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ABSTRACT  

The growing integration of renewable energy sources into power systems poses operational challenges, particularly for voltage and 

frequency stability, primarily because synchronous generators are being displaced by generation technologies with limited reactive 

and inertial support. This work presents a structured review of recent scientific literature indexed in Scopus and Web of Science that 

focuses on analyzing potential voltage and/or frequency stability issues in power systems with high penetrations of renewable energy 

sources, as well as contributions that propose measures to mitigate potential instability. The review identifies, classifies, and synthesizes 

the literature into two main categories: (i) analytical frameworks for assessing the stability of systems with high shares of non-inertial 

renewable generation, and (ii) proposals aimed at mitigating potential instability, providing a state of the art overview that describes 

the methodologies and outlines the advantages and disadvantages of both the assessment frameworks and the solutions to enhance 

stability. 

Keywords:  

Voltage stability, frequency stability, power systems, renewable energy sources, analysis, solution, review. 

RESUMEN 

La creciente integración de fuentes de energía renovable en los sistemas de potencia plantea eventuales desafíos operativos, parti-

cularmente en lo relacionado con la estabilidad de tensión y frecuencia debido principalmente al desplazamiento de los generado-

res síncronos por tecnologías de generación con limitadas capacidades de soporte reactivo e inercial. Este trabajo presenta una 

revisión estructurada de la literatura científica reciente en las bases de datos Scopus y Web of Science enfocada en analizar los 

potenciales problemas en la estabilidad de tensión y/o frecuencia en sistemas de potencia con alta penetración de fuentes de 

energía renovable, así como la literatura enfocada en exponer una propuesta para mitigar la posible inestabilidad. Esta revisión 

permitió identificar, clasificar y ofrecer una síntesis comprensiva de documentos en dos categorías principales: (i) marcos analíticos 

para la evaluación de la estabilidad de aquellos sistemas con alto aporte de energías renovables no inerciales, y (ii) propuestas 

orientadas a mitigar la posible inestabilidad, ofreciendo un estado del arte que describe las metodologías y expone las ventajas y 

desventajas de los marcos evaluativos y de las soluciones para mejorar la estabilidad. 
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Voltage and frequency stability in power systems (PS) is a critical 

factor for ensuring the safe, continuous, and reliable operation of 

the electric power supply [1]-[3]. 

Traditionally, synchronous generators maintain frequency stability 

through their inertial response and their ability to adjust dispatch 

in response to generation–demand imbalances [4], Meanwhile, 

voltage stability is provided by reactive power compensation de-

vices, such as synchronous condensers or static VAR compensa-

tors (SVC) [5]. 

Currently, the migration of PS to renewable energy sources (RES) 

is a clear and sustained global phenomenon, with photovoltaic and 

wind energy being the most representative technologies [6]. Ac-

cording to the International Energy Agency (IEA), over the past 

decade solar photovoltaic generation increases by more than a 

factor of ten, while wind generation triples. In addition, it is esti-

mated that by 2035 both renewable sources surpass thermal gen-

eration from coal and natural gas, under the scenario of compli-

ance with internationally declared policies [7]. 

This transition is due both to its environmental benefits and to the 

need to reduce dependence on fossil fuels and ensure a stable and 

sustainable energy supply [1]-[8]. 

Projections and the benefits of renewable energy suggest that it 

has the potential to become one of the principal sources of gen-

eration in PS. However, its variable and intermittent power injec-

tions introduce new dynamics into electric systems, affecting their 

operation and stability [10]-[11]. These intermittencies are mainly 

reflected in active and reactive power injections, altering the volt-

age and frequency stability margins [12]. 

Therefore, the replacement of synchronous generation with RES 

is expected to have negative impacts on voltage and frequency sta-

bility in PS. To study this potential issue, this review examines and 

presents literature indexed in Scopus and Web of Science on volt-

age and/or frequency stability in PS with RES integration, published 

over the past five years. 

