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Abstract: Recently, renewable energy sources became more 
attractive, due to increasing energy needs and factors like 
limited reserves, increasing energy costs and environmental 
pollution. As these sources don’t cause any environmental 
pollution and have an unlimited supply, it is extensively 
utilized day by day. Solar and wind are the two renewable 
sources considered in this paper. In renewable energy 
system, a smart power management system is essential to 
maintain sustainability of this energy. Since solar and wind 
are the renewable sources which required a better power 
management system, thereby they fullfil the raising power 
demand, but their reliability it terms of power quality and 
sustainability are doubtful. In the renewable energy system, 
the generated power is collected on a common DC bus which 
is used for supplying to load. This DC power bus is 
operated in an extensive manner that, there is a base power 
available for permanent loads for ever. Then, depending 
upon the availability of those power sources, the 
extra power demand is provided from either PV or wind 
source. The whole system is operated by a smart 
management system with the help of the fuzzy logic method. 
The fuzzy based smart management system which determines 
the amount of power to be supplied based on the power 
information from a solar / wind system. The smart power 
management system will measure and track the availability 
of the maximum generated power from wind system that 
increases the installed unit’s efficiency. The result obtained 
will prove in an effective manner power management system. 
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1. Introduction 

     As the fossil fuel reserves get closer to depletion, 

renewable energy sources gains momentum as an 

important part of power generation system. Of all the 

renewable energy sources, solar and wind energy sources 

are the most promising power generation system, as they 

are freely available, omnipresent, omnipotent and 

environmental friendly [1-3].Many advantages are there 

in using PV solar panels and wind turbine together [4, 

5]. The main objective is to attain maximum power in 

varying environmental condition. Similar to PV solar 

panels and wind turbine, several studies were there 

related to power flow and energy management in 

electrical power systems [6-8]. Energy sources such as 

wind turbines, solar panels, diesel generator and fuel cell 

can be used both as hybrid or stand alone. Various 

hybrid power generations were implemented such as 

wind/fuel, wind/PV, PV/wind/fuel cell, PV/grid and 

PV/wind/battery [9]-[12], [23]. These studies tend to 

increase energy sustainability, power quality and 

stabilize the frequency and amplitude of the voltage on a 

definite value on load side.   

     Apart from energy management a very important part 

of the studies associated with renewable energy 

utilization schemes also, [13]. In renewable energy 

systems, energy management deals with each source and 

user side control problems to keep the operation of the 

overall system efficiently [14, 15], [24-26].  Maximum 

Power Point Tracking (MPPT) is an important part of 

the work, because the smart power management system 

calculates the maximum power of a wind energy 

conversion system. There are numerous strategies which 

produce MPPT to obtain maximum power from 

renewable energy systems. An MPPT implemented in 

renewable system is defined with more effective controls 

of converters to run the system continuously. Overall the 

wind system will work with maximum efficiency [16–

22].This study suggests that, there is a MPPT 

designed in a different way, which constantly and 

accurately calculates the maximum power from wind 

turbines. Thus MPPT is an important part of the smart 

power management system. 

     Smart power management system is different from 

other methods which is much simpler and cheaper. In 

this method, loads are fed by a power management 



 

 

system from the hybrid system consist of wind energy 

system, PV panels and grid. Wind energy system 

consists of a new method to a common DC bus which is 

considered too called MPPT method. The hybrid system 

is connected, to have power sustainability. When 

additional power is needed, the backup battery unit 

which is connected to PV system is charged for 

emergency usage. This system, in addition to the source 

side, load side management system is also more 

important, so as to considered in this method. Further, 

energy management system will continuously and 

quickly respond without being bounded to environmental 

conditions, which keeps some quantity of power, in 

reserve and during instantaneous load shed dings and the 

proposed system efficiently control the system. The 

proposed smart power management system is cheaper, 

simpler and it is clearly an efficient approach.  

