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Abstract— This paper presents a microgrid energy management system that encompasses a combination of solar 
panels with maximum power point tracking (MPPT), a battery storage unit connected by a bidirectional converter 
and a wind turbine. The microgrid is designed to maintain a balance between energy supply and demand under 
varying weather conditions and loads. The system employs a fuzzy logic controller to regulate the power flow 
between the loads and sources, ensuring reliable and efficient operation. The microgrid is of the DC type, 
providing power to both DC and AC loads. The proposed system is designed and implemented using 
Matlab/Simulink and evaluated using simulation studies. The obtained results show the large extent to which the 
recommended approach ensures a steady energy supply under different load and weather scenarios, indicating 
that the proposed microgrid energy management system is a viable and efficient solution for small-scale 
renewable energy systems. 
 
Keywords— Fuzzy logic controller; Microgrid; Energy management; Energy supply reliability; Energy balance; 
Renewable energy system.  
     

1. INTRODUCTION  

Meeting increasing global energy demand while mitigating the environmental impact 

of power generation poses significant challenges. Conventional power sources that rely on 

fossil fuels have negative environmental consequences, including air pollution and carbon 

dioxide emissions that exacerbate environmental issues. Renewable energy sources, such as 

hydropower, wind, and solar, have emerged as viable alternatives that offer a sustainable and 

cleaner option to traditional power generation [1]. Renewable energy sources have already 

begun to play a significant role in the energy mix of many countries, with several nations 

setting ambitious targets to increase their share of renewable energy. In 2020, renewable 

energy will account for 72% of all new power generation capacity additions globally, with 

solar and wind power leading the way [2]. Renewable energy sources have the ability to 

lower electricity prices, provide energy security, and support regional economic growth, in 

addition to their environmental advantages. For instance, in many nations, the price of 

electricity produced by renewable energy sources is now more affordable than the price of 

electricity produced by conventional power sources such as coal- and gas-fired power plants 

[3]. This trend is expected to continue as renewable energy technologies continue to improve 

and become more cost-effective. However, renewable energy sources face several challenges 
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that limit their widespread adoption. One of the most significant challenges is the intermittent 

nature of renewable energy sources [4]. Unlike traditional power generation sources, which 

can provide a steady and reliable output, renewable energy sources depend on weather 

conditions and can fluctuate in output. This variability can make it challenging to balance the 

supply and demand of power and maintain a stable power grid, particularly during times of 

peak demand or adverse weather conditions. The effectiveness of Renewable energy (RE) 

generation, however, is impacted by meteorological factors including wind speed, 

temperature, and solar irradiation, which can lead to a number of issues in an electrical 

system. Therefore, a hybrid grid strategy based on RE is required for the more effective and 

secure microgrid (MG) solution [5]. As a result, there is a need for effective energy 

management systems that can integrate and balance multiple distributed energy resources 

(DERs) to ensure a stable and reliable power supply [6]. 

Several methods have been proposed for integrating renewable energy sources into 

microgrids to address these challenges. One such method is model predictive control (MPC) 

[7]. MPC is a sophisticated control method that uses a mathematical model of the system to 

predict future decisions and optimize control actions accordingly. However, the main 

drawback of MPC is its high computational complexity and the requirement for accurate 

models, making it difficult to implement in real-time. A different approach is the utilization of 

linear programming (LP) control. This strategy involves using a linear optimization model to 

distribute the power generation and storage resources of the microgrid [8]. Nevertheless, the 

primary disadvantage of LP control is that it presumes a linear connection between the input 

and output variables, which may not always be the case. Another method is Proportional-

Integral-Derivative (PID) control. This control method is a simple and widely used approach 

that adjusts control actions based on the error between the desired and actual output [9]. 

However, the main drawback of PID control is that it may struggle to handle complex and 

nonlinear systems. Furthermore, Artificial Neural Networks (ANNs) have been applied in 

microgrid energy management systems to predict future energy demands and optimize 

energy storage systems. ANNs can model complex, nonlinear systems and learn from past 

data to make accurate predictions [10]. However, the main disadvantage of ANNs is their 

high computational complexity and the requirement for significant amounts of training data. 

