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ABSTRACT 
 

Hybrid renewable energy systems has proven to have a marvelous scope in coming future. In this 

project we attempt to analiyse the fesability of HRESs consisting of solar and wind power sources 

in the naliya district of Gujarat. The basic guiding factor in our study was cost of energy of HRESs. 

In order to find so we have conducted various analysis using genetic algorithm which primarly 

miminc the process of selction in biological evolution. It short it basically release on fact “survival 

of  the fittes”.hence by performing serval iteration it give optimized solution for single as well as 

multi objective function, at the end we have proposed combation of solar, wind and battery sotarge 

that required in HRESs to fulfill the load demand of rural area with minimum cost of energy.  
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CHAPTER 1 
 

INTRODUCTION 
1.1   Current Scenario  

We are currently in 21st century, which is an era of modernization. In context of India, we are 

making huge strides in industrial sector but are still lacking in the energy sector. The fact that at 

least 300 million of India’s 1.25 billion people live without electricity simply reiterates the fact of 

energy crisis in India. [1]The very next question that arises in our minds is that can’t we develop 

more efficient technologies to extract energy from conventional resources like coal? Hence we 

should focus more on developing our renewable energy sources.  

 

 

Table 1. Estimated medium-term (2023) potential and cumulative achievement 

 

The  shown above indicates the potential of India in generating power from renewable resources. 

Wind energy, solar thermal as well as solar photovoltaic electric energy have substantial potential 

in India. [2] 
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1.2  Hybrid Renewable Energy Systems (HRESs) 

Generally, one renewable resource is not enough to generate power to meet our all day needs hence 

we need to combine more than one renewable resource and generate an optimized system for 

quenching our load requirements. This what an HYBRID RENEWABLE ENERGY SYSTEM 

called. For example a PV-wind diesel generator HRES as shown in fig 1. 

 

 

 
 

Fig1. pv/wind/battery/diesel generator hres [3] 

 

 

 

1.3  Type of HRESs 

There are primarily four types of hybrid renewable energy systems, which can be employed in 

India. 

1. Biomass-wind-fuel cell: consider ful load power supply and there is no sustainable 

framework to satisfy this need of human, so at least 2 noncoventional source framework 

can be consolidated. For instance, 60% from biomass framework, 20% from biomass 

vitality and the rest of power cells. In this manner, consolidating all these sustainable power 

source frameworks may give 100% of the power and vitality necessities required to meet 

the energy requirements for small scale business and rural houses. 

2. Photovotaic-wind: example of HRESs is photovoltaic array coupled with wind. This would 

generate more output from wind turbine during the winter, whrease during summer, the 
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solar panels will also produce it maximum output. HRESs oftens yield greater economic 

and enviormental return than wind, solar, geothermal system by themseleve. 

 

 
Fig 2: Layout of HRESs 

 

3. Hydro-wind: A wind hydro framework creates electric energy by consolidating wind 

turbines and pumped storage. The blend has been the subject of long haul talk, and a test 

plant, which likewise tried air turbines, was actualized by Nova Scotia Power at its Wreck 

Cove hydroelectric power site in the late 1970s, however was decommissioned inside ten 

years. Since, no other framework has been executed at a solitary area starting late 2010. 

4. Photovoltaic-Biomass: this is a combination of biomass gasifier and solar photovoltaic cells 

and the system is currently under research phase. [4] 

 

1.4 Objective of work 

The main aim of our project is to optimize Hybrid renewable energy system of solar PV 

and wind turbines so as to derive minimum cost of energy as well as maximum efficiency 

of the entire system. This can be done by various optimsation techniques which will be 

discussed later. This is extremely useful for rural electrification.   
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CHAPTER 2 
 

REVIEW OF LITERATURE 
 

 

 

 

2.1       Lorenzo Bartolucci et al [5]. Point of their work is to analyze completely the impacts referenced 

for two distinctive vitality request profiles: a modern office and a private complex of 75 

households. Parametric investigation with various parts measuring is proposed to assess to the 

ideal arrangement as far as sending of sustainable power sources, adaptability of the framework 

and natural effect, thinking about the monetary comfort as a maintainability requirement. From 

their analysis, they conclude that two main drivers for the convenience of such systems are load 

profile and the PV powerplant sizing. At the end they conclude that the correct sizing of the PV 

powerplant allows for smater use of the battery and gives lesser dependence on the energy 

exchange with the gird. 

