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Abstract 
 

The development of megawatt class turbines has led to the improvement of wind turbine technology and design. Re-powering in wind 
energy is a concept to replace and reduce the number of installed old wind turbines of lower capacity by modern turbines of h igher 
capacity. It intends to generate the highest possible constant output power under all wind speed conditions. This research paper portrays 
economic viewpoints of the repowering procedure for different wind farms. The availability of wind energy in many regions of India 
encouraged a developing interest in the field of renewable energy and as a consequence this procedure was generated. Before 1998 all the 
equipments used in relevant research sites were outdated and low powered. But now modern wind turbines with higher efficiency are 
available to generate more power using considerably reduced infrastructure. This research work proves that repowering is a productive 
attempt for such old wind farms by using MATLAB (Matrix Laboratory) programming. Wind energy technology is favored due to the 

benefits of environment friendliness, relativity less installation time and economic competitiveness. A detailed study of necessary 
performance indices to determine the reliability and performance of a particular wind farm for repowering is done in this research work. 
An old wind farm located at Jamgodrani Hills, which is in a central part of India, is selected to study the implementation of repowering.   
This wind farm was commissioned in 1990 with a capacity of approximately 13.05 MW consisting of 58 wind turbines of 225 kW 
capacity each. 
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1. Introduction 

The technique of Repowering is a way to increase the total 
available power of the wind farms provided that the new wind 
turbines used are of a greater proficiency. Location mapping of 
new installations is involved in repowering a wind farm with the 
aim of expanding, altering and/or upgrading the hardware for ideal 
limit or effectiveness and augmenting its administration life and/or 
expanding its power, execution or accessibility. The installations 
are revamped for extending the service life of the wind farm and 
to obtain optimum capacity or efficiency. 

Advantages 

Given the constant advances made in wind and generator 
technology, it is now possible for the same site to have a much 
higher energy production with new machines. They are quieter, 
their efficiency is higher (2 or 3 MW), and their start-up speeds 
(winds of 2.5-3 m/s) are much lower when compared to older 
turbines (0.1-0.65 MW, with start-up wind speed of 5 m/s). 

Moreover, higher hubs on the new machines make it easier to 
exploit the wind at greater heights. For this reason, repowering a 
wind farm leads to a considerable increase in farm production, 
although the number of generators installed is reduced. Another 
benefit is that since the new installations work at lower speeds, 

their appearance is more calming making their utilization more 
feasible. Therefore repowered sites are more productive with 
fewer machines. Other advantages of wind farm repowering are as 
follows: 
 

 It offers improved grid interactions and support. 

 High-value resource areas are better utilized. 

 It reduces visual impacts significantly as there are fewer 

turbines per overall capacity. 
 
However, until the project is completely finished, the revenue will 
be lost temporarily. Hence the current grid facilities may require 

augmentation and upgrading as they are designed to support 
present generation capacities. 
The rest of the paper is organized as follows. Site selection and 
characteristics are explained in section II. Experimental results are 
presented in section III. Concluding remarks are given in section 
IV. 

2. Site Selection and Characteristics 

Study of jamgodrani wind farm  

Since this paper is intended to research the aspects of repowering 
the wind farm of Jamgodrani, this section presents the physical 
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characteristics which involves the geological and wind properties 
and electrical characteristics of the current wind turbines. 

Physical Characteristics  

The Jamgodrani wind farm is located in district Dewas of state 
Madhya Pradesh in central India. The geographical coordinates of 
the farm is a latitude of 22º 59' 9'', a longitude of 76º 9'5 6.5'' and 
at an altitude of 580 m from the sea level. The factors which may 
impact the characteristics of wind are urban cities Indore and 
Ujjain which are closest to the wind farm and the Kshipra River. 

The wind farm covers an area of approximately 12000 square 
meters which has non-uniform surfaces and contains a number of 
small water pools, farm lands and some manmade developments 
as shown in figure 1. 

Digitized at AutoCAD

Map No. F43E4

Scale: 1: 50,000

Contour Interval : 5 m

Source: Survey of India 

 
Figure 1: Contour map of research site 

 

Table 1: Specifications of Existing and Proposed Turbines 

 

Electrical Characteristics 

The existing wind farm of the Jamgodarani project contains 58 
numbers of turbines of 225 kW each which gives a total capacity 
of 13.05 MW. Now to get the same capacity we needed 7 numbers 
of modern wind turbines i.e. 13.05/2≈7 turbines of 2 MW each. 

The power analysis 

Table 2: Comparative AEP and CUF Analysis 

BEFORE REPOWERING 

a. Annual Energy Production (AEP)  114.186 GWhr per 

year 

b. The actual Annual Energy Output is 14.03 GWhr per year 

c. Capacity Utilization Factor (CUF) [c = b / 

a] 

12.26 %  

AFTER REPOWERING 

a. Annual Energy Production (AEP) 122.640 GWhr per 

year 

b. The actual Annual Energy Output is 27.727 GWhr per year 

c. Capacity Utilization Factor (CUF) [c = b / 

a] 
22.61 %  

The theoretical maximum annual energy production (AEP) is 

given by    
 

𝐴𝐸𝑃𝑚𝑎𝑥 =
(𝑅×𝑁×24×365)

1000
𝑘𝑊ℎ                                                     [1] 

 
While the actual annual energy production is given by 
 

𝐴𝐸𝑃 = (∑ 𝑊(𝑚) × 𝑃(𝑚)𝑚∈𝑀 ) ×
𝑁×24×365

1000
𝑘𝑊ℎ                                [2] 

 
Where,  
𝑅 = Rating of turbine. 