This review document first presents the definitions and fundamen-

tals of stability in PS. Next, the chapter Evolution of PS brings to-

gether various perspectives on how traditional PS might evolve. 

The chapter Methodology presents the process carried out to 

conduct the literature review, followed by the chapter Results, 

which presents the main findings. Finally, the review concludes 
with the chapters Discussion and Conclusions, which analyze the 

results and offer final considerations. 

Traditional fundamentals and methods of voltage 

and frequency stability 

Stability in PS is defined as the system's ability to recover an oper-

ational state of equilibrium after a disturbance, maintaining its var-

iables within the margins required for safe and reliable operation 

[13]-[14]. This stability is mainly analyzed in terms of voltage and 
frequency, as these are the parameters most sensitive to imbal-

ances between generation, demand, and grid dynamics. 

Voltage stability refers to the system's ability to maintain adequate 

voltage levels at all nodes, even after a disturbance [13]. This con-

dition depends on the balance between the demand for reactive 

power and the system's capacity to supply it. The associated dy-

namics can be rapid, involving devices such as induction motors, 

electronic loads, or high voltage direct current  (HVDC) links [13], 

[15]-[16], or slower, such as those involving transformers with tap 

changers or thermostatically controlled loads links [13], [16]-[17]. 

To ensure voltage stability in traditional systems, reactive power 

compensation sources are used, such as synchronous condensers, 

generators with excitation control and SVC. The effectiveness of 

these solutions depends on their correct location and sizing within 

the system [12]. In addition, operational strategies such as load 

redistribution, topology reconfiguration, and, ultimately, con-

trolled load shedding are applied with the aim of avoiding voltage 

collapse scenarios [18]-[19]. 

Frequency stability, on the other hand, is related to the system's 

ability to return to its nominal value after a deviation caused by an 

imbalance between generation and consumption [13]. Traditional 

frequency regulation is organized into three hierarchical levels. Pri-

mary control is automatic and decentralized, acting within seconds 
to adjust the active power of synchronous generators in response 

to frequency deviations. Secondary control, which is centralized, 

restores the nominal frequency and exchanges between areas 

within seconds to minutes. Tertiary control operates on a larger 

scale (minutes to hours), redispatches units, and replenishes re-

serves to sustain the system in the event of prolonged imbalances 

[20]-[21]. 

PS evolution 

In this context of energy transition, PS are expected to be signifi-

cantly different from traditional ones. The literature offers differ-

ent visions of what the new PS might be, such as those proposed 

by [22]-[25]. Although each proposal is different from the others 

and is formulated for different purposes, power electronics, gen-

eration from RES, energy storage, and demand response are items 

with a notable presence in each proposal. 

Figure 1 presents a summary of these proposals, showing how cer-

tain generation and load components of traditional PS are main-

tained, while incorporating the new elements mentioned above, 

thus configuring a conceptual model of how traditional PS could 

evolve.  

 

Figure 1. PS evolution . 

Source: Own creation based on [22]-[25]. 

 

The potential voltage and frequency stability problems for these 

new systems make it necessary to conduct ongoing research, pro-

posing methods for solving and diagnosing voltage and frequency 

instability due to the integration of RES into PS. 
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Methodology 

This review is conducted through a systematic search of the Web 

of Science and Scopus databases, with the objective of identifying 

relevant literature on voltage and frequency stability in power sys-

tems with integration of renewable energy sources (PSIRES). The 

search strategy combines key terms related to stability, PS, and 

RES, as detailed in Figure 2. 

 

Figure 1. Criteria for searching and selecting papers. 

Source: Authors. 

 

The review is structured around two main approaches: (i) studies 

that focus on analyzing the behavior of PSIRES, and (ii) proposals 

to mitigate the stability issues generated by RES. Based on the ini-

tial results, filters by date, publication type, and thematic relevance 

are applied, which are also illustrated in Figure 2. 

The preselected documents are evaluated based on their titles and 

abstracts to confirm technical relevance. Subsequently, a detailed 

review of each study’s structure, content, and methodological 

contributions is carried out, extracting the elements that enable 

classification and comparison of the identified contributions. 

