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Abstract - Micro grids often use dispersed energy 

resources such as wind turbines and solar photovoltaic 

modules. When several dispersed generating 

resources with varying characteristics are deployed in 

micro grids, controlling these resources becomes a 

significant challenge. sun photovoltaic modules and 

wind turbines used in micro grids create electricity 

that varies in response to sun irradiation and wind 

speed. Because renewable energy resources are 

transitory and unreliable, energy storage technologies 

are commonly used in micro grids. Energy 

management systems are used to govern distributed 

energy resources and energy storage units, maintain 

supply and demand balance within the micro grid, and 

deliver long-term and dependable energy to loads. 

Many approaches are utilized to implement and 

optimize energy management in micro grids. This 

review article compares and evaluates energy 

management technologies used in micro grids. The 

energy management system may be customized for a 

variety of reasons, which are also covered in depth. 

Furthermore, numerous uncertainty measuring 

methodologies are summarized to address the 

unpredictability and intermittency of renewable 

energy sources and load demand. Finally, some 

suggestions on possible future paths and practical 

applications are presented. 
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1. INTRODUCTION  

 

Fossil fuels, such as coal, oil, and natural gas, are 

among the most efficient energy sources. Recent 

scientific study has shown that these energy sources 

have negative consequences on both human health 

and the environment, in addition to their economic 

effects. Along with these consequences, scientists are 

looking into alternative energy supplies for a variety 

of reasons, including increased energy consumption, 

rising energy prices, reliance on energy sources, and 

more. Renewable energy resources and distributed 

generation have traditionally been used to meet the 

needs of reducing the negative effects of electrical 

energy production on the environment, meeting the 

ever-increasing demand for electrical energy, and 

improving the quality, reliability, and stability of 

power systems. 

Increasing the capacity of electrical networks and 

extending transmission lines to supply distant 

electrical loads raises the cost of producing electrical 

energy as well as transmission-distribution losses 

caused by rising electricity demand. Distributed 

generation, which mostly uses renewable resources 

such as solar and wind power, provides an excellent 

chance to address these issues. Micro grids, which are 

miniature electricity grids, are also being considered 

for this purpose. A micro grid can use both 

conventional and renewable distributed energy 

resources. With these resources, micro grids may 

power local and regional demands as well as the main 

power grid. As a result, neighboring loads can get 

electrical energy from energy sources spread around a 

certain region.  

They can also operate in island (off-grid) or grid-

connected (on-grid) mode. From these perspectives, 

micro grids provide several benefits for the future of 

electricity systems. Micro grids powered by 

renewable energy sources are used to minimize yearly 

electricity bills, grid energy purchases, and 

greenhouse gas emissions in the traditional power 

system. Micro grids can help to improve the 

sustainability of energy supply and reduce poverty in 

developing nations. Large power generators have high 

inertia moments, which help to control voltage and 

frequency oscillations that occur in traditional power 
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systems. Distributed generating units in micro grids 

are more unstable than traditional generators due to 

system voltage and frequency fluctuations since they 

are connected to the grid via power electronic 

converters.  

 

 
Fig 1 : A bidirectional system with distributed 

generation 

 

To ensure that micro grids operate consistently, 

efficiently, and in accordance with standards, a 

control system must be established. This control 

system should tackle a variety of difficulties, 

including voltage-frequency regulation, correct load 

sharing, synchronization with the main grid, power 

flow management between the micro grid and the 

main grid, and operational cost optimization. Energy 

management is critical for the dispersed energy 

supplies that micro grids rely on to function 

efficiently.  

The efficient, safe, and intelligent utilization of 

distributed energy resources by micro grid 

components is critical for power quality and supply-

demand balance in the system. This may be 

accomplished by implementing energy management 

systems in micro grids. There are several 

methodologies, such as multi-agent systems, model 

predictive control, artificial intelligence techniques, 

meta-heuristic-based methods, and stochastic and 

resilient programming methods. 

2. Literature Review 

Energy sources that use fossil fuels to generate 

electricity have a negative impact on the environment; 

hence distribution network architects have turned 

their focus to the utilization of renewable energy 

sources [1].  

On the other hand, developments in technology for 

connecting renewable energy sources to the grid have 

increased the importance of dispersed generating 

resources connected to the grid. Installing distributed 

generation resources in the right location and size can 

provide numerous economic and technical benefits, 

including reduced power losses, improved power 

quality, increased reliability, reduced distribution 

density, and economic benefits for the power grid [2]. 

Integrating renewable energy sources is difficult due 

to its intermittent and unpredictable character. 

Intermittent power implies that distributed renewable 

energy cannot supply power constantly and might 

fluctuate drastically in the short term. Forecasting 

renewable energy sources is challenging due to 

uncertainty [3]. 

As a result, this condition may induce changes in 

energy losses as well as an unexpected drop or rise in 

voltage. The increasing influence of these resources, 

along with the unpredictable nature of their output 

power, has presented several issues in the functioning 

of distribution networks [4]. 

Distributed generation injects electricity into 

distribution networks, affecting the flow magnitude 

and direction. In recent years, there has been a lot of 

discussion about integrating dispersed renewable 

energy sources into distribution systems. The notion 

of smart grids emerged as dispersed generation 

became more common in distribution networks [5]. 

Distributed energy sources are an essential component 

in the development of smart grids. Large distribution 

systems can be separated into a number of micro grids 

to improve control and operational infrastructure 

capabilities in future distribution systems [6].  