 

 

2.2     Daniel P et al [6]. Streamlining, estimating and techno-monetary evaluation of remain solitary 

sustainable power source frameworks influences the probability of sending as well as their 

dependability to supply power and consumable water where required. Not many research work 

has been done before in this field. In this paper they analyzed consequence of PSO(Particle 

Swarm enhancement) and HOMER for the concurrent advancement of size. The PSO calculation 

is actualized utilizing MATLAB/Simulink and contrasted with a comparable generally speaking 

design created in HOMER to meet similar burdens. Results show utilizing PSO accomplishes 

framework having lower NPC(Net Present Cost) contrasted with HOMER. 

 

2.3   Justo José Robertsa et al [7] authors propose a probabilistic reproduction based multi-target 

advancement approach for dimensioning vigorous sustainable based Hybrid Power Systems. They 

use strategy coordinates a streamlining module dependent on multi-objective Genetic Algorithm, 

utilizes Latin Hypercube inspecting technique and Monte Carlo Simulation to produce 

arbitrariness. The point of study proposed way to deal with charged a rustic network of the 

Amazonian area of Brazil. Results demonstrate that a framework arrangement with the larger 
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amount of unwavering quality financial cost will increment; in any case, the setups got 

probabilistically speak to plausible vigorous arrangements and assurance a solid wellspring of age. 

 

2.4   Yongjun Sun et al [8]  utilize organic motivated calculation from the point of view of effortlessness 

and proficiency grew new and competive populace based advancement calculation, the Whale 

Optimization Algorithm (WOA).They use modified Whale Optimization Algorithm (MWOA) is 

proposed for solving Large-scale globle optimization (LSGO). . A Lévy-flight strategy is adopted 

to make the algorithm jump out of local optima. A quadratic interpolation technique is connected 

to the pioneer of the populace, which increments nearby misuse capacity and improves the 

arrangement exactness. 

 

2.5      E.O. Diemuodeke et al [9] paper introduces the ideal mapping of half and half vitality frameworks, 

for six area in the South-South geopolitical (SS) zone of Nigeria: Benin-city, Warri, Yenagoa, Port 

Harcourt, Uyo and Calabar utilizing wind and PV with impressive of vitality stockpiling and  diesel 

generator. The half and half vitality framework ideal arrangement dependent on HOMER 

programming calculation and TOPSIS multi-criteria basic leadership calculation that thinks about 

specialized, financial, natural, and sociocultural criteria. They get distinctive blend of framework 

for various area eg n Benin-city, Yenagoa and Port Harcourt is the Diesel generator-PV-Wind-

Battery framework. GOt recompense time somewhere in the range of 3.7 and 5.4, utilizing 

0.893$/Kwh cost of vitality. The staggering expense of vitality of the half and half frameworks can 

be credited to the horrible markdown rate on capital venture, wind turbine cost, PV board cost, and 

the battery life expectancy and cost, which have solid effect on the monetary intensity of cross 

breed vitality frameworks. 

2.6     S. Bahramara et al [10] this paper talk about world vitality emergencies cause because of populace 

development and expanding industrialization. Customary vitality assets can't meet these necessities 

with notice to their difficulties. Ozone-depleting substance emanation and high lifecycle cost. In 

this way, sustainable power source assets are the best choices for customary assets to meet the step 

by step increment vitality request. Author has integrated traditional fossil fuel based resources with 

Non conventional resources besides storage creates hybrid renewable energy system (HRESs). 

They determine optimal size of HRESs equipment using Hybrid Optimization Model for Electric 
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Renewable (HOMER) software that was developed by National Renewable Energy Laboratory 

(NREL).  

 

2.7      Jaesung Junga et al [11] This paper displays a method for the ideal arranging and structure of 

cross breed sustainable power source framework for miniaturized scale lattice applications. They 

utilize Distributed Energy Resources Customer Adoption Model(DER-CAM) is utilized to decide 

the ideal size. They also choose working timetables for a precedent utility transport framework. 

