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Abstract— Due to massive incorporation of the renewable energy
resources into the upcoming power grid, the share of power
generation from synchronous generator (SG) is being decreased
and is being replaced by distribution generation (DG). This change
has led the significant decrease in the overall power system’s
inertia and transforming the future power system into low inertia
power systems (LIPS). Because of the huge rotational mass of SG,
it intrinsically provides system inertia that is critical for the stable
and resilient operation of the power system under different types
of disturbances. To cope with the challenges of stable operation of
LIPS, several inertia emulation schemes has been proposed in the
previous literature. However, each scheme has its specific benefits,
limitations, and applications. Thus, this paper provides a
comprehensive insight to the inertia emulation schemes for DG
and compares each scheme in terms of implementation challenges
and experimental effectiveness in enhancing the overall system’s
inertia. Moreover, this comparison is supported with experimental
results and analysis to validate virtual inertia emulation schemes.

Keywords— Inverter based generation, Low inertia power
system, emulation of virtual inertia, renewable energy.

[. INTRODUCTION

The global vision of deploying significantly higher amount
of renewable energy to achieve net-zero emissions from power
sector is transforming the existing power system from
centralized generation to more distributed generation (DG)
based grid. The key DG resources includes solar energy, wind
energy, fuel cells, etc. [1]. In 2022, the global capacity of the
renewable energy-based generation reached to 3372 GWs. Out
of which solar energy shares 1053 GWs, and wind energy
accounted for 899 GWs [2]. By the end of 2023, the expected
global generation from renewable energy resources will
exceeds 4000 GWs and this will be majorly dominated with
solar generation. Moreover, it is expected that solar based
generation is going to rise to 1160 GWs and wind energy’s
share will be 992 GWs in distributed generation [3]. Thus, these
projected figures for growth of renewable energy integrated
with the existing power grid indicate that the synchronous
generator (SG) based centralized generation is being displaced
by DG based on renewable energy. In most cases, a power
electronics interface such as an inverter is required to integrate
these DG sources with the power grid. Therefore, the future
power system is evolving into a new energy paradigm within
smart grid concept. In this concept the foremost generation will
be from the power electronics-based converters thus, future
power grid will be dominated with the converter-interfaced DG.

Fig. 1 Illustrates this inertia concept with aid of mechanical
spring system for the upcoming power system. The prime
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Fig. 1. The concept of inertia in upcoming power systems is depicted with help
of mechanical spring system: (a) SGs with stiff and strong spring referred as
highest inertia contributor, (b) Renewables without VIE considered as the
loose spring with low inertia contribution, (c) Renewables with VIE via smart
inverters and energy storage are depicted with relatively stiffer spring that
have higher inertia support.

source of generation in upcoming power system are power
electronics-based converters, so the number of SGs in
upcoming power grid will be substantially smaller. Therefore,
the inherit rotational inertia from SGs that is critical for stable
and resilient operation of the power system will be significantly
less and this leads to the emergence of low inertia power system
(LIPS). According to the North American Electricity
Reliability Corporation (NERC) report published in 2017 [4],
the overall system inertia of the eastern interconnection of USA
is on decreasing trend due to displacement of SGs based
generation with DG based on renewable energy. Fig.2
illustrates the interconnection frequency response obligation
(IFRO) to disturbance between year 1994 to 2022. The
frequency response of eastern interconnection is on decline
between the observed years. IFRO is referred as the minimum
amount of the frequency response that must be maintained by
the interconnection. The initial frequency response of the power
system is directly related to the overall system’s inertia. Thus,
evolution of the existing power system into LIPS is inevitable
in coming years.

