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Abstract

Microgrids have gained significant attention as a promising solution for achieving
sustainable and resilient energy systems. However, the integration of renewable energy
sources (RES) into microgrids introduces challenges related to transient stability. This
paper proposes a comprehensive approach to enhance transient stability and improve
renewable energy integration in microgrids using a combination of a Distribution Static
Compensator (D-STATCOM) and a battery-based storage system. The D-STATCOM
provides reactive power compensation and voltage regulation capabilities, while the
battery-based storage system offers energy storage and dispatchability. The synergistic
operation of these two components addresses the intermittent nature of renewable energy
sources and improves the overall performance of the microgrid during transient events.
The effectiveness of the proposed approach is evaluated through simulation studies using
a representative microgrid model. The suggested MG was designed and simulated in
MATLAB. The MG has also been shown to function reliably across a wide range of
environmental and loading situations. All use scenarios are covered by the suggested
design.

Keywords: Microgrid, Transient Stability, Renewable Energy Integration, D-
STATCOM.

1. INTRODUCTION

A renewable energy source is one that can be continuously supplied via everyday actions.
It gets its many guises from the sun itself or from the planet's underlying heat. Materials
and components originating from renewable resources such as sunlight, wind, sea,
hydropower, biomass, and bio-powers are all considered part of this notion. Sustainable
power source assets are significant openings 9 for energy intensity that exist over
extensive geographical regions, in contrast to energy source alternatives that include just
a small number of states. Nearly all energy sources were renewable until the advent of the
coal era in the nineteenth century. It should come as no surprise that 790,000 years ago,
biomass was used to fuel fires as the earliest documented ancient use of renewable
energy. Until somewhere between 200,000 and 400,000 years ago [1], people seldom
used biomass as fuel for fireplaces.

Using wind power to transport ships across the ocean is one of the first examples of
renewable energy use. Ships on the river [2] throughout the era of recorded history are
responsible for making this observation, which may be dated back 7,000 years. Primitive
renewable energy came from human labor, animal power, water power, windmills used
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for crushing grain, and traditional biomass. A comparison of U.S. energy use from 1900
to 2010 shows that oil and fossil fuels were just as crucial a century ago as wind and solar
are now.

Electrical grid engineers have been grappling with the problem of system stability for
decades. Stability in a power grid means that it can function normally under most
conditions and recover to the point where it is once again dependable after experiencing a
disruption. [3]

For a power system to be considered stable, it must be able to provide balancing forces
that are equal to or greater than the perturbing forces. If the forces that maintain the
machines’ synchronization are sufficient to offset the forces that cause disruption, then the
system is stable [4].

Instability, on the other hand, is a condition in which synchronization is disrupted or steps
are skipped. Planners of electric grids have recognized for some time that considering
system stability is essential. Due to the increasing scale and complexity of interconnected
systems across vast distances, it is becoming more difficult to keep individual parts of a
power grid in sync with one another [5].

Stability problems may be analyzed in three different ways: in a steady state, in a
dynamic setting, or in a transitory setting. Steady- state stability is the ability of the
electrical grid to return to a state of synchrony after the introduction of small, gradual
changes, such as small-scale power modifications. Concerns concerning dynamic
stability, which is related to the presence of tiny disturbances that remain over time, arise
when automated control systems are introduced [6,7].

The ability of the power grid to maintain synchronization of its timing in the face of a
sudden, substantial disturbance is known as its transient stability. Transient stability
studies the response of a system to large, sudden perturbations, such as a fault, a line
failure, or the application or removal of loads. When it comes to a system's stability, both
the size of the disturbance and its starting operating state matter [8]

Several research organizations have conducted considerable studies to evaluate the
practicality and benefits of Microgrids, and there are ongoing Microgrid research
initiatives underway. Despite widespread familiarity with Microgrids' core ideas, the
system's implementation is not often fully recognized [9,10].

The purpose of this paper is to adapt and improve a photovoltaic setup so that it may be
used in a micro grid. The requirements of the microgrid and the controls used for the
different types of connection inform the selection of wind turbines. The purpose of this
work is to evaluate the working hypothesis and to ensure that the findings of this inquiry
may give new perspectives that will aid in the modification of standards [11-15].

2. METHOD

This study proposes a comprehensive literature assessment of the present electrical
environment in the UK, highlighting the primary constraints of the existing network. A
unidirectional and vertically integrated grid to address the need for a substantial high
voltage transmission network, energy transportation losses of up to 9.1% [16] of total
produced power are incurred by this structure based on huge power plants with no
optimal geographical placing.

