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Abstract 
 
Electric grid such as micro-grid, Nano-grid, and smart grid are the evolving 

concept in power generation, which is significantly involving several 

interested researchers due to its potential to extend the applications of the 

distributed generations (DGs), especially by applying renewable energy 

resources (RERs). This review aims to summarize the different RERs and 

various simulation tools that can better performance analysis in terms of 

feasibility study, reliability, power loss, economic analysis, and fault 

detection. 

 

Keywords: Renewables; microgrids; control tools, modelling tools, hybrid 

energy systems. 

 

1 Introduction 
 

Recent advancements in the electric grid would not be possible without 

involving the application of RERs.  

It is well-known that RERs are influenced by the climate pattern and it 

has its benefits as well as drawbacks. Hence the power industries are still 

encouraging and developing serval other energy harvesting techniques and 

assimilating to the electric grid by the mean of the energy storage system 

(ESS) at the distribution level. Interconnecting different DGs such as micro- 
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hydroturbines, fuel cells (FCs), solar photovoltaic (PV) system, wind 

generation, diesel engines, and gas-powered turbines evolve the concept of 

microgrid (MG) [1-2]. Different types of RERs and its contribution to global 

energy production is presented in Fig.1 [3]. A detailed report was generated 

by IRENA (2019) for Future of Solar Photovoltaic: which enhances and 

summaries the importance of hybrid energy system (HES), such HES can 

lead to the change of the energy market on a global level. The power from 

wind is forecasted as one of the main sources of energy production, 

providing more than one-third of the overall energy demands. It will be 

followed by solar PV systems, providing 25% of total energy needed and this 

marks a tenfold increase in the solar PV share of the generation mix by 2050. 

Concerning total installed power greater than solar PV (i.e., 8519 GW) 

compared to the wind capacities (i.e., 6044 GW) will be expected by 2050 

[3]. 

 

 
 

Figure 1 Energy generation capacity by different types of RERs until year 2050 [2] 
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MG presented many benefits; it increases the working efficiency, 

reliability, stability, and economics when connected to the electricity grid 

(grid-connected) or Island mode where the utility grid extension is not 

possible. MG is classified as either an AC or DC MG, which is known 

according to grid connection, i.e., DERs and other electrical loads [1, 4]. 

Current AC grid technologies, standards, and protections are advantages for 

AC micro-grid, but synchronization, stability, reactive power need are 

inherent demerits.  

Alternatively, DC MG does not have any AC MG demerits and meets 

today's demand since most environmentally friendly distributed generation 

technologies mostly produce DC power, and most electronic demands 

require DC voltage [5]. Also, for the above DERs and electrical loads, the 

DC micro-grid will remove the need for converter as in power conversion 

stage needed in the AC MG. Hence it has rewards in terms of performance, 

economics, and sizing complexity. Though, more research on the acceptable 

working range of DC voltage and DC circuit safety technique is needed for 

the MG. 

Today the current advancement in smart devise and internet of things 

(IoT) has simply incorporate an MG to provide a better solution with 

effective way. MG is a small installing of different RERs to small load 

demand for end-user, complicated scheme mostly heavily united with the 

grid consisting of energy production, EES, and supervision systems for 

power and energy [1]. They have a collection of energy machineries that can 

be installed at the consumer site itself. MGs deliver possibilities for better 

control locally over the distribution and use of energy [6]. They also allow 

waste gas recirculation for power generation in respective industries (e.g. 

steel), and the waste heat in CHP applications. These improves energy 

performance and reduces emissions [7,8] 

In the energy portfolio of the country, MG technologies play an 

increasingly important role. They can be used to satisfy the requirements for 

base, peak, backup, and remote power [7].  

Typically, the consumers will have their own power plant whose size is 

smaller when compared to large scale power plants. But a third party can 

own and operate them. If the DG fails to provide sufficient energy, the 

consumer has the opportunity to use the duel power sources or combined 

approach i.e., combination with a backup power from the electricity grid.  

The conventional central grid system where the power production, 

transmission, and distribution are unilateral. This is assisted and then 

improved by MG resources. 