Results  

Documents focused on voltage and frequency stability analysis. 

The review reveals two predominant types of contributions in the 

analysis of PSIRES. The first comprises works that present specific 

proposals, such as the development of novel stability indices or 

models representing the system or its components. The second 

comprises studies that formulate comprehensive methodological 

frameworks aimed at analyzing system behavior in a structured 

manner. 

Some proposals involve full design, validation, and application, but 

differ from works aiming to build holistic frameworks with RES 

modeling, index definition, and systematic evaluation. 

Among the specific contributions, the development of voltage sta-

bility indices stands out. In [26], the static voltage stability margin 

(SVSM) is estimated with multi-fidelity models that combine the 

accuracy of high-fidelity simulations with the efficiency of simplified 

representations, enabling precise assessment of voltage limits un-

der varying load and generation conditions, in [27], SVSM is for-

mulated as a bi-level optimization problem to identify extreme val-

ues of the index under renewable uncertainty and to define a reli-

able operating range. In [12], quantitative SVSM method based on 

an energy function is proposed that captures system nonlinearity 

and quantifies node-level stability from reactive power injection 

and voltage variation.  

For their part, [28] and [29] Formulate indices to evaluate transi-

ent voltage and frequency stability under varying RES penetration, 

using a theory that analyzes dynamic system response to external 

inputs. 

In [15], a practical index relates RES impedance to grid impedance 

to assess voltage stability quickly and accurately, independent of 

system topology or complexity. In [30], the Critical Boundary In-

dex, based on active/reactive power deviations, monitors proxim-

ity to voltage collapse during events like faults or generation drops, 

and assesses the impact of a virtual synchronous generator. In [2] 

Uses conventional indices like RoCoF and frequency nadir to esti-

mate each system's maximum renewable integration capacity. 

Specific contributions also include proposals for system modeling. 

In [31], introduces a Thevenin-based analytical model that repre-

sents wind generation as current sources and the system topology 

as a matrix linking load and generation nodes. For its part, [32] 

proposes a generator aggregation and network reduction method 

that simplifies frequency-stability studies while preserving key dy-

namics. 

In addition to studies that focus on specific indices or models, a 

substantial portion of the reviewed literature corresponds to 

comprehensive methodological frameworks. In [33], defines a 

framework that sets variable thresholds, assigns binary states, and 

evaluates combinations of operating conditions via time-domain 

simulations to assess voltage stability across a range of scenarios. 

The papers [34] and [35] focus on predicting and evaluating fre-

quency stability using artificial intelligence techniques, although 

from different approaches. In [34], the CoAtNet hybrid model 

with Shapley-based interpretation predicts system states using a 

new frequency security index that includes marginally stable con-

ditions. In [35], Combines LightGBM and GANs to evaluate key 

indicators like RoCoF, nadir, and quasi-stationary frequency. 

Given the stochastic nature of PSIRES, several studies adopt prob-

abilistic approaches. In [36] and [37] evaluate the load margin for 

static voltage stability under renewable uncertainty using semi-an-

alytical methods—Edgeworth and Gram–Charlier expansions—to 

estimate its distribution at lower computational cost than Monte 

Carlo simulation. 

Some frameworks also address the system’s needs to maintain sta-

bility in steady state and under contingencies. In [38] models the 
frequency response of synchronous and renewable sources, pro-

poses three indices—sensitivity, resilience, and deviation sever-

ity—and formulates an optimization to determine the minimum 

added inertia required to remain within limits. In [39], a system 

with high penetration of renewable sources is modeled, incorpo-

rating virtual inertia devices to estimate the minimum inertia re-

quired to preserve stability. Finally, in [6], a model links the voltage 

at the RES point of common coupling to system variables, enabling 

determination of the maximum renewable injection without com-

promising node voltage stability. 

