper reaches of the Minjiang River, China. Ecol. Indic. 2014, 38, 225-235. [CrossRef]
DFID. Hojas Orientativas Sobre Los Medios De Vida Sostenibles; DFID: London, UK, 2001; p. 210.

DFID. Sustainable Livelihoods Guidance Sheets; DFID: London, UK, 1999.

Weisstein, E.W.; Polygon Area. From MathWorld—A Wolfram Web Resource. 2022. Available online: https://mathworld.
wolfram.com/PolygonArea.html (accessed on 27 November 2022).

Rahmawati, D.; Rachmawati, T.A.; Prayitno, G. Disaster risk reduction of Mount Kelud eruption based on capacity building: A
case study in Kasembon District, Malang Regency. Sustinere J. Environ. Sustain. 2018, 2, 24-42. [CrossRef]

Montgomery, D.C.; Runger, G.C. Applied Statistics and Probability for Engineers; John Wiley & Sons: New York, NY, USA, 2013;
ISBN 978-1-118-53971-2.

Jiang, E.; Wang, L.; Peng, Z. Solving energy-efficient distributed job shop scheduling via multi-objective evolutionary algorithm
with decomposition. Swarm Evol. Comput. 2020, 58, 100745. [CrossRef]

Wang, G.; Chao, Y.; Cao, Y,; Jiang, T.; Han, W.; Chen, Z. A comprehensive review of research works based on evolutionary game
theory for sustainable energy development. Energy Rep. 2022, 8, 114-136. [CrossRef]

Huang, X.; Xia, F; Xia, Z.; Cong, P,; Di, Z.; Yang, Z.; Song, L. Dynamic Economic Optimal Dispatch of Microgrid Based on
Improved Differential Evolution Algorithm. IOP Conf. Ser. Earth Environ. Sci. 2018, 170, 042143. [CrossRef]

Khalid, O.W.; Isa, N.A.M.; Mat Sakim, H.A. Emperor penguin optimizer: A comprehensive review based on state-of-the-art
meta-heuristic algorithms. Alex. Eng. J. 2023, 63, 487-526. [CrossRef]

Briones, L.; Escola, ].M. Application of the Microsoft Excel Solver tool in the solution of optimization problems of heat exchanger
network systems. Educ. Chem. Eng. 2019, 26, 41-47. [CrossRef]

Outram, J.G.; Couperthwaite, S.J.; Martens, W.; Millar, G.J. Application of non-linear regression analysis and statistical testing to
equilibrium isotherms: Building an Excel template and interpretation. Sep. Purif. Technol. 2021, 258, 118005. [CrossRef]

Aldeni, M.; Wagaman, J.; Alzaghal, A.; Al-Aqtash, R. Simultaneous estimation of log-normal coefficients of variation: Shrinkage
and pretest strategies. MethodsX 2023, 10, 101939. [CrossRef] [PubMed]

Long, X.; Wu, S.; Wang, J.; Wu, P; Wang, Z. Urban water environment carrying capacity based on VPOSR-coefficient of
variation-grey correlation model: A case of Beijing, China. Ecol. Indic. 2022, 138, 108863. [CrossRef]

Zhao, Y.; Yang, M.; Peng, X.; Li, G. Research on SMEs’ Credit Risk Evaluation Index System from the Perspective of Supply Chain
Finance—R-cluster and coefficient of variation based on panel data. Procedia Comput. Sci. 2022, 214, 613-620. [CrossRef]
Mukisa, N.; Zamora, R.; Lie, T.T. Assessment of community sustainable livelihoods capitals for the implementation of alternative
energy technologies in Uganda—Africa. Renew. Energy 2020, 160, 886—902. [CrossRef]

Henao, E; Cherni, J.A.; Jaramillo, P.; Dyner, I. A multicriteria approach to sustainable energy supply for the rural poor. Eur.
J. Oper. Res. 2012, 218, 801-809. [CrossRef]

Bhattarai, P.R.; Thompson, S. Optimizing an off-grid electrical system in Brochet, Manitoba, Canada. Renew. Sustain. Energy Rev.
2016, 53, 709-719. [CrossRef]

Martinkus, N.; Rijkhoff, S.A.; Hoard, S.A.; Shi, W.; Smith, P.; Gaffney, M.; Wolcott, M. Biorefinery site selection using a stepwise
biogeophysical and social analysis approach. Biomass Bioenergy 2017, 97, 139-148. [CrossRef]

Nadimi, R.; Tokimatsu, K. Potential energy saving via overall efficiency relying on quality of life. Appl. Energy 2019, 233-234,
283-299. [CrossRef]

Yadav, P.; Malakar, Y.; Davies, P.J. Multi-scalar energy transitions in rural households: Distributed photovoltaics as a circuit
breaker to the energy poverty cycle in India. Energy Res. Soc. Sci. 2019, 48, 1-12. [CrossRef]