The integration of variable natural RERs requires a huge modification in 

existing network operation that may eventually lead to an increase in  

 

 

 



 
 

 

 

 

 
 

 

electricity cost. It  has presented four problems that is related to the 

intermittent nature of RER and these problems are demonstrated.  

Potter, et al. [9],  also describes the various aspects of RERs in the 

integrated power system that are named as daily, monthly, and yearly 

variability. For the efficiency and stability of the modern grid, the 

understanding of this variability is vital.  

The scope of this review is to give an overview of emerging RERS, 

energy storage technologies, and simulation tools, which are used in 

designing and optimization the hybrid energy system.  

Section 2, gives the impacts of MG on the DES, MG components, and 

their mathematical modeling is presented in Section 3, and Section 4 

overview the optimization software tools for simulations and analysis for 

hybrid generation systems. Finally, the conclusion is summarized. 

 

1.1 Impacts of MG on the DES 
 

The conventional organization of the modern enormous energy system 

offers several advantages. It is possible to make large generating units 

effective and run them with just a fairly limited number of staff. The 

generator reserve can be lowered due to the high-voltage transmission which 

is an interconnected network [10]. Overall, it makes it possible with low 

requirement. Dispatch the furthermost effectual producing plant.  

The bulk power flow over extended remoteness with reduced energy 

losses was became possible [11].  

However, several influences have combined over the last few years and 

the key drivers encouraging MG are given as follows: 

• Limits the greenhouse gas emission, 

• Energy efficiency through different energy mix, 

• Remote and inland electrification 

Each distribution utility must deliver electricity to its prosumers at a 

fixed limit of electrical parameters. This mainly effects the overall cost and 

system parameters variations, e.g. the voltage, technology to be used, sizing 

cost [11]. Nearly a few grid centers use more advanced regulation [11].  

In this scenario, the regulators would not correctly calculate the 

specifications of the feeder. Instead, they can see lower values because, due 

to on-site power generation, the DG unit decreases the observed load.  

This will result in the voltage being set at lower values than appropriate 

to maintain sufficient levels at the feeder tail ends [10]. However, at the 

feeder nodes, the most favorable positions of DG units close to the end-user 

terminals may provide the necessary voltage support. 

 

1.2 Increase of Network Fault Levels 
 

In MG, there are many rotating components, which could be prone to the 

faults. These can effect the overall electricity network. Two most machines,  
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(induction and synchronous generators) will generally enhances the scope for 

faults in the DES, though their behavior varies under continuous fault 

conditions. 

The contribution of the fault frequency can be minimized by the 

impedance of a transformer or reactor between the generator and the network 

but at the cost of increased losses and broader changes in voltage at the 

MG[12]. The rise in fault condition can be a noteworthy inhibition to the 

creation of DG in urban areas where the current fault level approaches the 

switchgear rating. 

 

1.3 Power Quality 
 

Power superiority is usually reflected to be significant: 

 (i) transient voltage variations and  

(ii) harmonic distortion of the network voltage [6].  

 

The MG may cause transient voltage variations on the network. 

Therefore, to limit the variance of light, voltage variations need to be limited. 

In the local power grid, MG units can cause unintended transient voltage 

variations. For every step change in the outputs at the MG side,  we can 

experience the fluctuations as there is an interaction between feeder, MG and 

control elements. Due to various load disruptions, which cause abrupt current 

changes to the DG inverter, the standalone operation of MG units gives more 

scope for voltage variations the inverter's output impedance is very high, 

fluctuations are quite common especially with the change in current [13]. 

Weak relations in the grid integration mode, on the other hand, offer a chance 

of transient voltage fluctuations, but lower degrees than in the standalone 

mode [14]. MG with many electronic component interfaces might be 

incorrectly built. These can inject harmonics, which may lead to 

inappropriate distortion of the network voltage. 

 

1.4 Protection  
 

There multiple aspects associated with MG protection, few common ones 

are given below:  

 

• Generation Equipment: protection from internal faults.  

• Faulted distribution network:  

protection for the network from supplying currents to the MGs.  

• Protection from anti-islanding situations.  

• MGs effect might be possible  

• MG might disturb the existing protection schemes. 

