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Abstract 
 

Numerous green energy sources are integrated with the hybrid power system 

to feed the load demand and to increase the reliability of the system. 

Integration of power system is a challenging process due to intrinsic qualities 

of existing renewable sources to be specific eccentrics and inconstancy. This 

necessitates an energy management controller to effectively utilise the 

available power and to increase the reliability of the power system. In 

addition to the reliability, consumer needs cost effective electricity. Hence in 

this article, an intelligent power management controller with cost 

optimization is proposed for a standalone hybrid power system. The 

proposed hybrid power system comprises solar, wind, battery and diesel 

generator. Intelligent power management controller receives available 

renewable energy details, battery SOC, load demand and charge of green 

energy to optimally select the source and manage the load.  The Intelligent 

power management controller is programmed with six outputs to individually 

control renewable energy source, battery charging and discharging, diesel 

generator and non-critical load.  The Intelligent power management 

controller is proposed to minimise the usage of diesel generator and to utilise 

low cost renewable energy. MATLAB based simulation analysis is presented 

to study the proposed system.  

 

Key words: PV, wind energy system, hybrid power system, intelligent 

power management controller, cost optimization, FLC MPPT, INC MPPT. 
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1 Introduction 
 

Recently, because of a worldwide temperature alteration and 

environmental change, increases the necessity of renewable energy sources. 

Production of electrical energy through non-conventional power sources, for 

example, solar and wind could be potential choices for the remote areas. 

Solar and Wind are sustainable power sources which are effectively found in 

nature and furthermore sort of alternative energy that progresses at a fast 

speed. Renewable technologies provide emission free, sustainable, nature 

friendly, dependable along with low running and conservation price of power 

supply [1-3]. Amongst the various non-conventional power sources, solar 

and wind have demonstrated their capacities to meet the quickly developing 

power requirement and generously to worldwide atmosphere assurance 

exertion (decrease in ozone depleting substance emanation) [4-7]. Integrating 

two or further nonconventional power sources, like solar, wind, fuel cell, etc., 

together delivers a steady energy source in contrast with nonrenewable 

energy systems.  In any case, standalone PV and wind configuration 

individually cannot offer dependable energy source because of the irregular 

nature of the resources due to fluctuations in climatic circumstances [8]. In 

this manner, so as to feed the incessant typical load demand during 

fluctuating climatic conditions, various energy sources require to be 

integrated for extended usage of alternative energy. Energy storage can 

possibly expand the adaptability of the system since it loosens up the pattern 

that power production must match the load in addition to losses consistently 

[9]. Also, as the power from sustainable sources builds, increasingly 

controllable resources must be utilized so as to adapt to its low consistency 

and high fluctuation. Consequently, energy stockpiling is considered to 

interconnect with sustainable power sources at higher entrance levels than at 

present conceivable. When the sustainable power sources are associated with 

energy stockpiling systems, they can essentially limit and take out the 

changes in the power flow that influences dependability, soundness and 

activity of the system [10, 11]. Among the different energy storage devices, 

battery banks are broadly utilized by and by. Since the expense of the battery 

bank assumes a central job in the entire system cost, its charge–discharge 

cycle must be upgraded with the goal of broadening its usable life [12, 13].In 

this paper battery and the diesel generator are used to improve the reliability 

of the power system. 

The wind and PV systems are naturally, non-linear power sources that 

require precise on-line finding method for the optimal working point. 

Accordingly, to accomplish an optimal point necessitates the MPPT 

controller. Perturbation and Observation (P&O) algorithm is a conventional 

MPPT for PV. The disadvantage of P&O is a fluctuation on the consistent 

state and the voltage variety is huge. This strategy additionally requires a 

long tracking time and it has a moderate reaction to the irradiance and  
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temperature changes [14]. Even though hill climbing is an easy and 

massively used MPPT which works on choice of size of disturbance is a 

crucial problem [15].The steady-state oscillations consistently seem both in 

P&O technique and hill climbing system because of the perturbation. In this 

manner, the force power loss might be expanded [15]. Incremental 

conductance algorithm is applied to defeat some problem of P&O method 

[16].  

