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Abstract 
 

This study model the hybrid microgrids for meeting the residential energy 

demands. This study's main objective is to manage the energy between the 

power sources and load by ensuring the least of cost of energy and lower 

emissions. For optimal control, a combined dispatch strategy is used. As a 

case, a microgrid with solar, wind, diesel generator, and the battery is chosen. 

First, mathematical modeling of a microgrid is done, followed by the 

simulation in the HOMER tool. The results are analyzed, and the controller 

performance in terms of energy management is shown. The observed results 

suggest that the proposed dispatch control is well suitable for microgrids. 

 

Keywords: Renewables, microgrids, optimal control, energy management, 

hybrid energy systems. 

 
1 Introduction 
 

Renewable power-based microgrids are emerging in modern power 

systems. The main reason for this is the raised awareness of the energy 

efficiency and localized energy market. On the other side, advancement is 

seen in renewable technology, especially solar photovoltaics and wind 

turbines driving the microgrids. Although there is increased popularity, the  
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deployment is quite slow due to the challenges. These challenges include 

stability, frequency control, energy management, co-ordination of power 

sources, etc [1]. Considering the localized microgrids, the main issue is the 

co-ordination and energy management. In a localized microgrid, there is the 

possibility to have more than one power source. In addition, energy storage 

technologies also widely being used. For example, the battery energy storage 

and sometimes the electric vehicles [2]. To understand these, a literature 

review on existing works has been carried out, and below Table 1 presents 

the summary of the literature.  

 
Table 1 A Literature Review of Existing Studies Related to Microgrid Modeling 

 

Reference  Configuration Objective 

[3] PV+WT+BESS+DG/ 

isolated.  

Economic feasibility study and 

environment non-toxic investigation of 

net-zero HRES 

[4] PV+WT+BESS+DG/ 

isolated. 

Assessing the optimum configuration 

of a hybrid energy system 

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

system as an alternate of natural gas 

and diesel.  

[6] 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. 

[7] BES+Grid; PV+BES; 

NGPS+BES. 

Studied the power resiliency of 

microgrid considering the different 

combinations of RERs. 

[8] PV+WT+BESS/ isolated Wind and solar sizing Storage capacity 

simulation 

[9] PV+DG+BESS/isolated NPV, emission, loss of load probability 

[10] PV+WT+BESS/ isolated Energy management Enhancement of 

battery life span 

[11] PV+WT+BESS/ isolated Feasibility study and economic study 

of hybrid energy systems  

 

Hence there is a need for optimal planning of microgrids. At the same, 

we need to ensure the energy management to be in in the cost and 

environmental limits.  

The main objectives of this study are as follows: 

 To model the microgrid based on the multiple renewable power sources 

 To ensure the reliable power supply using backup power sources like 

diesel generators 

 To manage energy effectively between the loads and energy storage 

using the combined dispatch control strategy. 
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2 Methodology 
 

A microgrid consists of wind turbines, solar photovoltaics, diesel 

generator, and battery energy storage is considered as a case for 

investigation. The primary objective was to meet the desired electric load 

without any shortfalls. Hence, the control of each power source with 

respective load consumption and energy generation is essential. First, to 

realize this, load profiles are investigated to identify the daily peak energy 

demands and overall peak power required. Based on these two parameters, 

the microgrid system is modeled [12,13]. While modeling, the foremost 

important aspect is to select the components optimally. For this, we used a 

multi-constraints optimization where the component selection is made by 

ensuring the lowest cost of electricity produced by the system and the lowest 

emission [14]. The detailed modeling of the system and the energy 

management control strategy is shown below: 

In Figure 1, the microgrid model that is optimized based on the chosen 

constraints is shown.  

 

 
 

Figure 1 Optimized Microgrid Model for Residential Load 

 

The constraints used for modeling are also given in Figure 2. These 

constraints were categorized into different groups e.g., economic, renewable 

fraction, capacity shortage, etc. 
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Figure 2 Constraints Used For Modeling Microgrid 

 
2.1 Microgrid Modelling 
 

This section provides the microgrid modeling's mathematical background 

based on the chosen components as per Figure 1. While modeling, various 

parameters specific to each component were considered. The influence of 

weather conditions, solar photovoltaic cells system parameters like 

degradation, thermal effect are incorporated in Equation (1). The constraints 

related to power variation with respect to wind velocity are considered in 

Equation (2). In the diesel generator modeling, the issues related to power 

generation variation based on the fuel intake and conversion efficiency are 

considering, see in Equation (3) [2,6,7]. 

