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Abstract--Power systems operating at a high level of power 
electronics-based renewable generation imposes significant 
challenges to frequency stability. This is because inertial and 
frequency response capability reduced when synchronous 
generators are displaced. Synthetic inertia devices such as 
battery energy storage can provide inertial and frequency 
response during system disturbances similar to displaced 
synchronous generators. However, there are many technical 
unknowns relating to optimal placement, sizing and response 
time of battery energy storage in power systems with large wind 
power penetration. This research investigates the impact of 
bulk centralized battery energy storage locations on the system 
frequency nadir and rate of change of frequency at high 
penetration of wind power generation. The analytical and 
simulation results provide guidance on determining optimal 
placements for energy storage systems during different inertia 
levels.  
 
Index Terms-- Battery energy storage system, dynamic 
simulations, frequency stability, renewable energy penetration, 
wind energy. 
 

I. INTRODUCTION 
In 2018, the share of electricity from actual renewable 

energy sources in Ireland was 32.9%. Total electricity 
generation provided by wind energy alone was 29.3% [1]. 
Penetration of a high level of wind power generation gives 
rise to two main issues. First, the wind is intermittent that 
will require energy storage over different timeframes. As 
there are times when wind blowing while the demand is low 
and there are times when there is no wind generation while 
the demand is high. The second main issue is these new 
technologies isolate the direct coupling between the 
electrical frequency of the system and the rotor speed of the 
generator. Unlike conventional generators, power-
electronics based renewable generators predominantly wind 
generators do not inherently release or absorb active power 
to resist system frequency variations [2]. Despite the 
availability of a large amount of inertia stored within their 
rotating masses, do not respond to the system frequency 
excursions without a proper control system [3].  

Therefore, at high penetration level of these 
technologies, system inertia will be reduced. The low system 
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inertia will greatly affect system frequency stability whereby 
a sudden change in generation or demand will deviate 
frequency from nominal value and accelerates the rate of 
change of frequency (RoCoF). The effect is especially 
critical in islanded power systems i.e. Australia and Ireland. 
They are limited inertia grids where the loss of a large 
generation unit increases the risk to trip anti-islanding 
RoCoF relay. These areas will be more sensible to initiate 
low inertia issues and possibly blackout similar to that occur 
in South Australia in 2016 [4]. This is a particular problem 
in the Irish power system not only because of the penetration 
of a high level of wind power generation but also because 
Ireland is not well interconnected. So the only 
interconnection that Ireland has is through High Voltage 
Direct Current (HVDC) to Great Britain. This makes the 
actual network be really small compared to other European 
countries that are well interconnected through AC 
transmission network. So the effective grid size is much 
bigger. However, as more and more wind power and the 
level of System Non-Synchronous Penetration (SNSP) 
increases, it eventually results in system-wide low inertia 
issue similar to those experienced in small isolated networks. 

The battery energy storage systems (BESS) have been 
suggested as a potential solution by system operators. The 
alternative is to increasing use of thermal generators in 
service while operating at minimum as the grid requires the 
inertia that these generators provide. Consequently, 
additional reserve power is kept in service resulting in 
curtailing some wind generators and higher emissions and 
costs [5]. The level of wind generation dispatch down 
including curtailments reached 6% of the total wind power 
generation in both jurisdictions of Ireland in 2018 [1]. This 
may not be a major issue for the present state of the network. 
However, it will get to a critical point and will become a 
series problem when the target of renewable goes behind 
2030 and 2050.  

Energy storage systems have been suggested as a 
potential solution by Ireland’s TSOs to address frequency 
stability issues during disturbances. Ireland has already 
installed 10 MW lithium-ion BESS at Kilroot power station 
for this purpose. The study conducted by EirGrid/SONI 
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shows that a 360 MW of synthetic inertia devices for the 
duration of the RoCoF would permit the Irish system to 
maintain its present stability during both high and low 
frequency events [6]. The research at the Queen’s University 
Belfast (QUB) investigates the use of BESS response time 
and ramp time to provide prompt and short-term frequency 
support during actual generator outage. The impact of BESS 
on the system frequency nadir and RoCoF using the Irish 
power system as a testbed is examined. The work concludes 
that a 360 MW of BESS could replace the response of 3 GW 
of conventional synchronous generators if the response time 
is less than 150ms from the start of the event and reach full 
active power within another 300ms [5]. The research on this 
has and a signal from conventional generators measurement 
units as a method for detecting transient frequency event and 
triggering BESS inertial response is studied in [7]. It 
demonstrated that the use of dead-band and droop response 
characteristics of the BESS will be inefficient to replicate the 
response of synchronous generators as the maximum power 
injection will be required during the period over which the 
RoCoF occurs.  

