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1. INTRODUCTION 

Electricity is and will most likely continue to be the most 

significant source of energy for humans (together with gas and 

petrol) [1], at least soon. The time for generating electricity in 

large distant are as 

Power plants are being phased down [2,3], mostly due to 

concerns about emissions and related climate issues. The 

installed distribution grid is likewise becoming obsolete 

globally for a variety of reasons. Some of these are: increased 

capacity required to meet growing consumer demand; 

increased installation of tiny power sources and the difficulty 

of today's distributive grid to accommodate that; and customer 

desire to be independent of the grid and have better power 

quality or dependability locally. For these and other reasons, 

the smart grid idea was established. According to Ref. [1,] one 

of the earliest mentions to use the word was in 2005. 

Microgrids (MGs) have been highlighted as an important 

component of smart grids to improve electricity dependability, 

quality, and overall energy efficiency [4].  Since Edison's first 

built electric grid was really a DC MG [5] MGs were 

envisioned as early as 1882 but were eventually forgotten 

owing to rising demand for electricity and the scale of power 

plants, thereby centralizing power production and removing it 

to far regions. Recently, MGs have resurfaced as a means of 

incorporating smaller on-site power generation, commonly 

referred to in the literature as distributed energy resources 

(DER), into the electrical grid. 
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n 2003, one of the first initiatives to showcase a new method 

to integrating DER into the grid was the CERTS (Consortium 

for Electric Reliability Technology Solutions) MicroGrid 

project. problems on the grid, but CERTS introduced a 

possibility to separate a part of grid in case of emergency and 

reconnect once the problems on the grid were resolved [6]. 

That is how new MGs were formed, with definitions varying 

from the original, which included delivering electricity and 

heat for consumers [6], to a newer one, which did not include 

the heat portion [7].  The CERTS [6] definition of MGs was 

refined by the Department of Energy (DoE) [8] and the CIGRE 

working group [7] to today's form, in which MG is regarded 

an energy distribution system. 

A system that includes loads and distributed energy resources 

that can be operated and controlled in both grid-connected and 

islanded modes. Both the CIGRE and DoE definitions have 

two essential requirements: an MG must have on-site sources 

and loads that are locally managed, and it must be capable of 

operating in the two modes indicated above. The major 

distinction between MG and traditional distributed generation 

is controllability [9]. 

Some benefits of implementing MGs include lower 

environmental costs of power generation owing to the use of 

renewable technologies [10], improved efficiency due to the 

use of combined heat and power systems [11], and increased 

energy efficiency since transmission and distribution costs are 

decreased [12]. 

In a normal power system network, when a new load is quickly 

introduced, the system's inertia compensates for the initial 

energy balance. In the case of micro sources, however, because 

the inertia is relatively low, an effective battery storage 

solution is required to compensate [13]. 
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Microgrids operate in two modes: grid linked mode and 

islanded mode [14]. The microgrid receives electricity from 

both the utility and the micro source when it is linked to the 

grid. 

Under grid connected mode, major portion of the real power 

required for the load is met by the DGs connected to the 

microgrid and the remaining few portions and the variation in 

the real power demand is met by the grid [15], [16]. 

To maintain power balance, load/generation shedding is 

performed during islanded mode. The key loads are designed 

to always get quality electricity, whereas the remainder loads 

are designed to experience load shedding [17], [18] 

Protection is critical for a dependable power system network. 

The goal of the microgrid is to deliver dependable power to its 

consumers. As a result, if there is a failure in the utility, the 

microgrid should be isolated [19], and if there is a defect inside 

the microgrid, it should isolate the least faulty section. 