The tip speed ratio is extensively used method of control in the wind 

energy system. But it requires measurement of wind speed which increases 

cost and complications in execution. To conquest the formerly stated qualms, 

a quick and effectual fuzzy based MPPT method is implemented [17]. This 

analysis presents a control procedure of hybrid small scale PV/Wind energy 

organization that uses an incremental conductance and fuzzy as the MPPT 

method in various solar irradiance and wind speed respectively.  Initial and 

running cost of a renewable energy system decides the unit price of 

electricity. In the aspect of the consumer cost of electricity is also a key 

factor in addition to reliability.  Optimal selection of source, effective 

utilization of renewable energy can significantly limit the expense and 

emanations.  Hence economic analysis is mandatory in a hybrid power 

system. In this article cost optimization-based intelligent power management 

controller (IPMC)is proposed for analysis, to effectively utilize renewable 

energy and storage system. Meantime reliability of power is ensured by 

IPMC also it concentrates on reduction in CO2 by controlling the usage of 

diesel generator. Section 2 explains proposed system design. Intelligent 

power management operation conditions analysed are given in section 3. 

Section 4 presents simulation results and its analysis. Conclusion is given in 

section 5. 
 

2 Proposed System 
 
The proposed integrated renewable power system consists of PV, wind, 

battery energy system connected with the DC bus. Single phase inverter with 

filter connects DC bus with AC bus. Diesel generator and load are connected 

in AC bus. Intelligent power management controller controls every unit 

connected with DC and AC bus. The proposed system consists of switching 

relays controlled using an intelligent power management controller. Block 

diagram of the proposed system is shown in fig. 1. PV, wind and battery 

output voltage are boosted to 330V and connected with the DC bus. Single 

phase inverter controlled using PWM control is fed from a DC bus, delivers 

pure sinusoidal voltage with desired frequency and voltage. The load 

connected with an AC bus is classified into two categories, such as critical 

load (CL) and non-critical load (NCL). The loads like servers and life 

supporting equipment should always supply without any interruption are 

comes under CL, while an NCL is supplied with the renewable energy 

sources alone. An NCL is not energized  
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by battery or diesel generator. In this analysis 25% of maximum renewable 

energy is considered as CL. 

 
 

Figure 1 Block Diagram of the Proposed System 

 

2.1 PV System 

 
This unit comprises PV array and DC to DC boost converter with 

incremental conductance MPPT control. PV array voltage and power varied 

with respect to solar irradiance. In order to meet load voltage is regulated 

using a MPPT controller. In addition to the tracking of maximum power from 

the PV array MPPT controller regulate DC voltage also. 

 

2.1.1 PV Cell 
 

PV cell principally is a p-n semiconductor junction. At the point when 

subject to light, a DC current is engendered. The produced current changes 

linearly with respect to change in irradiance. The schematic of a PV cell is 

presented in fig.2 which consists of single diode and two resistors. 
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Figure 2 Schematic of a PV Cell  

 

The fundamental condition that depicts the I-V Characteristics of the PV 

model is assumed by the accompanying condition: 

 

        ( 
 (     )

    )  
     
   

          ( ) 

Where 

I is Cell Current (A). 

    is Photo Generated Current (A) 

   is Diode Saturation Current 

Q is Charge of Electron =1.6 x 10
19

(Coulomb) 

K is Boltzmann Constant (J/K). 

V is Cell Output Voltage (V). 

       are Cell Series and Shunt Resistance (Ohms). 

 

To produce significant voltage and power, numbers of cells are 

connected in series and parallel manner and forms PV panel. In this work, 12 

panels are connected in a series-parallel configuration. Each panel is rated 

power of 340W and maximum voltage (Vmp) and 38.2V.   

 
2.1.2 Incremental Conductance MPPT 

 

Incremental conductance (INC) technique of MPPT calculates the 

maximum power and regulates the tracked power from the PV. The 

inhibition of the P&O approach to follow the maximum power in case of 

rapid changing irradiance is overwhelmed by the INC method. The INC can 

establish that the MPPT has arrived at the MPP and quit disturbing the 

functioning point. In case this criterion isn't occurred, the course wherein the 

functioning point must be disturbed and can be determined by utilizing the 

association amid dl/dV and – I/V.  Figure 3 displays that the incline of the P-

V array power bend is zero at the MPP, expanding on the left of the MPP and 

diminishing on the Right of the MPP. The fundamental conditions of this 

strategy are presented below.[18] . 
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Figure 3 Slope of the P-V array power curve 
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This procedure deeds the supposition of the amount of progress in output 

conductance is corresponding to the negative yield INC. In this technique, 

the topmost power of the panel reaches around 98%. 
 

