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Abstract— The integration of Renewable Energy Sources 

(RES) into the power grid is limited by two inherent 

characteristics: intermittency and low inertia. These 

characteristics negatively impact system stability, particularly 

in terms of frequency stability. If the penetration of RES in a 

power system exceeds a certain level, the frequency stability of 

the system is compromised. This paper employs simulations to 

investigate the impact of high renewable energy integration on 

the stability of an island microgrid. Various scenarios are 

considered, involving different ratios of RES and different 

incidents like short circuits and generator outages. The study 

proposes and validates the combination of Fault Ride Through 

(FRT) and battery energy storage systems (BESS) to address 

these challenges. The results reveal the significant influence of 

RES penetration levels on the frequency stability of the grid. 

However, the combination of FRT and BESS proves highly 

effective in improving system stability, even when RES account 

for 100% of the system's generation capacity 
Keywords— Fault ride through, Frequency droop control, 

Frequency stability, Micro grid stability, Renewable energy. 

I. INTRODUCTION 

Global greenhouse gas emissions have become a 
significant concern, prompting the exploration of renewable 
energy sources (RES) as a promising solution. However, the 
conversion of direct current (DC) generated by wind turbines 
(WTs) and photovoltaic (PV) systems to alternating current 
(AC) using inverters has disadvantages: it eliminates the 
inertia of the energy source and weakens the stability of 
connected systems [1]. Additionally, the intermittent and 
weather-dependent nature of WTs and PV systems, with their 
power output influenced by factors such as wind speed, 
temperature, irradiance, etc. These two inherent 
characteristics of RES further detract from the stability of 
connected systems, especially the frequency stability of small 
and weak grids [2]. 

Numerous studies have been conducted on this subject, 
focusing on various aspects. For instance, the challenges 
concerning the stability of a microgrid were comprehensively 
discussed in [3]. Similarly, [4] employed a mathematical 
model to assess the power stability of an isolated microgrid, 
whereas [5, 6] introduced an assessment approach based on 
dynamic stability analysis to address this matter. 

On the other hand, numerous studies have been undertaken 
to enhance system stability, employing various approaches. 
For instance, intelligent fuzzy control [7] and additional 
nonlinear controllers [8] have been explored as means to 
improve stability. Additionally, the utilization of batteries as 
virtual synchronous generators (VSGs), which emulate the 
beneficial characteristics of traditional rotary generators, has 

proven to be an effective solution [9]. Moreover, the 
implementation of Fault Ride Through (FRT) requirements, 
as specified in new grid codes [10], and power/frequency 
droop control [11, 12], have been extensively analyzed and 
recognized as well-established methods for ensuring power 
stability, particularly in terms of frequency stabilization in 
standalone grids. Currently, droop control methods can be 
classified into four main categories: conventional droop 
control, virtual impedance loop-based droop control, adaptive 
droop control, and robust droop control [11]. Conventional 
power-frequency droop control is widely acknowledged for its 
simplicity, flexibility, reliability, and effectiveness in 
improving frequency quality while eliminating the need for 
complex communication links [11]. 

The main objective of this research paper is to 
comprehensively analyze the transient stability of the 
Guadeloupe grid system Guadeloupe is an archipelago located 
in the Caribbean, consisting of seven islands. It forms both a 
French overseas region and department. The central part of the 
archipelago, which is shaped like a butterfly, is composed of 
two major islands: Grande-Terre in the east and Basse-Terre 
in the west, as illustrated in Fig. 1.  This paper specifically 
concentrates on the examination of the 63kV transmission grid 
that serves these two major islands. 

Similar to numerous other islands, the Guadeloupe 
archipelago heavily depends on diesel and gas for its 
electricity generation, resulting in high costs and negative 
environmental consequences. Nonetheless, Guadeloupe's 
geographical location provides significant opportunities for 
exploiting wind and solar energy. Furthermore, the French 
government has established a target in its Energy Transition 
for Green Growth (TECV) plan, aiming to derive a minimum 
of 40% of the island's electricity from RES by 2030 [13]. 
Consequently, the adoption of renewable energy has become 
an inevitable and imperative choice for Guadeloupe. 

 

Fig. 1. HV infrastructure in the Guadeloupe archipelago 
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However, various research studies have highlighted a 
notable challenge in integrating RES into grids, specifically 
concerning frequency stability. As the penetration of RES 
increases, the inertia of the grid decreases. In order to raise the 
integration of RES into grids, it is crucial to implement 
measures that enhance frequency stability. This study focuses 
on assessing the influence of WTs and PV units on the 
frequency stability of the Guadeloupe grid. Furthermore, the 
paper also validates the effectiveness of combining the FRT 
capability with power-frequency (P-f) droop control, which is 
facilitated by BESS, to support the overall power stability of 
the grid. 

