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Abstract: This paper describes an analytical method of power generation from Wind energy in a specific location. The 

specific location is chosen as Bhubaneswar, Odisha, India. This paper also includes wind speed analysis, power and 

energy calculation, Probability Density function, Rate of return etc. over a period of time and conditions affecting it. 

The different parameters necessary for wind generation are studied and compared. 
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I. INTRODUCTION 

                Wind energy is the kinetic energy associated 

with movement of large masses of air. It is the result of 

temperature, density, and pressure difference due to 

uneven heating of the atmosphere by the sun. It is 

estimated that 1% of the solar radiation is converted to 
kinetic energy of the atmosphere. Thus, wind energy is an 

indirect form of solar energy. It is a renewable, widely 

available and distributed, eco-friendly, free from GHG 

emissions and can be used as an alternative to fossil fuel. 

Wind energy capacity has expanded rapidly to 336GW in 

June,2014 and wind production is 4% of total worldwide 

electricity usage.    

                In India, As of 31st March 2014, the Installed 

capacity is 21136.3MW mainly across Tamil Nadu 

(7,253MW), Gujurat(3,093MW), Maharastra(2,976MW), 

Karnataka(2,113MW),Rajasthan(2,355MW), P(386MW), 

Andhra Pradesh(435MW), Kerela(35.1MW), 
Odisha(2MW), West Bengal(1.1MW) and others 

(3.2MW). Additionally, 6,000MW is planned in 2014. 

Wind energy contributes 8.5% of India's total Installed 

Capacity and generates 1.6% of total.                           

TABLE I 

WIND POWER SCENARIO 

                        In India, As of 31st March 2014, the 

Installed capacity is 21136.3MW mainly across Tamil 

Nadu (7,253MW), Gujurat(3,093MW), 

Maharastra(2,976MW), Karnataka(2,113MW), 

Rajasthan(2,355MW), MP(386MW), Andhra 

Pradesh(435MW), Kerela(35.1MW), Odisha(2MW), West  

 

Bengal(1.1MW) and others (3.2MW). Additionally, 

6,000MW is planned in 2014. Wind energy contributes 

8.5% of India's total Installed Capacity and generates 1.6% 

of total.                           

              Odisha being a coastal state has higher potential 
for wind energy  nearly 1600MW but it is producing 

2MW. It may be due to higher thermal reserve and is a 

power surplus state. Hence, a model is proposed suitable 

for Odisha. 

 

II. LITERATURE SURVEY 

A.  NATURE OF WIND 

It is required to understand the nature of winds to predict 

performance of wind turbine and proper design of 

supporting structure. For power generation, the speed 

required is between 5-25m/sec for 70-80% of time. 

BEAUFORT NUMBER: This scale provides a wind speed 
classification(0-12). 

VARIABILITY: It is classified into Spatial and Temporal 

variation. 

            SPATIAL: It includes climatic regions, physical 

geography, type of vegetations etc. 

           TEMPORAL: It includes geographical variation, 

long term wind speed variation, annual and seasonal 

variations and synoptic & diurnal variation, turbulence and 

extreme wind speeds.  

SOLIDITY: It is the ratio of the projected area of the rotor 

blades on the rotor plane to the swept area of the rotor. 
REYNOLD'S NUMBER: It indicates the nature of flow 

around a body. It is the ratio between Inertia force and 

Viscous force. Laminar flow occurs when Reynold's no is 

low and viscous force are dominant and is characterised by 

smooth, constant and fluid motion. Turbulent flow occurs 

when Inertia force is dominant. In this case, eddies are 

formed. 

B.  CLASSIFICATION OF WIND TURBINES 

Wind turbines are classified into two categories according 

to the orientation of the axis of rotation w.r.t the direction 

of wind i.e Vertical axis wind turbine(VAWT) & 
Horizontal axis wind turbine(HAWT).In VAWT, the axis 

of rotation of wind turbine is perpendicular to the wind. 

