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Abstract 
In recent years, for reasons such as the limitation and pollution of fossil fuels, as well as the growing electricity demand, 
the international community has paid more attention to renewable energies. On the other hand, the application of 
renewable energies to generate electricity requires the provision of appropriate infrastructure and platforms in power 
system. These have led to the emergence of a concept called microgrid. However, due to the structural differences between 
microgrids and traditional power systems, they face several challenges. This paper presents the concept of microgrids, 
equipment used for them, and their challenges and research gaps. This review shows that, by removing the technical 
barriers and addressing the challenges ahead, microgrids can be considered as a promising platform to optimize the 
utilization of renewable energy resources. It is expected that power systems in the future will be of microgrid type. 
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1.  INTRODUCTION

In recent years, increasing global demand for 
electricity, climate change, and problems with fossil 
fuels such as environmental issues and poor 
productivity have increased the stress on renewable 
energies [1-3]. One of the important obstacles in this 
path, which is addressed in this article, is the lack of 
infrastructure and a suitable platform for the application 
of renewable energy resources. This issue has been the 
main motivation for the introduction of microgrids [1]. 
In other terms, microgrids were proposed to increase 
the penetration of renewable energies into the electrical 
energy distribution system while making it more 
reliable and requiring low complex algorithms [4]. 
Microgrids, if used within a proper operations strategy, 
can also bring technical, environmental, social, and 
economic benefits and provide a suitable approach to 
meet the growing electricity demand [1, 4-5]. 

Thus, microgrids are currently the best platform for 
economic and environmental productivity of renewable 
generations and future electrical energy systems are 
expected to be of this type [6-8]. Although microgrids 
offer opportunities such as more efficient use of 
renewable energies, there are multiple challenges with 
them. The purpose of this article is to discuss the 
challenges and opportunities facing microgrids while 
introducing their concept and components. 

2. Overview of types and components

2.1. Types of microgrids 

Microgrids are operated in two modes; connected to the 
main grid and islanded. When connected to the grid, 
microgrids can play a role as network support to 
balance the supply and demand chain of the main grid 
[2], reduce the peak [9], control the frequency and 
voltage, and improve the flexibility and reliability [2]. 
On the other hand, staggering construction and 
operational costs of transmission lines have provided a 
good opportunity for the construction of microgrids in 
rural areas and away from the network [10]. Under 
these conditions, the installation of island microgrids 
leads to optimized transmission costs and energy losses 
[11]. Island microgrids are used in spaceships and ship 
decks, as well [12]. 

Economically, microgrids are divided into two 
groups of physical and commercial microgrids. 
Physical microgrids are used to meet technical 
demands, including balancing the supply and demand 
chain on the network, while commercial microgrids are 
applied to achieve economic benefits and a higher share 
in the electricity market [2]. 

Based on their voltage type, microgrids can be 
divided into three groups; AC, DC, and hybrid. Since 
existing infrastructures are usually based on AC, AC 
microgrids are more likely to be implemented, 
especially those being connected to the grid. In contrast, 
DC microgrids have multiple advantages such as lower 
losses, reduced power conversion steps, ease of control 
and operation, no harmonic and transient problems of 
AC networks, and no synchronization in connecting 
resources to each other where there is a need to build a 
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microgrid infrastructure, especially in island conditions 
[13-15]. 

Finally, based on their application, microgrids are 
divided into three groups: remote, campus, and 
industrial microgrids [16]. Military microgrids are 
sometimes considered the fourth group [10]. Different 
categorization of microgrids is illustrated in Figure 1. 

2.2. Components 

Microgrid loads are one of the most important 
components that have been reformed in recent years. 
For example, constant-power loads, common in 
microgrids, adversely affect the response of the system 
to disturbances [17]. 

Generating units are another component of 
microgrids. Due to the design motivation and operation 
of microgrids, most of the generation resources are 
renewable. The most important of these products 
include solar panels, wind farms, and small hydropower 
plants. However, their uncertainty and harmonic effects 
resulting from the electronic power equipment 
employed in them, are important challenges of these 
types of generating units [18-19]. 