 

 

 



 
 

 

 

 

 

 

 

 

1.5 Stability  
 

Stability is one of the important aspects to be considered for the generator 

in distributed generation systems, the aim of which is to produce electricity 

from new and non-conventional energy sources [15].  

If a malfunction happens to reduce the energy network parameter (i.e., 

voltage) and the DG trips somewhere in the distribution network, then a short 

generation time is all that is lost. The MGs appear to overdrive and fly on 

their internal security.  

In the MGs, the control scheme will then wait until the network state is 

restored and automatically restarted. If, on the other hand, a DG is seen as 

support provider for the existing power network, where the stability comes 

critical parameters to deal. Depending on the circumstances, stability types 

may be important. 

 
2 MG Components and their Mathematical Modelling 
 

 This section outlines the MG with different RERs looking at the 

principles of their operating characteristic. The components include: 

 PV modules 

 Wind turbines 

 Power converters 

 Fossil fuel units  

 Loads 

 Storage systems 

A simple schematic of AC/DC MG with power electronic interfaces is 

presented in Fig. 2.  
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Figure 2 Schematic shows the AC/DC micro grid. 

 

  

2.1 Solar PV Energy Source  
 

 Solar PV energy is widely distributed over the territory and it can be 

harnessed by the use of different ever-evolving technologies i.e. solar 

thermal electricity, solar photovoltaic (PV) that are classified based on their 

mechanism of capturing the solar radiations and its conversion into electrical 

energy [1].  

 The solar thermal power plant is an indirect method of transferring solar 

energy into electrical energy, in which thermal power is generated by 

aggregating the sunlight radiations, and then steam is produced that drives 

the turbine generator as in the case of conventional thermal power plants.  

 The PV power plant, the main form of solar energy, is a direct method of 

converting solar radiation into electricity. Photodiodes are used in these 

plants for the efficient absorption of sunlight. This whole system is generally 

composed of a rechargeable battery, controller, inverters, load bank, etc. PV 

power plants can be used as a standalone source of energy and it can be 

connected to the main power grid. A simple PV system configuration is 

given in Fig. 3.  

 

 

 

 



 
 

 

 

 
 

 

 
Figure 3  Block diagram of PV system 

 

 To design a PV system energy generation system the following modeling 

is required [1]. 

 The clearness index (Kt) is expressed by. 
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The total current that is generated from solar PV is expressed as: 
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Where, The output power of the Solar PV system can be found by using: 
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The constraint for solar power generation is: 

     ( )          ( ) 
(5) 

The boost converter is implemented to control the performance of PV panels.  

 

T

h

e photovoltaic current     is directly related to insolation (  ) as: 
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Where ISC,     ,    , and      are short circuit current (SCC), 

temperature coefficient related to SCC, nominal insolation and temperature 

respectively. 

 

2.2 Wind Energy Source (WES) 
 

The WES is considered as one of the most effective and potential 

alternate energy resources due to its renewable and clean nature. The kinetic 

energy of wind molecules is converted into mechanical energy with the help 

of a wind turbine that is connected with the rotor blades. The rotor is further 

coupled to the generator (usually doubly fed induction generator) for the 

conversion of mechanical energy into electrical energy. The power derived 

from the wind turbine at a specific location generally depends upon the wind 

velocity, at tower height, and turbine speed characteristics. All these are the 

important parameters, which can be expressed mathematically as [1]: 

 

The hub height (Vhub) is expressed as: 

    ( )      ( )  
   (

    

  
)

   (
    

  
)

 

               

               

(1) 

Where, the relevant wind speed are given as     ( ) and     ( ) , which 

uses the hub height and measureable wind speed as to       and       
respectively. The length of surface roughness is given as    .  

The mechanical power of wind (Pmech) is represented as:  
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The expression of    is defined as: 
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and, where     can be found by using: 

   
 

 

       
 

     

(    )

 
             

(4) 

To obtain the speed ration of the blade, the following governing expression 

can be used.  

  
    

  
 

             

(5) 

Where,    is the power coefficient with   value, which is the reference of the 

tip speed.    is equal to      , and   is the wind speed (m/s).  