Several challenges are reported in the existing literature for
the stable operation of LIPS. One of the most critical issues in
LIPS is the frequency stability. According to the swing



equation, system frequency is directly related to the balance
between mechanical input power and electrical load output
power. Any slight unbalance between input power and
demanded power can cause deviations in the system frequency.
In LIPS, due to lower rotational inertia, changes in the
frequency is more drastic because of grid disturbances such as
addition of a load, loss of generation, etc. [5, 6]. Moreover,
frequency nadir will fall to a lower point in LIPS as compared
to power system that has higher inertia [7]. Another critical
challenge for stable operation LIPS is the rotor angle stability.
The acceleration of the rotor angle can occur due to unbalance
in the swing equation. The rotor angle stability is categorized
by small signal stability and large-signal or transient stability.
The sensitivity analysis is applied in [8] to determine the effect
of uncertainty in the generation under high amount of
intermittent renewable energy resources integration. This work
concluded that reduced system inertia and intermittency leads
to reduced dampening of critical system states and thus,
affecting small signal stability of interconnected power grids.
Under large-scale disturbances in LIPS, the rotor angle may
face sudden large acceleration and that can lead to loss of
synchronism [9] which can take the generation unit out of the
grid.

These adverse effects on the stability of LIPS can be
mitigated via emulation of inertia from the power-electronics
converters [10]. Specifically, the controller structure of
converter can be modified to enhance the frequency response
during disturbance, and hence, increasing overall system’s net
inertia. The existing inertia emulation methods includes
emulating SG’s dynamics by adopting the swing equation in the
primary control of the power electronics converter. This type of
converter control is known as virtual synchronous generator
control [11]. Moreover, the droop-controlled grid forming
inverters can also be manipulated to enhance the system’s
inertia [12]. Furthermore, system inertia can also be boosted by
emulating the inertia via battery energy system [13], DC link
capacitors [14], flywheels [15], etc. Thus, this paper provides a
comprehensive review on the inertia emulation techniques and
compares the performance and application of each scheme. The
effectiveness of inertia emulation from different control
structures of inverter is validated via hardware experimental
tests which is not very well studied nor compared in the
literature.

The remaining part of the paper is divided as, section II
discusses in detail stability issues and challenges in LIPS,
section III provides a comprehensive review of the inertia
emulation schemes for LIPS. An experimental case study to
compare various inertia emulation schemes is presented in
section IV. Finally, conclusion of the work is presented in the
section V.

II. STABILITY CHALLENEGES IN LIPS

Inertia is defined as the ability of a physical body with mass
to resist to change. If the body is in state of motion, it will
remain in state of constant motion until applied an external
force to accelerate or deaccelerate. Bulkier the body is, more
resistance it provides to change under the disturbance created
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Fig. 2. Decreasing trend of IFRO from the eastern interconnection according
to NERC report 2017 [4].

by external forces. In the conventional bulky power system,
SGs, turbines, and induction generators are the huge, massive
rotating bodies and these rotating masses have a strong
coupling with the grid and have an ability to store the kinetic
energy. This stored kinetic energy in rotational reference frame
is directly related to the moment of inertia and square of angular
velocity. Therefore, during the disturbances in power system
such as addition of huge loads, loss of generators, etc. the
conventional power system has a capability to provide critical
inertia required to maintain frequency stability and rotor angle
stability. However, in LIPS major part of generation is from DG
interfaced with the power electronics converters that can’t
provide the rotational inertia like SGs. Moreover, the
intermittent nature of renewable energy such as solar and wind
energy bring uncertainty in the total generation of a power
system. Thus, it can easily disturb the load-generation balance
of a power system, and it can disrupt frequency stability and
rotor angle stability.

