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Abstract – In order to execute the installation and utilization of PV and wind energy sources along with the techniques like fuzzy logic 

applied in smart grid for Energy management system .Here the power which is produced by integrated power sources are led to load 

and at the same time the excess amount of generated power is stored in the batteries which are latter transferred to the utility grid. The 

entire system and design are modelled and implement in MATLAB for better results. The open global standard wireless technology 

Zigbee which operates on the IEEE 802.15.4 has been employed here to monitor and control EMS .Thus the Zigbee requires only a low 

data transfer and enhances the   energy efficiency. 
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1. INTRODUCTION 

 

Green energy which is the form of energy where they have sources like solar, wind, biomass, tidal[1]. 

These renewable energy resources are used in various countries. In order to increase the productivity or generation of 

electricity, renewable energy resources are produced in the form of DC for the purpose of using it on DC applications. 

DC is totally different from the conventional power generation. [1]. The better reliability was provided by the hybrid 

power system than the isolated stand-alone system [2]. More than one generating sources were comprised in the 

hybrid system [3].the integrated power system can be achieved by grid connected and stand-alone system [4]. By 

using smart grid are achieving the optimization and distributed energy generation.[5] 

 Fuzzy based logic has been used here for the purpose of comprising the sources along with the storage systems, DC 

bus regulators and EMS. Lithium ion battery is used for the purpose of storing the power that are generated. For better 

communication RS485 Zigbee network has been used in order to execute the commanding operations [6]. The power 

to the stand alone DC loads were supplied through multi agent system [7]. 

By implementing advances technology for the purpose of monitoring and managing the passage of current from 

various generating sources in order to achieve the electrical demands in smart grid. This smart grid has been 

overcomed the drawbacks of many other techniques by its feature like two way communication and power 

transmissions. By applying several feature on the smart grid with the implementation of fuzzy logic control system 

along with neural network systems, the demand on electricity has been rectified and solved to the maximum the 

growth and usage of smart grids leads to new grids namely microgrid , national grid, and regional interconnections.  

 

2. PROPOSED SYSTEM 

 

The proposed system carries various power generating sources like PV panels, wind turbines, and battery for 

the purpose of obtaining power. All these power generating sources are connected to the grid along with the 

respective converters. The here are supplied by batteries and EB system only when there exist a power failure by act 

as the stand by system in order to supply the power. 
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Figure1. Block Diagram of proposed system  

 

Grid obtains maximum power from the two main sources PV and wind turbine during normal conditions with 

the utilization of power trackers. Whereas the EB supply is used in the time of power failure in order to compensate 

the supply level.   

RS 485 Zigbee network protocol has been used with the support of centralized EMS command for the 

purpose of supervising and maintaining the entire operation of the system. The SoC of the battery is managed by 

fuzzy. The EMS commands the sources when to operate depends upon the stand alone DC load demand and operating 

status of the sources. 
 

3. IMPLEMENTATION OF POWER GENERATION SYSTEMS 

 

PV, wind turbine and storage system are the elements that are included in the generating system and by implementing 

them in MATLAB/Simulink.                           

 

3.1 Power Generation System -   Solar  

PV modules have been used as the key component for converting the solar energy from solar cell into the 

electrical energy through light energy. When the circuit is linked in series, the panels are generates high voltages. 

Likewise, the high current is obtained by connecting them in parallel. Hence it has been concluded that the solar 

power levels are increased. One or more PV elements are there in the panels which are grouped like field installable 

and pre wired unit. PV array is an exhaustive power generating unit which is made up of several solar panels and 

some modules combined together.   

