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Abstract

The planning and implementation of large-scale projects such as wind farms can have significant 
impacts on the perceptions and attitudes of people. Many times, it is necessary to consider the scope 
of social inclusion in a democratic decision making system. In this study, a questionnaire survey was 
conducted to assess the public opinion on health impacts, energy costs, environmental impacts and 
social developments associated with a wind farm located in the neighborhood of Gudimangalam, Tamil 
Nadu in India. The overall weightage of concerns obtained were mainly about health and environment 
in terms of higher noise levels (87%), visual obstructions (45%), obstructions to the movement of birds 
(43%) and dust accumulation (35%). A comprehensive response score was formulated for the responses 
pertaining to various demographic attributes. The critical impacts of environmental and social aspects 
were obtained based on the observed variations in weightage. Further, the study highlights the key 
aspects of changing socio-economic structure influencing the formation and representation of common 
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Introduction

The renewable energy sector is facing a complex 
paradox while dealing with the ever-increasing rate of 
energy demand despite its pursuits to combat the adverse 
environmental impacts from the non-conventional 
resources utilization practices. Among the available 
renewable energy sources (solar, wind, biomass, 
tidal, microbial fuel cells etc.), wind energy proves 
to be promising for large-scale applications due to its 
technical maturity, commercial readiness, environment-
friendliness, ease of availability and accessibility  
[1-3]. It is also considered as the energy source for green 
technology due to its minimal negative environmental 
effects. That is to say, the net environmental impacts 
of wind energy plants (wind farms) are preferably 
articulated towards a positive campaigning with the 
scope of achieving emission-free, low cost and socially 
acceptable solutions capable of reframing the energy 
business infrastructure for the future [4].

Some of the commonly reported problems associated 
with wind farms include noise produced from the rotor 
blades [5-6], death of birds [7], obstruction to bats 
[8] and other visual impacts [8-9]. In some cases, the 
avian mortality incidents were also correlated with the 
impacts of lightning, weather and wind tower design 
[10-13]. Birol et al. [14] have reported that even small 
wind-farm fatalities can pose a considerable extinction 
threat on the long-living species. However, apart from 
the ecological perspective, these problems seem to 
have serious social impacts for a highly populated 
and agriculture-based country like India where public 
perception can be quite diversified and unleash towards 
command on social, economic and political supports. 
Putting together, it is evident that there are some 
throbbing social elements which have been undermined 
or missed in the feasibility studies and policy 
frameworks for the installation and operation of wind 
farms in lively areas.

One major drawback in the prevailing environmental 
impact assessment methodology is the limited scope 
for timely intervention and the enforcement to adhere 
to the recommendations as mandatory, not as optional. 
The recent policy decisions to promote extensive 
extraction of wind energy in the state of Tamil Nadu, 
India have shown remarkable implications illustrating 
socio-cultural responsiveness through the underlying 
industry-government collaborations [15-17]. Unlike 
in the Western countries, the reluctance to accept 
a major shift in transformational processes has got 
limited scope in India based on the non-converging 
nature of personal/ individual responses. Therefore, 

although the feedback survey studies generally indicate 
a socio-cultural spirit of welcoming and accepting 
the developmental activities of public interest without 
doubting the intention, it cannot deny any evidence/
remark of so-called NIMBYism (not in my backyard) 
[4, 18]. Therefore, an expression of fear about the impact 
and dissatisfaction among the public can be considered 
as an unavoidable consequence of lack of participation 
and recognition in the decision-making process.  
This ‘social gap’ is expected to have a diverse 
representation in the Indian context owing to the 
co-existing socio-cultural and other demographic 
variations. Therefore, we feel that there must be a 
serious revisit on the successful aspects of the public 
hearing process being conducted as a mandatory step 
in environmental impact assessment [19-20]. This is 
quite important in the case of renewable energy projects 
where the public hearing has to be conducted not as 
an official necessity for environmental clearance by 
convincing the public about the futuristic benefits, but 
with a focus on addressing the socio-economic concerns 
[21-22] of necessity.

The major limitations of public hearing as part 
of environmental impact assessment (EIA) observed  
in the Indian context are, (i) lately announced 
interactions preventing the public from being involved 
in the scoping stage and (ii) presentation of scanty 
and inaccurate data [23]. The lack of education and 
awareness of the public to understand the detailed 
implications of the project proposals eventually 
result in failure of such approaches. There is quite 
a lot of evidence in India that the petitioners (usually 
individuals or their association) could not arguably 
justify the prominent environmental degradation 
caused by the misuse of sanctioned authorities by the 
multinational companies in front of the court for a fair 
jurisdiction (Table 1). Therefore, many non-government 
organizations are appointed as conveners for conducting 
such meetings by promoting the public notifications  
and intervening legally to intensify the guidance and 
follow-up [24-34]. There is, of course, evidence that 
conducting a proper public hearing can provide more 
favorable weightage to the environmental concerns 
during the final verdict. However, many serious 
petitions were outwardly dismissed due to lack of 
technical support in the absence of proper public 
hearing. The information provided in Table 1 can fairly 
give a justification for our hypothesis that early social 
inclusion in an enforced or customary practice may be 
more effective and appreciative than striving against 
the administrative and economic powers to recover the 
missed justice.

opinion regarding futuristic wind energy adoption plans. Based on this, a conceptual framework is 
proposed for social inclusion as a critical measure for decision making.