A. Frequency instability in LIPS

The stability of the power system’s frequency is linked with
maintaining the supply and demand balance or in other words
all the time meeting load demand with power generation from
the power system. The goal of power system control operator is
to maintain a constant value of the system frequency around
nominal value of 50 Hz or 60 Hz. Small deviations from the
nominal frequency can cause catastrophic tripping and system
failures [16]. Therefore, the frequency stability is fundamental
rule for the stable operation of a power system. The frequency
dynamics of a generation source are dictated by the swing
equation given as,

da, :Tm_Te_DpAw (1)

dt J

where J is the rotational inertia constant, @, is the grid
frequency, T, and 7. are the mechanical torque provided by
generation source and electrical torque exerted by the load, D,
is the damping constant and Aw refers to the change in the
frequency. It can be seen from (1) that any small changes in
electrical torque exerted by the load or in mechanical torque
generated via generation source can directly trigger the change
in the frequency and determine the rate of change of frequency
(RoCoF). However, if the inertia constant has bigger value,
these changes in the frequency can be minimized and
resultantly, the RoCoF becomes smaller. In LIPS as SG-based
inertia is low, thus the risk of high frequency deviations from




the nominal value due to the load disturbances or generation
loss is much higher. Another reason for the frequency
instability is the poor power sharing between DGs in LIPS. This
can trigger small perturbations in system’s frequency that can
last from seconds to minutes [17]. To mitigate these frequency
deviations often the DG are equipped with a secondary level of
control that can restore the nominal frequency and is often
operating at much slower timescale than the primary controller.
Thus, if the frequency remains at lower value than nominal
value for longer time due to the slower frequency restoration
control dynamics, it can trigger unnecessary tripping of the
protection relays in power system that results in a blackout.
Therefore, the frequency instability issue in LIPS is one of the
critical challenge to be solved in upcoming power grid.

B. Rotor Angle instability in LIPS

The rotor angle stability of a generator is defined as the
ability of the connected generation sources to remain
synchronized to the power system under disturbance and in
post-disturbance state. In more details, if the rotor angle of SG
remains synchronized to the power grid during the disturbance
(small and large-scale) and return to the original equilibrium
point or a find new equilibrium point that is less than the critical
angle in the post-disturbance condition, then this SG will not
experience the rotor angle instability issue. Typically, rotor
angle stability is assessed in two categories, small-signal
stability and large-signal stability or transient stability. The
small signal stability of LIPS is assessed via linearizing the
state-space model of the given system and then small
perturbations are applied to this model to derive critical
eigenvalues. The work [18] discusses the small-signal stability
of LIPS comprised of two different types of grid-forming
inverters and concluded that due to the differences in the
controller implementation, both inverters have different
dynamics during the perturbation that can impact the small-
signal stability of a microgrid . On the other hand, the large-
signal stability is related to the stability of rotor angle and
ability of the connected generation sources (either SG or
converter-based generation) to maintain synchronism with
other connected generators after the large-scale disturbance
such as faults, large loads and sudden loss of a bulky generation
unit. In LIPS the generation sources are dominated with the DG
source based on inverters and a small portion of SGs. Thus, the
mismatch between two types of generation sources can cause
multiple types of loss of synchronism (LOS) between SGs and
inverters during the large-scale disturbances [19]. Moreover,
dynamic interactions during the disturbance between different
inverters-based DG sources in LIPS are intensified due to its
low-inertia characteristic and this interaction can have adverse
effects upon the large-signal rotor angle stability of LIPS.

III. INERTIA EMULATION SCHEMES FOR LIPS

To address the stability challenges in LIPS, it requires the
inertia emulation scheme to be incorporated with the DGs that
can enhance the system inertia. The inertia emulation schemes
include direct and indirect methods to enhance inertia of LIPS.
For instance, the control of a converter is leveraged to emulate
the virtual inertia, power reserve control schemes can be

implemented to provide the fast response to the disturbance that
enhance the inertia response, battery sources can be interfaced
to provide fast frequency response and inertia support,
mechanical rotating devices such as flywheel can be installed
to boost the inertia. Many other schemes are discussed and
compared in this section that provide insights to the inertia
emulation for LIPS.