Finally, fuzzy logic control has emerged as a promising solution for microgrid energy 

management. Fuzzy logic control uses a set of linguistic rules to determine control actions 

based on the input variables [11]. Fuzzy logic control can handle complex, nonlinear systems, 

uncertainties, and imprecise information. It has been successfully applied in several microgrid 

energy management systems and has shown superior performance compared to other control 

methods. In conclusion, microgrids offer a flexible and robust foundation for integrating 

renewable energy sources, ensuring a steady and reliable power supply. While various 

methods have been proposed for microgrid energy management, fuzzy logic control has 

emerged as the most suitable solution due to its ability to handle complex and nonlinear 

systems as well as uncertainties.  

The microgrid energy management system presented in this paper employs a 

bidirectional converter to integrate multiple renewable energy sources, such as solar panels 

and wind turbines. To control the power flow between the sources and loads and ensure 

reliability and efficient functioning, the suggested system uses a fuzzy logic controller. The 



593                                             Jordan Journal of Electrical Engineering. Volume 9 | Number 4 | December 2023 

 

 

 

microgrid is designed to maintain a balance between energy supply and demand under 

varying weather conditions and loads, providing a sustainable and reliable solution for small-

scale power generation. The proposed system in this study was created using 

Matlab/Simulink, and its effectiveness was evaluated through simulation studies. The 

findings demonstrate the effectiveness of the suggested approach in providing a consistent 

energy supply, even when faced with various load and weather conditions. This microgrid 

energy management system offers a practical and effective solution for small-scale renewable 

energy systems. Overall, this paper contributes to the ongoing efforts to develop reliable and 

efficient microgrid energy management systems that can effectively integrate renewable 

energy sources into the power grid. By addressing the challenges of renewable energy 

integration, microgrids offer a promising solution for promoting sustainable and cleaner 

power generation, reducing electricity prices, and mitigating the impact of climate change. 

2. MICROGRID CONCEPT AND MODELLING 

A microgrid is a small-scale energy system that can operate independently or in 

conjunction with the larger electrical grid. It typically includes distributed energy resources 

such as solar panels, wind turbines, batteries, and backup generators. The microgrid is 

designed to generate, store, and distribute electricity within a localized area [12]. Microgrids 

can be used to provide reliable, resilient and cost-effective energy to homes, businesses and 

communities, especially in remote or off-grid areas, as shown in Fig. 1.  

 

 
Fig. 1. Structure of the microgrid.  

 

These systems facilitate the incorporation of renewable energy sources such as solar and 

wind power, which can help reduce greenhouse gas emissions and promote energy 

autonomy. A microgrid is an electrical system that combines various energy sources, 

primarily renewable resources, to provide reliable and efficient energy services to small 

clients in rural areas. This hybrid system operates at low or medium voltage and is designed 

to ensure that the energy supply is resilient and sustainable, even in the event of potential 

disruptions to the main grid [13]. The definition and concept of microgrids are evolving to 

offer customers sustainable energy options that incorporate renewable energy integration, 
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grid stability, flexibility, and cost-effectiveness. As depicted in Fig. 1, a microgrid (MG) 

comprises circuit breakers (CBs) and inverters, along with power sources, a storage system, 

and controlled power requirements to maintain equilibrium. 

However, in residential applications, the viability of microgrids can be affected by 

imbalances arising from the lower cost of electricity generation through renewable sources. 

Consequently, the implementation of a demand response mechanism and energy 

management system becomes crucial to uphold system stability and reduce electricity 

expenses, as suggested in [14]. 

2.1. Photovoltaic Structure  

According to Fig. 2, the photovoltaic system is composed of one or more solar panels, 

and its purpose is to convert sunlight into electrical energy. Maximum power point tracking 

(MPPT) is a technique used to optimize the output of the solar panels by tracking the 

maximum power point and adjusting the load accordingly [15]. PV generators and the load 

are connected by a DC/DC power converter, also known as a static converter. The main 

function of the converter is to collect the maximum power generated by the PV generators 

and transfer it to the load. To ensure maximum power efficiency at all times, the boost 

converter is controlled by an MPPT controller. In our work, we utilize the perturb and 

observe (P&O) method [16]. 

 
Fig. 2. Photovoltaic system. 

 

The output voltage and current of the solar system can be calculated using the following 

equations: 

V out =  Voc  −  ( Isc  .  Rs)                                                                                                                  (1) 

     Iout =  (Pmax . Vmp )(Isc   +  K .  (T  −  Tref ))                                                                                   (2) 

where 𝑉𝑜𝑢𝑡 is the output voltage, 𝑉𝑜𝑐 is the open circuit voltage, 𝐼𝑠𝑐 is the short circuit current, 

𝑅𝑠 is the series resistance, 𝐼𝑜𝑢𝑡 is the output current, 𝑃𝑚𝑎𝑥 is the maximum power, 𝑉𝑚𝑝 is the 

voltage at the maximum power point, K is the temperature coefficient, T is the operating 

temperature and 𝑇𝑟𝑒𝑓 is the reference temperature. 