The solar PV panel sizing is as follows: 

                        (        )   (1) 

The wind turbine sizing is as follows: 

   
 

 
              (2) 

The diesel generator sizing is as follows: 

 

    
            

   
     (3)  

The charging and discharging conditions for the battery are given in 

Equation (4) and (5). Here, the degradation in battery energy levels over time 

are considered: 

∑     
 
    ∑ [(                 )               

   

            ]     (4) 
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    ∑ [(                 )          

   

      
       ]      (5) 

The power converter modeling both in inverter mode and rectifier mode 

are given in Equation (6) and (7): 

                        (6) 

                        (7)  

 Using the above provided mathematical modeling, HOMER simulation 

is carried out to model the microgrid. All the stated above constraints were 

incorporated in the toolbox of each component, once these constraints as 

shown in Figure 2. The related weather profiles are collected from the 

National renewable energy laboratory database.  

 

2.2 Combined Dispatch Strategy  
 

Figure 3, and Figure 4, the proposed combined dispatch (CD) strategy for 

managing energy between the sources of power generation and load. In the 

CD strategy, the excess energy from solar, wind is always given to the 

battery for charging whenever it is needed. The CD helps us make significant 

decisions regarding charging batteries and supplying energy to the load [15]. 

 

 
 

Figure 3 Optimal Control Process for the Simulation [16] 
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Figure 4 Optimal Decisions for Managing Energy [16] 

 

The dispatch decisions are shown in Table 2. 

 
Table 2 Dispatch Decisions for Microgrid Control 

 

Decisions Conditions 

Dispatch decision-1 Battery energy is sufficient to meet the load 

Dispatch decision-2 Power sources are used for meeting load and 

charging the battery 

Dispatch decision-3 Power sources only power the load but not the 

battery charging 

 

 

3 Results and Discussion 
 

The results of this study are presented in this section. First, the variation 

in the input parameters used for modeling is discussed and followed by the 

power generation outputs from the microgrid, power shared by the microgrid 

power generators. Besides, we have also presented the battery charging and 

discharging conditions.  

In Figure 5a, solar radiation and variation are shown. The observed solar 

radiation is varied between 4.5 to 6.7 kWh/m
2
/day. The wind potential 

available is also shown in Figure 5b. From Figure 5b, it is seen that the 

average wind potential is around 3.5 m/s. Comparing both the renewable 

sources, the scope for solar power is high. 

Figure 5c shows the variation in the diesel generator power conversion 

efficiency with respect to the power output. It is observed that the most 

feasible conditions are possible between the 6 kW to 23 kW.  

The power outputs from the microgrid are shown in Figure 6. If we 

observe Figure 6, as per the given constraints, that is to ensure more 

renewable fraction is achieved. Also, as per the given condition, the solar 

power share is high compared to wind and diesel. 
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(a) 

 
(b) 

 
(c) 

Figure 5 Input Parameters Used For Modeling For The Components (A). Solar 

Photovoltaics; (B) Wind Turbine; (C) Diesel Generator. 

 

 
Figure 6 Power Outputs from Each Power Source in Microgrid 

 

Figure 7 reveals the energy management by ensuring the optimal 

operation of each power source in the microgrid. More or less, all the sources 

were operated in a coordinated manner making sure that the load is met all 

the time considering the dispatch decisions.  
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Figure 7 Co-Ordination of Power Sources for Meeting the Load Demands 

 

 
Figure 8 Battery Charging and Discharging Conditions 

 

The charging and discharging of the battery with respect to load 

consumption is shown in Figure 8. At times, we could see that, the diesel 

generator meets load; during this instant, there is not battery charging and 

discharging. This reveals that, the dispatch condition of meeting only the 

load is taken place. There was a case, where charging took place (the highest 

peak) during this time, the load was already met. It is understood that, the 

generators were ramped up to charge the batteries as per the dispatch 

decision. 

 

4 Conclusions 
 

In this paper, optimal modeling of the microgrid considering various 

power sources is simulated. As per the considered objectives, the modeling 

and results were validated. The concluding remarks we observed are as 

follows: 

 The proposed dispatch strategy to ensure energy sharing is suitable for 

operating microgrids. 
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 It is also observed that sufficient battery reserve is maintained to backup 

the system during sudden failure of the system. 

The future work can be on comparing this control strategy with other    

controls and also to study the economic aspects. 
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