2.1.3 Boost Converter 

 
A boost converter is a voltage lift converter. With the assistance of lift 

converter, the input voltage level can be lifted up to a valuable high output 

voltage level. The principle points of interest of the lift converter are higher 

proficiency and minimum number of components and it changes over the 

unregulated voltage into an ideal regulated voltage by differing the duty 

cycle at maximum switching frequency bringing down the size and cost of 

energy storage components. The choice of devices like lift inductor and 

capacitor rating is imperative to diminish the ripple production for a specified 

switching frequency. Schematic of the boost converter is presented in fig. 4. 

At the point when the S is switched ON by the PWM pulse, current flows 

through the inductor (L) and charges it. Exactly when a switch is OFF, 

energy put away in the inductor as attractive field gives an incited voltage 

over the inductor that amasses with the input voltage. The Vg and VL are in 

series and together charge the capacitor (C) to a greater than Vg [19]. In this  
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paper duty ratio of the converter is chosen by the MPPT.  PWM is developed 

by comparing duty ratio from MPPT with saw tooth carrier signal.  

Design of boost converter relies on below expression,  

  
   (     )

         
                                          ( ) 

 

  
    

      
                                                ( ) 

A gain of the converter is as follows, 
  
  
 
  
    

 
 

   
                               ( ) 

 

Where d is the duty ratio decided by MPPT for PV and Wind system. In 

this analysis, three boost converters are used for PV, Wind and for battery 

discharging. The duty ratio of boost converters connected with PV and Wind 

energy are controlled by Incremental conductance MPPT and FLC MPPT, 

respectively.  

 
Figure 4 Schematic of the boost converter 

 

2.2 Wind Energy System 
 

In order to transfer mechanical energy into electrical energy permanent 

magnet synchronous generator (PMSG) plays a vital role in the variable 

speed wind turbine for generating power. Wind energy system (WES) 

consists of wind turbine with PMSG, rectifier with filter, DC-DC boost 

converter and fuzzy MPPT control. The WES is linked with the DC bus. The 

WES is appeared in fig. 5. 

In this analysis, three phase PMSG of 5HP, 230V, 50Hz, is proposed. 

Three phase output voltage of PMSG is rectified using a diode rectifier and 

pure DC is attained using a filter. DC-DC boost converter connected in 

sequence after filter offers regulated voltage and extreme power extracted 

from the wind generator.  
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Figure 5 Wind energy system 

 

2.2.1 A Fuzzy Logic Controller as MPPT 
 

Once the wind speed is lesser than the rated value, it is important for the 

wind turbine to follows quickly the wind speed change in order to provide a  

maximum power to load or grid.   In this analysis, FLC MPPT is designed 

with two inputs, such as a variation in wind power (ΔP) and variation in wind 

voltage(ΔV) to produce a single output as a Duty ratio(D). Mamdani method 

of fuzzy is selected for MPPT, whose output is defined by linguistic variable 

to offer fine-tuned output, while conventional methods produce predefined 

step change. All variables in FLC, such as ΔP, ΔV and D are designed with 

triangular membership functions. Membership functions of ΔP and ΔV are 

{NL, NI, NS, Z, PS, PI, PL} named as Negative Large, Negative 

Intermediate, Negative Small, Zero, Positive Small, Positive Intermediate 

and Positive Large.  Membership functions of D are {NVL, NL, NI, NS, Z, 

PS, PM, PL, PVL} it is similar to the input variables apart from Negative 

Very Large and Positive Very Large. The optimum duty ratio is produced by 

49 rules tuned fuzzy. Centroid method of defuzzification is selected in this 

fuzzy.  Figure 6 shows the Membership functions of variables FLC MPPT. 

Fuzzy rules are shown in Table 1. 
 