The equivalent circuit of solar cell and the   V-I characteristics of PV panel without MPPT was depicted in figure 2 

and figure 3. 
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Figuer2. Equivalent Circuit of Solar cell                        Figure 3. V-I Characteristics of PV panel without MPPT 

 

IPV  -    PV panel Output current in Amps 

ID   -   Diode current in Amps 

ISh  -   Shunt current  in Amps 

RP  -    Panel Resistance  in Ohm 

RS  -   Series resistance  in Ohm 

I     -   Output current in Amps 

V   -   Output voltage  in Volts 

N   -   Number of modules 

 VT -   Thermal voltage in Volts 

As per the global formula 

       I      = IPV – ID - Ish                                                                                   

       Vsh  = V + IRs                                                                                                                                 

       Ish   = Vsh / Rsh                                                                                                                                                                                               
       ISC  = IPV – I {((V+IRS) / enV

T) – 1)} – {(V+IRS) / Rsh}                   

  The above equations illustrate the relationship between voltage and current which are produced from solar 

panel. 

 

 
Figure4. Fixed PV solar Panel 

 

A Nano panel of capacity 1000W has been used for generating efficient output. Nearly, eight nano panels 

were used in the installed PV which is the power production system. The total power 800W which are depicted as 

output. Each panel was kept under normal working condition with the average temperature of 25 to 280 C, which is the 

normal solar radiation and around 65V as an operating output voltage. In this normal working condition, the each 

nano panel has the output current of about 1.775A.  at the instant the output voltage from PV panels was 260V 

(4X65=260V).  

Here, the eight nano panels are coupled into two clusters as first four nano panels were connected in series as 

one cluster and another four as the another cluster. Each panel was terminated with positive and negative charges. The 

negative terminal of the first panel was connected with the positive terminal of another panel. The operating voltage 

range of PV system is increases through the system. These two series are connected in parallel. Then the positive 

terminal of first group was linked with the positive terminal of second group and vice versa. .Operating current is 

increased from 1.775A to 3.55A by the parallel connection. 
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The buck boost DC-DC converter was used to connect PV panels and grid to maintain the steady voltage 

supply to grid where as DC-DC converter was used  to stabilize the voltage level when the normal operating voltage is 

higher. 

 

3.1.1 Simulation Circuit – Solar PV System  

The simulation tools are PV panel, converter, regulator, display unit and load circuit. The  

PV panel produced an output voltage which is measured using voltmeter and the current which is flows to load circuit 

is measured using ammeter. The average output voltage of PV panel system was 400V. The load demand cannot be 

handled only by PV Panel system and hence wind, fuel cell, steam and diesel is used to meet out of the demand, also 

to avoid power failure during summer and night times.  

 

 

       Figure 5. Simulation circuit of PV system                                    Figure 6. PV equivalent circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. PV input waveforms of PV system                Figure 8. Output waveforms of PV system 

 

3.2 Power Generation System- Wind 

The process in which wind is used for generating the electricity is describes as wind power or wind energy. 

Kinetic energy in the wind is converted into mechanical power by the wind turbines and that mechanical power is 

transforms into electrical energy/electricity through the generator. The wind turbines, uncontrolled rectifiers and a 

boost converter are used in the system of wind energy conservation and the energy generating system by wind can be 

formulated as follows. 

 
Wind energy is the second fastest sources of generating the electricity in the world and it is the sources of 

clean energy which does not have any polluting nature or other harmful effects .This major sources of solar energy is 

produced by various factors like uneven heating of surrounding, rotatory motion of earth, abnormal weather 

conditions and un stabilized surface of earth. The propeller like blades around a rotor in the wind turbines rotates to 

generate electricity. The amount of energy that a turbine can generate is depends on the three main factors namely, 
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wind speed, density of the air and swept area. The application of wind mill has changed quickly due to the 

involvement of semiconductor devices and microprocessors where the variable speed and constant speed are managed 

by using DFIG and PMSG through the wind turbine in an efficient manner. 

Permanent magnet synchronous generator (PMSG) is the most efficient electric machine which has internal 

movable magnetic sources. PMSG is mechanically coupled with the wind turbines and they reduced the mechanical 

friction loss and omitted the consumption of extra electrical power for excitation. The output produced from PMSG 

was distributed through the converters to grid and the load was supplied by the grid. 