Further, various methods have been proposed to identify 
the optimal placement of BESS to effectively use the 
transmission system during a high penetration level of 
renewable generation. However, the impact of BESS sitting 
on the system frequency nadir and RoCoF is hardly 
explored. Research conducted in [8] examined optimal 
BESS placement and sizing for primary frequency control in 
an isolated section of the Mexican power system as a testbed. 
The investigation is carried out on the system that 25% of its 
synchronous generators are replaced by solar photovoltaic 
systems. Optimal BESS locations are chosen by subjecting 
the network to large transient frequency events using time-
domain simulation. Accordingly, BESS are placed on the 
buses experienced the most severe frequency deviations. 
However, the research did not clearly identify the impacts of 
the BESS placement on the RoCoF value and system 
frequency nadir.  
  

Although the BESS can be used to support most of the 
frequency services including primary, and secondary 
frequency support. The main objective of this research takes 
a comparative assessment approach to analyze the impact of 
BESS locations on system frequency nadir and RoCoF 
during transient under frequency event. A number of case 
studies have been carried out to find optimal placements of 
the BESS at high penetration of wind power generation. The 
rest of the paper is organized as follow: Section II gives a 
brief description of the dynamic system modeling. Section 
III contains simulation and methodology. Results and 
analysis have been discussed in section IV. Finally, 
conclusions and future work have been drawn in section V. 

II. TEST SYSTEM 
The well-known standard 39 bus New England system is 

used to evaluate the dynamic performance of the power 
system under high penetration of wind power generation. 
The system consists of 10 synchronous generators with total 
generation and loads of 6.14 GW and 6.096 GW 
respectively, 12 transformers, 19 loads, and 34 transmission 
lines as shown in fig. 1. 

 
Figure 1. Configuration of the modified 39 bus New England system. 

All the synchronous generators are equipped with 
IEEEG1 standard governor model [9]. Except for generator 
G10 at Bus 30 equipped with IEEEG3 standard governor and 
generator G39 connected to the bus 39 represents an 
aggregation of a large number of synchronous generators 
considered not to have governor model. All conventional 
generators are equipped with the IEEE type-1 exciter system 
and no power system stabilizer considered in the simulation.  

A. Dynamic Model of Wind Turbines  
A generic 5 MW doubly-fed induction generator (DFIG) 

model that is available in DIgSILENT PowerFactory library 
has been used in this research. The model contains all the 
relevant dynamic parts that will be required to test dynamic 
behavior under transient frequency events. The basic 
configuration of each wind farm and its interconnection to 
the New England system is shown in fig. 2.  

 
Figure 2. Wind farms configurations. 

The overall system is modified with six DFIG based 
wind farms are equally distributed and integrated to Bus 9, 
11, 14, 17, 19, and Bus 22 in the transmission level of the 
system. These buses are chosen strategically due to their 
remote locations inside the system compared to the 
distribution of conventional generators. The wind farms are 
directly connected to 0.69 kV busbar and via step-up 
transformers to the network. Each wind farm consists of 
aggregated 123 wind generators making a farm of 615 MW. 
In total there are 3.69 GW wind generation installed in the 
system and that represents 60.1% of the total network 
generation capacity. As the system stability will be critical at 
maximum power generation, all the wind generators are 
considered to be operating at maximum power point and at 
unity power factor during steady-state conditions.  



 
 

B. Dynamic Model of Battery Energy Storage 
A generic model of BESS system provided in 

DIgSILENT PowerFactory has been used and validated to 
provide fast frequency services. The system basically 
consists of two main parts including the power conversion 
and the BESS subsystems [10]. For the purpose of this 
research, the maximum state of charge (SOC) of the BESS 
is set to 80% at initialization and the minimum SOC is set at 
20%. Therefore, the BESS stops injecting power once the 
SOC is out of this range. The system is assumed to be fully 
charged at initialization and thus there will not be any power 
exchange with the network during the load flow.  

Frequency controller is one of the critical parts of the 
BESS control systems. This model represented by a simple 
proportional gain (1/k) with a small dead-band and droop 
response that will be coordinated to provide fast frequency 
response. The ideal BESS response is illustrated in fig. 3.  