 
 

a. MFs of ΔP 
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b.  MFs of ΔV 

 

 
 

c. MFs of D 

Figure 6 Membership functions of input and output variables 

 

Table 1 fuzzy rules 

 

ΔV 

ΔP 
NL NI NS Z PS PI PL 

NL NVL NL NI NS Z PS PI 

NI NVL NL NI NS PS PI PL 

NS NVL NL NI NS PS PI PL 

Z NL NI NS Z PS PI PL 

PS NL NI NS PS PI PL PVL 

PI NL NI NS PS PI PL PVL 

PL NI NS Z PS PI PL PVL 

 

 

2.3 Battery 

 
The battery banks should be structured and chosen so that; it ought to 

have adequate ability to store the overabundance energy in the microgrid. At 

the point when the sustainable source isn't accessible, the microgrid ought to 

have the option to utilize the energy stored in the battery. Lead-acid battery 

bank for 48V, 160AH is proposed in this system, to store maximum energy 

produced. Battery discharging less than minimum SOC% will reduce the  
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lifetime of the battery. Hence proposed IPMC controls the charging and 

discharging of battery SOC within the level.  

 
2.4 Intelligent Power Management Controller 

 

Intelligent power management controller receives load power, PV power, 

wind power and battery SOC as inputs. In addition to the energy status, it 

also receives the unit price of solar and wind energy. It is programmed to 

select the sources based on availability and cost/ unit. It also controls the 

battery energy storage system charging and discharging. The NCL is not 

supplied with the diesel generator. So, usage of DG is minimised. Based on 

battery SOC, IPMC controls drain or overcharging of battery which increases 

the lifetime of the battery. IPMC is proposed to meet the following 

objectives, 

 Enhance the reliability of the system, 

 effective utilization of renewable energy 

 cost effective electricity to a consumer 

Cost effective electricity to the consumer is attained using two 

approaches: the first one is by selecting low cost renewable energy and the 

second one by minimising utilisation of diesel generator. To achieve these 

objectives, sixteen conditions are programmed in IPMC. 

 

3 Conditions Analyzed 
 

For an analysis battery power (Pb) minimum SOC is selected as 20%. 

1. When wind power (Pw) is greater than or equal to load power (Pl) 

and solar power (Ps) is less than a minimum value, wind supplies CL 

and NCL 

2. When Pw<Pl but Pw≥ CL and Ps and battery are less than minimum 

value, wind supplies CL alone 

3. When Pw>>Pl and Ps is less than a minimum value, wind supplies 

CL and NCL and charges battery 

4. When Ps ≥Pl and Pw is less than a minimum value, PV supplies CL 

and NCL 

5. When Ps <Pl but Ps≥ CL and Pw and battery are less than a 

minimum value, PV supplies CL alone 

6. When Ps >>Pl and Pw is less than a minimum value, PV supplies CL 

and NCL and charges battery 

7. When Pw ≥Pl and Ps is ≤ Pl, Solar and wind supplies CL and NCL 

and charges battery 

8. when Ps ≥Pl and Pw is less than load power, Solar and wind supplies 

CL and NCL and charges battery 

9. When Pw ≥Pl, Ps also ≥ than load power and the battery has 

maximum power, then CL and NCL are supplied by anyone of the 

sources based on cost. The battery is not charging.    
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10. When Pw and Ps are less than Pl, then both supplies CL and NCL 

11. When Pw and Ps are less than Pl, but the sum of Ps and Pw have 

excess power than load, then both supplies CL and NCL and charges 

the battery.  

12. When the sum of Pw and Ps is less than Pl, then solar, wind and 

battery supply CL and NCL. 

13. When Ps is lesser than minimum power, the sum of Pw and Pb is 

greater than load power, then wind and battery supplies CL and 

NCL. 

14. When Pw is lesser than minimum power, the sum of Ps and Pb is 

greater than load power, then PV and battery supplies CL and NCL. 

15. When Pw and Ps are less than its minimum power, then battery alone 

supplies CL alone. 

16. When Pw, Ps and battery are less than its minimum power. Then DG 

supplies CL alone. 

 
4 Simulation Results and Analysis 

 
Specification of the proposed system is shown in table 2. 

 

Table 2 Specification of the proposed system 

 

System Specification 

PV 4 KW 

Wind generator 5HP 

Battery 48V,160AH 

DC Bus 330V DC 

Inverter 1ϕ Inverter, 50Hz, 230V 

Diesel generator 3 kW 

Critical Load 2 kW 

Boost convertor PV Wind 

Inductor 100uH 110uH 

Capacitor 1000uF 1000uF 

Switching Frequency 20KHz 20KHz 
 

For an analysis, few conditions are presented as follows, 

 

CASE 1 

For case 1 considers Wind speed is 4m/s, solar irradiance is 400w/m
2
 and 

battery initial SOC is 80%.  After 2s irradiance is increased to 1000w/m
2
.  