 

  
 

Figure 9. Electrical model of wind system                                         Figure 10. Characteristics of Wind turbine 

 

 
 

Figure 11. Implemented wind turbine 

 

The wind turbines are kept at the highest surface of land in the direction of wind flow. A capacity of wind 

turbine differs based on the speed of the wind. The AC-DC converter and controller circuit was connected to the grid 

for collecting the output generated by wind generator which was AC. When there exists average wind speed, the 

current flow could be 1A.  During normal wind speed (15kmph) the capacity of turbine was 225W, when the speed of 

wind increases the wind turbine also increased beyond the rated value so, the output power also increased.  

 

3.2.1. Simulation Circuit - Wind 

 Wind turbine, asynchronous generator, converter, regulator, load circuit and display unit were the tools which 

are utilized for the purpose of simulation. When the wind turbine and asynchronous generator starts rotated , the 

current flow to the load circuit and it was simulated by using the MATLAB. The generated output current and output 

voltage can be measured using voltmeter and ammeter with help of regular circuit and converter these output voltage 

and output current were able to maintain in the constant manner respectively. In the display unit, the measured values 

are depicted graphically. Figure12 depicts the simulated circuit of wind power system. 
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Figure 12. Simulation circuit of wind power system 

 .  

Figure 13. Input and output characteristics of wind power system 

  

Figure 13 describes the wind power system by using various terms like supply voltage, gating signal, output 

voltage, output current and output power. In the simulated wave form of wind power system, the supply voltage and 

positive gate pulse voltage is 440V and 2V, the corresponding output voltage and output current is 225V and 25A. 

Therefore, the average output power of wind power system is 5600W is illustrated. In order to eliminate the power 

failure during the low wind speed, it is essential to integrate the power system with other generating sources like PV, 

fuel cell, steam and diesel power system  

 

3.3 Simulation Circuit -Energy Storage System 

Figure 14. Simulation circuit of energy storage system 
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Figure 14. Explains the simulation circuit of energy storage system (battery). Pulse generator regulating the 

converter circuit along with generating pulses for the purpose of handling and controlling battery. Also two MOSFET 

power electronic switches were used for the controlling the battery operation. Input side was connected with one 

display unit which displayed gate pulse and battery voltage. Likewise the output side was connected with another 

display unit that displayed output current, output voltage and batteries SoC.  

 

 
                           Figure 15. Input characteristics of battery  

 

                       Figure 16. Output characteristics of battery 

 

 Figure 15 and 16 depicts the input and output characteristics features of battery system.  Here, the input 

voltage and gate pulse voltage is 20V and 1V respectively. Output current was almost maintained between 25A to 

30A. While, output voltage was around 10V, the SoC of battery was almost maintained between 90 - 95 %. 

 

4. FUZZY LOGIC CONTROL 

Fuzzy logic control is used for achieving the optimal distribution of generated power. For executing the battery the 

system requires actual power and over all power generation. SoC of battery is retain by fuzzy and the life time of 

battery is carried out through SoC of lithium battery. 

 Fuzzy based EMS employed in smart grid had two inputs and one output.  Charging and discharging process 

of battery was decided by fuzzy logic controller which depended on SoC. Relationship between input and output 

parameters are expressed as follows: 

  Pe             = Total amount of power generated - Actual load                      

 SoCe     = SoCcommand -  SoCnow         

                    The input membership functions Pe , SoCe and  IC,  are detailed in figures 17 ,18  and 19 respectively. 
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Figure 17. Input membership functions of Pe                                     Figure 18. Input membership functions of SoCe 

 
   Figure 19. Output membership functions of Ic. 

 Parameters of membership functions: like Low (LOW), Below Average (BA), Average (AVG), Above 

Average (AAVG) and High (HIGH) are the composition of fuzzy input and output. 

The speed of production from generating resources was low when Pe was low, where Pe HAS a specific low 

value in fuzzy. Meanwhile when Pe was high, the power produced from power resources also high. Battery requires 

charging that is Ic when the SoCe was low. Similarly, charging state of battery reached its highest value can be 

indicated by the high level of SoCe and the battery was ready to release charges as it reaches its maximum value. 