2.2. Wind Energy System  

Components of the wind generator are shown in Fig. 3. They include a synchronous 

permanent magnet generator, a wind turbine, and a power converter regulated by an MPPT 
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system. By harnessing the kinetic energy of the wind, wind energy systems (WES) offer a 

promising and readily accessible source of electrical energy. This energy is utilized to rotate 

the turbines, converting it from mechanical to electrical energy. The amount of wind energy 

produced is inversely proportional to the wind speed. The MPPT control device tracks the 

peak power point for each wind speed [17]. The voltage output generated by the Permanent 

Magnet Synchronous Generator (PMSG), associated to the wind system, undergoes 

rectification through a three-phase diode bridge. To track the wind turbine’s maximum power 

point, a Perturb and Observe (P&O) algorithm-based MPPT technique is employed. The 

feasibility of this approach is achieved through the implementation of a DC-DC boost 

converter. 

 

 
Fig. 3. Wind turbine system. 

 

Wind energy is converted into electrical energy by the wind turbine. The output voltage 

and current of the wind turbine can be calculated using the following equations [18]: 

Vout  =
(Vw  . Cp . A . 0.5 . rho . Vw)

(
1

3
. H.(R+H))

                                                                                                            (3) 

     I out  =  
Pout 

Vout
                                                                                                                                        (4) 

where 𝑉𝑜𝑢𝑡 is the output voltage, 𝑉𝑤 is the wind speed, 𝐶𝑝 is the power coefficient, A is the 

swept area of the blades, rho is the air density, H is the height of the turbine, R is the radius of 

the blades, Pout is the output power and Iout  is the output current.  

2.3. Battery Storage System 

The battery storage system (BSS) serves as a temporary supply of power when the flow 

of energy produced by solar sources is insufficient to meet load demand. The BSS, on the 

reverse side, operates as a load when there is an excess of electricity to maintain the system 

in balance. A bidirectional DC-DC converter, a Li-ion battery and a controller to regulate the 

cell’s charging and discharging to maintain state of equilibrium on the microgrid bus, are 

shown as part of BESs components in Fig. 4. 
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Fig. 4. Battery storage system.  

 

For later usage, the battery storage system saves extra energy produced by the solar 

panel and wind turbine [19]. The voltage and current of the BSS can be calculated using the 

following equations: 

Vbatt =  (n .  Ns .  Vcell) −  (n .  Ns .  Vout .  Rbatt)                                                                               (5) 

     I batt  =   (
Pout

Vbatt
) +  Iloss                                                                                                                      (6) 

where Vbatt is the battery voltage, n is the number of cells in series, Ns is the number of series 

strings, Vcell is the voltage per cell, I batt is the battery current, Rbatt is the internal resistance of 

the battery, Pout is the output power, and Iloss is the power loss. The bidirectional DC-DC 

converter is employed to oversee the battery’s charging and discharging processes, which 

involve converting the DC output from the solar system, wind turbine, and battery storage 

system. In addition, it has the capability to convert DC power from the battery into AC power 

that can be utilized by the loads [20]. The output voltage and current of the bidirectional 

converter can be calculated using the following equations: 

Vout  =
(V dc . D)

 √2
                                                                                                                                    (7) 

     Iout =   (
Pout

Vout
) . √2                                                                                                                               (8) 

where Vout is the output voltage, V dc is the DC voltage, D is the duty cycle, Pout is the output 

power and Iout is the output current. 

3. ENERGY MANAGEMENT SYSTEM UNDER FUZZY LOGIC CONTROLLER  

3.1. Fuzzy Logic Controller Design  

Fuzzy logic control (FLC) has been applied in many challenging sectors. One of the 

most well-thought-out approaches to distributed power optimization problems is FLC. In-

depth research has been done on FLC functions to increase their capacity for managing 

expert system problems. The MATLAB/Simulink Fuzzy Logic Toolbox served as the 

foundation for the creation of a FLC controller for grid control. Block diagram of the fuzzy 

logic controller is shown in Fig. 5 [20]. 
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Fig. 5. Block diagram of the fuzzy logic controller. 