 
Figure 3. Ideal response of BESS to frequency event. 

In this analysis, the dead-band is set at 0.05 Hz with an 
aggressive droop response to reach full active power within 
less than 1.0s from the event begin. For the BESS to make a 
substantial improvement in the RoCoF and frequency nadir, 
it must deliver full rated power within approximately 500ms 
[5]. Thus if the frequency deviation is detected, the BESS 
responds and injects active power with a ramp defined by the 
droop ratio to compensate for the power imbalance. Over the 
period of the transient under frequency, the BESS remains 
constant until the required primary frequency response of 
synchronous generators have been fully activated.  

III. SIMULATION AND METHODOLOGY 
A. Irish Power System Dynamic Modelling 

The power system in Ireland is synchronously isolated 
from the rest of the European power system. Therefore it is 
isolated from a large synchronous interconnected system. It 
is a small system as the installed capacity of dispatchable 
conventional generation was approximately 9.525 GW in 
2017. Peak demand of 6.531 GW and a minimum of 2.424 
GW was recorded during the winter and summer of 2017 
respectively [11]. Ireland has a significant amount of 
renewable energy power installed predominantly wind 
power generation. Currently, 32.9% of its actual electricity 
is generated from renewable sources and 29.3% of that is 
coming from wind power generation [1].  

The New England 39 bus system has been adopted in [5] 
to represent actual transient under frequency event occurred 
in the Irish power system in 2016. During the event, a 430 
MW thermal power plant tripped out of service caused 
system frequency drop to 49.271Hz at a nadir [12]. This has 
been simulated by switching in a step load of 430 MW and 
43 Mvar at Bus 6 [5]. The load event will have a similar 
impact to generator outage as the system inertia and 
governor parameters have been modified to calibrate the 
frequency behavior.  

The system experienced a large RoCoF of 0.51 Hz/s. 
during the event, a short term active response (STAR) 
service was activated disconnecting disconnected a 39.2 
MW of transmission connected interruptible industrial loads 
for about 2 minutes. The STAR service activate in Ireland 
once the frequency drops below 49.3 Hz for 0.35 seconds 
providing a 45 MW of static reserve [12]. The scheme which 
disconnects a coordinated group voluntarily industrial loads 
for some times.  

The total system inertia of the New England system has 
been reduced from 77.0 GW.s to 21.5 GW.s to fit the model 
RoCoF behavior with the actual observed and captured by 
multiple phasor measurement units (PMU) at generation site 
on the actual Irish power system. Turbine governor 
parameters have been modified to match the observed 
frequency recovery [5]. Inertia constant of all generators is 
reduced to 2.75 s while inertia constant of generator G39 
reduced to 0.275 s which represented the interconnector to a 
bigger system. The approximate available inertia during the 
actual power system event has been calculated using the 
swing equation [13]: 
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𝑑𝑑𝑑𝑑
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This can be approximated using (2): 
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                                     (2) 

where 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= ∆𝑑𝑑 is the ROCOF, 𝑃𝑃𝑔𝑔 − 𝑃𝑃𝑙𝑙 = ∆𝑃𝑃 are the power 
generation and demand in (MW) respectively, 𝑑𝑑𝑓𝑓 is the 
nominal frequency of the system in (Hz), 𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠 inertia 
constant, and 𝑆𝑆𝐵𝐵 specific power system rating.  From (2) it is 
found that the Irish power system was operating at the inertia 
of 21.062 GW.s. This is close to the inertia of the calibrated 
model. The uncertainty might due to the response of 
rotational loads in the system during the event.  

An algorithm has been developed in python using 
DIgSILENT as simulation engine to dynamically evaluate 
BESS placement and power system objective values by the 
function call from python. The proposed optimization model 
is aimed to investigate the impact of BESS placements on 
the system RoCoF measurement and frequency nadir during 
transient under frequency event. For the purpose of this 
research 27 different locations have been tested. This 
represents all the transmission and load buses in the network, 
as showing in fig. 1. It is assumed that the frequency 
response on the buses connected through transformers will 



 
 

be similar. Thus, battery energy storage is only installed at 
one of them. A 360 MW BESS capacity is assumed to be in 
operation during every single event. This is the capacity that 
has been suggested by EirGrid/SONI (the system operators 
in Ireland and Northern Ireland) to have for the duration of 
RoCoF in order to run the network at 75% SNSP for most of 
the times. The system frequency is evaluated by switching in 
service one BESS during each simulation. This has been 
repeated for 27 BESS locations. The impact of BESS 
locations is assessed through an investigation of four case 
studies as follow: 