𝑁 = Number of turbines. 

𝑊 = Weibull Distribution. 

𝑃 = Power Curve of Turbine. 

𝑀 = Values of discrete wind speeds at which 𝑊 and 𝑃 are 

calculated. 
The analysis shows that repowering can increase the capacity 
utilization factor from 12.26 % to 22.61 % hence about 10% boost 
could be achieved.  

3. Experiment and Results  

 
Figure 2: Comparsion graph for cummulative distribution function (CDF) 

Wind Speed Probability Distribution Function (PDF) 

and Weibull Cummulative Distribution Function (CDF)  

  
Figure 3: Wind speed function at 10 meter height 

 

 
Figure 4: Wind speed function at 10 meter height  

 

       
Figure 5: Wind speed function at 30 meter height 
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Figure 6: Wind speed function at 30 meter height      

 

            
Figure 7: Wind speed function at 80 meter height 

 

                           
 Figure 8: Wind speed function at 80 meter height                                                   

 
Figure 9: Comparsion graph for Weibull Distribution Function  

Extrapolation of Wind Speed 

Wind speed measuring instruments in local weather station are 
generally placed at a single height (as we have taken at 10 m). But 

different applications need this data at different heights hence it is 
usually required to interpolate the measurements to the required 
height. The most commonly used and the simplest of these 
expressions is the Hellmann Exponential Law (also known as the 
Power Law) that correlates the wind speed readings at two 
different heights and is expressed by: 
 
𝑣

𝑣0
= (

𝐻

𝐻0
)

𝛼

                                                                                           (3) 

 

In which 𝑣 is the speed to the height 𝐻, 𝑣0  is the speed to the 

height 𝐻0 (frequently referred to as a 10-metre height) and 𝛼 is the 
friction coefficient or Hellman exponent. This coefficient is a 

function of the topography at a specific site and frequently 
assumed as a value of 1/7 for open land. The value of 𝛼 for 

different Landscape type is presented in table 3. 
 

 

 

Table 3: Friction Coefficient or Hellman Exponent Value [6] 

Landscape type 𝜶 

Lakes, ocean, smooth ground 0.1 

Grasslands (ground level)   0.15 

Tall crops, hedges and shrubs 0.2 

Heavily forested land 0.25 

Small town with some trees  0.3 

City with high rise buildings 0.40 

Weibull Distribution 

The Weibull distribution is a two-variable function used to fit the 
wind speed vs. frequency distribution (the wind speed probability 
density function), also known as wind speed distribution [7].  
The Weibull function (equation 2) provides a convenient 
representation of the wind speed data for wind energy calculation 
[1]. 
 

𝑃𝐷𝐹(𝑣) = (
𝑘

𝑐
) (

𝑣

𝑐
)

𝑘−1

𝑒−(
𝑣
𝑐

)
𝑘

                                                           (4) 

 
The cumulative distribution is given by 
 

𝐶𝐷𝐹(𝑣) = 1 − 𝑒−(
𝑣
𝑐

)
𝑘

                                                                          (5) 

 
Where 𝑣 is the wind speed, 𝑘 is the shape parameter and 𝑐 is the 

scale parameter (Zhang, W., Markfort, C.D., Porté-Agel, F., 
2013). 
The estimation of weibull parameters for a given wind speed 
distribution can be calculated by using maximum likelihood 
method as follows: 
 

𝑘 = (
∑ 𝑣𝑖

𝑘 ln(𝑣𝑖)𝑛
𝑖=1

∑ 𝑣𝑖
𝑘𝑛

𝑖=1

−
∑ ln(𝑣𝑖)𝑛

𝑖=1

𝑛
)

−1

                                           (6) 

 

𝑐 = (
1

𝑛
∑ 𝑣𝑖

𝑘
𝑛

𝑖=1
)

1
𝑘

                                                                               (7) 

 
Where 𝑛 is the non-zero wind speeds for which the wind speed 

distribution is given. The technique runs iteratively by taking 
initial guess for 𝑘. 

4. Conclusion 

This research paper presented both the financial and electrical 
aspects of repowering the Jamgodarani wind farm. By using 
MATLAB programming we analysed the power output and 

efficiency obtained by using different heights. The paper pointed 
out a number of advantages in this analysis showing that 
repowering of the considered wind farm could increase its Annual 
Energy Production (AEP) by 10% (from 12.26 % to 22.61 %) at 
the same time reducing the number of turbines presently in use 
from 58 to only 7, which also reduces the environmental impact. 
Considering the economic aspects, the calculation shows that the 
repowering cost can be recovered within 8 years and 7 months, 

while we did not consider the scrap cost of old systems. 
Government subsidies are also helpful in reducing the cost burden 
of repowering. This research work shows that repowering is a 
profitable investment in electrical, economic and environmental 
aspects. 
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