       
Keywords: energy environment and economics, public hearing, public perception, questionnaire survey, 
social inclusion, wind energy farm
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Another concern for getting a realistic feedback is 
the limited scope of questions used in public hearing/ 
surveys. On the other hand, social media can provide a 
massive open access platform for public responses with 
anticipated fair data processing and retrieval options. 
With this background, the common factors affecting 
the public acceptance of wind energy projects can be 
identified as social, environmental, economic, technical, 
institutional, health and contextual [35]. In the post-
COVID-19 global socio-economic scenario, it is 
essential to revisit these impacts in a more intrinsic and 
inclusive manner. It is observed that studies analyzing 
people’s perception and attitude towards renewable 
energy in the Indian context are highly missing [36-37]. 
From a survey-based study in the USA, Thomson and 
Willett [38] reported that people near the wind power 
installations had favorable opinions compared to people 
residing near the thermal power plants. However, 
there were severe protests against the installation of 
wind turbines in Frankfurt, Germany indicating that 
renewable energy projects may not gather easy social 
acceptance despite the advantages in cutting down 
greenhouse emissions and combating climate change 
[39]. Lack of similar studies in this context limits further 
comparison of these claims. Nonetheless, the emerging 
trends in people’s awareness and social reunion through 
digital media have instigated the chance for a major 
massive opinion irrespective of the political outcomes.

In these aspects, the present study attempts to 
understand the social-cultural and environmental gaps 
persisting in the contemporary rural Indian scenario 
while instigating ambitious wind energy projects 
towards achieving sustainable energy infrastructure. 
To the best of the authors’ knowledge, there is no 
study reported on the scope of reconsidering the 
public hearing mechanisms in the rural/suburban 
Indian context on renewable energy projects expressed 

through public surveys. Therefore, the study primarily 
comprises three components: (i) data collection through 
a questionnaire survey, (ii) quantitative evaluation 
of the criticality of responses and (iii) a conceptual 
framework for redirecting public opinions into decisive 
representations. The motivation for this study is to 
critically evaluate the public responses towards decision-
making for implementation of wind energy projects, and 
to provide an integrated framework for addressing some 
of the deep-rooted socio-cultural issues for improving 
public participation in such ambitious projects.

Methodology

Study Area

The state of Tamil Nadu located in the southern 
peninsular region is always blessed with sufficient 
wind flow patterns originating from the ocean currents 
throughout the year. During the last two decades, many 
prospective captivators have ventured to establish 
small, medium or high wind farms in Tamil Nadu with 
government support [40]. The study area is located 
in Gudimangalam which is a revenue block (total 
geographical area of 22.24 km2) consisting of a total 
of 23 panchayat villages in the district of Tiruppur in 
the state of Tamil Nadu, India (10.690N and 77.270E). 
It has been identified as a potential location for wind 
energy production having a wind farm established in 
2011 with 15 turbines (each having a rated power of 
1250 kW) and it presently contributes about 21.0 MW 
[41]. The location map of Gudimangalam highlighting 
the presence of wind turbines is shown in Fig. 1.

The social picture of Gudimangalam has been 
evaluated as part of this study to depict the current status 
of developmental activities and their visible impacts 

Fig. 1. Location map of Gudimangalam showing the wind turbines.
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deposited on them. To analyze the perception of the 
people on the installation and operation of the wind 
farm, a questionnaire was prepared in English as well 
as the native language Tamil based on the demographic 
information (age, gender, literacy level, location).  
The questionnaire consisted of 14 questions related 
to impact on human health, environment, agriculture 
and social aspects. The questions were framed as a 
combination of multiple choice, assertive types and 
open-ended so that the ambiguity in collecting and 
interpreting the direct responses can be eliminated. 
The template of the questionnaire is provided in Fig. 3. 
The responses were collected through direct interviews, 
hard copy forms and soft copy forms circulated through 
emails.