Essentially, the when pitch angle is set to zero, when the value of      is 

lower than the rated power. However, at a specific value of    there is a 

maximum value of       with respect to the function   and   . Hence, to  

 



 
 

 

 

 

obtain the maximum power with the optimal rotor speed       for a specific 

value   , by substituting the equation (5) in (1).  

     
   

             
   

   
      

  
             

(6) 

Although having no harmful effect and power production at affordable 

cost from wind energy there are also certain drawbacks such as uncertainty 

of availability, uncontrolled power output, etc. Due to its randomness and 

stochastic behavior, probability-based modeling techniques are required and 

its optimum allocation can be sought out by the use of evolutionary 

algorithms. 

 

2.3 Hydel Power 
 

Hydropower is the largest RERs so far and it is harnessed from the 

gravitational force of the moving water. In 2019, around 15.6 GW of 

Hydropower was in installed capacity was added and in 2018 it was around 

21.8 GW. Hence, this implies that there was a rise of 1.2% of the 

hydropower capacity [16]. The principle of generating such massive energy 

is through the potential energy from the falling water is converted into 

mechanical by hydel turbines that govern the alternators to produce 

electricity. Hydel power plants are operated at high efficiency due to fewer 

energy losses during the conversion process. Hydropower plants are 

generally classified based on capacities such as large scale, small scale, and 

micro hydel power systems. The generating methods also vary depending 

upon the availability of water sources and required power demands that 

include the conventional water dams, pumped storage technology, and run 

off river plants. Small and micro-scale hydel plants are widely used due to 

their quick response to the variety of operating conditions, fewer impacts on 

the ecological environment, and less investment required. The relation 

determines the power extracted from the moving water as follows: 

 ( )                    

(7) 

where   is the density of water in kilograms per cubic meter, Q is the 

discharge in cubic meters per second, g is the acceleration due to gravity, h is 

the height difference between inlet and outlet. 

 

2.4 Geothermal Power 
 

Harnessing energy from the heat that is present in-depth of the earth is 

called geothermal power. The heat extraction process requires the circulation 

of fluid down in the earth through the reservoir that brings heat to the surface 

where it is used for electricity generation or indirect heating applications. 

Geothermal power system works similarly to conventional thermal plants 

except here steam is produced from geothermal energy that is a result of 

chemical and ecological processes deep in the earth. However, the efficiency 

of these plants is comparatively low than thermal plants due to the low  
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temperature of the generated stream. Geothermal energy production can be 

estimated through the following relation [17]. 

 (  )  (         )                 

(8) 

Where,   (  ) is the output power obtained in Megawatts,   is the 

Specific heat of the working fluid,   is the flow rate from the production 

well, extracted sensible heat is given as                       which 

denoted by   ,   and   are the efficiency with the heat energy is used and 

parasitic losses, respectively.   

 

2.5 Fuel cells (FC) 
 

A typical FC consists of two electrodes; the anode and cathode, which is 

separated by an electrolyte. The FCs utilizes the atmospheric oxygen to react 

with hydrogen from fuels with the aid of an electrolyte, and form the water 

along with electricity generation. The overall equation for the reaction 

happening in FC can be expressed as [18]: 

  ( )  
 

 
  ( )      ( )            

             

             

(9) 

The above equation is be better understood as each electrode to activate 

the reaction between oxygen and hydrogen when they pass through the 

electrodes.  

 

2.6 Thermal and Gas Generators  
 

A thermal generator is commonly combined in an MG design; this is due 

to its nature of constant supply of energy when the RERs are unable to 

accommodate the load balancing. It is mostly used as standby, which consists 

of an engine-driven generator that is used to provide auxiliary power during 

solar blackouts or when the battery power discharge reaches a minimum 

level. A typical thermal generators include, waste gas generators, diesel 

generators, [19,20].  

Recently more advancement has been noticed in diesel generators such as: 

 Generator automation- it helps in remote monitoring.  

-In this sense, generators functional and dynamic parameters (i.e. oil 

pressure, coolant temperature, and malfunctions) can be monitor remotely.  

 Voltage, frequency, and power can be controlled with different load 

demand and this is possible with advancement in electronic circuitry. 

