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Abstract: Escalating energy demands and stringent climate constraints are fundamentally reshaping 

traditional power systems, driving the widespread adoption of microgrids. These decentralized networks 

offer enhanced resilience and efficiency, particularly when integrated with sustainable energy sources like 

Fuel Cells (FCs). As high-density power sources with low emissions, fuel cells are increasingly critical for 

stabilizing intermittent renewable generation and providing reliable backup power within the microgrid 

architecture. Despite their benefits, the integration of such distributed energy resources introduces distinct 

technical hurdles. This review outlines the key challenges and applications of modern microgrid technology 

as documented in current literature. A significant focus is placed on microgrid protection, providing a 

detailed analysis of schemes such as Overcurrent (OC) and Directional OC. The study evaluates how these 

protection methodologies—alongside advanced generation technologies like fuel cells—address specific 

operational obstacles to ensure reliable fault detection, power quality, and overall system stability. 
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1. Introduction: 

A network of generation, transmission and distribution systems is referred to as a power system. It converts a source of 

energy to an electrical supply system. Generators, transformers, transmission and distribution lines, and distribution 

transformers are the main components of an energy source. The power is transmitted to multiple distribution systems via a 

transmission system. Power is transmitted from substation to distributed transformer which step down to an acceptable 

level suited for customers.   

Modern Power System:  

Dispersed alternative fuels, electrochemical capacitors, chargers for electric vehicle terminals, advanced communication 

systems, and other auxiliary equipment are all part of modern power system. Thus, smart grids and microgrids become part 

of today’s modern power system. 

Future electricity grids must adapt to advancements in technology, social values, the atmosphere, and the financial system. 

In a liberalized market environment, we must examine issues including security systems, operational safety, voltage 

stability, and so on. Technology solutions also need to be dependable, long-lasting, and affordable[1]. 

Smart Grid Technology:  Smart grid technology integrates advanced grid control, information and communication 

technologies, and modern management strategies across power generation, transmission, substations, and distribution 

networks. It enables seamless coordination of electricity, data, and market operations, leading to improved reliability and 

efficiency. A key objective of the smart grid is to support large-scale adoption of renewable energy sources while ensuring 

flexibility, environmental sustainability, and economic viability. In addition, the integration of fuel cell systems provides 

clean, efficient, and decentralized power generation, enhancing grid resilience and reducing emissions. Overall, smart grids 

create a synchronized, intelligent energy ecosystem that meets sustainability goals, market demands, and future energy 

challenges [2].  
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Active networks with separated decision-making and bidirectional power flow are transforming distribution grids. This 

change supports distributed generators (e.g., microturbines, fuel cells, and Solar panels), battery packs, and flexible loads 

(e.g., electric automobiles), hence improving grid stability and performance, particularly during isolated operation due to 

faults or catastrophes. Microgrids are distinguished from traditional distribution networks by control integration [3]. 

2. Microgrids  

Microgrids consist of low-voltage distribution networks integrated with distributed energy resources (DERs) such as wind 

turbines, solar photovoltaic arrays, fuel cells, and battery energy storage systems. In addition, they incorporate power 

storage and management elements including batteries, power banks, flexible and controllable loads, and advanced power 

electronic interfaces to ensure reliable, efficient, and sustainable operation under both grid-connected and islanded modes 

[4]. The system can function non-autonomously if it is linked to the electrical network and autonomously if it is completely 

separated from the primary network. If managed and coordinated well, the functioning of micro sources within the system 

can contribute to the overall efficiency of the network.  

 Further above, following conclusions come up: 

I. A microgrid is a system that integrates demand supplies (manageable loads), storage facilities, and supply-side 

(power generation) elements that are all part of a nearby grid system[5]. 

II. It is important to manage a microgrid so that it can handle both conventional (grid-connected) and emergency 

(island-connected) functions. 

III. The primary difference between a microgrid and a passive grid infiltrated by micro sources is the management 

and coordination of available resources within the microgrid.  

 A microgrid [6] is a small power system that uses several local power sources to deliver electricity to a specific 

neighbourhood. These microgrid connect local generators, both electric and utility grid powered. The microgrid can operate 

alone or in connection with the grid and are referred to as island mode and grid-connected mode, respectively. The 

microgrid runs autonomously in island mode, but grid-connected mode entails connecting to the larger grid. Energy 

management, control, power conditioning, storage, loads, and sources are all components of the microgrids. The microgrid 

include a variety of distributed generators and storage units. The microgrid and utility grid meet at the point of common 

coupling (PCC). 

