"CONTENTS

Page no.

LIST OF TABLES ‘ ' ii
LIST OF FIGURES iii

1. INTRODUCTION
1.1  Wind Power : An Overview
1.2 Wind Monitoring Programme in India
1.3 The Meteorology of Winds
1.4  Wind Power Potential
1.5 Objectives
1.6 Methodology

W W N —

2.  REVIEW OF LITERATURE

3.  ESTIMATION OF WEIBULL PARAMETERS
3.1 Representation of wind speeds
3.2 Distribution of wind velocity
3.3 Methods used for the estimation of Weibull Parameters
3.4 Selection of the best method(s) for the estimation of k and ¢
3.5 Results & Discussion

wn

— = \0 00 I}

1
2

4. CAPACITY FACTOR ANALYSIS AND ESTIMATION OF ENERGY

GENERATION
4.1 Power Curve of a wind turbine 24
4.2 Details of Wind machine 25
4.3 Hours of wind speed avallablhty between cut-in and

cut-out speeds 27
4.4 Energy Generation and Capacity Factor at a 51te 27
4.5 Results and Discussion 28

5.  ECONOMIC ANALYSIS

5.1 TImportance of Economic Analysis 37
5.2 Parameters involved in wind power economics 37
5.3 Dependence of Cost of Generation on Capacity Factor & Energy
Generation ‘ 38
5.4 Parameters and assumptions considered for the study 38
5.5 Results and Discussion 39
6. CONCLUSIONS ' 42

REFERENCES 43



LIST OF TABLES

Table Particulars

Page No.

1.1 Wind monitoring programme for the NE region 3
3.1 Reference frequency data for a duration of one year for a site 13
3.2 Estimation of k and ¢ by Graphical Method 14
3.3  Determination of k and ¢ by EPF Method 15
3.4  Values of k and c for the reference data as obtained by

different methods 15
3.5 Calculation of Co-efficient of Determination (R?) and

Root-Mean-Square-Error (RMSE) for Graphical Method 16
3.6 Calculation of R? and RMSE for Least Squares Linearization Method 17
3.7 Calculation of R* and RMSE for Standard Deviation Method 18
3.8  Calculation of R2 and RMSE for Justus Approximation 19
3.9  Calculation of R? and RMSE for Maximum Likelihood Method 20
3.10 Calculation of R2 and RMSE for EPF Method 21
3.11 Comparison of R* and RMSE values for different methods 22
3.12  Estimation of wind power density at various sites 23
4.1 Machine data 24
4.2  System specifications — V29 (225 kW) 25
43 System specifications — PWT10000 (10 kW) 25
4.4 System specifications — PWT50000 (5 kW) 26
45 System specifications — PWT400 (400 watt) 27
4.6 Hours of wind speed between u. = 3.5 m/s and u,= 25 m/s for 225 kW 28
4.7 Hours of wind speed between u. = 2.5 m/s and u, = 20 m/s for 400 W 29
4.8 Hours of wind speed between u. = 2.5 m/s and u,= 15 m/s for 10 kW 30
4.9  Capacity Factors and Annual Energy Generation for 225 kW 31
4.10  Capacity Factors and Annual Energy Generation for 400 W 32
4.11  Capacity Factors and Annual Energy Generation for 5 kW 33
4.12  Capacity Factors and Annual Energy Generation for 10 kW 34
5.1 Cost data for machines 39
5.2 ALC for 400 W system at different sites 39
53 ALC for 5 kW system at different sites - 39
54 ALC for 10 kW system at different sites 40
5.5 41

Comparison of ALC of two machines



LIST OF FIGURES

Figure Particulars Page No.
3.1 Typical time series distribution (30 s duration) 7
32 Typical monthly average wind speed 7
33 Typical wind speed frequency distribution 8
34 Weibull Probability Density Function at ¢ = 1 9
35 Determination of k and ¢ by Graphical Method 15
3.6 Probability Density Functions (f(u;)) for six different methods 22
compared to probability of observed data
4.1 Power Curve of a typical WEG 24
4.2 Power curve of V-29 (225 kW) 25
43 Power curve of PWT-10000 (10 kW) 26
4.4 Power curve of PWT-5000 (5 kW) 26
4.5 Power curve of PWT-400 (0.4 kW) 27
4.6 Capacity Factors of different machines at different sites 34
5.1 ALC of different machines at different sites 40