Case study I: In this case study, 3.69 GW wind power 
plants are added to the network as shown in fig. 1. That 
accounts for 60.1% of the total power generation of the New 
England system. The installed capacity of wind generators is 
given as a percentage of the total installed synchronous 
generation capacity of the system. Local loads are added in 
parallel to the wind farms to accommodate for the additional 
power generation. Thus inertia of the original system is kept 
unchanged and this represents a baseline case study.  
 

Case study II: In this case study a number of synchronous 
generators are replaced by the wind farms. This includes 
thermal generators G03, G05, G06, G09 and G10 located at 
buses 32, 34, 35, 38, and Bus 30 respectively are completely 
taken out of service. A unit with 262 MW is taken out of 
service from generator G04 at Bus 33. This reduces the 
overall system inertia from 21.5 GW.s to 12.8 GW.s. As part 
of these generators, G08 connected at Bus 37 is kept online 
for emergency only. Therefore, this generator will not be 
available during the load flow. Synchronous generators 
replacement have affected voltage profile of the whole 
system terminals. This issue has been avoided by setting 
wind farms to generate reactive power similar to that 
generated by conventional generators.  
 

Case Study III and Case Study IIII: a 360 MW battery 
energy storage is added to the grid to examine the impact of 
BESS locations on the system frequency nadir and RoCoF 
measurement during transient frequency event for both case 
studies I and II. This has been added as one centralized BESS 
connected to each bus individually.  

IV. RESULT AND ANALYSIS 
This section presents simulations and results of the 

system transient under frequency event for the case I and 
case II. The event is applied at second 1 and the frequency 
response is measured each 10ms over a window of 30 
seconds from the start of the event as shown in fig. 4. 
Following a sudden loss of generation, system frequency 
dropped considerably from the rated value to a nadir. In the 
first case study, when the system inertia is high, the system 
frequency reaches the nadir of 49.23Hz just after 5.8 
seconds. In this context, the remaining conventional 
generators immediately release the kinetic energy stored 
within their rotating masses as a system inertial response 
(SIR). During this period, the RoCoF is inversely 
proportional to the remaining inertia in the system and 
proportional to the amount of overload on the remaining 
synchronous generators. 

 
Figure 4. Average frequency response for the base case I and base case II. 

System frequency increased up to 49.88Hz after 19 
seconds from the event trigger time. The system frequency 
is then passed through a quasi-steady-state deviation that is 
governed by the amplitude of the power loss and the grid 
frequency characteristics [14]. These characteristics are 
influenced by the droop response of synchronous generators 
and the power system sensitivity to frequency deviations.  

As the amount of power loss is kept constant in this 
simulation, it is obvious that the reduced system inertia has 
significantly affected both frequency nadir and the speed at 
which the frequency fell. In the second case, when the inertia 
of the system reduced, system frequency has fallen to a nadir 
of 48.73Hz during 5.24 seconds that has exceeded the 
threshold frequency 48.85Hz. The frequency recovered up to 
49.44 Hz after 19 seconds. This shows lower system inertia, 
the quicker to reach frequency nadir. This increases the 
sensitivity of frequency response to small variations in active 
power disturbance and change in headroom of synchronous 
generators. It is also obvious that immediately following the 
event, system frequency experiences an overshoot as a 
response of the DFIG wind turbine. Although it takes a short 
period to recover, the impact will be high on the RoCoF 
measurement. The Irish grid codes define RoCoF of 1.0 Hz/s 
averaged over a moving window of 500ms as the threshold 
for an anti-islanding relay [6]. Thus the time derivative of 
the system frequency (df/dt) as a function of measurement 
window of averages RoCoF for 500ms for the case I is 
shown in fig. 5.  

 
Figure 5. Rate of change of frequency for case I. 

The figure shows the worst, best and the average 
frequency RoCoF experienced on all the buses in the system. 



 
 

As can be seen, the first notable point occurs after 
approximately 200ms within the start of the event. The 
minimum point is reached a few times until eventually 
primary frequency response services are kicked in. 