The paper is structured into 5 sections. Section I introduces 
the topic, while Section II provides an overview of frequency 
droop control and FRT requirement. Section III offers a 
detailed description of the Guadeloupe grid, and Section IV 
outlines different scenarios and presents simulation results for 
the transient stability of the island microgrid. Lastly, Section 
V concludes the paper. 

II. CONVENTINAL POWER - FREQUENCY DROOP CONTROL AND 

FRT REQUIREMENT 

A. Principle of P-f droop control 

The concept of the technique is visually depicted in Fig. 
2a. Essentially, it can be understood that the active power and 
reactive power output of BESS are determined by the 
deviation between measured frequency/voltage and as their 
respective nominal values. The mathematical representation 
of the power-frequency (P-f) droop property in Fig. 2 is 
expressed as follows: 

𝑓 = 𝑓∗ −  
m

τs +1
(𝑃 − 𝑃∗) (1) 

Where 𝑓∗ is nominal frequency of 50Hz; 𝑃∗ indicate 
nominal active power of BESS; τ is the time constant of the 
low-pass filter which filter out the averaged active and 
reactive power; 𝑃 stands for real active of BESS; m is the  P - 
f droop coefficients.  m can be chosen as (2): 

𝑚 = 
𝑓𝑚𝑎𝑥 − 𝑓𝑚𝑖𝑛

𝑃𝑚𝑎𝑥 − 𝑃𝑚𝑖𝑛

  (2) 

Where 𝑓𝑚𝑎𝑥  and 𝑓𝑚𝑖𝑛  are the maximum and minimum 
values of the allowable frequency; 𝑃𝑚𝑎𝑥  and 𝑃𝑚𝑖𝑛  stand for 
maximum and minimum capacities of the active power of 
BESS, respectively. 

B. FRT requirement 

The Fig. 2b illustrates the voltage requirements for FRT. 
Without FRT, inverters that connect RES to the grid would 
automatically disconnect PV systems or WTs from the grid if 
the voltage at the Point of Common Coupling (PCC) falls 
outside of the acceptable range (e.g. PCC voltage is below 
0.8pu). However, RES will remain connected to the network 
if the voltage value is above the green curve shown in Fig. 2b 
in case of applying FRT requirement. 

 
a) 

 
b) 

 

Fig. 2: Principle of conventional power-frequency (P-f) droop characteristic 

(a) and FRT requirements (b) 

III.DESCRIPTION OF GRID AND MODELLING 

A. Description of Guadeloupe grid 

While the Base-Terre and Grande-Terre transmission grid 
primarily operates at a voltage level of 63 kV, utilizing 
overhead lines spanning a total length of 226.2 km, the 
interconnection of this grid with other islands is at a voltage 
level of 20 kV, as indicated by the dotted line in Fig. 1. 

Fig. 3 presents the single-line diagram of the Base-Terre 
and Grande-Terre transmission power system. Notably, the 
system stands out for its meshed structure, a common 
configuration in transmission networks due to its high 
reliability in providing power supply. Additionally, Fig. 3 
highlights that bus N1 holds significant importance as the 
most critical and vulnerable node in the system, as it connects 
to the majority of other nodes within the grid. 

B. Loads, Generators and BESS 

According to Fig. 3, there are twelve loads located from 

node N1 to node N13 (excluding node N3) with the total of 

the active and reactive power of 246.5MW and 60.75MVar, 

respectively. Additionally, nineteen synchronous generators 

(SGs) with capacities ranging from 5.00 to 56.35 MVA are 

connected to the grid at nodes N2, N3, and N12. 

It is considered that PV plants are placed at the twelve 

points where the loads are connected. Additionally, the WTs 

are connected to the grid specifically at node N3, providing a 

capacity of 50 MW and operating with a power factor of 0.9. 

A BESS is connected at node N1 to regulate the grid 

frequency as the master if necessary. 

 
 

Fig. 3: Single-line diagram of transmission of Guadeloupe grid 
 

 

 
 

Fig. 4: Blocks diagram controller of battery 



C. Modelling network and BESS in Powerfactory 

The simulation of the Guadeloupe grid was performed in 
the Digsilent Powerfactory environment. Components of the 
network, such as generators, lines, and loads, were modeled 
based on actual parameters. The FRT requirement according 
to recommendations in [10] (Fig. 2b) was implemented in the 
inverters that connect the PV units and wind turbines to the 
grid. P-f droop with a 0.004 droop coefficient was integrated 
into the Frequency Control block (Fig. 4) to calculate the 
deviation and monitor the upper and lower limits of the 
current frequency. The output from this block was combined 
with voltage value from AC voltage measurement block and 
the active and reactive power output of the BESS from P-Q 
measurement block to form input signals for the P-Q control 
block, which regulates the active and reactive power that the 
BESS injects into the grid according to predefined rules (P-f 
droop and Q-V droop).  

