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Abstract 
 
Wind power diffusion analysis of a state is very important for forming the 

wind policy of state government. In the present paper Particle Swarm 

Optimization (PSO) based optimized Artificial Neural Network (ANN) is 

used for wind power diffusion of Rajasthan state of India. Seven policy 

parameters are selected and effect of these policy parameters on wind power 

installation in Rajasthan state of India is analysed using PSO based ANN. In 

the ANN POS algorithm, the weight factors are determined in such a way 

that the sum of square of error between input and target is minimized. Using 

this technique the ANN is trained and this trained network is used for 

forecasting the future diffusion of wind power. It is found that tariff rate 

mainly influenced the diffusion of wind power in Rajasthan. So by enhancing 

this policy parameter, Rajasthan can achieve its ultimate wind power 

installation much earlier. 

 

Key words: Particle Swarm Optimization, Artificial Neural Network, 

Technology Diffusion, wind power, policy parameter. 
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1 Introduction 
 

The structure of economics of wind energy project requires huge capital 

investment compared to conventional sector of power plants and payback 

period in this industry is very long. Considering these, the government offers 

inducements to individual investors for investing money in wind energy. The 

wind power installed in a particular state depends on the facility, assistance, 

resources and incentives provided by state government such as in the form of 

land acquisition, wheeling, tax relief and other incentives. Individual states of 

India have varying policy measures to encourage growth of the wind power 

sectors which had resulted in to different rates of diffusion of wind energy in 

different states. So the model for analysing wind energy diffusion should 

recognize overt relationship between the diffusion parameters and policies to 

study the impact of different policy parameters on the power generation 

capacity.  In the present paper an attempt is made to study the effect of 

different policy parameters such as land availability, preferential tariffs, 

wheeling and banking, Third Party Sales (TPS) and state specific incentives 

to the technology diffusion and growth of wind power in Rajasthan state of 

India. Wind policy parameters are discussed in section 3 and methodology 

for computing policy score are discussed in section 4. Estimation for weights 

for diffusion factors and ANN network for diffusion analysis is discussed in 

section 5 and 6 respectively. Finally result and conclusion are discussed.  

 

2 Literature Survey 
 

Rao U et al. [1] presented wind power technology diffusion analysis in 

selected states of India. Using mixed influence Bass model, the diffusion 

parameter were obtained for each State. It was found that there is a 

correlation between the diffusion parameters and the composite policy index. 

Johana I L et al. [2] examined the importance of national and sub-national 

policies in supporting the development of successful global wind turbine 

manufacturing companies. It is found that policies that offer incentives for 

wind power technology are most likely to result in the establishment of an 

internationally competitive wind industry. Timilsina G R [3] et al. concluded 

that the economic competitiveness of wind power varies at wider range 

across countries or locations. Mani S et al. [4] reviewed of the offshore wind 

energy policies of the UK and Germany on consent procedures, financial 

incentives and grid connectivity and recommends best of breed policies for 

India to grow the offshore wind energy sector in the country. Researchers 

have stressed the need to have different policies tailored to meet the 

requirements of different sources of renewable energy. Saidur R [5] et al. 

discussed the existing successful energy policies for few selected countries. It 

was found out that energy policy could help increasing wind power 

generation.  
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Mani S. [6] et al. Suggested that India needs a policy frame work to 

encourage the development of offshore wind farms. Like several European 

countries to accelerate the growth of offshore wind energy sector.  

The above review of effect of policy parameters on technology diffusion 

of wind power illustrates that worldwide, the growth of wind energy has been 

only due to intervention of government in terms of certain policy factors  

 

3 Wind Policy Parameters  
 

There are several policy measures contributing to the promotion of wind 

energy. Among the key policy measures the vital issues are the availability of 

land at affordable rates, Tariff, Wheeling, Banking, RPO, TPS, electricity 

duty exemption. These parameters catch the attention of investors 

prominently. So in this paper following seven policy parameters have taken 

to study the diffusion of wind power in Rajasthan state.  