The effect of reduced system inertia on the RoCoF is 
shown in fig. 6. It is obvious the low system inertia gives rise 
to the rate at which the frequency reaches a nadir. The first 
notable point occurs within 200ms from the start of the 
event. Followed by the second notable point with similar 
severity. However, the third notable point occurs around 
500ms when the third minimum point has reached with the 
highest severity. This highlights the fact that the same 
frequency event increases to power oscillations in some 
areas when their inertia has been reduced compared with 
other synchronous areas in the network. 

 
Figure 6. Rate of change of frequency for case II. 

One of the key issues in the RoCoF measurement across 
the system is the place at which this measurement takes 
place. As different locations will have a different frequency 
response that can vary substantially during transient under 
frequency conditions. Therefore, the chosen measurement 
places are just as important as the value of the RoCoF itself. 
This study looks at the RoCoF measurements on all the 
branches. Further, the impact of BESS locations on the 
system frequency nadir and RoCoF is given in fig. 7 and fig. 
8 respectively.  

 
Figure 7. Frequency response at different BESS locations for case III. 

The data presented have been collected from placing the 
BESS at 27 different locations. The simulation is therefore 
repeated for each location individually to capture the worst 

frequency response of all buses. Then the median of the 
weakest frequency nadirs and the highest RoCoF values of 
all buses during each simulation is plotted using whisker box 
plots. That represents the minimum, maximum and the 
median frequency response; along with some points outliers. 
Generally, the fast synthetic inertial response of the BESS 
guarantees the frequency stability for all sittings. As it slows 
down RoCoF and ensures frequency nadir within the 
tolerable contingency band. However, the degree of 
improvement depends on the location where the BESS has 
been installed. Further, the immediate and very fast BESS 
response have to be considered in order to avoid frequency 
overshoot following the event. As this increases the RoCoF 
measurement over which is calculated. 

As can be observed from both fig. 7 and fig. 8 frequency 
nadir and the RoCoF varied based on the locations of the 
BESS. Installation of BESS on some buses i.e Bus 8 and Bus 
7 case extremely low-frequency nadir compared with other 
locations. The storage system has arrested the frequency at a 
nadir of 49.73Hz while experienced a RoCoF of 807.2 
mHz/s. These results support the objective of this research 
that the performance of the BESS will be affected based on 
their electrical distance from the disturbance locations. This 
mainly depends on the robustness of the transmission lines. 
The weak and high impedance transmission lines interfere 
with the power injection of the BESS [15]. It is evident that 
the tie lines export power from Bus 6, Bus 5 and Bus 7 to 
Bus 8 is highly loaded. This highlights the fact that when the 
generator trips off from Bus 6, it will give rise to the 
percentage loading of tie lines leading to this bus to fulfill 
the demand. Thus the closer to the highly loaded 
transmission buses the worse will be the inertial response of 
the BESS to an under frequency event and the higher will be 
the frequency nadir.  

 
Figure 8. Case study III RoCoF measurement at different BESS locations. 

The dynamic response of the BESS to the same 
frequency disturbance is slightly different when the 
synchronous generators are replaced by the wind farms.  As 
this has changed the inertia distribution and the power flow 
of the initial network. Taking synchronous generators out of 
service have created low inertial constant synchronous areas 
with a power deficit. Thus, wind generators have supported 
the high demand buses i.e. Bus 27, Bus 28, and Bus 29 that 
overloads the tie lines leading to these buses. It can be 
observed from fig. 9 that these areas of the system 



 
 

experience larger frequency instability compared to other 
synchronous areas such as Bus 33 and Bus 36.  

 

Figure 9. Frequency response at different BESS locations for case IIII. 

It can be seen from fig. 9, that the best frequency nadir is 
recorded when the BESS located at Bus 36 in contrast the 
worst nadir is when the BESS placed at Bus 38.  Although 
the BESS system has dispatched much more power at Bus 
38 compared with its response at Bus 36, the system has 
experienced much severe frequency nadir. This is due to the 
dynamic response of the grid loads to the system disturbance 
at various BESS locations, as shown in fig. 10.  

 

Figure 10. Dynamic response of grid load to different BESS locations 
during case IIII. 

Bus 29 is basically the same as Bus 38 as they are 
interconnected through a transformer. Thus any changes at 
Bus 29 will have the same impact on Bus 38. It is obvious 
that the BESS limits the dynamic response of the load when 
it is connected to the load bus. However, the load started to 
reduce its power when the BESS is located on a bus far from 
it.  

