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Abstract: The growing integration of tourist areas and complexes increases the demand for elec-
trical power systems. This increased demand may represent a vulnerability to voltage and fre-
quency stability in electrical grids, where these parameters are essential for an optimal and con-
tinuous supply of electrical energy. The Dominican Republic has begun a tourist expansion process 
in areas that were previously not commercially exploited. Based on the factors mentioned above, 
this article’s objective was to analyze the impact caused by the increase in electricity demand due to 
the tourism sector, using the Enriquillo Region of the Dominican Republic as a case study. The 
impacts of this expansion on the voltage profiles and the system’s frequency were determined. The 
methodology consisted of obtaining information on the mathematical model of the system to 
evaluate the expansion plan for the study period and the projection of the demand of the grid. The 
complete system was modeled with this information, including expansion and possible renewable 
generators. Finally, the flow of charges was measured, and dynamic analysis was carried out. The 
quasi-dynamic and RMS/EMT simulations were carried out in the DIgSILENT software for this 
investigation. The results showed that the electrical system benefits stability and national stand-
ards. This is because the transmission lines reduced their loading by approximately 2.99% in 2032. 
As the years of study passed and the system load increased, the voltage in the bars of the 138 kV 
systems and generators did not exceed the range of ±5% established in the technical regulations of 
the Dominican electricity market. 
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1. Introduction 
Today, the demand for electrical energy is seeing drastic increases [1]. Electricity is 

the heart of modern societies and economies, so its evolution brings with it the growth of 
power systems. Communities are expected to continue to increase their demand for 
electricity thanks to rising household incomes and the growing order and purchase of 
electrical devices with various applications, such as electric vehicles becoming more 
prevalent in homes and workplaces [2]. This situation forces electrical power systems to 
work to their limits and calls for reliable, stable, and quality systems that meet society’s 
current and future demands. The electrical power systems provide consumers with the 
necessary electrical energy at the highest possible quality standards. For this reason, the 
stability of electrical power systems is critical [3,4]. 

Most tourism-related activities directly or indirectly require energy from fossil fuels 
or electricity, typically transformed from gas, coal, and petroleum [5]. The tourism in-
dustry typically involves high demands on energy use, living standards, and the envi-
ronment. Moreover, population density and energy demand might shift significantly 
with the seasons [6]. While examining the impact of the energy systems of islands, tour-
ism should be considered. 

Citation: Aybar-Mejía, M.; Andrés, 

R.; Cabral-Soto, A.; Montás, C.; 

Núñez-García, W.-J.; Matos, E.A.J.; 

Sbriz-Zeitun, G.; 

Mariano-Hernández, D. Impact of 

Tourist Areas on the Electrical Grid: 

A Case Study of the Southern  

Dominican Republic. Urban Sci. 

2023, 7, 32. https://doi.org/10.3390/ 

urbansci7010032 

Academic Editor: Deborah Edwards 

Received: 1 February 2023  

Revised: 2 March 2023 

Accepted: 7 March 2023 

Published: 13 March 2023 

 

Copyright: © 2023 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Urban Sci. 2023, 7, 32 2 of 19 
 

The number of rooms, usage patterns of visitors, building type and style, and 
maintenance of outside temperature are only a few variables that affect how much en-
ergy is needed in the tourism zone [7]. Several tourist destinations are found in distant 
locales that are far from the national electricity grids. 

Globally, tourism is one of the sectors that contribute the most to the economies of 
many countries. According to [8], the tourism sector directly and indirectly contributes 
270 million jobs and contributes more than USD 4.5 billion to the world’s gross domestic 
product—a number given in 2020 by the World Travel and Tourism Council. In North, 
Central, and South America, 69.70 million tourist arrivals were registered for this 
year—an amount affected by the current global situation regarding SARS-CoV-2. In 2019, 
there were 219.30 million tourist arrivals [9]. This puts into perspective the relevance of 
the tourism sector in the Americas, through which nations’ interest in promoting this 
sector can be understood and developed.  

In the Dominican Republic, one of the sectors contributing the most to the national 
economy is tourism. According to the indicators presented by the Central Bank of the 
Dominican Republic [10], for 2019, the income was USD 7468.10, and the number of hotel 
rooms was 83,041.00, reflecting an increase of 21% in the number of available rooms and 
a 79% increase in economic income due to tourism compared to 2010. 