They assess the electrical execution of the appropriation circuit if the distributed energy resources 

(DERs) chosen by the DER-CAM advancement examinations are consolidated. Result 

demonstrates that for specialized and financial investigations of HRESs are fundamental for the 

effective use of sustainable power source assets and for an affordable charge. 
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CHAPTER 3 

A mathematical modelling for the HRES 

3.2 Required mathematical formulae for calculating solar power and wind power 

 

The solar- wind based system comprised of numerous electrical segments, which guarantee 

unavoidable capacity like generation, stockpiling, adjustment of electrical vitality; we can cite 

PV module, wind turbine, battery stockpiling, inverter, controller, and other accessory 

equipments.. 

A) Solar power 

 

i) Cell Temperature 

Cell temperature basically tells the temperature of the PV cell. It is essential to calculate 

because the electrical efficiency depends upon it. It is calculated using ambient 

temperature of the atmosphere, Solar irradiation and NOCT which is reference temperature  

with respect to which the PV cell was tested for different parameters 

Tc=T+ ((NOCT-20)/800)*I [12] 

Tc=Cell temperature (°C), T= Ambient temperature (°C), NOCT=Nominal operating cell 

temperature (°C), I= Solar radiation (W/m2)  

 

ii) Efficiency of PV cell 

 

Efficiency of PV cell is one of the most important parameter that would again determine 

its output. As we can see efficiency of the PV cell will be not same all the round year 

because of the change in the cell temperature, hence it is imperative to find its efficiency.  

 

      ηpv=ηr*(1-0.004*(Tc-Tcrf)) [13] 

 

 ηpv=Solar efficiency (%) 

 ηr=rated efficiency (%) 

 Tc= Cell temperature (°C) 

 Tcrf= Reference temperature (°C) 

 -0.004 is temperature coefficient (%/0C) 
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iii) Power output of PV (Kw) 

 

As already explained above as the efficiency of PV cell is not constant throughout hence it 

is obvious that its power output would also change. Power output can can be calculated as 

shown below. 

 

PPV= ηpv *I*apv 

 

 PPV= Solar power (KW) 

 Npv=solar efficiency (%) 

 I= solar radiation (W/m2) 

 apv= Crossectional area for PV cell (m2) 

 

 

B) Wind power 

 

i) Adjusted wind spped for the 50m height(m/s) 

 

This formulae is necessary as the wind speed provided for different sites around Gujarat 

were recorded at different heights, therefore it is imperative to convert all these wind speed 

data to a same height for better analysis, here 50m height is chosen as reference height. 

 

 Adws = Ws*[(H)/10]^0.143) [14] 

 

 Adws= Adjusted wind speed at 50m height (m\S) 

 Ws= wind speed at a particular height (m/S) 

 H=height of elevation 

 

ii) Power output of WT (kW) 

Here Max function is used because in our analysis we found that there were days when 

Adws was very much less and power produced by the wind turbine according to the 

formula shown below comes out negative which is not practically possible hence here 0 

seems more plausible. 

 

 

PWT = NWT*1000*((Adws3-Vcc3)/ (133-Vcc3) [15] 
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 PWT=power of wind turbine (KW) 

  NWT= Number of wind turbines 

 Vcc= cutting wind speed 

 Adws= Adjusted wind speed (m\S) 

 

3.2 Total renewable power (kW) 

  

In this project of our analysis for hybrid renewable energy source system we have considered    

primarily two unconventional resources of energy; 

1) Solar power 

2) Wind power 

Hence total energy produced would be simply the summation of the energies produced by 

these two sources. 

 

PTWP= PPV+ PWT 

Where; 

PPV= Solar power (KW) 

PWT=power of wind turbine (KW) 

 

3.3 GAP (kW) 

GAP will be positive if total Renewable power generation is more than load demand. In 

addition, GAP is negative when Load demand is more than total renewable power 

generation.  