A. Virtual Inertia emulation from grid-forming control of
DGs

The DGs that are controlled in the grid-forming (GFM)
mode of operation act mainly to regulate the grid frequency and
grid AC bus voltage. The GFM control can be developed in
various structures that can contribute direct and indirect virtual
inertia emulation (VIE). Synchronverter is a topology of GFM
control in which the DG is controlled to emulate the dynamics
of a SG. This is done by incorporating the swing equation in the
control loop of the synchronverter. Fig. 3 (a) illustrates the
control architecture of the of the synchronverter [11]. The
frequency and voltage magnitude references of the GFM is
given by,
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where, J is the rotational inertia coefficient, 7,, and 7. are the
mechanical torque and electrical torque, Dy is the damping
constant, wg and w, are the rotational frequency and reference
rotational frequency, respectively. 8, is the power angle. ¢y is
the excitation flux, K is flux control constant, Oy and Qyare the
nominal and generated reactive power, D, is the gain related to
the reactive power regulation loop, v, and v, are the nominal
voltage and point of common coupling voltage, respectively.
Virtual synchronous generator is another control topology of
GFM that implements the swing equation in terms of active
power rather than torque [20] (see Fig. 3 (b)). The control
equations of the VSG are given as,

dwl‘e
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where Py and P,, are the nominal and measured active power,
ky is the constant of frequency governor, v, is the generated
reference for the voltage magnitude, and w. is the cut-off
frequency of the low-pass filter. The synchronverter and VSG
control for GFM allows the inertia constant to be accessible
directly and is given by,
I
28

™)
rated

where, H is the inertia constant in p.u, Sy is the total rated
apparent power of the inverter. Thus, H can be adjusted
accordingly for VIE. However, synchronverter and VSG
requires a phase-locked loop (PLL) to perform initial
synchronization. Therefore, operation of the synchronverter
during the severe disturbances or in weak grid is compromised
as the performance of the PLL deteriorates under these
conditions [21]. An improved implementation of the
synchronverter is discussed in [22], this allows the self-



synchronization of the synchronverter during the grid
connected operation and improved performance in the islanded
operation is reported. Moreover, the VSG suffers from the
oscillations in active power and frequency in the multi-VSG
based grid during the heavy load disturbances. The dynamics
of the VSG is shaped via damping constant and inertia constant.
Moreover, designing these parameters to avoid active power
and frequency oscillations can mitigate these oscillations [23,
24]. Additionally, adaptive control schemes are utilized to
dampen the power-frequency oscillations in the multi-VSG
based grid. An adaptive virtual inertia and customized damping
constant based scheme is proposed in [25] to improve the
stability of the system during the active power oscillations and
frequency excursions.

The droop-based control of GFM is another control
approach as shown in the Fig. 3 (c). The reference frequency
and voltage magnitude for the droop-based control are given
by,

a)C

(F,—F,)+a, ®)

(©—0,) +V, )

where m, and n, are the droop gains related to the active power-
frequency loop and reactive power-voltage loop, respectively.
In the droop-based control of GFM inverters, the low-pass filter
and droop gain related to the active power-frequency control
loop can be adjusted for VIE. Due to the equivalence of the SG
and droop proved in [26, 27], the inertia constant is given by,

H= ! ; Dom =1 (10)
2m,a, ’

VIE in the droop-based GFM can’t be controlled in direct
manner and it depends upon the combination of both droop gain
and the cut-off frequency of a low-pass filter. Therefore,
leverage of independently controlling the system’s inertia for
the droop based GFM is limited [28]. Moreover, the droop
based GFM control has reported issues of small signal
instability due to the cross-coupled terms, active power, and
voltage (P-V) and reactive power and frequency (Q-f) in the
high resistive network [29]. The solution to this challenge is to
incorporate virtual impedance that modify the network’s
impedance to be more inductive in nature and decouple the real
and reactive powers [30]. Moreover, sub-nominal frequency
and voltage levels in the steady-state conditions after the
disturbance is reported. A secondary controller is required to
restore the frequency and voltage to the nominal levels in
steady-state conditions [31]. Like the droop control, the power-
synchronization control (PSC) of GFM have a capability of the
VIE [32]. As depicted in the Fig. 3 (d), the structure of the PSC
of GFM. The subsystem is mathematically modelled as,

a.zl(kp e (E)—Pm)]ﬂ?g (11)