The tourism industry has seasonal variations (summer and winter) in energy con-
sumption, affecting the demand on the electrical grid [11]. The growth in demand due to 
the increase in the tourism sector in different countries causes the electrical distribution 
grid to work at or very close to its maximum capacity, producing power and energy 
losses in the system [12]. Similarly, it compromises the grid’s stability, reducing its secu-
rity and reliability.  

Due to the economic importance of tourism and the close relationship that exists 
with the increase in electricity demand in countries [13], there is a growing need to ana-
lyze and project the medium- and long-term electricity demand in tourist areas [14], so as 
to be able to create more flexible electrical systems and ensure the technical capabilities to 
maintain the technical requirements for the generation, transmission, and distribution of 
the electricity grid. 

Therefore, the study and planning of demand, voltage, and frequency stability is an 
important task to see the impact of tourist areas on the power grid. The voltage stability 
in a power supply is essential. The operating environment and load on the electrical grid 
are constantly changing. In order to improve the planning, design, operation, and eco-
nomic aspects of the electric power grid, dynamic stability analysis is one of the most 
critical and practical approaches [15].  

Following the development of global tourism, studies have attempted to analyze the 
stability of electric power systems—specifically, by applying frequency and voltage sta-
bility in areas where tourism is expected to expand. 

Considering the above, this article aims to present a methodology for analyzing the 
impact caused by the increase in electricity demand due to the tourism sector. The En-
riquillo Region, located in the southwestern Dominican Republic, was used as a case 
study. 

The main contributions of this paper in this field of research are as follows: 
• Evaluating the impact produced by the increase in electrical demand in the trans-

mission lines on the frequency stability and system voltage, which impacts the 
quality of the energy service provided. 

• Presenting some differences between the North American Reliability Corporation 
(NERC)’s primary international frequency regulations and the regulations applied 
in the Dominican Republic to maintain frequency stability. 

• A methodological study with load profiles of areas used to evaluate the long-term 
impact of the power capacity by applying quasi-dynamic and RMS/EMT simula-
tions using DIgSILENT software. 
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This article presents the methodology in Section 2. The topics concerning stability in 
the electrical grid are presented in Section 3. We then continue with the description of the 
case study in Section 4. Section 5 presents the results and discussion. Finally, Section 6 
presents the conclusions and perspectives for future work. 

2. Methodology 
This article presents a methodology to evaluate tourism’s impact on electrical sys-

tems, grid expansion, and the demand increase in the case study area. The impact of this 
expansion on the voltage profiles and the system’s frequency is determined. The meth-
odology consists of obtaining information on the mathematical model of the system to 
evaluate the expansion plan for the study period and the projection of the demand on the 
grid. With this information, the complete system is modeled, including expansion and 
possible renewable generators to consider. Finally, the flow of charges is measured, and 
dynamic analysis is carried out. 

First, the necessary technical information was collected, which was obtained from 
the Dominican Electric Transmission Company (ETED), the electric power distribution 
company Edesur, and the National Energy Commission (CNE). The technical infor-
mation on the generation technologies, transmission lines, and users connected to the 
grid was obtained from ETED and Edesur. This information was used to define the 
characteristic load profiles of the southern and hotel zones, while the data obtained from 
the CNE disclosed the system’s trends. 

The simulation defined two power demand profiles: The first profile was that of the 
southern zone. All measurement points were considered and used for the coordinate 
organism (OC-SENI) to establish present and future data. The second profile was that of 
the tourist areas and complexes, which served as a reference to simulate the behavior of 
the tourist sector. For the current load profiles, the electrical energy consumption ob-
tained from the measurement points of the selected areas was used, estimating the av-
erage hours of all of the days of the month to determine the average behavior for a year. 
For future demand profiles, data on demand growth were used in the scenario forecast 
by the CNE until 2032. 