The charging current of batter is representing as Ic. When the required current is higher than the charging 

current, the Ic was grater said as low, if not then the Ic was high, vice versa. Fuzzy is a centralized controller which 

controls the entire function of the system by maintaining constant SoC  of battery. The battery would discharge when 

the range of load demand was high and less power supply also the SoC was greater than the minimum value where the 

fuzzy logic carries many rules.  The fuzzy rule base is depicted in table 1. 

Table 1.Fuzzy rule base 

Ic Pe 

B 

 

SoCe 

LOW LOW BA AVG AAVG HJGH 

LOW LOW LOW BA AVG HIGH 

BA LOW LOW BA AVG HIGH 

AVG LOW LOW AVG AAVG HIGH 

AAVG LOW LOW AVG AAVG HIGH 

HIGH LOW LOW LOW LOW LOW 

 

 In order to predict the parameter ranges of input and output, it is essential to implement it on hardware by 

using solar, wind and storage system. 

For enhancing the entire power battery management and load flow analysis , it is essential to decentralize the power 

system using the most important component . The electric power and utility of a system was controlled and monitored 

by a specifically designed computer system is said as Energy Management System. 

EMS reduces the energy consumption, increases the reliability and enhances the utility by reducing the cost of 

the system with the collection of computerized tools. 
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 Security as well as the stability of the system was ensured by EMS along with the reduction of cost in the efficient 

manner. It monitors the system operation and controls the switches in converter circuit but EMS cannot be able to 

control the generation of power. 

 
Figure 20. Implemented energy management system 

 

  5. INTEGRATION OF PV AND WIND POWER GENERATION SYSTEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21.Flowchart for the proposed system 
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The above flow chart explains the demand met out and the available sources. By using renewable energy 

sources the and by integrating them power supply has been increased through Converters in sufficient manner. 

 

The dependability of systems were improved by interconnecting the sources like PV, wind and batteries and 

also the unit price value of power was decreased effortlessly. 

   
Figure 22. Simulation circuit of integrated power system 

 

The most important functions like protecting and securing the storage system, providing supply to load when 

it is essential and to store the excess power that the battery carries are achieved by implementing the efficient 

technique EMS by providing good solution to load balancing the fluctuations in supply. By applying fuzzy logic in 

EMS, the problem with battery management has been rectified and also the balancing power was enhanced. 

 

 
Figure23. Output waveform of integrated power system 

 
 

It needs to be significantly noted that the capacity of the implemented simulation was 1025W and the 

hardware installation capacity was also 1025W (PV = 800W, Wind = 225W, Total = 1025W). Figure 22 shows the 

output waveforms of integrated simulation (solar, wind, energy storage system) system. Average output voltage of 

integrated simulation system was 256V and average output current was around 3.65A.                   

 Finally it was obtained the average output voltage and current is 245V, 3.55A when it is implementing in 

hardware. The output power is 869W. Whereas, while implementing the system in software, output voltage and output 

current was 256V and 3.65A. The obtained output power in simulation is 934W respectively. The obtained result of 

hardware and simulation is processed by integrating the PV and wind sources. 
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6. CONCLUSIONS 

  

       By coordinating the various renewable energy sources with the implementation of fuzzy logic and WSN, 

the optimal power was achieved. The commands for controlling the signals were send through the wireless network 

technique Zigbee and MATLAB software were used for simulating the integrated hybrid power system. These 

intelligent management systems not only enhance the accuracy level of non- linear system. They also paid a major 

part in succeeding the process by achieving the optimized distributed energy generation with its control algorithm. 

Though there was a successful integration of solar, wind and batteries with single level fuzzy logic control system, 

there exists a defect that energy demand by load side was not met out. In order to obtain the optimal value of energy 

production from the renewable energy sources like solar and wind, the two level fuzzy logic would be implemented. 
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