 GAP= PTWP – Load 

  

 

3.4 Battery storage model 

 

 i) State of charging (SOC) 

During the charging process, when the total output of the WT and PV units is greater than 

the load means GAP is postive, the available BS capacity at time t can be obtained by: 

   𝑆𝑜𝑐(𝑡) = 𝑆𝑜𝑐(𝑡 − 1) ∗ (1 − 𝜎) + [𝐸𝑔(𝑡) −
𝐸(𝑡)

𝑛𝐼𝑛𝑣
] ∗ 𝑛𝑏𝑐 [16] 
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Where SOC t ( ) and − SOC t( 1)are the charge state of the Battery at times t and t−1 (in 

kWh),σ is the hourly self-discharge rate, Eg is generated energies and Et is the load 

demand (inkWh) 

SOC(t)<SOCmax 

 

i) State of discharging  

When the load exceeds means GAP is negative, the BS is in a discharging state 

 

𝑆𝑜𝑐(𝑡) = 𝑆𝑜𝑐(𝑡 − 1) ∗ (1 − 𝜎) + [
𝐸𝑡(𝑡)

𝑛𝑖𝑛𝑣
− 𝐸𝑔(𝑡)] /𝑛𝑏𝑓 [16] 

Where ηbc is the charge efficiency of the BS. ηbf is the discharge efficiency of the BS the 

and ηinv is the inverter efficiency. 

 

ii) Dumping load  

When power generation by Solar and Wind is more than load demand and battery is also 

at is max charge state at that time we need to dump the extra power generation. 

Dump load= MAX (PTWP - Battery Discharge-Load, 0) 

 

 PTWP = Total renewable power 

 

3.5 Costing of system 

i) Cost of Wind turbine(Cr)   

Here in order to calculate the cost of wind turbine we first found out what was the current 

price of single wind turbine per MW prevailing in the commercial energy sector through 

various internet articles and published papers and by multiplying it with the total output 

of turbines would give us total initial cost required to setup the wind turbine. 

 

Cost of wt= NWT*4 [17] 

NWT= Number of wind turbines 

4 is price of wind turbine per MW 

 

 



 

11 

 

ii) Cost of PV (Cr) 

Generally in the energy sector price of a PV module is generally decided by its area. 

Hence we surveyed and found out what was the price of a PV module per unit area. 

And found out initial cost of setting up solar energy by multiplying it with total area of 

the solar panels. 

 

Cost of PV= A*X [18] 

X conversion factor Cr per m^2.  

A= Cross sectional area for PV cell (m2) 

In our case X is Rs(Cr) per m2 that we find from above source. 

iii) Cost of Battery (Cr) 

Here in order to calculate the cost of battery storage we first found out what was the 

current price of single wind turbine per KWH prevailing in the commercial energy 

sector through various internet articles and published papers and by multiplying it with 

total battery capacity would give us total initial cost required to setup the battery system. 

 

Battery storage cost=Bc*2.1 [19] 

Bc= Battery capacity (KWH) 

  

 

iv) Total initial cost (Cr) 

To get the idea about the total money that needs to be invested for setting up these Hybrid 

alternate energy resource system can be simply obtained by simply adding the total initial 

cost of all the subsystem of the project. 

 

TIC=Cost of WT + cost of PV + Battery storage cost  

v) CRF (cost recovery factor) 

Cost recovery factor can be interpreted as the amount of equal payments required to be 

invested for N years such that the total present value of all these equal payment is 

equivalent to payment of I rupee at present, if interest is i. 

 

CRF= (i*((i+1) ^n))/ (((i+1))^n-1) [20] 
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i=Interest percentage (%) 

n= life time of component of renewable source 

vi)      ALCC (Annual Life Cycle Cost)(Cr) 

Annual life cycle cost is the total cost that would be incurred in an entire year for running 

these non-conventional sources of energy. It can be simply obtained by multiplying 

respective cost recovery factor with its initial cost for different components of the hybrid 

renewable energy resource system. 

 

ALCC=1.02*((cost of wt*CRFwt) + (cost of PV*CRFPV) + (cost of battery 

storage*CRFBS)) [21] 

1.02 is multiplying factor to account for mantaince and all the other expenditure 

ALCC= annual life cycle cost (Cr) 

CRFwt= cost recovery factor of wind turbine 

 CRFPV= cost recovery factor of solar cell 

CRFBS= cost recovery factor of battery storage 

 

vii) Total energy load met (Cr) 

Total energy load met can be simply calculated by subtracting loss of power supply from 

total load required. For our analysis we have considered loss of power supply as zero 

that is we are assuming that all the energy load is met by the hybrid alternate energy 

resource system. 