 

Figure 1: Architecture of a typical microgrid system 

3. Major Components of Microgrids  

a. Electricity generation resources within microgrids: Microgrids use a variety of power sources, including petrol 

engines, natural gas plants, solar panels, and wind turbines [7]. Multiple power plants are interconnected through 

advanced energy storage systems to ensure reliable and continuous power supply. Small-scale generation stations 

based on internal combustion engines offer operational flexibility and act as backup sources, rapidly responding 

to sudden load variations, particularly in remote locations. These units also function as strategic energy reserves 
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during peak demand or grid disturbances. In addition to conventional sources, fuel cells significantly enhance 

microgrid performance by providing clean, efficient, and on-demand electricity. Their low emissions, high 

efficiency, and fast response capability improve system sustainability, reliability, and overall energy management 

within modern microgrids. 

b. Intermittent energy resources with microgrids: The declining cost of photovoltaic (PV) arrays has effectively 

removed financial barriers for residential and commercial installations. Large-scale deployments on university 

campuses and manufacturing sites now offer substantial electricity cost savings. 

To further optimize these systems, integrating fuel cell technology creates a powerful hybrid solution. While PV 

arrays generate power during peak sunlight, fuel cells provide consistent, low-emission energy regardless of 

weather or time of day. This combination ensures continuous power supply and enhances energy resilience, 

maximizing the return on investment for large facilities. 

c. Energy storage with microgrid: Rechargeable batteries are frequently used in conjunction with residential solar 

systems. Microgrid operators use batteries as well. Batteries can compensate for deficits in solar production during 

load surges, hence optimising fluctuating resources. Another advantage is the ability to respond quickly to 

microgrid energy fluctuations. A continuous power supply serves as a system that operates around the clock to 

protect against unforeseen price increases.  

d. Load management within microgrid: Some microgrid owners have the option of effectively managing 

electricity consumption in addition to generating electricity. By default, the generators powering the microgrid 

must quickly ramp up to handle the increased demand when a large machine starts up elsewhere on the system.  

e. Control and communication within microgrid: A microgrid control system usually includes several controllers 

and sensor systems. To gather information and further use, a Supervisory Control and Data Acquisition (SCADA) 

network is also considered. The SCADA network is also the microgrid’s primary structure and the energy 

management software having code is the brain. Artificial intelligence and machine learning capabilities enable 

advanced energy software applications to function with ease, comfort, and accuracy. While dispatching the load 

is handled by energy management software within the constraints set by the microgrid owner. The power 

generation management system is responsible for maximizing the use of renewable energy minimizing the cost of 

fossil fuels and maintaining the reliability of the equipments and the microgrid.  

4. Applications of Microgrids:  

A microgrid can be applied to several sections with different elements, architectures, and functional capabilities as a system 

that offers customers customized electricity services.  

A. Individual microgrid on island or at distant region: A mainstream electricity supply is challenging and costly 

to build on island parts or in remote regions, so a microgrid can be appealing. The components and structural 

features of a microgrid on an island or at remote location should be determined by the local ecological parameters. 

When renewable energy is abundant for illustration: the microgrid can be made up of wind and solar resources, 

back-up power generation, and batteries.  

B. Renewable-dominant microgrids thrive in highly penetrated renewable energy areas: Overvoltage issues 

may arise in areas with abundant renewable radiation, if a massive amount of renewable electricity is strongly 

associated with distributed generation. As a result, at the user or organizational levels, sustainable power can be 

started building to enhance the electricity grid’s capability to incorporate decentralized sustainable power.  This 

type of microgrid is typically powered, rechargeable and consists primarily of renewable electricity. It could also 

be used in an islanded mode to source autonomously when necessary.  

C. Diverse microgrid interconnect users and sources in varied energy regions: Large public structures and 

healthcare facilities may be powered by integrated renewable energy systems that can handle a wide range of 

energy sources and needs, including cooling, heating, and electricity. Microgrids are intended to integrate building 

& community power, cutting-edge technology, collaborative energy usage, and consumption tracking. Power is 

generated via solar, wind, geothermal, or biomass energy, which is then stored in thermal or electrical systems. 