The development of an efficient and sustainable electric power supply system relied
heavily on assessing the demand and availability of input sources. One primary approach
involved selecting a suitable system, such as renewable energy resources, based on these
factors. Once identified, these renewable energy sources were integrated into a Microgrid,
along with other resources, to create a comprehensive and resilient power network.
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Alongside this integration, energy storage and management systems were implemented to
ensure optimal utilization of the generated electricity. These storage systems allowed for
the efficient capture and distribution of excess energy, reducing wastage and maximizing
overall system performance. In addition, effective energy management strategies were
deployed within the microgrids to regulate power flow, prioritize load requirements, and
ensure a reliable and stable power supply. These advancements in energy management
within microgrids not only promoted sustainability but also contributed to a more resilient
and self-sufficient energy infrastructure in the past.A functional power connection
between the controllers is made possible by unifying the Shunt and Series FACTS
Controllers.

Series FACTS Controllers, although having a much higher power output for a given
MVA size, must be constructed to survive static and dynamic overloads, as well as
tolerate or bypass short circuit currents [3].

Shunt-connected FACTS Controllers have long been employed in distribution and
transmission networks because to their low cost and ease of operation. Most FACTS
Controllers with a shunt connection are static shunt compensators like SVC and
STATCOM.

Figure 1 shows the block diagram of the proposed model, with control scheme for PWM
Inverter. Safeguarding the Electricity Network Today's power transmission networks are
feeling the pressure of rising demand and restrictions on building new lines. A system in
such a state of stress is more vulnerable to the effects of external disturbances. The
findings demonstrate the continued efficacy of FACTS devices in stressing a transmission
network to extract maximum performance from its available capabilities while keeping
the necessary safety margin.
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Figure 1: Block Diagram of the proposed 1MW MG

It includes components such as renewable energy sources (like solar panels), energy
storage systems (such as batteries), conventional generators, and loads. Creating a
representative model is crucial to ensuring that the simulation results are applicable to
real-world microgrid scenarios. The simulation results demonstrate the robustness and
effectiveness of the methodology across a wide range of operating conditions.
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The differential equations of the machine and exciter for
the m maching, n bus system are expressed as follows [13]:
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Where:

M is the moment of inertia of the generator rotor.
Pm is the mechanical power input to the generator.
Pe is the electrical power output from the generator.

These equations, when solved together with the power system equations, provide a
comprehensive understanding of the dynamic behavior of a synchronous generator
connected to an n-bus system. They are vital for stability analysis and control of power
systems.

3. Simulation Results and Analysis

The suggested MG was simulated using Case 2B's variable load and maximum irradiation
value of 60% for the Photo-Voltaic system. This case study illustrates the benefits of the
proposed approach in efficiently mitigating load variations. Figure 2 shows the Simulink
of the proposed model.
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Figure 2: Simulink model of small energy microgrid 1 MW
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During the course of this simulation study figure 3, a load of 400 kilowatts (kW) was
linked to the MG and its power was increased from zero to one second in increments of
one. When compared to MG, the load that is applied at 1 second and 2 seconds is 400
kilowatts more. Therefore, the total load over MG was 800KW during the first 1-2
seconds of the simulation, and for the next 1-3 seconds, the total load over MG was 1-3
seconds [17,18].
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Figure 3: Output Wave form of Voltage Inv and Voltage Vap

Various weather conditions limit the electricity generation of solar panels, which is one of
the hurdles for photovoltaics. In this case, the investigation demonstrated the performance
of the recommended MG across a variety of meteorological situations. For the simulation
training, the load request was kept constant at 800 Kilowatt. We used a time-varying
irradiance profile applied to the solar panels to mimic weather conditions. Under typical
conditions, solar panels generate the most electricity with a full light of 2000 W/m2. The
solar panels' irradiance profile shown in Fig. 4
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Figure 4: Capacitive mode voltage inversions, and infinite.
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Figure 4: Simulation results of viltage, current and efficiency across time
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Figure 5(a) shows the average voltage across the PV system, which is a steady 665V
throughout the experiment. Figure 5(b) displays the current in the PV system, whereas
Figure 5(c) shows the overall efficiency of the system throughout the simulation. The
SOC of the battery system is shown in Figure 5(d), demonstrating that the battery
charging/unloading controller is functioning properly.

PV power is inadequate to serve the load when the irradiance is 300W/m2, thus the
battery system kicks in to provide the remainder. The SOC curve shows that the SOC
decreases throughout this period, and the batteries start to deplete. The SOC battery starts
to curve from discharging to charging when the PV structure begins providing enough
power to operate the loads during the evolution phase of irradiation from 300W/m2 to
1000W/m2 [19-20].