S
where, G..1s the reference voltage angle of GFM, 6, is the grid
voltage angle, &, is the PSC gain. It is revealed from comparing
(5) and (11) that relation for the inertia emulation can be derived
[33]. This relation is given by,
1)
——% . p =0 (12)
2kp Srated ‘

The superiority of the PSC control over the other GFM control
scheme is that it doesn’t rely on the dedicated synchronization
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Fig. 3. Comparison of GFM control schemes for the virtual inertia emulation:
(a) Synchronverter, (b) Virtual synchronous generator, (b) Droop control, (d)
Power synchronization control.

unit and the active power can be seamlessly synced with the
grid [34]. However, a backup PLL is required to operate during
the large-scale disturbances such as faults.

B. Virtual Inertia emulation from grid-following control of
DGs

The grid-following (GFL) mode of operation requires the
DGs to act in current-controlled mode and sink the active and
reactive power into the grid. The GFL control require to detect
the grid’s angle and it is detected via PLL. A simple
implementation of the PLL is depicted in Fig, 4 (a) and the
related transfer function of this PLL is given by,

gg () _ kp—PLLs +k o 280, + a)nz

Vg (5)
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Fig. 4. PLL based GFL control scher(ne) for the virtual inertia emulation: (a)

Conventional PLL, (b) Inertial PLL
where, k,.prz and kipry are the gains for the PI controller
incorporated in the PLL. &, is the grid voltage angle and vg, is
the quadrature component of the grid voltage. w, is referred as
the undamped natural frequency, and ¢ is the damping ratio. To
incorporate the inertial effect in PLL, the conventional PLL
structure is compared with the SG model and then modified as
illustrated in the Fig. 4 (b). The equivalent inertia constant and
the damping constant [35] can be calculated based on the
control designer’s requirement and the mathematical form of
these parameters are given as,

1 2
Jou :; 5 Dpyy :_Cf (14)

where, Jp;, and Dpp; are the inertia constant and damping
constant for the PLL. In the inertial PLL, the VIE can be
implemented by directly increasing the value of the Jpy,
however, if a very large Jp; is selected it will result in the
bandwidth reduction and this leads to the slower response of
PLL [36]. Another method for the VIE from GFL control is to
implement the power reserve module (PRM). Conventionally
the photovoltaic (PV) interfaced GFL inverters are operated at
the maximum power point (MPP) to deliver the maximum
harvested power to the connected grid. However, the PRM
operate GFL inverters at the non-MPP and keep some portion
of the active power as a reserve. This power reserve can be used
in the events when the frequency support is required and the
GFL inverter can swiftly inject this reserve power to improve
frequency response to the grid disturbances. The relation
between the inertia constant for VIE provided via PRM [37] is
given as,
P /P

H — rex:;; rated (15)
2—/w,
dt

where, Peserve 18 the active power reserve of the GFL and Prared
is the rated power of the PV module. Due to the fast-acting GFL
to deliver the required active power to support the frequency,
this scheme for the VIE is highly effective. However, finding
the exact value of power reserve and maintaining the balance
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Fig. 5. BESS for the inertia support of LIPS: (a) BESS schematics, (b)
modified VSG control to incorporate the BESS for the inertia emulation.

between the MPP and the PRM point is still an open challenge
[38]. Moreover, this scheme can provide limited amount of VIE
and this is highly dependent on the amount of available reserve
active power [39]. Al-based frequency support and inertia
emulation is presented in [40]. In this work, the role of the GFLs
is redefined to provide the frequency support during the severe
grid disturbances. The proposed approach uses artificial
intelligence-based power reference correction (AI-PRC)
module in the control of GFL inverter to provide fast frequency
restoration and inertial support. The proposed scheme is highly
adaptive to the network reconfigurations and as well as the type
of disturbances. The Al based neural network is trained on both
steady-state and the transient dynamics for the swing equation.
Therefore, this provides the comprehensive dataset by
analyzing all the feasible solutions of the swing equation to
determine the amount of active power correction required to
swiftly restore the grid frequency.