 

3.1 Land Availability 
 

It is the most important parameter of state wind policy. It depends on 

factors like speed, turbine’s hub-height and topography.  

 

3.2 Tariff 
 

These are the charge paid by the utility per kWh to a wind power 

producer.  

 

3.3 Wheeling Charges 
 

It is the transmission costs charged by the utility for allowing the power 

producer to generate electricity at one point and utilize it at another point 

using the grid lines.  

 

3.4 Banking 
 

Banking is an agreement between a renewable energy producer and state 

level power distribution company (DISCOM). The bank is not a physical 

energy storage facility but rather, energy is virtually banked through 

accounting methods.  

 

3.5 Third Party Sales (TPS) 
 

Some state governments allow the wind power producer to sell electricity 

to a third party other than the State Electricity Board (SEB) or the 

Distribution Companies.  
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3.6 Electricity Duty Exemption 
 

This is the relaxation in electricity duty.  

 

3.7 Renewable Purchase Obligations (RPO) 
 

Under this obligation consumers who consume electricity above a certain 

defined limit, have to purchase a fixed part of their electricity from 

renewable energy sources.  

Each policy parameter has preference over other for installing a wind 

power project. Wind energy technologies are land intensive in nature, so the 

most important parameter is the land allotment policy. After land the second 

important parameter for wind power producer is tariff. Electricity Duty 

Exemption, being a small amount, is least important amongst the seven 

policy parameters for wind power producer. Table 1 shows the preference of 

different policy parameters for the wind power diffusion.  

 
Table 1: Preference of Policy Parameters for Wind Power Diffusion 
Preference No Policy 

1 Land allotment policy 

2 Tariff 

3 Wheeling 

4 Renewable Purchase Obligation 

5 Banking 

6 Third Party Sale 

7 Electricity duty exemption 

 

4 Data Preparation 
 

For analyzing the effect of policy parameters on wind power diffusion a 

score is given to each parameter. The scoring of land policy is given on the 

basis of easiness of acquiring land from state government as explain in Table 

2. 
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Table 2: Methodology for Computing Land Policy Score 

SN Land Allotment Policy Score  Remark 

1 No clear Land Policy 1 --- 

2 
Plant can be set up on 

Forest land 
2 

As time required from the concerned 

departments of the state government 

to procure/ lease the land  

3 
Plant can be set up on 

Forest land/Barren land 
3 

As time required from the concerned 

departments of the state government 

to procure/ lease the land 

4 

Plant can be set up on 

Forest land/Barren land/ private 

land 

4 

As private land can be purchased on 

mutually agreeable terms, no time 

require, can be available near urban 

area  

5 

Plant can be set up on 

Forest land/Barren land/ private 

land/ Agriculture land 

5 As agriculture land is also available 

6 

Plant can be set up on 

Forest land/Barren/private 

/Agriculture land with non- 

Agriculture status 

6 

As no approval is required for 

expanding the  infrastructure on non- 

Agriculture land 

 

7 
Same as above with single 

window  
7 

As purchase of land does not require 

multiple approvals and allotment with 

in a time limit 

8 

Plant can be set up on 

Forest land/ Barren land/private 

land/Agriculture land with single 

window and non- Agriculture 

status 

8 

As have the advantages of single 

window clearance and non-

Agriculture status. 

9 
Same as above with nominal 

charges 
9 

As land is available at nominal 

charges. 

10 

Forest land/ Barren land/Revenue 

land with nominal rates with no 

conversion charge 

10 

As land is readily available with 

nominal charge with no conversion 

charge 

 

The detailed wind policy of Rajasthan state from financial year 2002-

2003 to year 2018-2019 is given in [7-8]. The ultimate wind potential of 

Rajasthan as estimated by National institute of wind energy is 5400 MW at 

50 meter height [9]. The scoring of various policy parameters other than land 

can be computed as in Table 3. 
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Table 3: Methodology for Computing Policy Score other than Land 

SN Policy Parameters Methodology 

1 Tariff Charges 

The actual tariff rate in INR/KWH has been 

chosen as tariff score in a particular year.  