The simulation will show how effective battery controllers are at keeping dc-link tension
constant by keeping the reference value of link tension constant throughout the
simulation. Power transfer from and to the battery arrangement as it depict the average
voltage and load current over an extended period of time. Instantaneous load power
whereas THD over the load B in converted voltage.
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Figure 5: Output Wave form of Voltage Inv and Voltage Vap

Scenario 2 has a constant irradiation of 600W/mz2, as shown in Figure 7(a) throughout the
simulation period. The PV system's maximum output is seen in Figure 4.6. combined
with the maximum power output that the PV system is capable of producing (b). The dc
connection (c) voltage is shown in Fig. 7 to be equal to the PV system voltage. There is
some voltage fluctuation when the load is rapidly increased at 1s and 2s. The dc-link
voltage has returned to 665V because of the work of the battery charge/discharge
controller. The consistent current consumption may be attributed to the constant power
output from the PV system. A comparable scenario. A PV system's efficiency is shown in
Fig. 6 (c). The battery charging and discharging rates were shown graphically as a SOC
battery.

Without DSTATCOM: In a power system, during a fault or disturbance, voltage and
current levels can deviate from their normal values. This can lead to instability, especially
in situations where there's a sudden change in load or a fault in the system. Without a
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DSTATCOM, the system may struggle to maintain stable voltage levels and could lead to
voltage collapse or instability.

With DSTATCOM: A DSTATCOM is a power electronic device that can quickly control
the voltage and current in a distribution system. It can provide or absorb reactive power as
needed, helping to maintain voltage levels within an acceptable range during
disturbances. When a fault or disturbance occurs, the DSTATCOM can inject or absorb
reactive power to support the grid, reducing voltage fluctuations and improving stability.

5. CONCLUSION

This paper aimed to design and simulates an islanded 1MG microgrid (MG) system for
the army and group. A IMW photovoltaic system powered the proposed MG to reduce its
environmental effect. After the PV system failed due to weather, a battery system was
built to keep the dc-link voltage at 665V and power these capacities [21-23].

Two case studies proved the effectiveness and operation of the proposed MG: (1) with
diverse PV system weather conditions and (2) with varying MG loads. The simulation
reveals that the suggested method reduces the influence of variable irradiance while
effectively satisfying load demand. A diesel generator was also meant to power important
loads and provide backup power in case of unexpected weather. The system maintained
the dc-link voltage at the orientation value throughout the simulation, and the THD was
below 5%.

o Improved MGs, a range of electrical and electronic devices, may help create
intelligent networks, the future of conventional systems. Customers and utilities want
greater freedom, therefore the distributed paradigm is growing [24].

o DC Microsystems studies more properties than AC systems. Energy management
drives MG control in the central controller. It is less reliable than the decentralized control
strategy. This requires meeting worldwide standards for voltage management, ear
detection, transient levels, and more.

o The system's control technique must provide object dependability, safety, and
interoperability. Many control algorithms—centralized, decentralized, and distributed—
meet worldwide standards. AC microsystems need frequency and voltage management.
Two controllers needed. This control uses hierarchical or monitoring unit data and control
methods. Keep the system running. DC microphone controllers use a single device
instead of two (frequency and voltage) in AC microphone controllers.

o Despite this, there are still obstacles to overcome because of the rapid dynamics
and short reaction time of DG or distributed energy, the inherent imbalances of MG, the
limited energy storage capacity and lack of inertia, and the huge numbers [25].

o Depending on the application and integration environment, the study may expand
on the scenarios and topologies of connected AC/DC HMGs and allow dynamic
evaluations of different combinations of AC/DC HMGs (market circumstances,
regulatory conditions, DG Possibility of departmental integration, etc.). In addition, the
scenarios and topologies of linked AC/DC HMGs may be used as the basis for developing
new AC/DC HMGs.

Novelity

By facilitating the integration of renewable energy sources and ensuring their stable
operation, this approach contributes to environmental sustainability. Microgrids with D-
STATCOM and battery-based storage enable higher utilization of clean energy, reducing
dependency on fossil fuels and mitigating greenhouse gas emissions. The combination of
D-STATCOM and battery-based storage allows for sophisticated energy management
strategies. These systems can intelligently balance the supply and demand, store excess
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energy during peak generation periods, and discharge stored energy during high demand,
optimizing the microgrid's overall performance and efficiency.

Ensuring stability within such systems is challenging due to the intermittent nature of
renewable energy sources. The use of D-STATCOM and batteries addresses this challenge
by providing real-time compensation for voltage imbalances and fluctuations, thereby
enhancing the overall stability of the microgrid. The incorporation of D-STATCOM and
battery-based storage not only improves stability but also enhances the resilience and
reliability of microgrids. Microgrids with these advanced technologies are better equipped
to handle sudden changes in load or generation, ensuring continuous power supply even
during transient disturbances or grid faults.
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