For the following reasons, typical protection techniques built 

for radial flow with large fault current would not function 

properly in a microgrid [20]. 

i. The opposite direction power flow in the transmission 

network 

ii. Dynamic properties of tiny sources 

Restriction of fault current flow during islanded mode 

iv. Topological alterations in the network because of the 

intermittent nature of the micro sources 

Microgrid management system: 

A microgrid control structure refers to the system of 

components and algorithms that govern the operation of a 

microgrid [21]. A microgrid is a localized energy system that 

can operate independently or in conjunction with the main 

power grid. It typically consists of distributed energy resources 

(DERs) such as solar panels, wind turbines, energy storage 

systems, and backup generators [22]. The control structure is 

crucial for ensuring efficient and reliable operation of the 

microgrid by managing the generation, distribution, and 

consumption of energy within the system. 

 

 

2. MICROGRID SYSTEM 

 
Figure 1 Microgrid System 

The control structure of a microgrid is designed to address 

various challenges, including intermittent renewable energy 

sources, fluctuating demand, and the need for seamless 

transitions between grid-connected and islanded modes [23]. 

Here are the key components of a typical microgrid control 

structure: 

1. Energy Management System (EMS): The EMS is 

the core of the microgrid control structure. It monitors 

and analyzes real-time data from the microgrid 

components to optimize energy production and 

consumption. The EMS uses advanced algorithms to 

make decisions regarding the dispatch of energy from 

different sources, considering factors like cost, 

availability, and environmental impact [24]. 

2. Distributed Energy Resources (DER) Controllers: 

Each DER within the microgrid, such as solar 

inverters, wind turbine controllers, and energy 

storage systems, has its own controller. These 

controllers communicate with the EMS and follow its 

instructions to regulate their operation based on the 

current energy needs and grid conditions [25]. 

3. Communication Network: A robust communication 

network is essential for the exchange of information 

between various components of the microgrid control 

structure. Real-time data sharing enables coordinated 

decision-making and helps maintain system stability 

[26]. 

4. Load Management Systems: These systems control 

the distribution of energy to different loads within the 

microgrid. Load management involves prioritizing 

critical loads, shedding non-essential loads during 
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periods of high demand or low generation, and 

ensuring a balanced distribution of power [27]. 

5. Islanding and Synchronization Controls: In the 

event of a grid outage, microgrids can operate in 

islanded mode, relying solely on their internal 

resources. The control structure includes mechanisms 

to detect grid failures and initiate a seamless 

transition to islanded mode. Synchronization controls 

ensure that the microgrid can safely reconnect to the 

main grid when it becomes available again [28]. 

6. Cybersecurity Measures: As microgrids become 

more interconnected and reliant on digital 

communication, robust cybersecurity measures are 

essential to protect the control structure from cyber 

threats and unauthorized access [29]. 

 

3. TYPES OF MICROGRIDS 

 

The effectiveness of a microgrid control structure depends on 

the sophistication of its algorithms, the reliability of its 

components, and the flexibility to adapt to changing grid 

conditions. Advances in technology, including artificial 

intelligence and machine learning, continue to play a 

significant role in enhancing the efficiency and adaptability of 

microgrid control systems. 

Demands: 

The primary issues in MG control are voltage and frequency 

control [31] for the aim of local power balance [32, 33], as well 

as higher level management with the goal of economic 

advantage for the owner [34]. 

The demands on MG control were altered in tandem with the 

MG definition, primarily in terms of heat exchange, which was 

eliminated from the definition, as well as the needs over time. 

An MG control system is expected to ensure customer and 

main grid power demand satisfaction in general, especially 

when supply and demand are varied owing to intermittent 

producing [35]. 

can follow load dynamics [36], has strong coordination with 

protective devices to account for bidirectional power flows 

[37], and can manage electricity while connected to the grid 

[38]. 

As a result, a good protection strategy is critical for the 

microgrid to ensure safe operation in both grid linked and 

islanded modes. 

 

Figure 2 Microgrid ‘s types 

Microgrid control: 

These control systems are implemented using either 

centralized or decentralized control. 