The reduced system inertia increases frequency 
sensitivity to the transient frequency excursions. It is 
illustrated in fig. 11 that BESS handles the required inertia 
response and provides active power to arrest the frequency 
at an acceptable value for most of the cases based on their 
locations. Although the BESS have contributed significantly 
to the improvement in the RoCoF measurements compared 
with the base case without energy storage, the locations at 

which the BESS is placed to enhance the RoCoF values are 
just an important consideration. It is essential to install the 
BESS at the locations that would be able to inject maximum 
power within the first 500ms from the start of the event. 

 

Figure 11. Study case IIII RoCoF measurement at different BESS 
locations. 

V. DISCUSSIONS 
During a significant imbalance between generation and 

demand such as the event occurred in the Irish power system 
lead to a significant under-frequency incorporated with the 
shedding part of the industrial loads. In response to such 
events, synchronous generators provide primary frequency 
support. However, the task to keep stable frequency during 
high penetration wind power generation represents a 
significant challenge for transmission system operators. 
Converter based wind power generators decline system 
inertia and deteriorate frequency dynamics following a 
major imbalance between generation and demand. 
Consequently, grid frequency drops quicker and settles at 
lower nadir that may move outside the tolerable contingency 
band that anti-islanding RoCoF relay triggers. Therefore, it 
is essential to have synthetic inertial devices i.e. BESS to 
inject maximum possible power within the start of the event 
to prevent further frequency dips.  

The application of BESS to provide fast frequency 
response has two major advantages. It limits the maximum 
frequency nadir and the rate at which the frequency changes. 
This depends mainly on two factors. The larger power 
injected instantly after the frequency event, the better will be 
the rate at which the frequency changes. The more energy 
support, the smaller frequency nadir will be. Thus, 
appropriate BESS placement on transmission level to 
perform these tasks play an important role in the point of 
view of fast frequency support. In this sense, this research 
evaluated and examined the impact of BESS locations on the 
system frequency nadir and RoCoF following under 
frequency transient event.  

The simulation results demonstrate the performance of 
the BESS to provide inertial support depends on its location 
insides the grid. Many factors need to be considered in order 
to install the BESS at optimal placements. Firstly, as the 
electrical distance increase between the BESS and the 
transient event location, the better will be the response of the 



 
 

BESS to the system frequency nadir and RoCoF. The 
robustness of the interconnected tie-lines leading to the 
disturbance location affects the reactance the transmission 
lines.  

Second, the analysis show installation of BESS at high 
load buses limits the dynamic response of rotational loads 
connected to that feeder. Following the abrupt frequency 
droop, the inertial response of the BESS increases the 
voltage at the point of common coupling. In response to this 
change, power consumption of the dynamic loads' increases 
that limits the performance of the BESS on the other areas of 
the system. However, the BESS behaves differently on the 
generations buses that are supported by the synchronous 
generators reactive power. It is obvious that although the 
BESS at generation buses dispatch less power compared 
with high load buses, it provides better frequency response. 
This shows that installation of BESS systems in low inertia 
areas will be effective if there is only a limited number of 
industrial rotational loads connected to that feeder.  

In this research, a comparative assessment approach has 
been used to test the impact of different centralized bulk 
BESS on the system frequency nadir and RoCoF. However, 
future scenarios are intended to apply this methodology on 
the distributed small-scale BESS along with the impact of 
the fault locations on the performance of the BESS at various 
placements.  

VI. CONCLUSIONS 
A comparative assessment approach has examined the 

impact of BESS locations on the system transient frequency 
and RoCoF measurements. The research is performed using 
the standard 39 bus New England system calibrated to 
represent a specific generator outage event occurred in the 
Irish power system in 2016. Several simulation scenarios are 
accomplished to create weak areas and frequency sensitive 
buses at a high level of wind power generation. The results 
clearly show that both frequency nadir and RoCoF change 
based on the BESS placement. The case studies demonstrate 
three main contributions to the future installation of BESS. 
First, it proves that placing BESS on buses having a robust 
transmission interconnection improves frequency nadir and 
RoCoF considerably. Seconds it demonstrates that as the 
electrical distance of the BESS increases to the disturbance 
location the better will be the performance of the BESS. 
Third, the large-scale wind power generation heterogeneous 
system inertia. Thus the installation of BESS in the low 
inertia areas improves system frequency response 
significantly if a limited number of rotational loads are 
connected to that area.  
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