 

2.7 Energy Storage Technologies  
 

For the facilitation of the fast-growing production of intermittent RERs, a 

concept of DES and Energy storage technology has gained a huge  



 
 

 

 

 

 

significance. Electrical energy storage systems (EES) and Smart grid 

technologies (SGT) can play a pivotal, flexible, and multifunctional role in 

electrical power systems. They reduce the need for reserve power plants, 

manage the transmission and distribution grid more efficiently, and decrease 

the cost and number of power failures. Further, they smoothen out 

fluctuations in power supply and enable more RES by improving capacity 

factors (i.e. by changing the demand curve using either load shifting or 

through energy conservation incentives by intelligently linking all market 

participants). As can be seen from the literature review there is a wealth of 

experience, knowledge, and research in the area of EES and SGT [18]. In 

general terms, EES are categorized as magnetic, mechanical, kinetic, 

electrical, and chemical technologies that are further categorized as Super 

Capacitors (SC), superconducting Magnetic storage (SMES), Battery Storage 

System (BSS), Hydrogen Fuel Cell (HFC), Compressed Air Energy Storage 

(CAES) and Pumped Hydro Energy Storage (PHES). However, battery 

storage systems are widely used for energy storage purposes in many ―off-

the-grid domestic systems due to their ease of use. A brief description of 

their modeling is described below. 

BESS is a widely used technology in power generation, as the RERs are 

intermittent and BESS is sized to supply or balance the load requirements. 

BESS sizing depends upon many factors such as battery life, required battery 

capacity, temperature correction, and a maximum depth of discharge [1].  

To obtain the BESS capacity it can be found by using.  

       
    

    
 (10) 

 

The total energy produced by BESS is calculated by: 

     
         

             
 (11) 

Series (NS) and parallel (NP) designed can be formatted by the following 

equation.  

        
    
    

 (12) 

  

          
    

          
 (13) 

The state of charge (SoC) and the depth of discharge (DoD) can be evaluated 

as:   

    ( )      (   )(   )  [   ( )  
     ( )

    
]    (14) 

With BESS charging: 

   ( )  
     ( )

    
            ( )(   )          (15) 

While the BESS is discharging: 
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   ( )  
     ( )

    
            ( )(   )          (16) 

 

3 Optimization Software Tools for Simulations and Analysis 
for Hybrid Generation Systems 

 

There are multiple software and development techniques in the existing 

literature to optimize and analyze hybrid energy systems. The simulation 

tools have their advantages and drawbacks. This sector tries to overview the 

common simulation tools used to design and optimize the hybrid energy 

system.  Fig. 4 depicts the importance of the simulation tools in a hybrid 

energy system, as RERs are intermitted with the weather condition. Hence, it 

is necessary to evaluate the performance of each hybrid energy system. 

 
Figure 4 Schematic shows the Energy Management of the multiple energy resources 

[21] 

 

 

 

3.1 Hybrid Optimization Model for Multiple Energy Resources 
(HOMER Pro®)  
 

HOMER Pro® is a global standard simulation tool, which is used for 

simulating different RERs and implementing various types of the MG. The 

common configuration that can be modeled is AC, DC, and Hybrid AC/DC 

microgrid, even the simulation can be performed on grid-connected and 

islanded mode. This software can simulate thousands of systems for the 

variety of energy system combinations depending on the setting of the 

problem and allowing users to experience engineering and economics 

working side by side. HOMER Pro® makes it possible to compare a variety 

of combinations in a single run allowing viewing the impacts of parameters 

beyond control. Figure 5 shows the system parameter that can be used to 

evaluate (input) the hybrid energy system and common ways it can analyze 

(output). HOMER Pro® has been used extensively in the literature for hybrid 

renewable energy system optimization and different case studies as presented 

in Table 1.  

 



 
 

 

 

 

 
 

Figure 5 Schematic shows the application of HOMER® 

 

3.2 MATHLAB® and Simulink® 
 

MATHLAB® is a complex tool that is used for many different purposes 

as given in Fig. 6. Simulink is an in-built tool that operated adjusted with 

MATHLAB® and it was founded by Matrix Laboratory. In this particular 

software, even a more complex system can be modeled and analysed.  

 
Table 1 Common literature which used HOMER to analyse and design the hybrid 

MG. 