Performance of energy sources and IPMC are shown in fig.7 
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a. Power 

 

 
 

b. Switching status 

 

Figure 7 Performance of the proposed system under case 1 

 

From fig. 7, till 2s there is no renewable energy so to meet CL the battery 

gets discharged and supplies the CL alone as in condition 15. As per 

conditions in IPMC to increase the supply time of battery, it supplies CL 

alone. Since the recovery time required by solar and wind energy systems for 

energy generation are not predetermined, battery supplies CL alone to 

increase the reliability of the system. After 2s battery power stops 

discharging since PV power alone is  
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CASE 2 

For case 2 set Wind speed is 4m/s, irradiance is 400w/m
2
 and battery 

initial SOC is 18%.  After 2s irradiance is increased to 1000w/m
2
.  

Performance of energy sources and IPMC are shown in fig.8.  

 

 
a. Power 

 

 
b. Switching status 

 

Figure 8 Performance of the proposed system under case 2 
 

From fig. 8, it is observed that till 2s, the solar and wind power are not 

adequate to supply any of the loads. Battery SOC is also less than minimum 

level. Hence IPMC activates the diesel generator to supply CL alone as in  
 

 

 



 
 

 

 

 

 

. 

condition 16. DG does not supply NCL, so IPMC reduces usage of DG.  At 

the time of 2s PV power alone is adequate to supply CL and NCL, so that the 

DG is turned off. Since PV power is adequate to meet loads alone, battery is 

in ideal state as in condition 4.  
 

CASE 3 

For case 3 set Wind speed is 12m/s, irradiance is 400w/m
2
 and battery 

initial SOC is 18%.  After 2s irradiance is increased to 1000w/m
2
.  

Performance of energy sources and IPMC are shown in fig.9.  
 

 
a. Power 

 

 
b. Switching status 

 

Figure 9 Performance of the proposed system under case 3 
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From fig. 9, it is analyzed that wind power is gradually increased from 

the beginning.  The IPMC records the progress of wind and activates battery 

to supply CL till the time of 0.3s as in condition 15. At the time of 0.3s wind 

power alone is adequate to supply CL and NCL so that the battery stops 

discharging. The wind power is greater than load demand so it starts to 

charge battery as in condition 3. Since minimum power is offered to charge 

battery it charges slowly.  At the time of 2s PV produces maximum power, 

so IPMC connects the PV with the DC bus and battery starts charging as in 

SOC is minimum as in condition 7. 
 

CASE 4 

For case 4 considers Wind speed is 4m/s, irradiance is 300w/m
2
 and 

battery initial SOC is 60%.  At 1.5s is wind speed is increased to 9m/s while 

at 2s irradiance is increased to 1000w/m
2
.  Performance of energy sources 

and IPMC are shown in fig.10. 

 
a. Power 

 
b. Switching status 

 

Figure 10 Performance of the proposed system under case 4 
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From fig.10, it is noted that PV power alone is not sufficient to meet CL 

and NCL, so the battery also supplies load by discharging till 1.5sas in 

condition 14.  At the time of 1.5s wind power rises to nearly 2kW. So, the 

battery discharging is stopped and wind is connected with the bus to supply 

CL and NC Las in condition 10. PV produces maximum power after 2s so 

that both wind and PV meets the load; hence the battery starts charging 

slowly as in condition 8. 

 

CASE 5 

For case 5 set Wind speed is 12m/s, irradiance is 1000w/m
2
 and battery 

initial SOC is 85%.  After 2s irradiance is decreased to 500w/m
2
.  

Performance of energy sources and IPMC are shown in fig.11.  

 
a. Power 

 
b. switching status 

 

Figure 11 Performance of the proposed system under case 5 
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Figure 11 show that PV produces maximum power from 0s to 2s. Till 

0.3s wind is lesser than load power so PV supplies CL and NCL as in 

condition 4. After 0.3s Wind delivers maximum power. Cost of PV is ₹8pu 

while wind cost is ₹7pu, so the wind is selected to meet the load. PV is 

disconnected at 0.3sas in condition 9. The battery is not charging since SOC 

is almost 85%.This condition selects renewable source based on cost.  After 

2s solar power is decreased, so it is activated, now PV and wind meet the 

load a   

       Similarly, other conditions also verified. In the above five cases, various 

weather conditions and different battery SOC values are considered. On all 

the conditions analysed CL is supplied by anyone or combine source, without 

interruption. The battery is charged when excess is energy is available than  

the load demand meantime battery minimum SOC is maintained, which 

increases the lifetime of the battery. DG is activated only in case of absence 

of all other energy sources and supplies CL alone.  