Quasi-dynamic and RMS/EMT simulations were then performed in DIgSILENT. 
Quasi-dynamic simulation works well for planning studies where long-term load and 
generation profiles are established, and where grid evolution is modeled using variations 
and expansion stages [16]. The quasi-dynamic simulations were used to model the sys-
tem’s development during the analysis period, measuring variables such as line currents; 
line load; solar, wind, hydro, and conventional energy generation; and active, reactive, 
and apparent power in lines [17]. Regarding the RMS/EMT simulations, they were used 
to observe the system’s behavior in the following situations: output of a generator with 
the capacity to activate the load shedding system, and input of the most significant load 
in a bus of the system. The bus bars’ electrical frequency and voltage behavior were 
measured to validate whether they were within the stability margins. Finally, the results 
were analyzed, describing the behaviors in the simulations, and their relevance was ver-
ified in terms of the adverse effects that they could produce on the electrical power sys-
tem. Figure 1 shows the methodology used for the study. 
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Figure 1. Methodology used. 

3. Stability in Electrical Grids 
Global electricity demand is expected to increase by more than 50% by 2030, ac-

cording to the International Energy Agency [3]. Power systems must meet the voltage 
and frequency stability requirements to allow a level of reliability [18], but this is affected 
by the increase in demand caused by the rise in population, services, and tourist demand 
[19]. 

Grid stability should be maintained during normal and abnormal operations while 
minimizing system costs (both operating and long-term investment costs). This is why 
analysis and stability tools are used to understand how system behavior would be based 
on demand trends and, thus, to be able to propose solutions to possible system re-
strictions and operations. Some of the simulation tools that can be used for stability 
studies include GridLAB-D [20], PSS/E [21], OpenDSS [22], Siemens PTI PSS [23], and 
DIgSILENT PowerFactory [24].  

Some studies that have analyzed how to maintain the stability of power systems 
using voltage and frequency variables as indicators of energy service quality are shown 
in Table 1. 

Table 1. Studies of voltage and frequency stability in electrical power systems. 

Refs. Contributions Limitations Applied Software 

[25] FACTS control application to improve 
the stability of the electrical grid voltage 

Does not cover frequency stability Not specified 

[26] The control scheme for an MV-HVDC 
power system to improve stability 

The study only focused on a multidimensional 
droop-based control strategy 

DIgSILENT PowerFactory 

[27] 
The effect of voltage variation on fre-
quency control was analyzed through 
phase loop dynamics 

A unique problem arises in the frequency control 
structure when the voltage varies suddenly 

MATLAB/Simulink 

[28] 

Proposed a controller for voltage and 
frequency called an automatic voltage 
regulator, which can be considered as a 
solution for tuning frequency 

Unable to keep voltage and frequency balanced when 
connected to the grid MATLAB/Simulink 

[29] 
Proposed a simple frequency controller 
that uses the inverter’s output current as 
feedback to adapt its frequency 

Existing schematics only focus on power and having 
an excellent transient response MATLAB 

[30] 
Provides an introduction to the grid’s 
control and stability of integrating re-
newable energies 

The study was not detailed in the context of the elec-
tricity market 

SimPowerSystems 



Urban Sci. 2023, 7, 32 5 of 19 
 

Due to the increase in demand, electrical distribution grids are forced to operate at 
or near maximum capacity, which causes power and energy losses in the system, affect-
ing the grid’s stability and reducing its security and reliability [12]. 

Voltage stability refers to the ability of a system to maintain steady-state voltage 
while balancing active power. Table 2 presents the different types of voltage stability 
analysis and their interest times for analysis.  

Table 2. Types of voltage stability analysis and their time responses. 

Type Time Responses 
Stability against great disturbances 10 s to 10 min 
Stability against small disturbances Instant 

Short-term stability Several seconds 
Long-term stability Several seconds 

Frequency stability refers to the ability of the system to maintain the balance of ac-
tive power between generation and demand, and its objective is to keep the system fre-
quency at its nominal value. Frequency stability may be required in transient instability 
and small disturbances. Table 3 shows the advantages and applications of some of the 
methods used for frequency stability. 

Table 3. Methods of frequency stability. 