2. Proposed power management system 

     The sustainable smart power management system 

consists of wind and PV power generating units with a 

utility grid as hybrid sources as shown in Fig.1. Over the 

desired converters, these three generating units are 

connected to a DC power pool. A backup 

battery cluster is additionally connected to Photovoltaic 

system, in order to store the extra power generated by 

solar system, when the power generated from the 

Photovoltaic system is not delivered to the load. In the 

system AC load types are considered, which is connected 

to the AC power bus that is fed from the common DC 

power pool. The collected data from load side and source 

side is transferred to the PC and it is to be estimated 

for decision making procedure of the power management 

system. 
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Fig.1.Smart power management system 

     The management of power algorithm is developed to 

operate both in wind energy system 

and photovoltaic energy system with utmost. The 

maximum power can generate 

under varied environmental conditions that maintains the 

load side power supply demand at required 

amount. Thus the power management includes MPPT of 

wind energy system, photovoltaic energy system, 

utility connection energy storage and load switching. 

Besides, the quality of power problems like voltage sags, 

harmonic elimination, frequency deviations, voltage 

magnitude and voltage increments are included within 

the proposed management system. For the multi-

objective and multi input system we developed a simple 

fuzzy logic based decision making algorithms. 

 

2.1. Wind Energy System 

     The mechanical energy which is produced by the 

wind is converted into electrical energy by the wind 

turbines from potential to kinetic. The wind turbine 

model is developed to assess the power characteristics in 

principle by the steadiness of the turbine. By coupling 2 

squirrel cage asynchronous machines together the 

emulator of wind energy system is set up. The power of 

the prime mover is selected as 5KW and the generator is 

3KW. Therefore the generator can also be performed, 

yielding at overpower conditions to extend the analysis 

of the operating cases. The prime mover which is placed 

on the left side of machine represents the wind turbine 

and it is regulated with a voltage/frequency speed 

controller. The generator output voltage changes 

between 320V and 400V according to the wind speed. 

By using a step down transformer, a 3 phase voltage 

magnitudes acquired, from the generator is reduced to a 

lower level. So, the transformer output voltage changes 

up to 38V and the output of full bridge rectifier changes 

up to 50V. The variable voltage is converted to a 

constant voltage with a help of DC chopper, which is to 

be connected to a DC bus.    

     The reactive power to generate energy at this point is 

supplied, rectified and the three-phase voltage is sent 

across a chopper and it is brought to 48V and coupled to 

a common DC bus. Another inverter is used to convert 

this 48V to 230V AC. The voltage and current 

information on the copper input voltage, the loads and 

output current is calculated and transferred to the 

system. 

 

2.2. Photovoltaic System 

     The PV cell and the PVES are modeled in such a way 

to assess their characteristic features. The PV cell 



 

voltage-current equation is based upon photocurrent of a 

P-N junction. The photocurrent is a function of changes 

with the sunlight and solar irradiation.The function of 

photocurrent the P-N device connection terminal voltage 

varies at the point. 

     The external current maximum value is the short 

circuit current and it is assumed to be equal to the 

photocurrent generated. It is noticed that the cell gets 

heated which results in decreased terminal voltage, as 

the cell current increased. In commercial application the 

PV panels are joined together in parallel and serial 

combinations and fabricated such as PV modules, to be 

used efficiently. The PV module current is decided by a 

number of series branches and PV module voltage is 

decided by series connected PV cells. To acquire the 

needed load power, the PV modules are connected in 

series and the PV arrays are yielded in parallel. 

2.3. Grid Connection 

     Two types of operating conditions are used in the 

proposed renewable energy scheme. The first condition 

depicted is the one which source power to the individual 

loads in which the grid utility is not connected or not 

available. Therefore power produced from each power 

generation unit is collected in the direct current bus. The 

utility voltage is converted to DC constant value, which 

is to be connected to a common DC bus like PV and 

wind system, as shown in Fig. 4. The composed data 

from the system is moves to the computer which is 

utilized for decision making and control process. 