  In a day, approximately for 9 hours solar irradiance is capable of 

producing PV power. Meantime 12 hours per day wind speed is significant to 

produce optimal wind power. 5 hours of a day solar and wind both produces 

significant power. Poor power is produced by very low irradiance and wind 

speed for 8 hours of a day. In case absence of renewable energy battery 

supplies critical load.  As per design full critical load can be supplied by 

battery for four hours. Hence requirement of Diesel generator is minimized 

for four hours.  In general, emission of CO2 by every liter of diesel fuel is 

2690.37 grams. As per proposed system design fuel consumption by DG is 

1.3LPH. So, emission of CO2 for four hours is reduced in the range of 13. 

99kg. Also 5.2L fuel consumption is reduced.  If the critical load is less than 

its maximum power during absence of renewable energy, then battery 

discharging time is extended above four hours.  For example, if the battery 

can supply CL for 6 hours then 7.8L fuel consumption and 20.985kg CO2 

emission are reduced. 

Case 5 shows that when the energy produced by solar and wind is greater 

than load demand and the battery is also having some sufficient SOC; then 

high cost source is disconnected from the bus. The battery is not charging 

with high cost source. This case validates the cost-effective power. In this 

analysis assume that Cost of PV power is ₹8 pu while wind power is ₹7pu.  

By selecting wind power ₹1pu is saved. Consider a load of 4kW supplied by 

wind for 5 hours as discussed above, then cost saved by selection of source 

per day is ₹20.If cost minimization estimated for year then it is ₹7300. 
 

5 Conclusion 
 

In this paper, cost optimisation based- Intelligent power management 

controller has been analysed for performance enhancement of solar, wind,  
 

nd charges battery rapidly as in condition 7.
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battery and diesel generator integrated power system.  Major factors 

considered for the performance of the power system are reliability, cost 

effective and minimized CO2 emission. To achieve the goals, in this paper, 

sixteen conditions are set in IPMC. Among the sixteen conditions, some of 

the conditions have been presented in this paper.  IPMC have separate 

control over PV, wind, battery charging and discharging, DG and non-critical 

load. By the help of IPMC battery can be charged or discharged or can be 

maintained in ideal state based on the energy status. From the analysis, it is 

observed that even in the absence of renewable energy, uninterrupted power 

is given to the critical load with the aid of battery or DG.  Effective 

utilisation of renewable energy in the form, supplying the load and charging 

battery reduces the usage of diesel generator, which minimises 

approximately13. 99kg CO2 emission and 5.2L of fuel consumption per day. 

The avoiding of battery charging from costly renewable energy source when 

battery is above minimum level SOC shows cost effective performance of 

IPMC.  Cost effective source is selected to supply load reduces the tariff of  

electricity. As per the assumed tariff, maximum of₹20/day is reduced. Hence 

proposed IPMC offers reliable, cost effective and least emission energy to 

the consumer.  
 

References 
 
[1] A.K. Daud and M. S. Ismail, “Design of isolated hybrid systems 

minimizing costs and pollutant emissions”, Renew. Energy, Vol. 44, 

pp. 215–224, 2012. 

[2] E. S. Hrayshat, “Techno-economic analysis of autonomous hybrid 

photovoltaic-diesel-battery system”, Energy Sustainable Dev., Vol. 13, 

pp.143–150, 2009. 

[3] M. A. Hessami, H. Campbell and C. Sanguinetti, “A feasibility study 

of hybrid wind power systems for remote communities”, Energy Pol., 

Vol. 39, pp. 877–886, 2011. 

[4] S. S. Dihrab, and K. Sopian, “Electricity generation of hybrid PV/wind 

systems in Iraq”, Renew. Energy, Vol. 35, pp. 1303–1307, 2010. 