Ref. Method Advantages Application 

[31] 
Linear–quadratic 
control 

Eliminates oscillation in three-phase inves-
tors, harmonic distortion and voltage deg-
radation, and frequency in photovoltaic 
systems connected to the grid 

Compensate the voltage on the line and op-
timize the energy flow to the loads 

[32] Sliding mode control 
Guarantees stability and robustness against 
the uncertainties of the parameters 

Used in nonlinear systems and operating 
systems with discrete timing 

[33] Robust control 
Rectifies frequency fluctuations in investors 
connected to the grid 

Maintain stability in the mode connected to 
the grid and current control in three-phase 
investors 

[34] P-Q control 
Ensures a generation equally distributed 
between active power and reactive power 

Control the frequency and voltage during 
shared loads 

[35] 
Predictive control of 
the model 

The concepts in this management method 
are simple, and its controller is heuristic 

Used when there are multiple input and 
output control problems 

The NERC [36] presented a voltage stability control policy addressing voltage and 
frequency stability regulations. 

4. Case Study 
The Enriquillo Region is in the southwestern area of the Dominican Republic, 

formed by the provinces of Barahona, Pedernales, Independencia, and Bahoruco. The 
area occupied by these four provinces is 6961.43 km2. The Enriquillo Region has five 
wind generation plants in two of its four areas: Barahona and Pedernales. Barahona has 
three plants, with a total installed capacity of 149.80 MW. At the same time, Pedernales 
has two plants, with a total installed capacity of 33.45 MW. Additionally, Barahona has a 
photovoltaic generation plant with an installed capacity of 25 MW, a thermal generation 
plant with an installed capacity of 51.80 MW, and a hydroelectric generation plant with 
an installed capacity of 7.50 MW (see Figure 2). 
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Figure 2. Location of the Enriquillo Region, Dominican Republic. Source: 
https://www.mapas.cne.gob.do/ (Accessed on 15 February 2023) 

Table 4 presents the provinces, the type of generation, the capacity, and the year of 
implementation of the power plants that are part of the Enriquillo Region.  

Table 4. Generation plants in the Enriquillo Region. 

Province 
Type of 

Generation Generation Plant 
Installed Capac-

ity (MW) 
Year of Initial 

Operation 

Pedernales 
Wind Los Cocos I 25.20 2012 
Wind Quilvio Cabrera 8.25 2011 

Barahona 

Photovolta-
ic Canoa 25.00 2017 

Thermal 
power plant 

Barahona-Carbón 51.80 2001 

Wind Larimar I 49.50 2016 
Wind Larimar II 48.30 2018 
Wind Los Cocos II 52.00 2012 

Independencia 
Hydroelec-

tric Las Damas 7.50 1967 

Bahoruco - - - - 

The bus bar measurements of the electrical power flow of the southern zone are 
presented in Figure 3. In addition to considering the measurement points mentioned 
above, the measurement points of the tourist areas located in the eastern and northern 
parts of the country were considered as a reference for the impact on electricity demand 
caused by tourist areas, such as Guavaberry, Juan Dolio, Sosua, Cabarete, and Las 
Americas Airport. 

https://www.mapas.cne.gob.do/
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Figure 3. Points of measurement of power flow and electricity demand in the southern part of the 
country. 

Figure 4 shows the grid configuration in the simulated southern zone [17]. 



Urban Sci. 2023, 7, 32 8 of 19 
 

 
Figure 4. Grid section of the southern zone. 

Figure 5 shows the average monthly demand registered in the southern zone for 
2020, while Figure 6 shows the generation curves by source for the same area and year. 
Figure 6 shows the system’s time demand; this peak is presented from the 20th hour. In 
contrast, photovoltaic solar generation presents its generation peak at 12–14 h. This dif-
ference is a challenge for the electrical system that could limit renewable generation. 
These data were essential for the simulation and scenarios presented in the Results and 
Discussion section.  
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Figure 5. Average monthly demand in the southern zone. 

 

Figure 6. Generation curves by source: (a) hydro; (b) wind; (c) solar photovoltaic; (d) coal power 
plant. 

Figure 7 presents the monthly generation curves for the year 2021 for technologies in 
the southern zone. For coal generation, the generation of electrical energy was constantly 
maintained; there were no ungathered outputs during the period observed. Wind gen-
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eration in winter (from December until February) is where the most significant produc-
tion was obtained. Photovoltaic solar generation remained constant, with variations in 
spring and in the summer presenting an increase in availability. Hydroelectric generation 
remained constant, experiencing decreases due to hydraulic resource management in 
winter due to a decrease in rainfall in the winter period. To maximize the value of the 
water, the hydro plant increases power generation during peak hours (18–23). 

