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Abstract: 

In recent year, hybrid power generation are help to fulfill the global energy demand we are usage the two different forms  of 

energy sources i.e. solar & wind energy this is the most vital part of renewable energy sources. Both the solar and wind system are 

connected in parallel and then connected to grid. As the hybrid power generation usage two different form of energy sources i t 

help to improve system efficiency and power generation capability. This paper analyzes the operation of hybrid power generation 

at “Sanmat i Engineering College, washim”. It includes the different result obtain from this installed power generation system at 

“Sanmat i Engineering College”. 
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I. INTRODUCTION          

 

Every device we use in our day-to-day life such as mobile 

phone, computer, induction cookers, washing machines, 

vacuum cleaners, etc., requires  electric power supply. Thus, the 

advancement in technology is increasing the electrical and 

electronic appliances usage which, in turn is increasing the 

power demand. Thus, to meet the load demand, different 

techniques are used for electric power generation. In the recent 

times, to avoid pollution and to conserve non-renewable energy 

resources like coal, petroleum, etc., renewable energy sources 

like solar, wind, etc., are being preferred for power generation. 

The combination of  renewable energy sources can also be used 

for generating power called as hybrid power system. Solar and 

wind hybrid power systems are designed using solar panels and 

small wind turbine generators for generating electricity. 

Generally, these solar wind hybrid systems are capable of small 

capabilities. The typical power generation capacities of solar 

wind hybrid systems are in the range from 1 kW to 10 kW.. 

 

II.  SYSTEM  DEVELOPMENT  

 

A hybrid renewable energy system means the combination of 

different type of system like solar wind. 80% of the hybrid 

system is the combination of solar wind. In the proposed system 

plant capacity is 10KW.  6.4KW of power generate from wind 

systems (wind turbines) and 3.6 KW of power from solar 

systems (solar panels).In day time most of powers generate the 

solar systems. Wind systems generate more power from 

evening to night (5p.m to night).We get the average power for 

24hrs. So we choose the hybrid systems. The total energy stored 

in the batteries through charge controller unit. The output of the 

batteries is connected through the inverters. The output of the 

inverter is connected load.. 

The following figure shows the block diagram of the hybrid 

power generation system using wind and solar power. This 

block diagram includes following blocks.  

       i.  Solar panel 

       ii. Wind turbine  

       iii. Charge controller  

             iv. Battery bank  

             v.  Inverter 

 

 
 

Figure.1. Block Diagram of Hybrid Energy Generation 

System  

 

i. Solar Panel 

 

Generation of electricity by using solar energy depends upon 

the photovoltaic effect in some specific materials. There are 

certain materials that produce electric current when these are 

exposed to direct sun light. This effect is seen in combination of 

two thin layers of semiconductor materials. One layer of this 

combination will have a depleted number of electrons. When 

sunlight strikes on this layer it absorbs the photons of sunlight 

ray and consequently the electrons are excited and jump to the 

other layer. This phenomenon creates a charge difference 

between the layers and resulting to a tiny potential difference 

between them. The unit of such combination of two layers of 

semiconductor materials for producing electric potential 

difference in sunlight is called solar cell. Silicon is normally  

used as the semiconductor material for producing such solar 

cell. For building cell silicon material is cut into very thin 

wafers. Some of these wafers are doped with impurities. Then 

the un-doped and doped wafers are then sandwiched together to 

build solar cell. Metallic strip is then attached to two extreme 

layers to collect current. Conductive metal strips attached to the 

cells take the electrical current. One solar cell or photovoltaic 

cell is not capable of producing desired electricity instead it 

produces very tiny amount of electricity hence for extracting 

desired level of electricity desired number of such cells are 
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connected together in both parallel and series to form a solar 

module or photovoltaic module. Actually only sunlight is not a 

factor the main factor is light or beam of photons to produce 

electricity in solar cell. Hence a solar cell can also work in  

cloudy weather as well as in moon light but then electricity 

production rate becomes law as it depends upon intensity of 

incident light ray. In solar section consist of 28 panels. Each 

panel capacity is 125 watts. Total capacity is 3.6KW  

(125*28).The solar section is not moving type Model. It is fixed  

model only. Because, most of the solar plants having the 

rotating type. The advantage of the rotating type Model is, it  

moves the direction likewise the sun because Time to time 

varying the position of sun. We get the maximum power at  

some time periods only normally noon time. The solar panels 

are 18% poly crystalline structure. 