Other methodological frameworks focus on identifying the varia-

bles that most influence stability. In [40], data mining of high-RES 

simulations applies a modified Relief algorithm to quantify each 
variable’s impact on transient stability. In [41], proposes a global 

sensitivity analysis framework to assess the impact of RES on volt-

age stability, using a probabilistic model of RES and demand uncer-

tainty. 

In [42], evaluates system dynamics under disturbances using sta-

bility and resilience indices to identify the largest contingency that 
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remains frequency secure. Finally, in [43], presents a framework 

for evaluating frequency stability under extreme weather condi-

tions, while in [44], develops a methodology to efficiently identify 

critical stability scenarios, optimizing computation without reduc-

ing risk coverage. 

Documents focused on solutions to voltage and frequency in-

stability 

Proposals to address instability in PSIRES fall into two main ap-

proaches: optimizing the use of resources (e.g., storage, genera-

tion, or compensation) and designing control strategies that main-

tain system stability under variations or contingencies. 

One notable approach is the use of energy storage systems (ESS). 

In [4], proposes a predictive tool to estimate real-time inertia, 

forecast frequency nadir, and compute additional reserve from so-

lar generation and BESS. In [45], optimizes the size of a hybrid 

system using an artificial immune system algorithm, incorporating 

the ESS's ability to regulate frequency as virtual inertia. In [46], fuel 

cells and water electrolysis systems with dynamic response are 

integrated as frequency control elements. In [47], a dispatch strat-

egy responds to RES variations using preventive/emergency ac-

tions and mobile storage to support primary regulation. In [48], 

proposes a cascade controller tuned with an improved Runge-

Kutta optimizer, integrating EVs and fuel cells as support sources. 

For its part, in [49], a strategy improves static voltage stability by 

optimally locating ESS in high-wind networks using SVD and parti-

cle swarm optimization. 

Regarding the use of reactive compensation elements, in [50], pre-

sents optimal planning with a multi-objective genetic algorithm, in-

corporating advanced reactive control in doubly fed turbines. In 

[51], location and capacity of SVCs are optimized to improve tran-

sient and small-disturbance voltage stability, integrating technical 

and economic criteria via evolutionary algorithms. 

Regarding generation optimization, [3] proposes optimizing unit 

commitment based on binary particle swarm optimization, inte-

grating demand response and frequency constraints to reduce 

costs and improve system flexibility. In [5], thermal disconnection 

is limited to preserve voltage support during HVDC failures, and 

optimal RES capacity is set based on critical node stability. In [17] 

and [52] static voltage stability is improved by optimizing gas-elec-

tricity dispatch with explicit long-term voltage stability constraints. 

Optimization-based proposals are not restricted to an application 

focused on generation and compensation elements. Some pro-

posals combine multiple elements. In [53], frontier points are op-

timized to create intentional islands that act as partial load shed-

ding, contributing to frequency control while operating autono-

mously. In [54], a virtual synchronous generator with primary and 

secondary regulation is designed, optimized using the whale opti-

mization algorithm. In [55], a reconfiguration strategy under ran-

dom and fuzzy uncertainty is optimized with modified particle 

swarm to improve voltage stability. 

Several contributions focus on the design of control strategies to 

improve system stability. In [56], an adaptive scheme adjusts iner-

tia and damping of virtual generators based on DFIGs, using fre-

quency deviation and its derivative. In [57], PID controllers with 

adaptive virtual inertia are tuned via Chicken Swarm Optimizer to 

maintain safe frequency under high RES penetration. In [58], frac-

tional TID and TIDF controllers for virtual inertia and load-fre-

quency loops are optimized using a hybrid particle swarm–genetic 

algorithm. In [59], a sensitivity-based emergency control strategy 

coordinates thermal units, wind farms, HVDC links, and load shed-

ding. Finally, in [60], voltage stability under wind uncertainty is im-

proved using optimal control to ensure a minimum margin, apply-

ing a Galerkin-based parametric approximation. 

Other less frequent but relevant proposals. In [61], a market 

model promotes RES participation in primary frequency response 

via security-constrained dispatch with updated frequency condi-

tions. In [62], frequency stability is enhanced using an optimized 

controller with an improved gradient-based algorithm for high-

RES hybrid systems. 