 

The fuzzy logic controller (FLC) consists of three key components: fuzzification, a 

fuzzy inference system, and defuzzification. The procedure of fuzzification involves 

converting a precise input into a linguistic variable using membership functions. This 

process requires domain knowledge and often utilizes trapezoidal or triangular membership 

functions. The inference stage employs rule-based operations guided by trained awareness. 

Finally, the linguistic variable receives a clear value through defuzzification. Fig. 6 in this 

study displays the membership functions used for the microgrid energy management input. 

 

 
 

Fig. 6. Membership function of the error signal. 

 

By comparing the DC bus voltage with the voltage of reference, the method of control 

adopts an optimal switching pattern for the battery’s charging and discharging. The fuzzy 

logic controller receives four inputs as a result of this comparison. The controller then 

provides the PWM block’s duty cycle, as shown in Fig. 7, so that a signal can be sent to the 

buck/boost converter. 

 

Negative 
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Fig. 7. Output function of membership. 

 

If the energy produced from the renewable energy sources is greater than the power 

consumed by the loads in the microgrid, the FLC will control the charging rate of the battery 

to store the surplus energy. If the amount of energy consumed by the loads in the microgrid 

is greater than the amount of power generated from renewable sources, the FLC will control 

the discharging rate of the battery to supply the microgrid with the required energy. The 

FLC uses a set of fuzzy rules to determine the charging and discharging rates of the battery 

based on the battery voltage and the power generated from renewable energy sources. 

3.2. Energy Management System  

The discounted power generation from renewable sources, which causes microgrid 

surplus or deficit, affects the value of a microgrid for customers. For system stability and a 

decrease in electricity costs, the integration of a demand response mechanism and an energy 

management system is crucial based on the research in [14].  

Fig. 1 depicts the various power sources that constituted the microgrid utilized in this 

study. The proposed microgrid management technique is based on a FLC controller. An 

MPPT controller is used to regulate a DC/DC converter connecting the photovoltaic solar 

system to the DC bus in order to maximize the generation of power. A wind turbine is also 

connected to the DC bus using multiple converters and an MPPT block to extract the 

maximum available power. An AC/DC converter connects the primary grid to the DC bus, 

but it is only utilized during emergencies when insufficient renewable energy is available 

and the BES charge falls below 20%. The battery system is linked to the microgrid via a 

bidirectional DC/DC converter, and its operation is controlled by a FLC controller. The 

provided system for managing energy attempts to satisfy the energy need by controlling the 

voltage at 300 V. The objective is to maintain the frequency of the AC bus at 50 Hz, ensuring 

the battery is neither overcharged nor undercharged. The EMS method sends a control signal 

to each microgrid component, which makes each part a decentralized controller that is 
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independent of other sources. The flowchart of Fig. 8 illustrates the energy management 

technique used in this project. The energy management system of the microgrid is composed 

of different operational modes, as illustrated in Fig. 8, that consider the various power 

production modes, load consumption, and battery state of charge (SOC). According to the 

battery’s level of charge, the structure’s power flow can be divided into three operational 

settings. It is crucial to maintain the battery’s state of charge within a specified range        

(20% < SOC < 80%) to improve its lifespan. When using renewable energy sources to meet 

demand for consumption (PLoad) and charge the battery, the MPPT technique is applied. 

 

 
Fig. 8. Flowchart of the energy management plan.  

4. SUMULATION RESULTS AND DISCUSSION  

As depicted in Fig. 9, this study suggests a smart DC microgrid that is combined with a 

hybrid energy system. The system’s primary elements are the hybrid energy sources, like 

wind and solar energy, and the battery system storage (BSS), each of which presents its own 

converters and is connected to the DC-link. The power converters try to get the most 

electricity possible out of each renewable resource. The second component represents the 

loads, which include a smart university with AC loads such as laboratory experimentation 
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benches, fans, and lights. The energy control unit calculates energy consumption and 

production to select the appropriate control modes. The simulation of the proposed system is 

carried out using Matlab/Simulink. 

The PV system has a maximum power output of 50 KW, while the PMSG wind turbine 

provides up to 45 KW. The reference voltage for the DC link is set at 300 V. When the 

starting point of charge (SOC) of the battery storage system is 80%. The load demand for the 

AC bus varies between 20 KW and 60 KW for one second, whereas the load demand for the 

DC bus is 10 KW at 300 V. 

Current

Voltage

Inverter AC Loads

DC_Bus

Battery Storage System

PV System

Wind Turbine

Scope_System

Discrete

1e-05 s

Fig. 9. Simulink model of the proposed hybrid microgrid. 
 