 

                    Table.1: Rating of solar panel  

 

Total capacity 3.6 kw 

Capacity of each module  125 watt 

Nos.of SPV module  28 Nos 

Make Vikram solar 

Peak power per module  125 watt 

Weight 10.9 Kgs 

Dimension W X H X D 982 X 1012 X 36 mm 

      

 
                       Figure..2. View of Solar Panel 

 

ii. Wind turbine  

 

Wind is renewable or non-conventional source of energy. This 

is clean, has no any effect of greenhouse on the atmosphere. 

Most important thing - it is substitute of fossil fuels such as 

coal, oil or petroleum and natural gas etc. These are in limited 

quantity on earth and but primary source of producing 

electricity. Globally, 67 % of electricity generated from fossil 

fuels, 13 % from nuclear energy and rest of 20% from 

renewable energy source such as hydro energy, solar energy, 

wind energy, tidal energy etc. So we see how much the world  

depends on fossil fuel for producing electricity and that is why 

we focus on wind and other renewable energy sources to 

generate electricity for overcoming the dependence on fossil 

fuels. Running cost of electricity produced by wind is low once 

the turbines are installed and not much maintenance is required  

for long time. It also takes some land for installation but most 

of the land they are on can be still farm or used to crop animals 

so using of land is not an issue. One important thing is that, 

most cases wind plant is installed at the good height to obtain 

sufficient wind to produce electricity.  It is the world’s fastest 

growing electricity resource.  Generally the wind mills are not 

located at all the places. It has some criteria to locate the wind 

mills. Based upon the criteria, we installed the 6.4KW wind 

systems. In the wind section consists of two wind generators. 

Each generates 3.2KW of power. Total capacity is 6.4KW  

(3.2KW*2). The wind generators are move the direction 

depends upon which direction has a high air velocity it changes 

and rotates fast. The wind tail is constructed to change the 

directions depends upon the wind velocity. Wind generators 

are two blade systems. It has synchronous generator type 

model. A mechanical braking system was used to stop the 

rotation of wind systems. The output power of the wind section 

is not a constant one, varying depends upon the climate 

changes. So we cannot predict exact power generation from the 

wind systems. The specifications are given in the table.  

 

                    Table.2: Rating of wind energy 

 

Total capacity  6.4 kw 

Capacity of single machine  3.2 kw 

No. of machines 02 NOS 

Make and model No. Whisper 500 

MNRE’s reference number  

/data of inclusion in MNRE 

list 

C-W ET /R & D /Empl/ 2010-

11 /04 dated 20/06/2011 

Rated wind speed 10.5 m/s 

Rated peak speed 3000 watts at 24 mph /  10.5 

m/s 

UIN of each aero generator UD / MAD/001/7293052,    

UD/ MAH/001/7293083 

Generator specification  Permanent magnet generators 

are provided 

Voltage controller  For uniform voltage 48 v  

charge controllers are 

installed 

Over speed protection Side-furling 

 

     
  

 Figure.3.View of Wind Turbine  

 

iii. Charge controller  

 

Charge controller has basic function is that it control the source 

which is to be active or inactive.  It simultaneously charge 

battery and also gives power to the load. The controller has 

over-charge protection, short-circuit protection, pole confusion 

protection and automatic dump load function. It also the 

function is that it should vary the power as per the load 

demand. It add the both the power so that the load demand can 

fulfil. And when power is not generating it should extract  

power from battery and give it to the load.   
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iv. Battery bank  