C. Other sources of inertia emulation for LIPS

The inertia for the LIPS can be emulated via various energy
storage units. The energy storage units that can be employed for
the inertia enhancement includes, capacitors, battery storage,
flywheel, fuel cells, etc. The dc-link capacitors are required in
the grid connected converters to provide harmonics filtering,
reactive power compensation and voltage support. The
similarity between the SG rotor and the dc-link capacitor can
be formed by comparing it with the swing equation. The inertia
constant for the dc-link capacitor [41] is given by,

— Cchdch/' (1 6)
2§ rated

where Cg. is the capacitance, Vs is the rated dc link voltage.
The amount of VIE offered via dc-link capacitor is constrained
by the maximum allowable voltage change AVycs;, and the rated
dc-link voltage [42]. Another scheme to provide the virtual
inertia for supporting the system frequency of LIPS is utilizing
battery energy storage system (BESS). Fig. 5 illustrates the
schematics for the BESS incorporated with the three-phase
inverter and the modified control of VSG with the BESS. The
mechanism to provide the VIE via BES involves the calculation

H
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Fig. 6. Experimental setup to test the virtual inertia emulation from the grid-
forming inverters.

TABLE I: SYSTEM SPECIFICATIONS
Parameters

Value & units

Nominal power of GFMI;, GFMI, 1.1 kW
Inverter-side filter inductor L;;, L,, 5 mH
Grid-side filter inductor L, L, 3 mH
Filter Capacitor Cy;, Cp 25 uF
Droop gain m 0.5 x10 rad/s/W
Filter cut-off frequency w. 100 rad/s
Inertia constant for VSG J 2.2 kgm?
DC Link voltage V. 300V
Sampling time 7 20 ps
Damping constant for VSG D, 179.85 W/rad/s
Local loads Rj,ca 22 Ohms
Step load Ry, 30 Ohms

of'the RoCoF in the event of the disturbance. Then, proportional
to this RoCoF the corrective active power is supplied or stored
to provide the inertial response to the frequency disturbance.
The swing equation in (5) can be modified to incorporate the
active power support provided from the BESS and it is given
by,
daw,,

J7 =R -F, -k, (o, - o) - D@, —w,
where, AP, is the active power supplied from the BES. The
relation between the AP, and RoCoF is given as,

do
APCDYY = kBm! ; (18)

)-AR,, (17)

where, kpa is the battery constant that is derived based on the
output power capacity of the battery. The equivalent inertia
constant (H,,) after incorporating the BES is given as,
k 1t

H, =H+ % (19)
Therefore, the system inertia can be enhanced by modifying the
kgar in (18). The BESS possess high energy density and faster
response can be a good potential solution to provide the VIE for
the LIPS. The works [16, 43] in explored the BESS for
providing the fast inertia response for the frequency support of
the LIPS during the severe disturbances. The BESS can help to
reduce the negative effect of the intermittency of the renewable
energy resources. However, measuring accurately the RoCoF is
still a big challenge for incorporating the BESS [44]. Moreover,
the batteries have inherent chemical issues that can jeopardize
the system stability. A high-speed flywheel energy storage
(FES) is another method that offers inertial support for the
LIPS. The FES has a significantly higher flexibility in
providing the high amount of active power in short periods
(typically ranging from seconds to few minutes). This type of
energy storage has a similar structure as the rotor of the SG has
but it is rotating at very high speed. As FES is the rotating

