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Abstract: Microgrids are handy units for a utility since their 

units such as distributed energy resources (DER) and loads can 

able to control the power ingestion or production. Moreover, it is 

used to assimilate renewable energy resources (RES) to small 

distribution systems. Battery energy storage systems (BESSs) are 

employed to recompense the sporadic output of RES. Similarly, 

DC microgrid for a home can be excellently controlled by an 

energy management system (EMS) using fuzzy logic controller 

(FLC) of 25-rules alone to control the power flow. The system 

has photovoltaic (PV), Fuel Cell (FC) and battery energy storage 

(BES). This study aims to introduce firefly algorithm (FA) to 

optimize FLC in order to increase the system energy saving 

efficiency and to reduce the cost. 
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I. INTRODUCTION 

Over dependence on fossil fuels would led to energy 

crisis. So, it is essential to identify eco-friendly and non- 

exhausted energy source and it is vital to initiate apt energy- 

saving methodologies to decelerate the energy consumption 

and to mitigate the environment impacts. Energy monitor 

and control have more attention for research [1], but a multi- 

function EMS is still inattentive. Hence, in this study, a 

cohesive EMS with the tasks of energy monitor and control 

has been presented.  

Previously, advanced metering infrastructure (AMI) [2], 

smart sensor [3], smart home machines [4], home area 

network (HAN) [5] and home energy storage system (HESS) 

[6] have been introduced. Smart Home Energy EMS at a 

home can avoid redundant power consumption, enhance 

safety. Energy conservation and emission minimization are 

the ultimate objectives of EMS. 
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Management (SHEM) deals with the utilization of 

supervisory control and data acquisition system (SCADA) 

with EMS, comprising the generation, transmission and 

distribution systems under the idea of smart grid. SHEM is 

employed to visualize home RES because of the emerging 

anxieties on energy safety and pollutant emissions. Along 

with smart schemes SHEM can be installed at home and so as 

to improve efficiency [7]. Moreover, SHEM intends to 

perform demand side management (DSM) to deliver lenience 

to the utility and the consumers [8]. This study aims to design 

and develop of a residential microgrid with FLC. The system 

consists of PV, FC and BES. 25 fuzzy rules have been 

augmented by FA to improve efficiency with the aim of 

energy conservation. FA attains the best values of scaling 

factors and membership functions of FLC 

II. MATHEMATICAL MODEL OF THE 

MICROGRID 

    The modules of a microgrid have been illustrated in Figure 

1. The power electronic components buck/boost converters, 

MPPT and inverters are assembled to build the microgrid 

system    . 

 
FIG. 1. STRUCTURE DIAGRAM OF A MICROGRID 

A. Modeling of PV system 

 The equivalent circuit of PV system has been shown in 

Figure 2. It has a current source, a diode, series and shunt 

resistances. The intensity produced current of the solar cell is 

denoted as current, the nonlinear impedance is denoted by a 

diode, internal electrical losses are denoted by series 

resistance and shunt resistance represents the leakage 

current. When the intensity from sun falls on cell, DC power 

generated that differs gradually with the intensity of sun. 
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FIG. 2. EQUIVALENT CIRCUIT OF PV SYSTEM 

 

Using Kirchhoff's current law 

I  I ph  Id  Ish                                                                   (1) 

The photovoltaic current that alters with the intensity 

and temperature of sun have been provided as follow 
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where  

i battery current 

Q maximum capacity 

 

FIG. 3. EQUIVALENT CIRCUIT OF BES 

III EMS OF THE MICROGRID 

The power electronics components of microgrid have been 

modeled in MATLAB. The simulation diagram of proposed 

EMS has been illustrated in Figure 4. FLC has been modeled 

with least fuzzy rules to minimize the intricacy. 

 
Fig 4. SIMULINK DIAGRAM OF PROPOSED EMS 

 

A. Description of the microgrid 

A 5 kW of PV system has been interlinked with power  

electronic components namely DC/DC boost converter, 

MPPT, etc. 20 kWh capacity of Li-ion BES has been utilized. 

The FLC modeled for EMS has been shown in Figure 5. SOC 

and the power difference have been set as the two input 

variables. 

 

 

FIG 5. STRUCTURE OF FLC MODELED FOR EMS 

∆P signifies the power difference between produced power 

from PV power and load during 24 hours. 

loadnewable PPp  Re     (9) 

where  

PRenewable Solar power 
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Pload power of the residential load 

FLC tends to compensate the intermittency of RES and to 

keep SOC as least as possible. The operational range of BES 

is 20–95% of its SOC. Table 1 provides the 25 fuzzy rules of 

FLC. VL, L, M, H, VH signify very low, low, medium, high 

and very high respectively and the BN, SN, ZE, SP, BP 

signify big negative, small negative, zero, small positive and 

big positive respectively.  

The optimization of FLC has been performed to enhance the 

performance and energy saving. Controlling BES according 

with altering loads with least number of fuzzy rules is a 

difficult task. Hence, the optimization of FLC need to be 

performed using intelligent technique. FA, a recent and 

successive optimization technique has been utilized. The 

steps involved in the implementation of FA has been directly 

adopted from [10]. The error between present and actual 

power need to be minimized. 

 

SOC 

FC 

Power 

∆P 

BN SN ZE SP BP 

VL VH H L L VL 

L H M VL VL VL 

M VL VL VL VL VL 

H VL VL VL VL VL 

VH VL VL VL VL VL 

TABLE I.  25 FUZZY RULES OF FLC 
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where 

T execution time 

∆e error between FC produced power and reference power 

FCf PPP  Re     (11) 
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PFC FC power 

PRef reference power 
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where PBES is the power availed in BES. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV  RESULTS AND DISCUSSION  

The rated power generated by solar PV under idyllic weather; 

1000 W/m2 of irradiation, and 25◦C of temperature. During 

the unavailability of solar PV and the lowest FC capacity 

level the BES tends to meet the demand. The load for the 

considered residence for a day has been illustrated in Figure 

6. The data of solar irradiation and temperature for 

producing power to meet the load has been shown in Figure 

7. The SOC characteristics of BES has been exposed in 

Figure 8. The details of energy investigations and the energy 

saving potentials of the proposed system have been presented 

in Table 2. 

FIG 6 LOAD OF THE RESIDENCE FOR 24 HOURS 

 

FIG 7. DATA OF SOLAR IRRADIATION AND TEMPERATURE FOR 24 

HOURS 

 

FIG 8.SOC CHARACTERISTICS OF BES 

 

TABLE II.  DETAILS OF ENERGY INVESTIGATIONS AND ENERGY SAVING 

POTENTIALS 

Factor Energy 

Load 50.41 kWh 

Solar Power 30.54 

Fuel cell (with normal FLC) 27.14 

Fuel cell (with optimal FLC) 20.78 

Without optimization 85.27% 

With FA optimization 96.24% 

V  CONCLUSION  

An enhanced FLC-EMS has been introduced for a microgrid 

involves solar PV, FC and BES to satisfy the demand of a 

home. A simple FLC has been modeled only with 25 fuzzy 

rules. The system has been modeled mathematically and 

optimized using FA to provide better results in control 

strategy and energy saving potential.  
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The simulations have been carried out in MATLAB. From 

the outcomes, it has been experienced that the energy saving 

potential has been enhanced by 10.97%. The proposed 

approach can be easily implemented for any real-time 

system. 
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