IV.SCENARIOS AND SIMULATION RESULTS 

A. Scenarios 

In order to estimate the maximum level of RES 
integration that can be accommodated by the Guadeloupe 
grid while ensuring frequency stability, several scenarios 
were examined. These scenarios covered PV penetration 
levels ranging from 67% to 85% of the total grid generation. 
To simplify the analysis, the WT capacity was held constant 
at 50 MW. This simplification does not impact the general 
applicability of the study, as both PV and WT sources 
connect to the grid using power electronic converters with 
inherently low inertia characteristics. Additionally, each 
scenario accounted for two contingencies: three - short-
circuit and generator outage incidents. 

The ratio of renewable energy sources (RES) is calculated 
by dividing the total capacity of PV plants and the active 
power of WTs by the combined rated power of the loads 
(246.5 MW) and grid losses (approximately 4 MW). It is 
important to note that in scenario SC_1, the RES proportion 
starts at 67% due to observed frequency instability after a 
generator outage when only FRT is employed at this level 
[14]. As a result, this particular wind and PV energy 
penetration level was chosen as the starting point to evaluate 
the effectiveness of combining FRT and BESS in this 
research. The detailed simulation scenarios are presented in 
Table I. 

Generator G18 serves as the reference generator, with 
node N_18 being the slack node. A three-phase short circuit 
event still occurred at the middle of the bus N1, which is the 
weakest point in the system, as previously discussed. This 
event took place at 20s and lasted for 150ms with short-circuit 
resistance being 1 Ohm. This implies that if the system 
remains stable in terms of frequency during a short circuit at 
node N1, it will also be stable if a short circuit were to occur 
anywhere else in the system. 

TABLE I: SCENARIOS  

Scenarios SGs PV 

(MW) 

WT 

(MW) 

RES Rate 

(%) 

Hsys 

(s) 

SC_1 G9, G18, G19 117 50 67 1.07 

SC_2 G9, G18 139 50 76 0.92 

SC_3 G18 162 50 85 0.90 

B. Simulation with FRT requirement 

Fig. 5 to Fig. 8 present the simulation results of the 
Guadeloupe grid in scenario SC_1, where the penetration of 
RES is set at 67% without the application of BESS. The 
obtained results demonstrate that the frequency of the grid 
cannot keep stable after generator G18 suddenly stops 
working at 20s (Fig. 5) if only FRT is utilized. This is because 
the automatic adjustment of the active power by the 
remaining generator G19 is unable to compensate for the 
power loss from generator G18. As a result, the entire system 
experiences a collapse, as shown in Fig. 6. 

From this scenario, the progress carries over to investigate 
the grid after connecting BESS integrated the P-f droop 
control to the power system. The two incidents of short circuit 
and generator outage are simulated again in each scenario to 
evaluate the effectiveness of using BESS for improving 
frequency stability.  

 

 
Fig. 5. Frequency variation in scenarios of short-circuit and generator outage 

at RES rate of 67% with FRT 

 

Fig. 6. Power output of SGs in scenario of generator outage at RES rate of 
67% with FRT 

 

Fig. 7. Active and reactive power output of WTs in scenario of generator 
outage at RES rate of 67% with FRT 

 

Fig. 8. Power output of PV units in scenario of generator outage at RES 
rate of 67% with FRT 
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C. Simulation with FRT and BESS 

1) Generator outage 

a) Scenarios SC_1 

When the G18 generator suddenly stops at 20s, a change 

in frequency and voltage occurs in the system. The remaining 

machines' Auto Voltage Regulate (AVR) and Governor 

(GOV) activate to counteract the loss of power from 

generator G18. The BESS, through its control blocks, adjusts 

the active and reactive power injected into the grid to 

eliminate power system fluctuations, automatically matching 

the changes. 

In this scenario, the simulation results are depicted in 

Fig. 9 to Fig. 14. By analyzing the results, the following 

conclusions can be made:  

• In case of integration of the BESS, the power stability of 
the system is maintained after the generator outage event. 
The system is stable not only in terms of frequency (Fig. 
9) but also in voltage (Fig. 10). 

• During a generator outage, the power deficit is 
compensated by increasing power output from generator 
G19 and the BESS, as shown by the dark-green curve in 
Fig.13 and Fig. 14. Additionally, the BESS injects extra 
reactive power into the grid to maintain voltage at its nodes 
close to 1pu, as illustrated in Fig. 10. 