Discussion 

To systematize the approaches identified in the literature review, 

a classification of the works is proposed into two main groups: 

first, those that formulate operational or methodological solutions 

to improve stability in PSIRES (listed in Table 1); and second, those 

that focus on analyzing system stability under different scenarios 

and operating conditions (presented in Table 2). This organization, 

based on the findings presented in the Results section, enables a 

clear view of methodological trends, technical contributions, and 

the limitations of each approach. 

Table 1 compiles the various solution proposals, which range from 

resource optimization (storage, generation, and reactive compen-

sation) to the design of control strategies and market mechanisms. 

In general, these solutions are validated in specific operating sce-

narios to test advanced techniques such as evolutionary algo-

rithms, virtual generators, or hybrid dispatch schemes. A recurring 

pattern is the pursuit of improved dynamic system response with-

out the need for new infrastructure, achieved through more effi-

cient configurations or optimization of existing assets. However, 

when examining their limitations, many of these proposals depend 

on idealized conditions, high-fidelity models, or large amounts of 

high-quality data, which constrains their applicability in real sys-

tems. 

Table 2 groups together studies that offer tools for diagnosing and 

understanding system behavior. This category includes the devel-

opment of indices, comprehensive methodological frameworks, 

probabilistic models, sensitivity analyses, and structured assess-

ments of requirements for maintaining stability. These contribu-

tions make it possible to diagnose the system and understand its 

operational limits in the face of different disturbances. Compre-

hensive methodological frameworks ([33]-[37]) stand out for 

combining simulation, evaluation, and interpretation under uncer-

tainty, while indices ([12],[26]-[30]) offer practical diagnostic 

tools. However, many of these methodologies require high vol-

umes of simulated data, model training, or well-defined statistical 

assumptions to be effective. 
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Table 1. Classification of solution focused papers. 
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Focus Advantages Limitations 

Storage opti-
mization 

([4],[45]-[48])  

  
X 

([49]) 

X 
([4],[45]-

[48])  

Efficient use of storage 
systems to improve 

stability. 

They enable improved use of storage 
and backup systems, optimizing costs 

and strengthening system response. 

Its effectiveness depends on the accuracy of 
predictive models and data availability; its im-

plementation can be complex and require ad-
vanced infrastructure. 

Reactive 
power com-

pensation 
([50]-[51]) 

X 

([51]) 

X 

([50]) 
  

Reactive compensation 

optimization to im-
prove voltage stability. 

They improve the use of reactive com-
pensation resources through advanced 

control in wind turbines [50] or optimal 
placement of SVGs based on technical 

and economic criteria [51]. 

Its effectiveness depends on the stability of the 
sources and the complexity of implementa-

tion. [50] can generate instability due to wind 
variability, and [51]. presents challenges when 

combining technical and economic criteria. 

Optimization 

of generation 
resources 

([3]-
[5],[17],[52]) 

 
X 

([5],[17

],[52]) 

X 

([3]-[4],) 

Efficient use and dis-
patch of generation 

sources. 

They enable dispatch to be optimized 
not only economically but also in a way 

that preserves system stability. 

It is difficult to find an optimal balance be-
tween system stability and economic dispatch, 

especially in highly variable scenarios. 

Optimization 

in operation 
([53]-[55]) 

 X 

([55]) 

X 

([53],[54]) 

Optimization of sys-

tem operation to 
maintain stability 

They enable improved system stability 
without the need for new infrastruc-

ture. [53] proposes intentional islands 
as an alternative to selective load shed-

ding; [54] designs adaptable virtual gen-
erators; and [55] optimizes the grid by 

considering uncertainty in generation 
and demand. 

These approaches require accurate models, 

and their effectiveness may be limited by local 
operating conditions. In [53], generation ca-

pacity restricts the size of the islands; and 
[54]-[55] rely heavily on the quality of the sys-

tem model. 