They are used in small scale installations. In HAWT, the 
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axis of rotation of these turbines is parallel to the wind. 

These are the modern and mostly used. They are mounted 

on towers so to raise the wind turbine above the ground for 

stronger winds in order to harness more energy.    

C. TYPES OF ROTORS 

 
D. UPWIND AND DOWNWIND M/C 

UPWIND M/C: In this case, rotor is located in-front of the 
tower. It produces higher power as it eliminates tower 

shadow on blades and results in lower noise, lower blade 

fatigue and smoother power output. 

DOWNWIND M/C: The rotor is located behind the tower. 

It allows use of free yaw system 

E. ENERGY ESTIMATION & POWER OUTPUT FROM 

WIND 

The Power estimated is the kinetic energy in per unit time 

and is given by Po=0.5*p*A*(uo^3) where Po=Power 

available in wind per unit area, p=density of the air, 

A=area and uo=Speed of free wind in unperturbed state 

considering no turbulence. The power output of wind 
turbine is given by Po=0.5*p*A*(uo^3)*Cp, where Cp= 

power coefficient. 

F.  POWER COEFFICIENT(Cp) 

The power captured by the wind depends on the upstream 

and downstream velocity of air, rotational speed of turbine 

and blade pitch. The theoretical maximum value of Cp is 

16/27(0.593) called the Betz limit given by a German 

physicist Albert Betz. It is a function of tip speed ratio and 

blade pitch angle which depends on type and operating 

condition of the turbine. This relationship is usually 

provided by the turbine manufacturer in the form of a set 
of non dimensional curves.  

G.  TIP SPEED RATIO 

It is defined as the ratio between speed of the tip of the 

rotor blade to the speed of incoming air. 

TSR=R*w/uo 

where, w=turbine speed in rad/sec and R=radius of blade. 

The variation of Cp with TSR is shown as: 

 
 

H.  GENERATORS USED FOR WIND ENERGY 
EXTRACTION SYSTEM 

 Squirrel Cage Induction Generator(SCIG): It is preferred 

in distributed generation as it has the ability to auto start 

and no need for synchronisation. It is mechanically simple, 

highly efficient and requires low maintenance. 

Permanent Magnet Synchronous Generator(PMSG): When 

PMSG machines are used, the wind generator doesn't need 

to supply excitation system and are connected to grid and 

are widely used in variable speed wind generators for their 

high efficiency and higher generated power to weight ratio 

than induction generators. They have a loss free rotor and 

the power losses are mainly related to the stator windings 

and the stator core. 
Doubly fed Induction Generator(DFIG): Wound rotor 

induction generators(WRIG) are provided with three phase 

windings on the stator and on the rotor. The stator is 

directly connected to the grid while the rotor winding is 

connected via slip rings to the grid through a converter-

inverter combination. WRIG provides constant (regulated) 

voltage and frequency in the stator terminals. The rotor is 

supplied through a static power converter at a variable 

voltage and a variable frequency as per the speed 

variation. 

I. WIND SPEED PREDICTION AND FORECASTING 

STATISTICAL METHODS 
 Persistent Forecast: 

Ýk= Y(k-1) 

nth Order Autoregressive model: 

Ýk= Ʃ aiY(k-i); i=1,...n 

nth Order Autoregressive mth order Moving Average 

model:(ARMA(n,m)) 

Ýk= Ʃ aiY(k-i)+ Ʃbj e(k-j); i=1,...n;j=1,...m 

where, ek= Ýk= Y(k) 

ARMAX model: 

In addition to ARMA model, an exogenous variable 'X' is 

included which influences Ý. 

Model parameters ai & bj can be estimated in various 

ways like Method of Recursive Least Squares(RLS). 

 METEOROLOGICAL METHODS 

It uses detailed analysis and modelling of the atmosphere. 

J.  WIND VELOCITY DISTRIBUTION 

The wind regime is influenced by regional and local 
effects and depends on seasonal and short-time variations. 