 

2 Wheeling Charges 

1 percent of wheeling charges has been assigned 

as 10 score points, while 10 percent wheeling 

charges has been assigned as 1 score point .  

3 Banking 

Twelve months of banking period has been taken 

as banking score of 10 and one month of banking 

period has been taken as banking score of 10/12 = 

0.83 score.  

 

4 RPO 

The actual RPO (in percentage) is taken as score. 

The zero percentage of RPO is taken as score of 

one.  

 

5 TPS 

If Third Party Sale is allowed then TPS score is 

taken as 10 otherwise score is taken as 1 

 

6 
Electricity Duty 

Exemption 

If Electricity Duty is exempted for first 1- 5 year 

then score = 2, if Electricity Duty is exempted for 

first 6- 10 year then score = 4 and so on. If Duty is 

exempted above 20 yr then score=10   

If Electricity Duty is not exemption then score= 1 

 

 

Using the detailed wind policy of Rajasthan state from financial year 

2002-2003 to year 2018-2019  and the mythology for computing score as in 

Table 3 , the score of various policy parameters for Rajasthan state can be 

find out as in Table 4.  
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Table 4: Score of various policy parameters for Rajasthan 

S

N 

Yea

r 

Lan

d 
Tariff Wheeling 

Banki

ng 
RPO TPS 

Electricit

y Duty 

Exemptio

n 

1 2003 9 3.18 5.00 10.00 1.00 10 2 

2 2004 9 3.32 1.00 5.00 1.00 10 2 

3 2005 9 3.55 1.00 5.00 1.00 10 2 

4 2006 9 3.55 1.00 5.00 1.00 10 2 

5 2007 9 3.55 1.00 5.00 1.00 10 4 

6 2008 10 3.89 1.00 5.00 4.88 10 4 

7 2009 10 3.89 1.00 5.00 6.25 10 4 

8 2010 10 4.10 1.00 5.00 7.45 10 4 

9 2011 10 4.28 7.80 5.00 8.50 10 4 

10 2012 10 4.46 8.10 5.00 6.00 10 4 

11 2013 10 5.13 9.30 5.00 7.10 10 10 

12 2014 10 5.38 9.80 5.00 8.20 10 10 

13 2015 10 5.57 10.00 5.00 7.50 10 10 

14 2016 10 5.34 9.70 5.00 8.20 10 10 

15 2017 10 5.46 10.00 5.00 8.90 10 10 

16 2018 10 5.39 9.42 5.00 9.50 10 10 

17 2019 10 5.39 9.42 5.00 8.60 10 10 

 

For analyzing the effect of policy parameters on wind power diffusion a 

weighted score is given to each parameter comparing it to the other 

parameters depending on its importance compare to other parameters. This is 

discussed in next section. 
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5 Estimation for Weights for Diffusion Factors 
 

For analyzing the consequence of policy parameters on wind power 

diffusion a weighted score is given to each parameter by comparing it to the 

other parameters depending on its importance compare to other parameters 

[1, 10]. Each policy parameter is assigned a weight by mutual comparison.  

Comparison of each policy parameter with the other is done as per the 

preferences given in Table 1. A basic score of 1 is given to each parameter. 

Score of 2 or 3 is given on heuristic judgement i.e. depending on whether the 

difference in the importance of the two policy parameter is small or large. 

Further, these relative weight factors of each policy parameters is added 

horizontally and finally divided by total weight factor so that percentage 

effect of each policy parameters compared to others is achieved. This 

percentage weight indicates the relative importance of one parameter with 

others. The calculation of weight is explained in Table 5. 