 
Figure 7. Monthly generation curves in the year 2021 for technologies in the southern zone. 

The regulations for the primary frequency regulation are explained in Regulation of 
Law No. 125-01 [37]. Table 5 shows a comparison of international frequency stability 
standards with those of the Dominican Republic: 

Table 5. Comparison of regulations on frequency stability. 

Parameter NERC Dominican Republic 
Active power between 1.5 and 10% of its value √ √ 
Frequency insensitivity between 10 and 30 mHz √ √ 
The dead band between 0 and 500 mHz  √ √ 
Frequency drop between 2 and 12% √ √ 
Maximum justified delay (2 s) √  

Activation time (30 s) √ √ 
Distributed hydroelectric units for regulation  √ 

In resolution SI-060-2015-MEM, CC4.1.1 [38], it is explained that the regulation of 
voltages in 69 kV, 138 kV, or greater bus bars and generators must remain within the 
range of ±5%. 

The power demand data per province are determined as the average of the maxi-
mum, average, and minimal demand in the daily dispatch program (PDD) [39]. The av-
erage power demand in the Enriquillo region in 2019 for the following provinces was 
Barahona 30.49 MW, Pedernales 1.97 MW, and Bahoruco 10.03 MW. The average power 
demand is from 11 a.m.–2 p.m., because in this area there are many solar photovoltaic 
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components, and the grid is stressed more since the low demand is also affected by 
homes that install photovoltaic systems, which impacts the power demand. 

According to [40], this area will have an annual growth of 3.41% in demand for 
electricity from 2021 to 2032. The analysis of the long-term demand for 2021 to 2024 was 
based on a single demand scenario with the annual energy projection obtained from the 
historical data of the actual demand supplied and forecast models based on the Box–
Jenkins method. The Box–Jenkins method creates an autoregressive integrated moving 
average model and makes seasonal and trend adjustments [41] using the following func-
tion (Equation (1)): 

𝑍𝑍𝑡𝑡 = 𝛿𝛿 + 𝜃𝜃1𝑍𝑍𝑡𝑡−1 +  𝜃𝜃2𝑍𝑍𝑡𝑡−2 + 𝜃𝜃2𝑍𝑍𝑡𝑡−2 + ⋯+  𝜀𝜀𝑡𝑡 −  ∅1𝜀𝜀𝑡𝑡−1 − ∅1𝜀𝜀𝑡𝑡−1 − ⋯ (1) 

where 
𝑍𝑍𝑡𝑡 = the present stationary observation. 
𝑍𝑍𝑡𝑡−1,𝑍𝑍𝑡𝑡−2, …, 𝜀𝜀𝑡𝑡−1, 𝜀𝜀𝑡𝑡−2, … the past observations and forecasting error for the sta-

tionary time series. 
𝜀𝜀𝑡𝑡 = the present forecasting error. 
In the expansion plan of the electric transmission system for 2021–2035 [26], it is ex-

plained that there will be a proliferation of non-conventional renewable energies in the 
electric power system without a specific insertion plan. This proliferation of 
non-conventional renewable energies causes much uncertainty about the definition of the 
optimal growth of the transmission grid. Due to the uncertainty caused, various scenar-
ios in the areas most likely to carry out projects with more significant renewable potential 
were analyzed, along with the development of thermal generation projects near ports. 
This projection of power generation is why the country’s future demand from 2017 to 
2030 presents two possible scenarios: 

Low growth: This scenario is based on the trend of the demand for electrical energy, 
which presents an average annual increase of 3.41%. 

High growth: This alternative possibility considers a higher growth of the economic 
development of the country and a decrease in the energy not supplied, which presents a 
supply level of 100% by 2028. 

Figure 8 presents the growth of demand considering a high-projection tourist area, 
while Figure 9 presents the growth of demand considering low demand growth in tourist 
areas. Both scenarios consider projections from other tourist sectors in the Dominican 
Republic. In both figures, a decrease in demand can be observed when the winter season 
begins. In addition, the cement plant executes its maintenance plan at the end of the year, 
reducing its electrical demand. 
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Figure 8. Growth of demand considering a high-projection future from 2017 to 2030. 