 
Reference  Configuration Objective 

[22] PV+WT+BESS+DG/ 

isolated.  

Economic feasibility study and 

environment non-toxic investigation of 

net zero HRES 

[23] PV+WT+BESS+DG/ 

isolated. 

Assessing the optimum configuration 

of hybrid energy system 

[24] PV+WT / isolated. Feasibility and economic study 

[25] PV/isolated Study of feasible location for PV 

system as an alternate of natural gas 

and diesel.  

[26] PV/WT/DG/BES To use hybrid renewable energy MG 

(HREM) and achieve the SDGs 7. In 

addition, to identify which type of 

configuration is cost-effective for the 

specific location. 

[27] BES+Grid; PV+BES; 

NGPS+BES. 

Studied the power resiliency of 

microgrid considering the different 

combinations of RERs. 
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It assimilates computation, visualization, and programming in an 

environment where problems and solutions are expressed in familiar 

mathematical notation. Figure 6 shows the different application that the 

simulation tool can be used for. 

 
 

Figure 6 Schematic shows the application of MATHLAB® and Simulink® 

 

Table 2 common literature which used MATHLAB® and Simulink® to analyse and 

design the hybrid MG. 

Referen

ce 

Configuration Objective 

[28] PV+WT+BESS/ 

isolated 

Wind and solar sizing 

Storage capacity simulation 

[29] PV+DG+BESS/isol

ated 

NPV, emission, loss of load 

probability 

[30] PV+WT+BESS/ 

isolated 

Energy management 

Enhancement of battery life span 

[31] PV+WT+BESS/ 

isolated 

Feasibility study and economic 

study of hybrid energy systems  

 

3.3 PSCAD™ 
 

Power Systems Computer-Aided Design is a design and simulation 

software to model systems with ease with limitless possibilities. A wide-

ranging library of system models allows accurate and spontaneous simulation 

workspace. Figure 7 shows the different application that the simulation tool 

can be used for. This consents design engineers to assess the safety and 

veracity of the proposed concepts which in turn increases productivity 

improves efficiency and effectiveness of electrical system designers. Several 

electrical engineering calculations and test can be performed: 

 



 
 

 

 

 

 
Figure 7 Schematic shows the application of PSCAD. 

 

3.4 CYME Power Engineering Software 
 

This modeling and analysis tool facilitates the modeling and simulation 

of MG that are grid-tied or isolated systems such as systems in remote areas. 

This module lifts the simulation requirement for a source equivalent to exist 

in any connectivity model. Capabilities of the module include: 

 
Figure 8 Schematic shows the application of CYME Power Engineering Software. 
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This unique combination of detailed system modeling and refined steady-

state analyses facilitates the design, planning, and operation of MGs, 

allowing for instance: 

 The identification of under- and over-voltage conditions and overloads 

under multiple scenarios. 

 The verification of power and energy availability for the operation of 

islanded MGs at peak and during extended periods. 

 The impact assessment of starting motors. 

 The ability to calculate fault current duties to support protection 

coordination studies and to evaluate temporary overvoltage (TOV). 

 The conduction of arc flash hazards studies to ensure safety of utility 

personnel. 

 

3.5 ETAP® 
 

The electrical Transient Analyzer Program is an analytical tool providing 

solutions in energy management to design, operate, and automate power 

systems.  

ETAP was initially intended for the use of nuclear and commercial power 

system analysis. Further development allows comprehensive solutions for 

generation, transmission, distribution, commercial, transportation sector, and 

low voltage systems. Some software application include: 

 

 
 

Figure 9 Schematic shows the application of ETAP®. 

 



 
 

 

 

 

 

 

 

4 Conclusion 

 

Due to the potential significance of RERs in an MG, a rising concern in 

climate change, and environmental impact, this review covers major aspects 

of RERs integration with MG and how different simulation tools can be used 

to model the system. Globally there diverse RERs available for a different 

location, so modeling is a challenging task, implementation is another key 

factor that needs to be monitored. Nearly all the RERs are environmentally 

friendly, but a huge amount of capital cost is associated. Hence, this review 

overviews different RERs and various simulation tools that can better 

performance analysis in terms of feasibility study, reliability, power loss, 

economic analysis, and fault detection. 
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