 

In grid-tie solar generation system, the solar modules are 

directly connected to inverter not with load. The power 

collected from solar panel not in constant rate rather it varies 

with intensity of sunlight. This  is the reason why solar modules 

or panels do not feed any electrical equipment directly instead 

they feed an inverter whose output is synchronized with 

external grid supply. Inverter takes care of the voltage level and 

frequency of the output power from the solar system it always 

maintains it with that of grid power level. We cannot store the 

alternating Current quantity in practical. So we convert AC to 

DC by rectifier. Then the dc quantity is    stored in batteries.  In 

wind section the output power is AC. So only we convert into 

DC, then stored into batteries. But the solar section output is 

DC only. So rectification not required in solar section. Battery 

is the storage device. The output of wind section is connected to 

batteries through charge control unit (AC to DC) and solar 

section output is directly connected (DC) to the batteries The 

output of the batteries to inverter circuit. The specifications of 

batteries are given in the table 

 

Table.3: Rating of Battery Bank 

Total energy consumption / day 25 kwh / day 

Battery efficiency 80% 

Depth of discharge 90% 

Battery capacity required  48 v / 1350 Ah 

                       

 
 Figure.4. View of   Battery Bank  

 

v.  Inverter 

 

It is obvious that the electricity produced in a solar panel is DC. 

Electricity we get from the grid supply is AC. So for running 

common equipment from grid as well as solar system, it is 

required to install an inverter to convert DC of solar system to 

AC of same level as grid supply. In off grid system the inverter 

is directly connected across the battery terminals so that DC 

coming from the batteries is first converted to AC then fed to 

the equipment. In grid t ie system the solar panel is directly 

connected to inverter and this inverter then feeds the grid with 

same voltage and frequency power. In modern grid tie system, 

each solar module is connected to grid through individual 

micro-inverter to achieve high voltage alternating current from 

each individual solar panel. The specifications of inverter are 

given in the table. 

                           Table.4: Rating of Inverter  

Total load 4.2 kw 

Power factor 0.8 

Inverter efficiency  90% 

Inverter capacity 

required 

10 KVA  

 III. MATHEMATICAL EXPRESS ION  

   

  The mathematical expression can be classified as  below 

 

i.)  Mathematical Expression For Solar Panel:  

        

The outputs of the PV fu lly depend on solar radiation. Hourly  

solar radiation on a fixed inclined surface (IT) can be evaluated 

as 

               

                    IT = IbRb+Id Rd+(Ib+Id)Rr 

Where 

 IT =  solar rad iation on an incident surface; 

  Ib = direct normal and diffuse; 

 Id = solar radiat ions;  

Rb = the tilt factors for the beam;  

Rd = the tilt factors for the diffuse; and  

Rr = reflected part of the solar radiat ions 

 

PV power output with respect to area is calculated by 

                         

                                P = ITAPVηPV 

APV and ηPV are PV system area and PV system efficiency, 

respectively. 

 

The PV system efficiency is defined as     

                ηPV = ηMηPC[1−β (TC−TR)] 

where, 

ηM = module efficiency ηPC = power conditioning efficiency; 

TC = monthly average cell temperature; TR = reference 

temperature; and β = array efficiency temperature coefficient.             

                  

 IPV = IPH−I(e
QVPV/KT 

-1
 
) 

where, 

IPV = is the PV current (A); 

 I = the diode reverse saturation current (A);  

Q = the electron charge = 1.6 _  10_19 (C);  

 k = the Boltzman Constant = 1.38 _ 10_23 (J/K); and  

T = the cell temperature (K).  

 

ii.) Mathematical Expression For Wind Turbine: 

 

The actual mathematical modeling of wind energy conversion 

process comprises wind turbine dynamics as well as generator 

modeling. Power generation through the wind turbine can be 

calculated by wind power equation. The turbine is 

characterized by non-dimensional performance as a function of 

tip the speed quantitative relation. the generated output power 

and torque by the wind turbine by giving the formula.  