In the presence of renewable resources with a 
changing output, storage devices play a crucial role. 
These devices in smart grids contribute to peak-shaving 
and load-shifting strategies [20], participate in the 
regulation of frequency-active and voltage-reactive 
power [20], provide power storage to regulate 
electricity markets, solve network congestion 
problems, and delay network investments [14,20]. 
Noteworthy, due to the unstable nature of new energies, 
the reliability of the system in an island mode depends 
on the capacity of energy storage devices [12]. 

Microgrids typically have a communication 
infrastructure between the central controller, switches, 
primary controllers, and measuring components and 
equipment [21]. Given that power grids will have a 
significant set of intelligent electronic devices in the 
future, the development of communications and control 
systems, and standardization of network architecture 
will be of high priority [22]. Moreover, demand 
response programs, energy storage subsystems, and 
DGs used in microgrids will create extra and original 
needs in the field of automation, management, and 
control, while the scope of studies will also be extended 
[8]. 

2.3. Electricity market 

The installation of DGs close to the demand source has 
increased the number of market players. The shift from 
the centralized to distributed network control that is 
taking place in microgrids has provided an opportunity 
for distributed system users to play an effective role, 
and in addition, the market has given new players 
opportunities such as the ability to participate in 
transactions. With the introduction of microgrids, the 
development of investment in the electricity market is 

getting simpler and enables actors to be involved in 
different markets [2]. 

2.4. Energy management systems 

As noted above, due to the nature of their components, 
issues such as the uncertainty of renewable resources 
and reliability, compared to traditional power systems, 
have become more prominent in microgrids. 
Nevertheless, the combination of different energy 
resources can provide an opportunity to deal with 
random aspects and manage various possible events 
[23]. Consequently, designing an efficient energy 
management system can help improve the reliability of 
the system and increase the service life of energy 
storage equipment [24-25]. 

Results and Discussion 

Due to structural differences between microgrids and 
traditional power systems, each part of the study in the 
field of microgrids faces new challenges, most of which 
are related to renewables and the distribution of 
generation resources, and consequently, uncertainty 
and degradation of power quality. An important part of 
the problems is the instability due to the low inertia of 
the microgrid, for which solutions such as the use of 
flywheels, battery storage, and traditional energy 
resources have been proposed, whereas these energy 
storage devices also face several problems including 
maintaining charge balance, coordination between 
storage devices, and economic inefficiency. On the 
other hand, connecting microgrids to each other, which 
has been proposed as an approach to increase the 
capacity of microgrids and improve the reliability and 
stability of microgrids, involves significant challenges 
in the load flow and communication infrastructure. 
Therefore, it is necessary to effectively manage various 
renewable generations. Table 1 lists some of the most 
important challenges facing microgrids in different 
areas of work. Some solutions to these challenges have 
already been proposed by multiple research groups, 
however, there are still many research gaps that require 
further research. 

3. Conclusions

In this article, by reviewing the latest reports, 
components, the concept, and applications of 
microgrids were introduced and the current challenges 
facing this technology were discussed. Structural 
differences between microgrids and traditional power 
systems have caused new challenges and opportunities 
for power system operators in every part of the 
network, including load centers and generating units. 
Furthermore, new components and concepts such as 
storage devices, converters, and communication  



Microgrids, the best platform for economic and environmental productivity of renewable resources 

5 | P a g e

infrastructure have resulted in unexpected and 
sometimes complex issues. New challenges and 
opportunities in areas such as design and energy 
management systems were also discussed in this article. 
Collectively, despite the challenges ahead, the 
microgrid is believed to be the best platform for 
economic and environmental efficiency of renewable 
energies and will be extensively applied in the near 
future. Therefore, microgrids have been highly 
regarded by researchers, while noted issues and gaps 
have created many research opportunities. 
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