Mahmud, K.; Amin, U.; Hossain, M.J.; Ravishankar, J. Computational tools for design, analysis, and management of residential
energy systems. Appl. Energy 2018, 221, 535-556. [CrossRef]


http://doi.org/10.1016/j.tsep.2022.101313
http://doi.org/10.1016/j.esd.2022.11.007
http://doi.org/10.1016/j.renene.2022.12.112
http://doi.org/10.3390/en11020432
http://www.fao.org/in-action/herramienta-administracion-tierras/glossary/m/es/
http://www.fao.org/in-action/herramienta-administracion-tierras/glossary/m/es/
http://doi.org/10.1016/j.esd.2017.02.004
http://doi.org/10.1016/j.landusepol.2012.06.009
http://doi.org/10.1016/j.ecolind.2013.11.007
https://mathworld.wolfram.com/PolygonArea.html
https://mathworld.wolfram.com/PolygonArea.html
http://doi.org/10.22515/sustinere.jes.v2i1.22
http://doi.org/10.1016/j.swevo.2020.100745
http://doi.org/10.1016/j.egyr.2021.11.231
http://doi.org/10.1088/1755-1315/170/4/042143
http://doi.org/10.1016/j.aej.2022.08.013
http://doi.org/10.1016/j.ece.2018.10.003
http://doi.org/10.1016/j.seppur.2020.118005
http://doi.org/10.1016/j.mex.2022.101939
http://www.ncbi.nlm.nih.gov/pubmed/36590317
http://doi.org/10.1016/j.ecolind.2022.108863
http://doi.org/10.1016/j.procs.2022.11.219
http://doi.org/10.1016/j.renene.2020.06.132
http://doi.org/10.1016/j.ejor.2011.11.033
http://doi.org/10.1016/j.rser.2015.09.001
http://doi.org/10.1016/j.biombioe.2016.12.022
http://doi.org/10.1016/j.apenergy.2018.10.039
http://doi.org/10.1016/j.erss.2018.09.013
http://doi.org/10.1016/j.apenergy.2018.03.111

Energies 2023, 16, 3143 17 of 17

42.

43.

44.

45.

46.

47.

48.

49.

50.

Chinmoy, L.; Iniyan, S.; Goic, R. Modeling wind power investments, policies and social benefits for deregulated electricity
market—A review. Appl. Energy 2019, 242, 364-377. [CrossRef]

Khanna, R.A.; Li, Y.; Mhaisalkar, S.; Kumar, M.; Liang, L.]. Comprehensive energy poverty index: Measuring energy poverty and
identifying micro-level solutions in South and Southeast Asia Energy Policy 2019, 132, 379-391. Energy Policy 2019, 132, 379-391.
[CrossRef]

Seraa, R.A.; Anfinsen, M.; Foulds, C.; Korsnes, M.; Lagesen, V.; Robison, R.; Ryghaug, M. Diversifying diversity: Inclusive
engagement, intersectionality, and gender identity in a European Social Sciences and Humanities Energy research project. Energy
Res. Soc. Sci. 2020, 62, 101380. [CrossRef]

Karthik, N.; Parvathy, A.K.; Arul, R. A review of optimal operation of microgrids. IJECE 2019, 14, 9. [CrossRef]

Viteri, ].P.; Henao, F.; Cherni, J.; Dyner, I. Optimizing the insertion of renewable energy in the off-grid regions of Colombia.
J. Clean. Prod. 2019, 235, 535-548. [CrossRef]

Musonye, X.S.; Daviésdéttir, B.; Kristjansson, R.; Asgeirsson, E.I; Stefansson, H. Integrated energy systems’ modeling studies for
sub-Saharan Africa: A scoping review. Renew. Sustain. Energy Rev. 2020, 128, 109915. [CrossRef]

Lozano, L.; Taboada, E.B. Demystifying the authentic attributes of electricity-poor populations: The electrification landscape of
rural off-grid island communities in the Philippines. Energy Policy 2020, 145, 111715. [CrossRef]

Campos, I.; Marin-Gonzélez, E. People in transitions: Energy citizenship, prosumerism and social movements in Europe. Energy
Res. Soc. Sci. 2020, 69, 101718. [CrossRef]

Ahmadi, S.E.; Rezaei, N. A new isolated renewable based multi microgrid optimal energy management system considering
uncertainty and demand response. Int. J. Electr. Power Energy Syst. 2020, 118, 105760. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.apenergy.2019.03.088
http://doi.org/10.1016/j.enpol.2019.05.034
http://doi.org/10.1016/j.erss.2019.101380
http://doi.org/10.11591/ijece.v10i3.pp2842-2849
http://doi.org/10.1016/j.jclepro.2019.06.327
http://doi.org/10.1016/j.rser.2020.109915
http://doi.org/10.1016/j.enpol.2020.111715
http://doi.org/10.1016/j.erss.2020.101718
http://doi.org/10.1016/j.ijepes.2019.105760

	Introduction 
	Systematic Literature Review 
	Sustainable Livelihoods Approach 
	Assets Pentagon 
	Simulation Algorithm 
	Polynomial Regression 

	Methodology 
	Pentagon Area Shape Coefficient 
	Capitals Modeling and Simulation Algorithm 

	Results 
	Discussions 
	Conclusions and Recommendations 
	References