[5] B. Dursun, C. Gokcol, I. Umut, E. Ucar, and S. Kocabey, “Techno-

economic evaluation of a hybrid PV-Wind power generation system”, 

Int. J. Green Energy, Vol. 10, pp. 117–136, 2013. 

[6] S. K. Nandi and H. R. Ghosh, “Techno-economical analysis of off-grid 

hybrid systems at KutubdiaIsland, Bangladesh”, Energy Policy, Vol. 

38, pp. 976–980, 2010. 

[7] S. M. Shaahi and I. El-Amin, “Techno-economic evaluation of off-grid 

hybrid photovoltaic–diesel–battery power systems for rural 

electrification in Saudi Arabia-A way forward for sustainable 

development”, Renew. Sustainable Energy Rev., Vol. 13, pp. 625–633, 

2009. 
 



 
 

 

 

 

 

Analysis of Intelligent Power Management Controller with Cost Optimization for 

Solar/Wind Hybrid Power System 7736 

 

[8] H. Jacobus, B. Lin, D. H. Jimmy, R. Ansumana, A. P. Malanoski and 

D. Stenger, “Evaluating the impact of adding energy storage on the 

performance of a hybrid power system”, Energy Convers. Manage.,Vol. 

52, pp. 2604–2610, 2011.  

[9] Diab A.A.Z, Sultan H.M and Kuznetsov O.N, “Optimal sizing of 

hybrid solar/wind/hydroelectric pumped storage energy system in 

Egypt based on different meta-heuristic techniques”, Environmental 

Science and Pollution Research, pp.1-23, 2019. 

[10] S.A. Alavi, A. Ahmadian and M. Aliakbar-Golkar, “Optimal 

probabilistic energy management in a typical micro-grid based-on 

robust optimization and point estimate method”, Energy Convers. 

Manage., Vol. 95, pp. 314–325, 2015. 

[11] Garmabdari R, Moghimi M, Yang F, Gray E and Lu J, “Battery energy 

storage capacity optimisation for grid-connected microgrids with 

distributed generators”, Australasian Universities Power Engineering 

Conference (AUPEC) IEEE, (pp. 1-6), 2017. 

[12] M.L. Di Silvestre, G. Graditi and E. R. Sanseverino, “A generalized 

framework for optimal sizing of distributed energy resources in micro-

grids using an indicator-based swarm approach”, IEEE Trans. Ind. Inf., 

Vol. 10, pp. 152–162, 2014. 
[13] Hossain M.A, Pota H.R, Squartini S, Zaman F and Guerrero J.M, 

“Energy scheduling of community microgrid with battery cost using 

particle swarm optimisation”, Applied Energy, 254, p.113723, 2019. 

[14] R. I. Putri, S. Wibowo and M. Rifa, “Maximum power point tracking 

for photovoltaic using incremental conductance method”, Energy 

Procedia, Vol. 68, pp. 22-30, 2015. 

[15] Fatemi S.M, Shadlu M.S and Talebkhah A, “Comparison of three-point 

P&O and hill climbing methods for maximum power point tracking in 

PV systems”, In 2019 10th International Power Electronics, Drive 

Systems and Technologies Conference (PEDSTC) IEEE (pp. 764-768), 

February 2019. 

[16] F. Liu, S. Duan, F. Liu, B. Liu and Y. Kang, “A variable step size INC 

MPPT method for PV systems”,  IEEE Trans. Indus. electron., Vol. 55, 

pp. 2622-2628, 2008. 

[17] M. Azzouz, A. L. Elshafei and H. Emara, “Maximum-power tracking 

of wind energy conversion systems based on fuzzy algorithms”, IEEE 

Inter. Symp. Intel. Con., pp. 481-486, 2010. 

[18] Azadeh Safari and SaadMekhilef, “Simulation and hardware 

implementation of Incremental Conductance MPPT with direct control 

method using cuk converter”, IEEE trans. Ind. Electron., Vol. 58, pp. 

1154-1161, 2010. 

[19] D. W. Hart, “Power electronics”, Tata McGraw-Hill Education, 2011. 
 

 

 



 
 

 

 

 

 
7737 Kothai Andal C et al.  
 

Biographies  
 

 
 
C Kothai Andal ,

 
Research Scholar, RV College of Engineering, 

Bangalore,VTU,Belagavi,India. 

 
 R Jayapal ,RV College of Engineering, Bangalore, India.

 