Some microgrids even provide unique integrated cooling, heating, and power functions, exhibiting their breadth 

of capability in the provision & control of sustainable energy. 

D. Highly integrated microgrid in distribution systems with significant distributed generation units: 

Distributed generators (DGs), particularly photovoltaic (PV) panels, are essential for self-sufficiency, though 
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they traditionally disconnect during grid faults to prevent unplanned islanding. However, integrating DGs into 

microgrids at the branch and substation levels unlocks advanced self-healing capabilities (Figure 2). 

Incorporating hydrogen fuel cells further enhances this architecture by providing continuous, dispatchable power 

to balance intermittent solar energy. This hybrid approach ensures that critical loads remain powered during 

crises. By mitigating faults and allowing for controlled islanding, the combination of PV and fuel cells 

significantly strengthens the resilience and reliability of modern distribution networks. 

 

 

Figure 2: Typically constructed of an extremely integrated microgrid in the distribution system 

5. Issues Faced in Microgrid System:  

Table 1: Review of Issues Faced in Microgrid System 

Ref. Issues Application/ Method  

[8]  

Bidirectional power flow in the 

distributed network  

A dual active (DAB) and full-bridge converter with 

input-shunt and output-series coupling is a load 

flow converter. 

[9] 

Limitations of fault current 

during the islanded mode  

Different types of FCLs – 

• Solid state FCL 

• Superconducting FCL 

• Electromagnetic FCL  

[10] 
Voltage and current control in 

island mode 

• Integral linear quadratic Gaussian controller  

• Damping controller 

[11] 
Wide area monitoring & control • PMU algorithm for wide–area monitoring 

• The angle-based fault detection scheme 

[12] 

Information & communication 

technology (ICT) 

ICT degradation on regulated distribution 

transmission, hybrid, centralized controlled. 

 

[13] 
Advanced metering 

infrastructure 

Cloud computing data as the central 

communication and optimization infrastructure  

[14] 

Electric vehicle charging  • Medium voltage direct current for electric 

vehicle charging station  

• Fuzzy logic-based control system for energy 

storage system and the grid  
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[15] 
Renewable and DG integration  • Single-voltage closed-loop control method 

• Control method in three-phase microgrids  

 

6. Issues in Microgrid Protection:  

Distribution System Protection: Including microgrid, local protected areas are formed within a distributed generation 

system and are covered by a network and by equipments like converters, reactors, and loads. The required ways which 

serve as the foundation for the configuration of a transmission defense system, are as follows:  

• Sensitivity – The protection system should be capable of identifying abnormal conditions that surpass a relatively 

modest specified threshold value.  

• Selectivity – To reduce fault consequences the protection scheme could perhaps disconnect only the fault conditions 

component (or the shortest possible part comprising the fault) of the framework. 

• Speed – The protection system could perhaps reply to emergencies as possible to prevent equipment failure and 

promote balance.  

 

 

 
Figure 3: Existing micro-grid protection schemes  

6.1 Directional overcurrent Protection: When fault current can flow in both directions through the relay, directional 

overcurrent relays are employed. Voltage and current measurements are required for reliable determination of the 

current direction. Non-directional protection depends on time grading for selectivity, which may not be effective in 

island operations. It is critical for reliable protection to keep clear protection between relay settings and maximum 

load & fault current. Coordination provides efficient functioning and reduces wasteful tripping under typical 

situations. It is also difficult to coordinate procedures. Additional research is required to distinguish the short-circuit 

fault from transient circumstances. 

6.2  Distance Protection: Distance relays use fault current and voltage at the relay position to calculate the impedance 

from the relay to the fault site for line protection. It offers high selectivity and is applied majorly in transmission lines. 

It identifies faults and trips by using either admittance or impedance measurements.  It can isolate a fault that occurs 

on either side of the protected circuit since it can operate in the event of reverse faults, however, reach settings must 

be different for forward and reverse faults. In the microgrid network, coordination between distant relays and other 

relays works well. However, distributed energy resources and loads may have an impact on distance protection, which 

may cause a relay to work improperly due to variations in feed currents.  