 

Total energy load met = Total load- Loss of power supply 

 

viii) Cost of energy (Cr) 

Cost of energy can be simply calculated by finding the ratio of Annual life cycle cost 

and total energy load met. Cost of energy simply tells us for meeting one unit of Kwh 

how much money would be required.  

 

COE=ALCC*10^4/ TOTAL ENERGY LOAD MET 

COE=cost of energy (Cr) 
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ALCC= annual life cycle cost (Cr) 

 

 

3.6 Methodology  

 i) Exhaustive search 

It is common optimisation technique and algorithmic procedure that is composed of 

systematically counting all possible candidates for the required solution and verifying 

whether each candidate suffices  the problem  or not. Basic algorithm for exhaustive search 

For implementing brute-force search to a particular type of problems, one should follow 

four steps, first, next, valid, and output.  

While the exhaustive search is the most simplest optimization technique to apply , its 

accuracy decreases as the number of candidates and the complexity of the problem 

increases hence it  should be not used in the condition were a small error could prove fatal. 

[22] 

 

iii) Genetic Algorithm 

Genetic algorithm (GA) is a procedure for settling both single goal and multi-objective 

enhancement issues dependent on a character development process that duplicates 

biological selectionAfter each stage of progression, the population calculation 

haphazardly chooses people from the present arrangement of readings and utilizations 

them as a premise to create the following arrangement of factors for the next generation. 

As the iterartion continue the system of the variable conveges to optimized combination.  

 

You can utilize GA to improve issues that are not appropriate for standard enhancement 

calculations, incorporating issues in which the target work is broken, non-differentiable, 

stochastic, or exceedingly nonlinear. 
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The basic algorithm is already pre-defined in terms of a code in the tool box of MATLAB 

software which can be used as per our connivance for defining the problem and obtaining 

the solution to our problem. 

  

 

 iii)  NSGA-II Non-dominated Sorting Genetic Algorithm-|| 

 NSGA-II is a standout amongst the most mainstream multi target advancement 

calculations with three exceptional qualities, quick non-ruled arranging approach, quick 

packed separation estimation strategy and basic swarmed correlation administrator. 

reenacted a few test issues from past examination utilizing NSGA-II enhancement 

method, and it is asserted that this strategy outflanked PAES and SPEA as far as finding 

an assorted arrangement of arrangements . By and large, NSGA-II can be generally 

point by point as following advances. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

We have propose the basic structure of HRESs that could be applied for the rural household of 

naliya. We had taken solar, wind speed, temperature hour-by-hour data of that region from NSRDB 

and Meteoblue.  

 

Figure. 4(a) implies that. naliya's hour by hour statices for the year, that was artificially produced 

from the day by day power utilization profile revealed by [47]. This brought about a normal vitality 

utilization of 53.11kWh/day. The day by day utilization profile is displayed in figure. 4(b). A 

regular rustic profile portrayed by a consistent utilization amid the most part of the day and a 

pinnacle of utilization at night when the people of the town return home following a day. That 

conduct is appeared by the histogram of figure. 4(c) where it is seen that lower than the mean 

dimensions of intensity utilization are progressively visit. 
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Figure. 4. Load consumption data for the rural area provided by UGVCL: (a) Hourly load profile 

for the one year. (b) Load profile of day. (c) Histogram of power consumption. 

Hourly estimations of the meteorological factors wind speed and global solar irradiationof the area was 

acquired from NSRDB and Meteoblue figure. 5(a) implies the hour by hour wind speed conveyance for 

the year and figure. 5(b) demonstrates the mean everyday wind speed profile in 24 hours. We realize that 

the wind speeds higher amid winter and spring contrasted with summer and harvest time. The hourly 

global sunlight based irradiance for the year is introduced in figure. 6(a). The solar asset is genuinely 

consistent throughout the entire year with a mean estimation of 7.24 kWh/m2/day. Amid summer and 

fall, the sun oriented irradiance is most elevated while lower amid the stormy season with a higher 

nearnessofmists.
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figure 5. wind speed : (a) Hour-by hour wind speed profile for the year. (b) Wind speed profile 

for day. (c) histrogram 

 

    

figure. 6. global solar irradiance: (a) hour by hour global solar irradiance profile for the year. (b) 

global  solar irradiance profile for day (c) histrogram 
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Table 2 Represent the range of variation of optimization variables. 