 

Fig. 9. Frequency variation in scenario of generator outage when 

applying FRT & BESS at RES rate of 67% 
 

 

Fig. 10. Voltage variation at the nodes in scenario of generator outage 

when applying FRT & BESS at RES rate of 67% 

 

 

Fig. 11. Active and reactive power of WTs in scenario of generator 

outage when applying FRT & BESS at RES rate of 67% 

 

 

Fig. 12. Power of PV units in scenario of generator outage when applying 

FRT & BESS at RES rate of 67% 
 

 

Fig. 13. Power output of SGs in scenario of generator outage when 

applying FRT & BESS at RES rate of 67% 
 

 

Fig. 14. Active and reactive power of BESS in scenario of generator 

outage when applying FRT & BESS at RES rate of 67% 

 

• The power output of PV plants and WT remained almost 
unchanged before and after the incident, as shown in Fig. 
11 and Fig. 12 respectively. This is because these nodes 
are designated as P-Q nodes, as mentioned earlier. Any 
changes in active and reactive power in the Guadeloupe 
grid are compensated by generator G19 and the BESS. 

b) Scenarios SC_2 and SC_3 

The research investigation further proceeds by analyzing 
the grid under scenarios SC_2, which includes a generator 
outage disturbance taking place at 20 seconds. The simulation 
outcomes for these scenarios are presented in Fig. 15, Fig. 16, 
and Fig. 17. 

Especially, in scenario SC_3, where the grid has 100% 
penetration of renewable energy, generator G18 serves as the 
only rotating machine. When it stops working at 20s, the 
BESS acts as a slack bus and grid-forming device to maintain 
power balance in the grid, as shown in Fig. 16 and Fig. 17.  

 

Fig. 15. Frequency variation in scenario of generator outage when 

applying FRT &  BESS 



 

Fig. 16. Active power of BESS  and generator G18 in scenario of generator 
outage when applying FRT & BESS at RES rate of 85% 

 

 

Fig. 17. Reactive power of BESS  and generator G18 in scenario of 
generator outage when applying FRT & BESS at RES rate of 85% 

 

From these two figures it is easy to recognize that the P-f 
and Q-V droop control characteristics result in unequal 
increase of power output from the BESS compared to the 
power loss from generator G18, causing the system frequency 
to not reach 50Hz as it was prior to the incident. The voltage 
at nodes in the system also experiences a similar drop (not 
shown in this paper). Secondary-control will restore the 
system to its nominal parameters. 

Additionally, Fig. 15 also illustrates that an increased 
proportion of renewable energy sources (RES) in the grid 
leads to greater frequency fluctuations following an incident, 
as mentioned in Section I. In the authors’ previous studies, this 
has been proven in both mathematical [2] and simulation 
terms [14]. If the penetration of RES in the grid exceeds a 
specific threshold, the frequency becomes unstable following 
a disturbance [14]. 

2) Short-circuit 

With the assistance of BESS, the system maintains 
stability in terms of both frequency and voltage, although the 
voltage stability is not presented in this paper. This stability is 
sustained even when the percentage of RES reaches 100% 
during an abrupt generator shutdown. It is crucial to 
investigate these specific scenarios, particularly when 
encountering short-circuit disturbances. 

The results displayed in Fig. 18 demonstrate that the 
system consistently preserves frequency stability across all 
three scenarios (SC_1, SC_2, and SC_3) even after a short-
circuit event. This stability is maintained even when the 
Guadeloupe grid achieves a complete 100% penetration of 
RES, as indicated by the red dotted curve in the figure. 

 

Fig. 18. Variation of frequency in case of short-circuit with FRT & BESS 

 

 

Fig. 19. Frequency variation in scenario of short-circuit before and after 
applying BESS at RES rate of 85% 

  

The assertion that the frequency variation increases as the 
ratio of RES in the grid increases has been demonstrated once 
again in Fig. 18. The minimum frequency in the scenario with 
67% RES is approximately 49.3 Hz, while it is around 48 Hz 
in the scenario SC_3 with 100% WT and PV energy in the 
system. Furthermore, as shown in Fig. 19, when the system is 
supported by the BESS, the frequency fluctuation amplitude 
decreases significantly after a major disturbance. This 
highlights the crucial role of the BESS in enhancing the 
frequency quality of the power system. 

V. CONCLUSIONS 

The frequency stability of power systems is adversely 
affected by the intermittent nature and low inertia of RES. As 
the integration of PV systems and WTs into the grid increases, 
the available system stability reserve diminishes. Depending 
on the specific characteristics of grids, there exists a limit to 
how much RES can be integrated while still maintaining 
frequency stability in the face of major disturbances such as 
short circuits or generator outages. A promising solution to 
enhance RES penetration is the combination of FRT capability 
and BESS. The results obtained in this paper show that with 
the support of this solution, RES can account for up to 100% 
while still ensuring stability in both frequency and voltage 
after large disturbances. In addition, the presence of BESS 
also leads to significant improvements in the frequency 
quality of the grid.  

For future work, it is suggested to explore areas such as 
adaptive frequency control, distributed control, optimal 
reserve allocation, and other methods aimed at improving 
stability in power systems. 
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