6.3 Differential Protection: Differential protection relays are mostly used to protect equipment like transformers, short 

transmission lines, and distributed energy sources. It is also commonly used to secure subsurface transmission cables 

by communicating among both connection points. It has the maximum detection limit and is only continuing to open 
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internal faults. Also, it necessitates a dependable communications system for extremely rapid data transmission among 

both protected components. It works on the principle of KCL and operates well for internal faults. These relays, 

designed to function in nearly 50 milliseconds, can protect microgrids in both grid-connected and autonomous modes. 

This sort of method is less expensive than many other schemes. This detects single line-to-ground & line-to-line faults 

using zero sequence and negative sequence currents within the microgrid. There are certain difficulties also as 

mentioned below:  

✓ Some complications may arise during the connection and disconnection of the distribution generating system.  

✓ There may be difficulties with an uneven system of loads. 

6.4 Over-current Protection: Over-current protection is a safety measure that detects faults by monitoring high currents 

flowing to the fault. Due to the current restrictions of most inverters, traditional overcurrent safety systems may no 

longer be applicable. One of the main issues with security systems is to connect for a large deployment of 

communication systems. In such a situation, the entire overcurrent protection and coordination may be jeopardized if 

the communication system fails [18]. 

6.5 Voltage-Based Protection: Voltage-based protection solutions mainly rely on voltage measurements to safeguard 

microgrids against fault types (i.e. three-phase, two-phase, and phase-to-earth faults) [19]. Some of the issues are 

outlined below: 

✓ Any voltage decrease inside the microgrid may cause protective devices to malfunction.  

✓ In the grid-connected mode of operation, there is less sensitivity.  

✓ Dependence on the microgrid arrangement. 

✓ Issues with detecting high-impedance. 

✓ Issues with coordination complexity, fluctuation sensitivity, the influence of load dynamics, and reliable islanding 

identification. 

6.6 Sequence or symmetrical components protection: 

✓ Unbalanced Conditions: Unbalanced currents and voltages can occur in microgrids with dispersed generation and 

non-linear loads, resulting in erroneous protection and control. 

✓  Lack of standardisation: The lack of standardized sequence component models for various microgrid 

configurations makes implementation and interoperability more difficult. 

✓  Computational complexity: Calculating sequence components in real-time imposes computational loads on 

control techniques, reducing their efficiency. 

✓  Difficulties with fault detection: Unintentional delays in identifying defects owing to sequence component 

processing might result in lengthy downtime and operational inefficiency [20]. 

6.7 Travelling wave-based protection: Signal propagation waves are attenuated and 

 distorted as they travel across the microgrid, reducing the accuracy of fault diagnosis and localization. External 

factors, such as coupling with neighbouring grids or communication systems, can cause noise and interference, 

impacting fault detection in travelling wave-based protection. For traveling wave-based microgrid protection, 

achieving precise synchronization among scattered protection devices is a challenge [21].  

This might impact the coordination of preventative efforts, potentially leading to delays or inefficiencies in 

problem detection and response, as well as diminishing the overall dependability of the microgrid network. Real-

time traveling wave analysis using contemporary algorithms increases the processing cost of microgrid protection 

significantly. This has the potential to decrease system performance, demanding a thorough assessment of 

computational capabilities to operate optimally. 

7. Advantages of Microgrids:  

a. Microgrids reduce emission by increasing the use of zero-emission energy: Distributed generation controllers 

play a critical role in stabilizing microgrids by balancing intermittent renewable energy, such as solar and wind, with 

controllable power sources. To ensure reliability, these systems integrate dispatchable generation like natural gas 

turbines and, significantly, hydrogen fuel cells. Fuel cells are a vital addition, offering high-efficiency, low-emission 

power generation that complements renewable fluctuations. Furthermore, the controller optimizes grid stability by 

leveraging energy storage systems, including rechargeable batteries and electric vehicles, to effectively manage load 

and generation disparities, ensuring a consistent and resilient power supply. 

b. Microgrids absorb wasted on-site power/heat, avoiding transmission losses and emission: When power travels 

a long-distance leakage current occasionally happens. Because of microgrids, the electricity is produced near where 
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it will be consumed. Thus, the line losses are minimized, and much less authority is required to meet the very same 

level of demand. When electricity is produced from some of these centralized power generators (for example, fossil 

fuels and nuclear power), a large amount of thermal energy is generated in nearby areas of the consumer, making it 

financially efficient to utilize this thermal energy constructively, such as in living quarters in nearby households and 

business, thereby lowering the emission of greenhouse gases.  

c. Microgrids provide local control, allowing utilities to delay costly new generating expenses: Strategically placed 

distributed generation significantly minimizes electricity consumption and alleviates grid congestion, leading to 

reduced fuel costs and better management of peak energy requirements. Microgrids play a pivotal role here, 

enhancing system reliability and efficiency while averting the need for expensive new battery investments. 