2.4. Sustainability 

     Thus the renewable sources such as solar and wind 

power is used to generate the electrical power. These 

renewable sources are affected by environmental 

conditions resulting in load problems. The amount of 

power generated by solar energy changes, when the 

weather is cloudy or without sunlight. Consequently, all 

the time the wind does not blow at the same speed and 

it’s not continuous.So,the amount of energy to be 

generated by these kinds of sources are not constant. 

      In low powered applications, for example, while 

supplying energy to a house, power failure will create a 

very embarrassing situation. To ward of such problems 

the power sources should be operated efficiently. To 

avoid problems such as discontinuities and voltage sags, 

which occur resulting, from sudden load changes or 

weather changes, this decision making process and 

proposed method is developed. 

     The total power generated from the wind is used as 

the primary supply source which in turn augment  to the 

supply power to base load. As long as there is adequate 

wind power, extra power generated is stored and the 

secondary power system is kept off. In the secondary 

power system, which is a solar or utility grid is triggered, 

when the wind power is less than the needed load power. 

2.5 Smart power management design 

      The power transfer to load from the renewable 

sources should be controlled in an appropriate way, to 

solve the power quality and sustainability. For this 

reason a proposed power management system has been 

intended to stop, under and over voltage operations and 

power discontinuity so that the loads operate 

appropriately. In an effective way the power 

management system is automated, by switching 

ON/OFF the sources and backup units. There is no need 

for secondary sources like backup batteries and PV, if 

the wind power is adequate enough to supply the load. If 

there is a decreased wind power, the gap is occupied by 

PV first, followed by batteries, and then the utility. The 

excess power generated is reserved and utilized only 

when required. Fig.2.shows the overall energy 

generation system.  
 

 
Wind Turbine 

Emulator 

          

Transformer 

          

Rectifier 

DC-DC 

converter 

Data 

Acquisition 

System 

Photovoltaic 

Panels 

MPPT DC-DC 

converter 
Inverter 

Loads 

          

Transformer 

          

Rectifier 

DC-DC 

converter 

Grid 

S 

DC bus 

S 

V 
 

Fig.2.Overall system of the proposed Energy management 

System. 

The electrical power is generated by PV solar panels and 

wind generator in this system. The utility is kept as an 

additional source which can be used when required. The 

power generated from the PV system is utilized to feed 



 

 

power to the load when there is inadequate wind power, 

and to charge the batteries when sun and wind is 

sufficient. It is to be analyzed that the collected data 

from the various parts of the overall system is 

transferred to the computer. 

     In power systems, the key objective of implementing 

a power management algorithm is to have the power 

ready to be utilized and feed load constantly. Therefore, 

it is necessary to calculate the peak power value of   PV 

solar panels and Wind energy system. The MPPT device 

which is used for solar panels manages on its own 

accord. Thus, the peak power calculation in PV solar 

panels is done. Nevertheless, the value of peak power 

should be defined from wind system. In this system, the 

wind is the primary supply. At the same time, the 

amount of energy to be produced is affected by the 

changing environmental conditions. So, the power 

management system, leaving the base power in the 

system to ignore this effect and a base power should be 

provided without any interruption for the loads. In the 

proposed system, the base power is defined is that; it is 

able to change easily inside the software whenever it is 

required. If environmental conditions are good enough, 

this means that if there is adequate wind and sun, the PV 

solar panel generation system and wind energy 

generation system will yield the maximum power. The 

main principle of the operational system is under. 

(a) At first the system starts equipped with both wind 

and solar energy 

(b) According to load condition the PV solar panel 

system or wind system will be kept working, after the 

transients are over and measurements are done. If there 

is an unsuitable environmental condition for Wind 

system or PV solar panels to operate one by one, they 

will operate together. The grid will operate when the 

power is not up to the load energy requirements. 

(c) The Wind system will operate if it is able to handle 

the load power requirement and only to charge the 

batteries of PV solar panels that are in use. 