Wind velocity varies with height above ground and 

influenced by surface roughness. Assuming stable 

conditions, the dependence of velocity 'V' on height 'Z' is 

given as 

V2(Z2)= V1* {ln(Z2/Z0)/ln(Z1/Z0)} 

where Z0= Roughness length; 

Z0=0.03m for farmland 

     =0.1m for scattered shrubs & trees 

     =0.5-1.6m for forests. 

This equation can be used when calculating the reference 

energy used in the project stage. 

WEIBULL DISTRIBUTION: 

It includes probability density function(PDF) which is 

defined by 

f(x; λ, K) = K/ λ*(x/ λ)^{e^((-x/ λ)^K)}; x>=0 

                =0; x<0 

 

The PDF of a continuous random variable is a function 

that describes the relative likelihood for this random 
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variable to take on a given value. The probability of a 

random variable falling within a particular range of values 

is given by the integral of this variable density over that 

range. 

Pr[a<X<b]= ᶘ f(x).dx ;a<x<b=F(x); 

λ, K=Parameters which affects the distribution. 

K=Shape Parameters which affects the shape of 

distribution rather than simply shifting it. 

λ= Scale Parameters which stretches or shrinks the 

distribution. 
K=1(Weibull Distribution);K=2(Rayleigh Distribution) 

RAYLEIGH  DISTRIBUTION: 

It represents wind speed distribution . 

f(x; λ, K) = 2/ λ*(x/ λ)^{e^((-x/ λ)^2)}; x>=0 

                =0; x<0 

Wind Speed distribution improves estimation of Wind 
Power Potential. 

III.  SYSTEM CONFIGURATION 

LOCATION: BHUBANESWAR,ODISHA,INDIA 

ELEVATION:46m 

LATITUDE: 20.2 deg ; LONGITUDE: 85.8 deg 

AREA =5026 m2 

A.  NATURE OF WIND 

The wind speed of Bhubaneswar for the year of 2014 

varies from 0.278 to 13.07m/sec. Its Beaufort No varies 

from 0 to 6 which indicates calm to strong wind. 

B.  TYPE OF TURBINE USED 
A HAWT is considered having 3 blades rotor. An upwind 

machine is considered as it produces higher power as it 

eliminates tower shadow on blades and results in lower 

noise, lower blade fatigue and smoother power output. 

C. ENERGY ESTIMATION & POWER OUTPUT FROM 

WIND 

Yearly data of wind speed is taken for 2013 and its power 

output and energy is calculated. 
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D.  RESULTS OBTAINED: 

Graph between Speed(m/sec) & Probability, F(U): 

It includes in Y-axis the daily speed in descending order 

and in X-axis the probability obtained from equation 

F(U)= speed/(N+1), where N=No. of days. For yearly 

calculation, N=365. 

 

Graph between Speed(m/sec) & Rate of return: 

It includes in Y-axis the daily speed in descending order 

and in X-axis the rate of return. 

Rate of return= 1/Probability(F(U)) 

 
 

Histogram & Approximate graph between Freq. & Energy 

for 1 year: 

Wind velocity are assigned to 'k' equally distribution 

classes of width ∆v=1m/sec with centre values of 

vi(i=1...k). 

hi= Relative frequency of  wind velocity in the period 

under consideration and is equal to  

hi= ti/T; T=365 days 

The graph includes 'hi' in X-axis & speed(m/sec) in Y-
axis. 
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E.  DIFFERENT PARAMETERS CALCULATION: 

The average wind speed & average power from the yearly 

data of 2013 is obtained as 2.197m/sec & 6.617KW 

respectively. 
TABLE II 

 RELATION BETWEEN ROTOR DIAMETER, ROTOR SPEED & 

RATED POWER 

 
 

In order to get suitable rotor speed in Bhubaneswar whose 

average wind speed is 2.197m/sec, the rotor diameter is 

considered to be 6.4m which comes in the range of small 

wind turbine. Hence, the rated power we can get is 10KW. 