 

Figure 9. Growth of demand considering a low-projection future from 2017 to 2030. 

5. Results and Discussion 
In the Quasi-dynamic simulations, the following behaviors were identified: 
Transmission lines reduced their load capacity by approximately 2.99%, which can 

be extrapolated to all of the regional lines. The evolution of the transmission line with the 
highest average load in the analysis period can be seen in Table 6. The southern region of 
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SENI is purely an exporter of electrical energy. As mentioned, the lines connecting this 
area with the plant carry much power, especially when there is a good amount of Sun. 
With the increased local demand, the lines reduce their load level in this area. Generation 
is consumed locally; this behavior contributes to a longer useful life of the lines, alleviates 
grid congestion, allows for lower operating costs, improves grid reliability in the event of 
breakdowns or maintenance on adjacent lines, and reduces losses [30]. For this calcula-
tion, the security criterion was also taken (N-1). 

Table 6. Transmission line evolution with a higher average load. 

Years Load (%) Current (kA) 
2021 31.022 0.152 
2022 30.193 0.148 
2023 29.435 0.144 
2024 28.745 0.141 
2025 28.196 0.138 
2026 27.781 0.136 
2027 27.501 0.135 
2028 27.348 0.134 
2029 27.324 0.135 
2030 27.428 0.135 
2031 27.664 0.137 
2032 28.031 0.139 

Table 7 shows that the highest- and lowest-voltage bus bars reduce their levels to 
more central values in the range that the regulations allow. Adjustment of the voltages 
above the acceptable range towards the safe area is achieved 10 years after the start of the 
study (2030). 

Table 7. Evolution in bus bars of lower and higher average stress. 

Years 
Bar with Lower 

Average Voltage 
Bar with Higher 
Average Voltage 

2021 1.007 1.082 
2022 1.007 1.079 
2023 1.006 1.075 
2024 1.006 1.071 
2025 1.005 1.068 
2026 1.005 1.064 
2027 1.005 1.060 
2028 1.004 1.056 
2029 1.004 1.052 
2030 1.003 1.047 
2031 1.003 1.043 
2032 1.003 1.037 

The RSM/EMT simulations were performed assuming a failure at the AES Andres 
power plant, which supplies 300 MW to the electrical grid through two plants of 196.80 
MW and 121.32 MW, representing 10% of the demand of the electrical system [27]; 300 
MW represents approximately 10% of SENI’s demand. Figure 10 shows the only demand 
from the southern zone, and compares the system’s responses in 2021 and 2032—the 
years with the greatest and least impact, respectively.  

The simulation was carried out in a period of 20 s where, at the first second of 
starting, the electricity generator failed; the behavior of the system frequency can be 
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visualized in the established period; this process was carried out for each year from 2021 
to 2032.  

Similarly, it can be seen that the frequency of the system reaches lower values in 
2021 before the output of the power plant, reaching values of 59,135 Hz, while in 2032 
minimum values of 59.165 Hz are reached, which represents an average difference of 
0.0233% during the analysis period. After 3 s of analysis, primary regulation by raising 
the frequency to 59.768 for 2021 and 59.165 for 2032 presented a faster response in the 
latter. It should be noted that the frequency did not reach nominal values due to the lack 
of modeling of the secondary regulation, because it could not be observed in a 20 s time 
window but in minutes; this is an area that can be expanded in future research. 

It is worth mentioning that the results obtained are shown to be outside the ac-
ceptable frequency ranges in the system operating conditions scenario, and that in the 
event of transients or faults that affect frequency stability, the primary regulation must 
come into play within 30 s of the event occurring, without leaving the established limits; 
this condition was fulfilled in the established analysis. These operating conditions show 
that even if a significant generator trips, the frequency can fluctuate and recover ac-
cording to established regulations. 

 
Figure 10. Electric frequency comparison slack bus between the years 2021 and 2032. 