To compare each controller’s performance in preserving balance in the microgrid 

under adverse conditions to the advised energy management strategy, the simulation was 

ran for one second at an 0.00001 second sampling rate. To assess how each component 

responded to the various changes, interface monitoring was done. The variations in power 

output from the solar panels and wind turbines under the suggested weather scenario are 

shown in Figs. 10 and 11. 

During the initial period of the simulation, from t = 0 s to t = 0.2 s, the total power 

generated by the renewable sources was not sufficient to meet the demand of the DC and AC 

loads, which was 30 KW. Specifically, the PV panels generated approximately 5 KW, and the 

wind turbines produced around 12 KW. As a result, the battery had to discharge its stored 

energy to supply power to the microgrid to maintain balance and meet load demands. The 

battery was programmed to maintain a state of charge between 20% and 80%. The charge 

state incline showed a decrease, and the battery supplied 20 KW of power to the system, as 

shown in Figs. 12 and 13. Consequently, the issue of power deficiencies in the DC bus and 

AC loads was resolved. The solar energy input increased by more than 60 KW between          

t = 0.2 s and t = 0.5 s, and the wind power increased to 30 KW, resulting in a system 
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imbalance and a shortage of energy. As previously mentioned, the battery plays a critical 

role in balancing the system. As the battery’s state of charge was within the safe zone, to 

maintain an equilibrium between power generation and consumption, it stored the excess 

energy. 
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Fig. 10. Measured solar power. 
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Fig. 11. Measured wind turbine power. 
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Fig. 12. BES state of charge variants. 
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Fig. 13. BES power variants. 

 

During the time interval from t = 0 s to t = 1 s, both the AC and DC buses’ consumption 

of energy was gauged. During the time interval from t = 0 s to t = 0.3 s, while the AC load 

used 20 KW, the DC load was limited to 10 KW. The DC load stayed constant while the AC 

load rose to 50 KW between t = 0.3 s and t = 0.5 s. Finally, the AC load rose to 60 KW from t = 

0.5 s to t = 1 s. Throughout this entire duration, the DC bus voltage has remained at a 
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constant  300 V, as initially requested for simulation purposes. By examining Figs. 14 to 16, it 

can be inferred that the FLC method has significant advantages in maintaining both voltage 

and power at their desired reference values. 
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Fig. 14. Measured power in DC bus. 
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Fig. 15. DC bus measured voltage. 
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Fig. 16. Measured power in AC bus. 

 

According to Fig. 17, the method exhibited a frequency variation within the range of     

-0.02 to +0.02, except for the initial phase of the test, used to describe the temporary/initial 

regime. 
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Fig. 17. Measured frequency at AC bus. 
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The simulation results show that the proposed energy management strategy based on 

the FLC controller successfully maximizes and maintains the microgrid’s balance using 

renewable energy sources. The fuzzy logic controller was able to make intelligent decisions 

regarding the charging and discharging of the battery in response to the varying energy 

demands of the loads and the availability of renewable energy sources. As a result, the 

microgrid was able to maintain a stable power supply throughout the simulation period. 

Moreover, the fuzzy logic controller was able to adapt to changing conditions, such as 

changes in weather patterns and load demands, demonstrating its flexibility and robustness. 

The simulation results also showed that the battery was able to store excess energy during 

periods of high renewable energy generation and discharge it during periods of low 

renewable energy generation, thus reducing the dependence on the utility grid. Overall, the 

proposed energy management strategy based on the fuzzy logic controller proved to be an 

effective solution for maximizing the utilization of renewable energy sources and ensuring 

the stability of the microgrid. 

5. CONCLUSIONS 

This paper introduced an energy management system that focuses on maximizing 

power generation from renewable sources and effectively managing battery charging and 

discharging. The system was implemented and simulated using Matlab/Simulink. The 

obtained results showed the effectiveness of the proposed system in balancing the microgrid 

and providing stable power supply to the load. The measured power of the solar system and 

the wind turbines was found to closely match the required loads demand, and the battery 

state of charge and power were well managed. The DC bus voltage was stable and the 

frequency variation was less than 0.02. The proposed controller was found to effectively 

control charging and discharging of the battery. In conclusion, the proposed energy 

management system proved to be an effective solution for microgrid energy management, as 

it maximizes the utilization of renewable energy sources and ensures reliable power supply 

to the loads. Future work could focus on implementing the proposed system in a real 

microgrid system and testing its performance under different scenarios and conditions.  
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