                

                         PT=(CPλρAV
3 

/ 2) 

        

Torque developed by wind turbine given as  

 

                            TT=PT/ωM 

 

                               λ=ωR/V 

where PT = output power; TT = the torque developed by wind 

turbine; CP  = the power co-efficient; λ = the tip speed 

ratio; ρ = the air density in kg/mg
3
; A = the frontal area of wind 

turbine; and V = the wind speed. 

 

iii.) Mathematical Expression For Battery Bank: 

 

That battery is used to store surplus generated energy, regulate 

system voltage and supply load in case of insufficient power 
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generation from the hybrid system. Battery sizing depends on 

the maximum depth of discharge (DD), temperature, and 

battery life. A battery’s state of charge (SC) is expressed as 

follows. 

During charging process 

 

SC(t+1)=SC(t)[1−σ(t)]+[IB(t)Δt.ηC(t)/CB]  

 

During d ischarging process 

 

SC(t+1)=SC(t)[1−σ(t)]−[IB(t).Δt.ηD(t)/CB]  

 

where SC = state of charge; σ(t) = hourly self-discharge rate 

depending on the battery; IB = battery current; CB = nominal 

capacity of the battery (Ah); ηC = charge efficiency (depends 

on the SC and the charging current and has a value between 

0.65 and 0.85); and ηD = discharge efficiency (generally taken 

equal to one) 

and                 

                         [1−DD]≤SC(t)≤1 

where DD = depth of discharge. 

 

IV. RES ULT AND DISCUSS ION 

 

The model output data is compared with the real time output 

data, which is obtained for a hybrid p lant installed at Sanmati 

College of engineering, washim. The table.5 shows the result 

of hybrid generation system. . In the proposed system plant 

capacity is 10KW.  6.4KW of power generate from wind 

systems (wind turbines) and 3.6 KW of power from solar 

systems (solar panels).In day time most of powers generate the 

solar systems. Wind systems generate more power from 

evening to night (5p.m to night).We get the average power for 

24hrs. So we choose the hybrid systems. 

Here shows the three month reading of hybrid generation 

system at Sanmati College of engineering, washy. 

 

      Table.5: Result of Hybrid solar-wind generation system 

             

Mon

th/ 

Year 

Aero-generator        SPV Total 

No.of  

Units 

(kwh) 

gener

ated 

Total 

no.of 

units 

(kwh) 

consu

med  

Avera

ge 

Wind 

Speed 

(kmp

h) 

No.of 

Units 

(kwh) 

Gener

ated 

Avera

ge 

Solar 

Insolat

ion 

No. 

Of 

Units 

(kwh) 

gener

ated 

April 

2012 

17.88 420 6.96 330 750 701 

May 

2012 

18.6 482 7.07 430 912 867 

June 

2012 

22.1 542 6.00 277 819 761 

July 

2012 

22.30 631 4.50 217 848 772 

 

V.  CONCLUS ION 

 

This paper has presented a technique to design and analyze a 

hybrid wind-solar power system. This technique used to reduce 

the cost of electricity while meeting the load requirements in a 

reliable manner. Hybrid power generation system is good and 

effective solution for power generation than conventional 

energy resources. It has greater efficiency. It can provide to 

remote places where government is unable to reach. So that the 

power can be utilize where it generated so that it will reduce 

the transmission losses and cost. Cost reduction can be done by 

increasing the production of the equipment. People should 

motivate to use the non conventional energy resources. It is 

highly safe for the environment as it doesn’t produce any 

emission and harmfu l waste product like conventional energy 

resources. It is cost effective solution for generation. It only 

need initial investment. It has also long life span. Overall it  

good, reliable and affordable solution for electricity 

generation.   
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