The maximum torque developed on any ideal turbine 

would occur if maximum circumferential force acts on the 

tip of blade with radius R. 

 

Tm= (Po*R)/ uo 

I 

n this case, Tm= (6.617*6.4)/2.197= 19.276Nm. 

Practical Observations indicates Tip Speed ratio, TSR= 

(4∏/n), where n =No. of blades. 

For a 3-bladed turbine, TSR=(4*3.14/3) =4.186. 

For a practical machine where circumferential force is not 

concentrated at the tip but spread through the length of the 
blade, less shaft torque will be produced which is given by  

 

Tsh=CT*Tm 

 

where CT=Torque Coefficient & is gievn by 

CT=Cp/TSR. Maximum CT=Cpmax/TSR  

= 0.593/4.186= 0.142 

Hence, Tsh= 0.142*19.276= 2.737Nm 

 

This can be used as an input to various types of generators 

simulation to get the desired output parameters like 

voltages & current. 

 

F. SIMULATION WITH DIFFERENT GENERATORS: 

 
(Fig.1. SIMULATION WITH IND.  GENERATOR) 

 
(Fig.2. SIMULATION WITH SYN.  GENERATOR) 

 

G. RESULTS OBTAINED WITH DIFFERENT 

GENERATORS: 

The result includes the Voltage generated & Other 
parameters like electromagnetic torque(Nm), rotor 

speed(rad/sec), rotor angle(rad). 

 SIMULATION WITH IND.  GENERATOR 

(Fig.3. Obtained Voltage) 
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(Fig.4. Other Parameters) 

  
SIMULATION WITH SYN. GENERATOR 

(Fig.5. Obtained Voltage) 

 
(Fig.6. Other Parameters) 

 

IV. WIND ENERGY AND THE ENVIRONMENT 

A.  POSITIVE BENIFITS OF WIND ENERGY 

It doesn't involves combustion or nuclear reaction, it is 

pollution free. It is renewable and plentiful. It can be 

installed in remote areas, in mountains and coastal regions. 

It omits the release of GHG associated with fossil fuels. 

The general equation for estimating the reduction in 

emitted gas is: 

Gas emission reduction(in tonnes)= A*0.8*h*KG 

where A=rated capacity of development in KW, h=No. of 

operational hrs per year=8760hrs, KG=specific gas 

constant. 

A=10KW; 

CO2 emission reduction(in tonnes)= 

10*0.8*8760*862/1000000= 60.4 
SO2 emission reduction(in tonnes)= 

10*0.8*8760*9.9/1000000= 0.693 

NO2 emission reduction(in tonnes)= 

10*0.8*8760*2.8125/1000000= 0.0197 

B.  NEGATIVE IMPACTS  OF WIND ENERGY 

NOISE: 

The moving parts in wind turbine creates noise. Well 

developed technology and well designed wind turbines are 

generally quiet in operation compared to noise of road 

traffic, trains, aircrafts etc. 

TABLE III 

 DIFF. SOURCES & THEIR NOISE LEVELS IN DB 

 
There are two potential sources of noise related to wind 

turbines; the turbine blades passing through the air as the 

hub rotates and the gearbox and the generator. Noise from 

the blades is minimised by careful attention to the design 

and manufacturer of the blades. The noise from the 

gearbox and generator is controlled using the sound 

insulation and isolation materials. 

OTHER FACTORS 

Other factors which are associated with wind energy are 

Bird kill, Visual impacts, Shadow flicker & 
communication interference. 

              A number of national wind energy associations 

have established detailed best practiced guidelines for 

development of wind farms including visual impacts. 

 

V. CONCLUSION 

In this paper, a detailed analysis of  wind energy 

parameters at a specified location  are presented and 

different constraints affecting it are figured. Then, an 

yearly data in that location is obtained and various 

calculations are done. Then, it is simulated & results are 

studied. Its affect on the environment is also taken into 
account. 
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