No  Variable Range 

1 Area of PV (m^2) [10,000 – 1,00,000] 

2 NWT [0 – 5] 

3 Battery capacity(kWh) [1000 – 10,000] 

 

The constrain of the problem: LPSP less than 20% and COE should be minimum. 

 

 1. Exhaustive search  

In this method we had given range to our variable same as shown in table and evaluate each 

possible value of LPSP and COE. Then we export data to Excel and find minimum value of 

COE and LPSP. Result is shown below in Table 3 

 

2. GA Matlab® Tool box 

We use Matlab inbuilt GA tool box to find solution. In this method, we input only    fitness 

function and no of variable of objective function while other things Matlab take it as default. 

Result is shown below in table 3: 

 

3. NSGA-II 

Table 4. report the configuration of the NSGA-II algorithm adopted. 

Operator Method Parameter 

Population size - Pop Size=50 

Selection method Binary tournament Tournament size=2 

Stopping criteria Maximum number of generations Max Gen=100 

Mutation operator Non uniform 5 

Table 4 operating condtion of NSGA-II 

 

The NSGA-II algorithm implied in Matlab® employed, on average it take  15 minutes in 

computer having Windows 10, 64 Bits, an NVIDIA 920M ™-Intel® Core™ i5-52002.2Gh, 4 GB 

of RAM. 
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Table 3. Result of 3 different method  

 

            Exhaustive search                       Matlab GA tool Box       NSGA-ll 

            NSRDB          Meteoblue           NSRDB             Meteoblue      Meteoblue  NSRDB            

 

NWT            4     2   2.59     2.85           1.25   2.28     

PV (m^2)     24000    32000  26804.14  32392.89     28000.83          26041.25      

BC (Kw)     4000    5000   4580.786  4485.77     5289.84  4770.9 

LPSP%     19.97    19.71             19.981          19.87       19.85  19.84 

COE     9.52     10.24                 9.63              10.107     9.76   9.68 

(Rs/kWh)                                                                                                                                                                                                      

  

 

figure 7 show cases the deterministic Pareto front (PF) of the end generation(100) for the NSGA-

II. LPSP is out lined in the Y axis and COE on X axies. It show that on decreasing LPSP, COE 

increase  

 

 

Fig 7 Deterministic PF 
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From the above result we can imply that these region has a very high potential for wind turbines. 

Then again, the PV commitment results are high in every one of the arrangements. Demonstrate 

that the PV plant is efficient and dependable.  

 

The battery bank came about the equivalent for the three arrangements, both in limit and in the 

model of the segment. Likewise, the battery life expectancy is practically identical for every one 

of the arrangements, implying that the batteries experience comparable working conditions.  
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Chapter 5 

 

CONCLUSION 
 

 In this work we have attempted to solve the problem of sizing up a hybrid renewable energy 

resorce system in the energy deficient part of Gujarat. In order to do so we have taken the help 

of genetic algorithms 

 It is imperative to create a sustainanble layout for the HRES system so that it would las longer 

and provide uninturrpted power supply to the rural households . we have used two major factors 

LPSP and COE for determining economic feasiblty of the system. 

 

• Exhaustive inquiry, Matlab® GA tool stash, and NSGA-II are looking at the same time when 

estimating and advancing control set focuses on the PMS of an independent of Hybrid vitality 

framework. Thorough inquiry and Matlab® GA tool stash are single target enhancement 

strategy, while NSGA-II is a multi-target streamlining technique which incorporates both LPSP 

and COE. Furthermore, result acquire by NSGA-II is more precise than the other two. 

 

 We had likewise connected the created technique to survey the effect of the financial matters of 

scales on the life-cycle cost examination of the ideal cross breed sustainable frameworks. We 

found that wind energy vitality was not among the financial decisions at the three contemplated 

scale, the battery seems to be as a fundamental part of the optimal hybrid systems. 
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