(d) Suppose the Wind system could not generate 

adequate power, both PV solar panels and Wind system 

will operate together. The grid will engage if both are 

inadequate. 

(e) Solar panels will supply the load, when there is no 

wind. 

(f) The grid will start to operate, if there is no sun and 

the batteries are empty or the battery cannot supply the 

loads with its real amount of power. 

 

2.6. Fuzzy Logic 

     Fuzzy logic algorithms are normally used in fuzzy 

decision makers that discover applications in systems 

which need a conclusion from indefinite input data. The 

power produced by the wind energy system becomes 

indefinite including the maximum generated power, this 

is because the wind conditions are not easily predictable 

and are not definite. So a fuzzy reasoning algorithm is 

developed to decide the maximum power produced by 

Wind system. A fuzzy decision maker generally estimate 

them in the rule base system and obtains an input that is 

established earlier, representing the input and output 

relations of the indefinite system in terms of fuzzy rules 

and fuzzy membership functions. The fuzzy rule is the 

estimation of the rules to produce fuzzy conclusions 

from its interactions. Therefore, to utilize by the 

controller, these values can be included in a value range 

and then it can be expressed. Additionally, it becomes a 

group member which has clear boundaries and they are 

fuzzified to fuzzy values. Correspondingly, by the 

process called defuzzification, the fuzzy outputs 

concluded and converted to crisp values, if the output is 

needed as crisp value. 

 

     To decide the value of power demand, which is 

supplied from the wind/PV sources, the online data 

collected and transferred to computer is used. Fuzzy 

decision maker uses the Wind system quantities to 

determine the maximum generated power by wind 

system. In power management system, the maximum 

power values of both PV panels and wind system are 

used. In the system are could easily notice the current 

and voltage values are varying. It is noticed that the wind 

speed lower limit is to be equal to voltage lower limit. 

The needed energy conversion is not adequate, which is 

below the voltage lower limit. Fuzzy decision making 

output is the output power space which estimates the 

maximum power value supplied by the wind energy 

system. The power produced by the Wind system varies 

as its functions. Thus relying on the wind speed levels, 

the maximum power was gained from the wind system 

changes, and should be decided for distinct speed levels.  
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 Fuzzy reasoning algorithm is utilized 

to attain the maximum wind generation 

power under varying environmental 

condition. 

 The voltage and current from wind 

system are the inputs to the fuzzy decision 

maker. The calculation of maximum power 

is determined by voltage and current. The 

power produced is directly proportionate to 

the wind speed. As a result if wind speed 

changes its corresponding voltage and 

current also changes. 

 The voltage and current are converted 

into fuzzy values in which triangular 

membership function is used. 

4. Results 

      This system comp arises of solar panels and wind 

energy without any control system; it has no control 

mechanism or management system, which completely 

operates in open mode. The system is analyzed, when 

PV panels and wind are on without any control 

management system. 

 

     It is to be noted that when a load power is on, both 

PV and wind system cannot supply the loads at certain 

duration, so the system cannot operate appropriately. 

The result of this state 1 is shown in Fig.4&5.  

Discontinuation of the power occurs even after the 

system has generated enough power. This can be 

eliminated by utilizing both solar and wind applying 

appropriate power management system. The power 

discontinuity can be avoided on loads by introducing 

decision making system. The proposed energy 

management system can achieve this control system in 

an efficient manner. 
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Fig.4.Output Voltage, Output Current & power variations of 

wind system in state 1. 
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Fig.5.Output Voltage, Output Current & power variations of 

solar system in state 2. 

 

     The voltage, current and power changes of wind 

energy system is shown in Fig.6, in which power of the 

load is changed randomly in varying time period which 

results in changes of quantities of wind energy system. It 

is due to power extraction of wind speed, the wind 

energy system is always active, and the amount of power 

transferred to the system changes obviously. PV system 

voltage, current and power changes in state 2 is shown in 

Fig. 7. 
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Fig.6.Output Voltage, Output Current & power 

of wind system in state 2.   
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 Fig.7. Output Voltage, Output Current & variations              

power variations of solar system in state 2. 