Centralized control. Figure 3 microgrid ‘s types 

 

 

The MCC refreshes the look up table with latest information 

for each predetermined interval of time with respect to i. DG - 

state of DG (ON/OFF), kind of DG, quantity of generation in 

centralized control. 

ii. Demand - Load 

iii. Depending on the control need, network characteristics 

such as current and voltage at each relay point 

iv. PCC-operation mode (grid connected/islanded mode) 

Decentralized control 

In distant places, when the distances between DGs are great, 

centralized control necessitates more communication links, 

which incurs more costs [39]. 

 

4. HYBRID POWER SYSTEM 

Microgrids come in various types, each tailored to meet 

specific needs and circumstances. The classification of 

microgrids is often based on factors like energy sources, 

ownership, and operational control. Here are some common 

types of microgrids: 

i) Grid-Connected Microgrid: 

Description: This type of microgrid is connected to the main 

electrical grid but can operate independently during grid 

outages. It usually synchronizes with the main grid and 

operates in parallel [40]. 

Application: Provides backup power during grid failures and 

may also contribute excess energy to the grid when available. 

Figure 3   

Hybrid power system 
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Figure 3 Hybrid Power System 

ii) Islanded Microgrid: 

Description: Operates in complete isolation from the main 

grid, relying solely on its own generation and storage 

capabilities. It can disconnect from or operate independently 

of the main grid during normal conditions [41]. 

Application: Common in remote areas or critical facilities 

where a reliable power supply is essential. 

iii) Community Microgrid: 

Description: Designed to serve a specific community or 

locality, integrating multiple distributed energy resources 

(DERs) and often managed by a community entity. It can be 

grid-connected or operate in island mode [42] . 

Application: Enhances energy resilience, fosters local energy 

production, and may incorporate shared energy resources 

among community members. 

iv) .Remote Microgrid: 

Description: Typically deployed in isolated or off-grid 

locations where access to the main grid is impractical or cost-

prohibitive. It relies on local energy sources and storage. 

Application: Common in remote villages, mining operations, 

or other locations far from centralized power infrastructure 

[43]. 

v) Institutional/Campus Microgrid: 

Description: Provides power to a specific institution, such as a 

university campus, hospital, or military base. It often integrates 

various energy sources and storage systems to meet the diverse 

needs of the institution. 

Application: Enhances energy reliability, efficiency, and may 

serve as a testbed for new technologies. 

vi) Industrial Microgrid: 

Description: Designed to meet the specific energy demands of 

an industrial facility. It may incorporate a mix of traditional 

and renewable energy sources along with energy storage. 

Application: Supports continuous operations, enhances energy 

resilience, and may optimize energy costs for industrial 

processes [44]. 

vii) Utility-Controlled Microgrid: 

Description: Operated and controlled by a utility company. It 

allows the utility to manage distributed energy resources and 

improve grid stability and reliability. 

Application: Integrates renewable energy sources into the grid, 

supports grid balancing, and enhances overall system 

resilience [45]. 

viii) Customer-Owned Microgrid: 

Description: Owned and operated by an individual or entity, 

often a commercial or industrial facility. It provides energy 

independence and resilience against grid disruptions. 

Application: Allows the owner to have control over energy 

generation, consumption, and costs. 

The choice of microgrid type depends on the specific 

requirements, location, and objectives of the end-users or 

communities implementing them. Advances in technology and 

growing environmental concerns continue to drive innovation 

in microgrid design and deployment [46]. 

 

5. CHALLENGES IN MICROGRID 

PROTECTION SYSTEMS  

A effective microgrid protection mechanism must be 

developed such that in the case of a problem, a minimal 

amount of the system is isolated without harming the 

remainder of the system. This can be accomplished by 

combining main and backup protection devices [47]. 

Microgrid protection systems: 

Proper protection devices with superior selectivity, rapid 

operation, simplicity, flexibility, varied setting options, and 

low price must be chosen to enable dependable, safe 

functioning of the power system network. 