 
Table 5: Calculation of Weight for different Policy Parameters 

WEIGHT 1 2 3 4 5 6 7 
Total 

Weight 

Percent

age 

Weight 

1. Land policy      1        3       3        3          3         3          3 

2. Tariff                          1       3        3          3         2          2 

3. Wheeling                             1        3          3         2          2 

4. Banking                                         1          3         2          2 

5. RPO                                                            1        2          2 

6.Third Party Sale                                                     1          3 

7.Electricity duty exemption                                                1 

 

19 

14 

11 

8 

5 

4 

1 

 

30.6 

22.6 

17.7 

12.9 

8.1 

6.5 

1.6 

 

Total 62 100 

 

Multiplying the policy parameters score tabulated in Table 3 and Table 4 

by their respective weight the weighted policy score is find out as shown in 

Table 6. 
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Table 6: Weighted Score of various Policy Parameters for Rajasthan 

SN Year Land Tariff Wheeling Banking RPO 
TP

S 

Elect. 

Duty 

Exempt. 

1 2003 275.4 71.868 88.500 129.0 8.10 65 3.2 

2 2004 275.4 75.032 17.700 64.5 8.10 65 3.2 

3 2005 275.4 80.230 17.700 64.5 8.10 65 3.2 

4 2006 275.4 80.230 17.700 64.5 8.10 65 3.2 

5 2007 275.4 80.230 17.700 64.5 8.10 65 6.4 

6 2008 306.0 87.914 17.700 64.5 39.53 65 6.4 

7 2009 306.0 87.914 17.700 64.5 50.63 65 6.4 

8 2010 306.0 92.660 17.700 64.5 60.35 65 6.4 

9 2011 306.0 96.728 138.237 64.5 68.85 65 6.4 

10 2012 306.0 100.796 143.901 64.5 48.60 65 6.4 

11 2013 306.0 115.938 165.495 64.5 57.51 65 16 

12 2014 306.0 121.588 173.460 64.5 66.42 65 16 

13 2015 306.0 125.882 177.700 64.5 60.75 65 16 

14 2016 306.0 120.684 171.867 64.5 66.42 65 16 

15 2017 306.0 123.396 177.700 64.5 72.09 65 16 

16 2018 306.0 121.814 177.000 64.5 76.95 65 16 

17 2019 306.0 121.814 177.000 64.5 69.66 65 16 

 

6 Particle Swarm Optimization of Artificial Neural Network 
for Wind Power Diffusion Analysis 
 

The Artificial Neural Network (ANN) has been applied in various fields 

such as regression, pattern recognition, forecasting, function approximations 

and face recognition. The system of Artificial ANN is composed of neurons 

which are organized in input, output, and hidden layers. The neurons are 

connected to each other by a set of synaptic weights. During the learning 

process, the ANN continuously changes their synaptic values until a definite 

number of iterations are reached or until an objective error value is achieved. 

The Back Propagation (BP) algorithm is the most common method used for 

training neural networks. It is based on gradient information of objective 

function so its training convergence speed is very slow and it also prone to 

getting trapped in local optimum solutions,  

For training an ANN a number of other classic algorithms have been 

developed and reported [11]. However, many of them return in non desirable 

infeasible solutions; that is, they will be far from the optimum or the best 

solution. Bio-inspired algorithms such as, Particle Swam Optimisation (PSO) 

has been used by many researchers for training ANN [12-14]. PSO is well 

acceptable by the Artificial Intelligence as they are powerful optimization 

tools and can solve very complex optimization problems. 
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Compare to Back Propagation (BP) algorithm, PSO shows faster 

convergence [15-16].In this paper Particle Swam Optimisation is applied for 

training Artificial Neural Network. For the purpose of diffusion analysis the 

years i.e. from 2003 to 2019 and weighted policy score, for all seven major 

policy parameters have been taken as input data. The cumulative wind power 

installations from year 2003 to 2019 have been taken as target data. As ANN 

need a large number of data to train the network and in the present case we 

have limited data available for the output target i.e. yearly cumulative wind 

power installation between years 2003 to 2019. Since the month wise data 

about installation of wind power plant are not available therefore, the yearly 

data are broken into 12 months data just dividing by 12 so that average wind 

power installation for each month is known. In all 180 data were recreated in 

which every 12
th
 data represents the cumulative wind power installation of 

that year.  