Integrating fuel cell technology further strengthens this architecture by providing continuous, high-efficiency, and 

low-emission power. As a stable energy source, fuel cells complement intermittent renewables within the microgrid, 

ensuring consistent delivery. This synergistic approach creates a resilient infrastructure capable of meeting demand 

without overburdening the central utility grid. 

d. Microgrids improve grid resilience against severe hazards and cyberattacks: Microgrids function as 

autonomous distributed generation systems capable of powering homes or neighbourhoods indefinitely, even during 

central grid failures. By integrating resilient energy sources like hydrogen fuel cells, these systems provide 

consistent, long-duration power that complements intermittent renewables. Fuel cells specifically enhance stability 

by offering high-density energy storage and on-demand generation. Beyond ensuring local autonomy, microgrids 

are vital for broader recovery; they sustain essential services for repair crews and directly assist in re-energizing the 

main grid, acting as a critical backbone during disruptive events. 

 

 
Figure 4: Number of publications on microgrids in various years 

 

Table 2: Review of different research work on microgrid 

Ref Author Significant Contribution 

[22] Huayllas et al. DG systems, which must shut down during power outages, might be 

beneficial in delivering electricity to linked local loads, increasing 

resilience. 

[23] Basak et al. This focuses on two protection challenges: microgrid behavior during 

grid faults and cooperation for suitable protection in island mode.  
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[24] Bhaskara and 

Chowdhury et 

al. 

An adequate control system must be created to ensure that a smart grid 

operates by IEEE Std. 1547.4-2011 four modes: area EPS connected, 

transition to island, island, and reconnection.  

[25] Haron et al. Short-circuit detection and correction systems are used in microgrid 

protection, with coordinated devices shutting down defective portions. 

MPS classification and coordination methods. 

[26] Justo et al. Addresses common microgrid security challenges, emphasizing the need 

for communication in the implementation of strong and sophisticated 

protection systems. 

[27] Lopez-Prado, 

Jose L. 

MPSs classified into protection into current methods and wide area 

schemes.  

[32] Bansal et al. The research describes each fault diagnostic technique that fits into one 

of these two categories. Two classes: Model-based and Data-driven 

based.  

[33] Miraseidi et 

al. 

A thorough description of the various microgrid protection options along 

with a discussion of the advantages and disadvantages of each option.   

[35] Bui DM Microgrids can be classified based on grounding and configuration into 

three categories, impacting the working principle of fault protection 

devices. 

 

8. Challenges in Microgrid 

The research work [29,30,31,33] highlights the difficulties that come with microgrid systems and highlights important 

issues that require careful consideration and resolution. Microgrid vulnerabilities, such as power outages and dynamic fault 

current variations, highlight the importance of strong protection and security measures. The lack of selectivity presents 

difficulties, emphasising the significance of specific fault responses. Reliability challenges need initiatives to improve 

microgrid reliability and reduce downtime. Addressing power quality is critical for long-term, high-quality power 

generation. Addressing these challenges straight on is critical for expanding microgrid technology to satisfy the changing 

needs of contemporary energy systems.  

9. Further Research Areas  

As reference [45] outlines, there are several important areas in the field of microgrid research that demand more study. The 

primary goal is to increase the distribution network dependability of the microgrid to strengthen it and guarantee smooth 

operation. Furthermore, a significant emphasis is placed on improving the microgrid's voltage stability to maximize its 

performance in a variety of scenarios. One of the most important aspects of the research is the mitigation of power loss 

costs in microgrids, which has important consequences for sustainable and economic energy considerations. In addition, 

efforts are focused on reducing microgrid faults, handling possible disruptions, and improving system resilience in general. 

Another important goal of the research is to design a sturdy microgrid structure that can accommodate a variety of 

experiments and enable thorough testing and analysis. Finally, finding a way to counteract short-circuit failures is a crucial 

research topic that should pay special attention to temporary situations. Together, these research paths enhance our 

knowledge of microgrids' functionality and understanding, which promotes innovation and advancement in the industry. 
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