As previously discussed, conventional protection systems 

designed for radial flow with high fault current for distribution 

networks are unlikely to connect faithfully to a microgrid due 

to bidirectional flow of electricity, dynamic features of DGs, 

intermittent nature of the DG, and variation in fault current. 

The biggest issues in microgrid security [48] are: 

(i) Dynamics in fault current magnitude 

(ii) The dynamics of fault current magnitude 

The inclusion of DG in the LV network raises the fault level 

significantly, owing primarily to two major types of failure. 

 

There are two modes of operation: grid-connected mode and 

islanded mode. The fault current will be particularly large in 

grid linked mode since both the utility and the DGs existing 

inside the microgrid feed the fault. However, because the 

microgrid's primary source is low capacity DGs, the fault 

current is relatively low during islanded mode. 

Loss of mains 

The term "loss of mains" refers to the disconnect of the 

microgrid from the utility source, but it remains linked with a 

portion of the load in the utility. This is caused by (a) a defect 

in the utility grid and (b) an issue with the circuit breaker 

connected to the power source. The fault attending person is at 

risk during such unintended islanding since a portion of the 

network is electrified and the islanding goes unnoticed [30]. 

Unnecessary disconnect 
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When a DG is positioned close to a substation in a feeder and 

contributes to a fault happening closer to the substation in a 

nearby feeder, the DG provides the majority of the fault 

current. 

Blinding of protection 

When a failure happens at the lower end of the feeder in a 

microgrid, both the power supply and the DG participate to the 

fault current. Because of the added impedance provided by 

DG, the Thevenin's impedance at the faulty point is now higher 

than in the standard network. 

Microgrid security 

A effective microgrid protection mechanism must be 

developed such that in the case of a problem, a minimal 

amount of the system is isolated without harming the 

remainder of the system. This can be accomplished by 

combining main and backup protection devices. The primary 

protective device is responsible for acting on any problem that 

occurs inside its zone. 

Current restrictor 

Fault Current Limiters (FCL) are installed near the PCC to 

restrict the fault current delivered by the utility's grid to the 

microgrid and by the DGs in the microgrid to the utility 

company. 

centralized defense 

A microgrid has a single central unit with centralized 

protection. The delta/star transformer connects the LV 

microgrid to the MV network. The neutral in star aids in 

avoiding earthing issues when islanding. 

Variable-based security 

Microgrid protection may also be done depending on other 

characteristics such as current, voltage, angle, traveling wave, 

Wavelet Packet Transform (WPT), and Total Harmonic 

Distortion (THD), which are explored in depth below. 

Distance defense 

Distance security with great selectivity is commonly used in 

cables for transmission. 

Power Balance Equation:  

PlossesPtotal = Pgeneration−Pconsumption−Plosses        (1) 

Ptotal: Total power in the microgrid. 

Pgeneration: Total power generated within the microgrid. 

Pconsumption: Total power consumed by the loads within the 

microgrid. 

Plosses: Represents any losses in the microgrid, including 

transmission and distribution losses. 

Renewable Energy Generation Equation:  

Pgeneration(t)=Psolar(t)+Pwind(t)     (20 

Psolar(t): Power generated by solar sources at time t. 

Pwind(t): Power generated by wind sources at time  t. 

 

6. CONCLUSION 

A smart grid is a cyber-enabled electric power system that 

blends information and communication technology with 

electrical engineering. Some of the benefits of smart grids are 

as follows. 

(1) Offering two-way electricity and data flows.  

(2) Building a wide-area tracking system and prevalent control 

capability over widespread utility assets; (3) Enabling energy 

conservation and demand-side management;  

(4) Combining irregular renewable energy sources into the 

existing power grid. 

This study highlights the evolving role of microgrids in 

shaping a more resilient, sustainable, and decentralized energy 

landscape for the future. And compare different PV systems. 
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