Control strat-
egies 

[56]-[60], [62] 

 X 

[60] 

X 
([56]-

[59],[62]) 

Design of optimized 
adaptive and coopera-

tive controllers. 

They enable the system to have a high 
capacity to adapt to disturbances; rapid 

and accurate response. 

They require fine tuning of parameters, valida-
tion under different scenarios, and robustness 

in the face of uncertainty. 

Market mod-

els 
([61]) 

    
X 

([61]) 

Economic incentive 

mechanisms to inte-
grate RES into fre-

quency regulation 

It addresses the economic dimension 

and promotes the use of renewable 
sources. 

It requires compatible regulatory frameworks; 

its adoption can be slow and dependent on 
external factors. 
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The review shows that voltage and frequency stability issues are 

extensively addressed in the recent scientific literature, driven by 

the sustained increase of RES in PS. Among the most relevant find-

ings is the recognition that system stability depends on multiple 

factors: source response capability, the type of available resource, 

network topological configuration, and operating conditions. Like-

wise, multiple strategies are developed to mitigate the negative 

effects of high penetration of RES, notably including energy storage 

systems, adaptive control, coordinated distributed generation, and 

load and generation forecasting schemes. 

One aspect worth highlighting is that, although multiple ap-

proaches exist, not all of them account for the uncertainty associ-

ated with RES, as they rely on idealized conditions or less detailed 

models that may limit their applicability in real-world scenarios. 

On the other hand, studies that include probabilistic analyses or 

multiple scenarios tend to focus more on evaluation than on the 

implementation of strategies. 

A comparison of the two classes of work reveals that, despite ad-

vances in diagnosis and solutions, a gap remains between under-

standing the problem and applying it in the real world. Analytical 
approaches provide a detailed view of system behavior, whereas 

Table 2. Classification of papers focused on analysis. 

Type of 
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(refer-
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Focus Advantages Limitations 

Index de-

velopment 
[[2],[12],[1

5],[26]-
[30]) 

X 
([28],[

30]) 

X 
([12],[15],[

26]-[27]) 

X 
([2],[2

9]) 

Proposal of indices to evaluate 
system stability in different sce-

narios. 

They facilitate quantitative evaluations of 
the system under different conditions 

with low computational cost. [26] adjusts 
the model according to available capacity; 
[27] delimits stability ranges; [12] allows 

node-to-node analysis; and [2], [15], 
[28]-[30] offer efficient evaluations even 

in complex systems. 

Its accuracy can be affected by data 
quality and the type of system. [26] 

requires continuous calibration; [27], 
[12] require high computing power; 
[15] depends on parameters that are 

difficult to measure; and [2], [28]-[30] 
have limitations in the face of nonlin-

ear dynamics or high variability. 

Modeling 
proposals 

([31]-[32]) 

X 

([31]) 
 

X 

([32]) 

Analytical or simplified modeling 
of the system to facilitate its 

analysis. 

They facilitate simulations and reduce 

computational complexity in studies. [31] 
allows for the evaluation of transient sta-

bility by system node; [32] simplifies the 
network while preserving key dynamic 

characteristics.  

The simplification made in [31] and 
[32] may omit relevant dynamics or 

fail to reflect real conditions, espe-
cially in highly nonlinear systems. 

Compre-

hensive 
methodo-

logical 
framework 

([33]-[37]) 

X 

([33]) 

X 

([36]- [37]) 

X 
([34]-

[35]) 

Structured assessments of sys-
tem behavior under different 

scenarios. 

They integrate modeling, analysis, and 
validation into a single structure, enabling 

robust system evaluations. [33] analyzes 
multiple scenarios per node; [34] incor-

porates prediction and interpretability; 
[35] improves model adaptability; and 

[36]-[37] apply efficient probabilistic ap-
proaches to the Monte Carlo method. 

They require well-structured models 
and a high volume of simulations. 

[33]-[35] require training with reliable 
data; and [36]-[37] depend on accu-

rate statistical distributions, with 
lower accuracy if the sources do not 

conform to the assumptions. 