The input and target datasets are prepared in Microsoft Excel (.xlsx) 

which is used to train the network. The MATLAB is used to write script files 

for developing PSO ANN models. Figure 1 shows the procedural steps to 

develop the ANN-PSO programme 

 
 
Figure 1: Flow Chart to Develop Artificial Neural Network Programme using PSO 
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7 Results  
 

In Rajasthan, the land and third party sale (TPS) policy are stable for 

year 2003 to 2019, while other policy parameters have been tweaked from 

time to time to make it favourable to wind power producer. The wind power 

diffusion analysis for Rajasthan state has been performed using the Artificial 

Neural Network Particle Swarm Optimization (ANN-PSO) algorithm 

described in section 5. Figure 2 shows the regression plot of neural network 

training for Rajasthan. This Figure exhibits an excellent fit of output values 

on target values with regression coefficient of 0.99798. So the trained 

network can be utilized for diffusion analysis of wind power by varying 

different policy parameters. 
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Figure 2: Regression Plot of ANN for Rajasthan 

Using the above trained network, the future forecasting of wind power 

installation capacity from year 2020 onwards have been done. The forecasted 

data from 2018 to 2040 are reported in Figure 3. This forecasting is based on 

assumption that the wind energy policy of year 2019 is prolonged for 

subsequent years. This Figure reveals that from year 2029, the saturation 

stage of wind power will start with cumulative installed wind power of 5052 

MW.  
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Figure 3: Diffusion of Wind Power for Rajasthan when current policy is Continued 

 

Rajasthan can attain its ultimate potential much earlier than the year 

2029 if best policy parameters are acquired. Best policy parameters are found 

by varying input policy parameters to the trained ANN network and 

identifying the parameters which give ultimate potential much earlier than 

the year 2029. The results obtained are as follows- 

With the increase in Land Score no significant change in forecasted wind 

power installation is noticed. However it is worth to mention that the 

maximum land score is already achieved in year 2019. Hence the land policy 

of Rajasthan needs to be continued.Iincreasing the tariff rate forecasted wind 

power installation increases. With the tariff rate of 5.8 Rs/KWH the 

saturation of wind power installation occur in year 2024 with power of 5043 

MW. Figure 4 shows the forecasted wind power for Rajasthan with Tariff 

rate= 5.8 Rs/KWH  

 
Figure 4: Diffusion of Wind Power for Rajasthan when Tariff is 5.8 Rs/KWH 
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 With the increase in wheeling score no sizeable change in 

forecasted wind power installation is noticed. However the wheeling charges 

in Rajasthan form year 2013, is near about 1% of feed energy which is lower. 

Hence the wheeling policy of Rajasthan needs to be continued. 

 With the increase in banking score and RPO score no 

considerable changes in future forecasted value of wind power installation is 

observed. 

 With the increase in Electricity Duty Exemption Score no 

significant change in diffusion of wind power installation is noticed. In 

Rajasthan electricity duty exemption for first 20 years of installation of plant 

is already applicable, which, in most of cases, is almost equal or more than 

the life of wind power plant. Therefore, the maximum score of 10 has already 

been assigned.  

From above result it is concluded that by changing tariff score the target 

of wind installation can be achieved earlier in Rajasthan state. Accordingly 

the following changes in policies are recommended- 

 The current wind energy tariff policy needs to review and it 

should be increased to 5.8 Rs/KWH. 

 

8 Conclusions 
 

In this paper the effect of different policy parameters on wind power 

diffusion of Rajasthan state of India is analyzed using Artificial Neural 

Network with Particle Swarm Optimization. It is found that out of the seven 

policy parameters studied tariff rate mainly influenced the diffusion of wind 

power in Rajasthan. So by enhancing this policy parameter, Rajasthan can 

achieve its ultimate wind power installation much earlier.  
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