In the RSM/EMT simulations, the behavior of the electrical system in the region was 
analyzed in the face of the unexpected entry of a large load in the Pedernales area, which 
has the highest average annual demand for electricity. Figure 11 compares voltages in the 
system when a large power demand load enters during the analysis period. Currently, 
the southern zone is characterized by having a proven grid, with low demand and sur-
plus generation. This causes the voltage to remain high in several areas of the southern 
zone, e.g., Substation Los Cocos and Barahona. With the increase in demand by 2031, 
voltage is normalized. 
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Figure 11. Comparison of voltages in the system when a large load enters between 2021 and 2032. 

The voltage in the treated bus bar is above the upper limit of the norm, i.e., 1.05 p.u., 
while in 2032 it is within the allowed range. In both scenarios, the voltages in the bus bars 
oscillate before the entry of the most critical load in the Pedernales bus bar, tending to 
show more noticeable and more significant fluctuations in 2021, while in 2032 there are 
more damped oscillations (see Figure 12). 

 
Figure 12. Comparison of voltage in the Pedernales bus bar before the entry of a large load. 

Figure 13 shows a behavior similar to that in the bus bar. In both 2021 and 2032, it is 
observed that both voltages are identified above the allowed limits before the event. 
When the input event occurs, the voltage in 2021 remains outside the range. In 2032, this 
behavior does not take place, implying that the introduced load is crucial in maintaining 
the voltage within the range established by the norm. In both cases, the same thing hap-
pens as in the previous point—oscillations occur that are later corrected, with the one in 
2021 being more pronounced. 

In the same way, an apparent variation in the electrical frequency is identified upon 
introducing the load in the Pedernales bus bar. For 2021 and 2032, oscillations are ob-
served in the system. The apparent difference is that in 2021, there is a more pronounced 
disturbance in the frequency compared to 2032. It can also be observed that the frequency 
regulation starts working faster in 2032, i.e., 15 s after the event. In both cases, the fre-
quency remains within the standard range, so this event does not compromise the elec-
trical system. 
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Figure 13. Frequency comparison in the system—load input in Pedernales, 2021 and 2032. 

6. Conclusions and Future Works 
The stability control of interconnected national electrical systems at the voltage and 

frequency levels is a common problem that can be evaluated depending on the power 
system’s complexity. The electrical demand that the tourist infrastructure can produce 
due to the growth of this sector in different regions of any country can affect the stability 
parameters of the power system, which can reduce the quality of energy service.  

With the acquisition of data from the case study, it was possible to compare and 
evaluate the behavior of the current and projected energy demand due to growth ac-
cording to the trend scenario of the electric power transmission company. It was also 
possible to simulate the necessary scenarios to conduct a technical analysis to reveal the 
system’s behavior in the face of certain events. 

In the simulation of a significant load connection event, the system maintained the 
voltage within the limits established by regulations, with a minimum value of 0.98 p.u. In 
the case of the simulation output of a large generator, the system’s frequency remained 
above 59.90 Hz throughout the simulated period. The results of the simulations affirm 
that within the study time, the current system has sufficient capacity for the addition of 
electrical demand from the tourist facilities that are to be incorporated in the southern 
part of the country as part of a new tourism strategy that is to be developed. In addition, 
there is no need to implement techniques and/or methods for controlling voltage and 
frequency in the grid. With the quasi-dynamic simulations, it was possible to demon-
strate that, as the years go by with the estimated growth, several parameters manage to 
change states from out of range to within range. The RMS/EMT simulations verified that 
in the face of events such as the output of a critical generator or the entry of a large load, 
the system does not present complications that put its continuous operation at risk. 

One limitation of this methodology is not having adequate information about the 
grid model, the expansion of transmission lines, and the electric power generation sys-
tem’s features. This is crucial information that impacts the outcomes of the investigation. 

For future work, conducting a stability study considering the intermittence of the 
connected renewable energies is recommended, to see how this affects the system’s sta-
bility. In addition, scenarios should be implemented where unscheduled outputs of the 
generation plants are considered to observe the voltage and frequency profiles of the bus 
bars. Finally, a secondary regulation system should be implemented during the simula-
tion of the generation profiles in the system. 
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The methodology used here can be applied to other electrical systems. It is necessary 
to have the model of the system to be analyzed, the expansion plan for transmission lines 
and electricity generation, and the demand forecast for the cases to be analyzed. 
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