Needs as-
sessment 

([6],[38]-
[39]) 

 X 

([6]) 

X 

([38]-
[39]) 

Determination of system re-

quirements to maintain stability. 

They identify operational limits and quan-
tify the minimum resources needed to 

avoid instability. [38] allows monitoring 
not only of sensitivity but also of system 

resilience and permissiveness; [39] facili-
tates preventive decision-making through 

real-time analysis; and [6] provides ex-
plicit analytical relationships for sizing 

safe renewable injection. 

The implementation of these ap-

proaches requires accurate dynamic 
models and clearly defined stability 

criteria. [38] involves high computa-
tional complexity; and although [6], 

[39] is simpler, its applicability is lim-
ited in dynamic or nonlinear systems. 

Sensitivity 

and impact 
analysis 

([40]-[41]) 

X 
([40]) 

X 
([41]) 

  Identification of critical variables 

They allow the identification of the varia-

bles that most affect the stability of the 
system, providing valuable information 

for prioritizing control actions and ro-
bust design in the face of uncertainty. 

[40]-[41] allow the explicit identification 
of which physical or electrical factors af-

fect voltage stability. 

These approaches require well-char-

acterized probabilistic models and 
high computational power. [40] re-

quires many simulations to build the 
database, and [41] requires multiple 

scenarios to apply global sensitivity 
analysis under uncertainty. 

Extreme 
cases and 

critical sce-
narios 

([42]-[44]) 

    

X 

([42]-
[44]) 

Stability assessment under criti-

cal conditions. 

It allows the system to be prepared for 

extreme events. [42] It can be used as a 
basis for determining the extent to which 

the system operates stably under N-1 
conditions. [43] It integrates a little-ex-

plored methodology that allows extreme 
effects to be predicted and specific pro-

tection mechanisms to be designed. [44] 
It drastically reduces the number of sim-

ulations required without losing accu-
racy. 

Its applicability is limited under nor-
mal conditions, and some approaches 

require specialized data or significant 
computational capacity to represent 

infrequent scenarios. 
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proposed solutions are often applied to idealized scenarios that 

do not account for renewable-energy uncertainty or actual oper-

ational variability. 

The classification proposed in this work not only structures cur-

rent knowledge but also bridges technical analysis and practical 

action, opening new possibilities for developing more robust, con-

text-specific solutions. 

Conclusions 

This work presents a review of recent literature on methods for 

analyzing and improving voltage and frequency stability in PS with 

high penetration of RES. Using a systematic search and analysis 

methodology, the reviewed studies are grouped into two catego-

ries: those that focus on analyzing system behavior and those that 

propose operational solutions. This classification enables the syn-

thesis of the main trends and existing approaches, highlights their 

advantages and limitations, and facilitates an understanding of the 

current state of knowledge on this topic. 

Two predominant approaches emerge in analysis methodologies. 

The first evaluates system behavior under specific operating con-

ditions—such as high contributions from variable-output genera-

tion or contingencies in low-inertia scenarios—through detailed 

simulations. The second develops quantitative indices to estimate 

stability margins, proximity to voltage collapse, and/or the sys-

tem’s effective inertia level. In both cases, recurring limitations 

arise: high data requirements (in volume and quality), the need for 

models with representative fidelity, and significant computational 

loads. These constraints underscore the dependence on robust 

simulation platforms, adequate computing capacity, and reliable 

data-acquisition schemes for stability analysis in systems with high 

penetration of renewable sources. 

The improvement proposals identified in this review mostly rely 

on optimization approaches applied to sources of reactive sup-

port, energy storage, and inertia provision, as well as to other sys-

tem resources capable of contributing to stability. The results em-

phasize the need to maximize the use of existing assets and coor-

dinate their operation to strengthen both inertial support—critical 

for frequency stability—and reactive support—essential for volt-

age stability. In particular, the role of compensation schemes and 

energy storage systems stands out as a key enabler for sustaining 

voltage and frequency stability in PS with a high share of variable 

renewable generation. 
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