 



 

 

     Depending upon the sudden changes, both wind and 

PV system operate for short period. The load voltage 

changes. Since data is taken from voltage detector, 

distortions are observed. Hence by adding inductive load 

and resistive load to the system, the system behavior 

under different load conditions was observed. Fig.8. 

shows the value changes in voltage, current and power in 

wind system. Due to high wind speed reduction, the 

generated voltage magnitude is very low in certain 

levels.  Fig.9. shows the PV system time variations of 

current, voltage and power. Since wind system is not 

adequate, PV system is inactive to generate essential 

load power. A current, voltage and power variations of 

the utility grid is shown in Fig.10.The utility grid 

supplies power for a period, when both PV and wind 

system were switched off condition, and they do not 

generate adequate power. The changes in voltage, 

current and power on the load is shown in Fig.11. 

According to the load conditions, the load current varies 

and the load voltage is set aside as 220V. When there is 

a higher wind speed, power generated by wind system is 

high and it is lower when there is low wind speed 

correspondingly. 
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Fig.8.Voltage, Current & power variations of wind system. 
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Fig.9.Voltage, Current &power variations                                 

 of solar system 

 

 

 

  

 

 

 

 

 

  

100 

0 

200 

5 

0 

50 

0 

0 10 20 30 40 50 70 80 90 100 60 

0 10 20 30 40 50 70 80 90 100 60 

0 10 20 30 40 50 70 80 90 100 60 

Power 

Voltage 

Current 

 
Fig.10.Output Voltage, Output Current & power variations of 

grid system. 
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Fig.11.Output Voltage, Output Current & power variation on 

the load. 

 

     The power variations from PV, wind and load are 

shown in Fig.12.as an example without any control 

system. The load tries to source the power from PV 

panels and backup system, since power management 

system was not implemented, has inadequate power to 

feed the load. As a result, load cannot operate properly 

without adequate power. Fig.13.shows the power 

variations from PV panel, Wind system and utility grid 

with power of the load and maximum available wind 

power value. To overcome this, proposed power 

management system has been introduced, which supply 

the sufficient and adequate load power. If the 

environment or load condition changes, power to the 

load is supplied from the sources to prioritize the use of 

PV, wind and grid. If the wind power is sufficient 

enough for the load, the PV power generated is stored in 

batteries. The PV panel comes into act when there is an 

insufficient power to drive the load. Hence the utility 

grid is utilized when both PV and wind system do not 



 

generate required power. 

 
 

 
 

 

 
  

 

 

  

 

 

  

 

 

 

1000 

0 

2000 

500 

0 

1000 

500 

0 

0 10 20 30 40 50 70 80 90 100 60 

0 10 20 30 40 50 70 80 90 100 60 

0 10 20 30 40 50 70 80 90 100 60 

Load Power 

Wind power 

Solar power 

F

Fig.12. Power variations without any management system 
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5. Conclusion 

 

   In this paper, focused on photovoltaic and wind 

production of electrical energy optimization. A smart 

power management system is introduced in the 

renewable energy system with its energy sustainability. 

The smart power management system is evaluated with 

the help of renewable system comprising of PV panels 

and wind system. Hence the system of management is 

essential for its sustainability of PV and wind systems 

which are not reliable on the load side. In this system, 

the power from PV, Wind and utility grid are collected at 

common DC bus and loads are fed without any 

interruption. The effects of renewable energy changes 

are handled by the smart power management by 

operating PV, Wind and utility grid consequently. And 

also it is utilized to measure and track the available and 

generated maximum power from wind system, which 

increases the installed unit’s efficiency. The required and 

generated power information from PV and solar system 

were utilized to control the overall system with the help 

of fuzzy logic reasoning. The proposed smart power 

management method will provide a feasible solution to 

meet out the power demand and considered as a smart 

operator in renewable energy applications.  
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