These resources are critical in the development of 

micro grids. One method for maximizing the potential 

advantages of distributed renewable generating and 

energy storage batteries is to optimize their allocation 

and size within a distribution system [7]. 

In this case, integrating energy storage devices such 

as energy storage batteries into distribution networks 

is one viable method for facilitating the penetration of 

large levels of distributed renewable generating in the 

power system [8]. 
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Distributed generation sources are classified into two 

types based on their applicability in micro grids [9]: 

traditional sources, which are rotating units with 

electric machines serving as the connection interface 

to the network, and resources, which inject power into 

the network via power electronic devices.  

The control and operation of resources, where the 

interface with the micro grid is made up of power 

electronic devices, differs from energy generating 

sources, where electric machines serve as the 

interface [10].  

The presence of dispersed generating sources in a 

distribution network affects current and voltage, 

potentially impacting system performance [11].  

Its benefits include increased dependability, improved 

power quality, a better voltage profile, and lower 

losses. On the other side, the most significant issue 

caused by the installation of dispersed generating 

sources in distribution networks is an increase in the 

level of short circuit [12]. 

The power grid's mission is more than just supplying 

energy to users with as few outages as possible. The 

quality of electricity given to customers, as well as 

high dependability, clean energy generation, and cost 

reduction at all levels, is critical [13]. 

As a result, the concept of a micro grid, which 

generates electricity from a variety of energy sources, 

was presented. A micro grid is a component of a 

power system that contains one or more dispersed 

generating units that will continue to function even if 

the system is disconnected [14]. A grid-connected 

power storage device can alternatively be classed as a 

DER system, or distributed energy storage system 

(DESS) [15]. 

 

3. Body of Paper 

The main controller is in charge of guaranteeing the 

micro grid system's dependability while also 

improving the performance and stability of each 

converter's local voltage control system. This control 

level also governs the reference voltage necessary for 

the internal voltage and current loops, ensuring that 

active and reactive power is distributed optimally 

amongst the dispersed generating sources. The most 

popular approach for the primary controller is droop 

control, which attempts to adjust for the imbalance 

etween generated power and demand. Based on this 

need, the droop control provides a reference voltage 

signal for the source, and the internal control loop 

(voltage and current) guarantees that the real voltage 

matches the reference value. In actuality, in grid-

connected mode, a micro grid’s central controller 

controls the active and reactive powers of each DG 

unit, as well as the voltage and frequency in island 

mode. Several methods of primary control have been 

developed, particularly for the inverter voltage source 

interface of distributed energy sources. The majority 

of these techniques make use of an inner/outer control 

loop based on the PI controller. An intelligent load 

approach using a three-phase-single-phase AC-DC 

converter as a virtual synchronous machine is 

presented to eliminate frequency variations in the 

island micro grid. This method can also do grid 

support activities. Increasing the sources of 

distributed generation in a micro grid minimizes the 

system's inertia. In the event of load fluctuations or 

generation failure, the primary frequency controller 

encounters a high-frequency change rate. The 

employment of solid-state transformers as virtual 

synchronous machines in island operating mode is a 

novel technique to boost system inertia. Solid-state 

transformers can help improve the frequency of an 

island micro grid. Electric vehicles can significantly 

impact the load profile of micro grids, according to 

much research. The authors demonstrated that high 

electric car adoption may significantly reduce primary 

frequency variations in micro grids. An adaptive 

droop controller for efficient power distribution in the 

DC micro grid is described. 

 

Fig2: Block Diagram of Microcontroller based energy 

storage system 
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 Distributed hierarchical control has been presented to 

address the economic distribution of micro grids. The 

droop controller gets reference values from the 

economic regulator and outputs the necessary power 

while keeping the system stable. The traditional droop 

control method is a decentralized approach that is 

mostly used to operate parallel-connected converters 

in a DC micro grid. One of the drawbacks of the 

traditional droop control approach is inaccurate power 

sharing and voltage fluctuation in the DC bus. The 

tiny signal stability in a hybrid micro grid was 

investigated by taking into account variations in 

renewable energy sources. Wind speed fluctuations 

affect the active output power of DGs, causing power 

sharing to alter. 

4. CONCLUSIONS 

This article provides an overview of energy 

management systems and their applications in 

established micro grids. A thorough and critical 

review of energy management techniques and 

solution approaches has been conducted. The energy 

management system for sustainable development aims 

to optimize system dependability, energy planning, 

and operation in micro grids that can function both on 

the island and on the grid. As a result, a micro grid 

energy management system serves several purposes 

by addressing financial, environmental, and 

technological challenges. Although there are several 

approaches for managing energy in micro grids, 

artificial intelligence technologies have lately gained 

popularity and have significant promise in the future. 

Artificial intelligence technologies have enormous 

potential for revolutionizing micro grid operations 

and allowing the widespread integration of renewable 

energy supplies. In addition to allowing for real-time 

decision-making and greater resource utilization, 

machine learning, deep learning, and other artificial 

intelligence algorithms can improve micro grid 

predictive analytics, optimization, control, and 

monitoring. Although artificial intelligence 

technologies offer many benefits, they also pose 

several challenges, such as interpretability, privacy, 

and data quality. To encourage widespread usage of 

artificial intelligence technology in micro grids, future 

research and development should address these 

difficulties and propose new tactics and answers. 
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