structure it stores energy in form of kinetic energy, and it can
be discharged at very high rate to provide the frequency support
the grid during the severe disturbances. The inertia constant that
FES model [45] includes is given as,
2
H= J ps Do (20)
ZSrated
where, Jrgs 1s the rotational inertia coefficient, @pna 1S the
maximum speed of rotation of FES, and Sy..s is the rated
apparent power for the flywheel. An adaptive VIE scheme is
proposed [46] in the that uses the hysteresis based control
scheme and can be easily integrated with the commercial FES
systems. However, frequency support received from the
flywheel lasts for few seconds and it relies on the secondary
restoration system to fully restore system frequency of LIPS
after the disturbance.

IV . EXPERIMENTAL RESULTS AND DISCUSSION ON VIE
SCHEMES

The VIE schemes for the LIPS are compared via hardware
implementation for two types of GFM control loops, namely,
droop control and VSG control. The experimental setup used to
test the VIE is depicted in Fig. 6. Moreover, the experimental
setup specifications are given in the Table I and values of inertia
constant and damping constant of VSG are selected by
comparing it with a SG of similar power rating. In the setup,
GFM; is controlled based on the VSG control and GFM: is
controlled based on the droop-based controller. Both GFM
inverters are operating in islanded mode and the breaker
between GFM,; and GFM; is open. Moreover, the model
predictive control (MPC) scheme is utilized as an inner or level
zero control to regulate the voltage and frequency according to
reference generated from VSG and droop based GFM inverters.
The GFM inverter that is controlled via droop scheme has a
secondary controller like the frequency governor of VSG to
restore frequency to nominal value after the load disturbance.

The VIE from both control is tested by adding the step load
and varying the inertia constants. Specifically at instant #; the
step load is added on the GFM,. Fig. 7 (a) illustrates that the
active power of the GFM; is increased from the 1.1 kW to 1.8
kW. The frequency response with different inertia constants (J)
is illustrated in Fig. 7 (b). Specifically, with % J the frequency
has the lowest frequency nadir and the RoCoF was the largest.
In case when inertia constant is J the frequency response
improved as the frequency nadir improved and RoCoF
decreased as compared to the case when inertia constant was
%J. Moreover, when the inertia constant was doubled the
frequency nadir was the smallest and the RoCoF was the
minimum. This case shows that inertia of the GFM is directly
linked with inertia constant of the VSG control loop. In contrast
the VIE from the droop control is illustrated in Fig. 7 (c)-(d).
Specifically, at instant #, the step load is added, and the active
power of the droop is changed from 1.1 kW to the 1.8 kW as
depicted in the Fig. 7 (¢). The frequency response to this load
disturbance is illustrated in the Fig. 7 (d). Specifically, with
different values of inertia constants the frequency response is
improved. The frequency nadir is the lowest for the case with
%H and highest RoCoF was also recorded. As the inertia
constant is changed to H and 2H the frequency nadir improves
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Fig. 7. Experimental results to show the VIE in response to the step-load; (a)
active power of VSG, (b) frequency of VSG with different values of inertia
constant, (c) active power of droop based GFM, and (d) frequency of droop
based GFM with varying inertia constant.

and the RoCoF becomes smaller too. However, with droop a
larger RoCoF was observed as compared to the VSG.
Moreover, in the droop control with changing the value of
inertia constant, the frequency nadir improves more as
compared to the VSG.

IV . CONCLUSUION

This paper presented and compared different methods for
the virtual inertia emulation for the low inertia power system.
The implementation of these VIE methods for LIPS requires
controller modifications and for some schemes additional
hardware is needed. The frequency stability and the rotor angle
stability that can be linked with the low inertia. However, with

these VIE schemes the overall system inertia can be improved
and the instability issues can be solved by boosting the system
inertia. Specifically, in this work VIE is tested experimentally
with two different GFM schemes, droop, and VSG. It is shown
that by varying the inertia constants in the control loop the
frequency response is improved by supporting the system
inertia.
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