Social Aspects of the Survey

The questionnaire was distributed to the rural 
community living in different localities in and around 
the study area, namely, Kamanaikenpalayam, Kethanur, 
Krishnapuram, Mallegoundenpalayam, Manasipalayam, 
Metrathi, Puliyampatti and Thungavi. The participants 
in the questionnaire survey typically belong to various 
age groups having different levels of formal education 
and occupational engagements. As mentioned above, 
age, gender, literacy and location were specifically 
chosen as important parameters for the response 
analysis. The summary of distributions of the people 
based on these parameters is shown in Fig. 4. It is 
observed that, among the total of 113 participants, 
there were no participants below 10 years of age, and 

over the years. Based on the latest available population 
census data, the Gudimangalam block has about 5000 
persons with an almost equal male-female distribution 
(49.12%  and 50.88%) living in 1430 households with a 
population density of 220 per km2. Though the district 
is highly industrialized, poor literacy rate (65%) and 
high unemployment rate (42.26%) have resulted in an 
unstable work profile with low income occupations. Out 
of the total population, about 51% of the workers are 
engaged in agriculture-related occupations. The human 
development index of Gudimangalam is comparatively 
much lower (0.45 in a scale of 0 to 1) to the average 
values of the district and the state where 44% people 
live below poverty lines as per the state records [42-43]. 
As per the existing scenario, it is necessary to evaluate 
whether the developmental activities of the wind farm 
in Gudimangalam can bring any remarkable socio-
economic benefits to the people in general. In order to 
get a consensus of the public perception of the overall 
impact of the wind farm in their locality, it is necessary 
to collect the direct concerns of affected people, though 
as a case study, without a formal public address format. 
Therefore, a typical questionnaire survey has been 
conducted with the persons located in 8 nearby villages 
as indicated in Fig. 2.

Development of Questionnaire Framework

It is quite essential to identify the relevant questions 
that could be the critical loop-holes, to reinstate a win-
win situation for all the stakeholders who might have 
been separated with some unknown vested interests 

Fig. 2. Location map of Gudimangalam showing the survey spots.
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only 3 were in the age group of 61-70. The majority of 
the people who took part in the survey belong to the 
middle-aged group (41 people in the age group of 31-40 
and 44 people in the age group of 41-50). There were 8 
participants each in the age groups of 11-20 and 21-30, 
and 9 in the age group of 51-60. It is also observed that 
the gender ratio (female/male) is greater than one (1.17) 
which is a good sign of equality in their participation. 

Majority of the people (23 participants) who took 
part in the survey belong to the central portion of 
Gudimangalam where the wind farm is situated. Out 
of the remaining participants, 22 were from Metrathi, 
18 from Kamanaikenpalayam, 17 from Manasipalayam, 
15 from Thungavi, 15 from Kethanur, 1 from 
Puliampatti, 1 from Mallegoundenpalayam and 1 from 
Krishnapuram. As far as the educational background 

Fig. 3. Questionnaire survey sample in a) English and b) native language (Tamil).
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is concerned, among the total of 113 participants,  
2 were post-graduate, 19 graduates, 5 diploma holders, 
60 completed schooling and the remaining 36 were 
without any formal education history.

Methodology for Evaluating the Perceptions

In order to ascertain the possibility of successful 
representation of people’s perceptions in the 
decision making process, we felt that there must be a 
mechanism to ensure the proper implementation of the 
public hearing process to be moderated by the local 
administrative bodies. It is also important to ensure the 
participation of all representatives in such gatherings 
to share their impactful views of various aspects 
of the planned project. In this perspective, we have 
attempted to qualitatively evaluate the responses from 
the questionnaire survey based on the classifications 
in the question type (health, environment, agriculture 
and social). A weighted average method is employed 
to calculate the response score under each category 
of the questions since the representations are 
only indicative of the total strength of population.  
The weightage is assigned for the selected attributes 
of the population (age, gender, distance and education) 
based on their representation in a particular class 
as shown in Fig. 4. Further, the representations of 
responses with significance to the criticality of each 
question were also calculated by defining a response 
score for the critically impacting responses (‘Yes’ type 
or ‘High’ type responses). Finally, a comprehensive 
weighted average response score (CWARS) is computed 
for each question to compare the perceptions of the 
people among the selected categories (Eq. 1-3).

                        (1)

∑
∑ ×

=
gi

qgigi
qg W

RW
WARS

,

,,,
,

)(

             (2)

g

qg
q N

WARS
CWARS ∑= ,

               (3)

Where Wi,g is the weightage for class ‘i’ in the 
attribute ‘g’, Pi,g is the percentage of people shown 
critical response to a particular question under each 
class, PLi,g is the percentage of people who belong to 
the lowest response class, WARSg,q is the weighted 
average response score for a particular question ‘q’ 
under the attribute ‘g’, Ri,g,q is the actual count of the 
response under the class ‘i’ for a particular attribute ‘g’ 
for the given question ‘q’, CWARSq is the comprehensive 
weighted average responses score for a particular 
question and Ng is the number of attributes considered 
(which is 4 in our study).

In order to confirm the characteristics of the average 
responsiveness, a statistical analysis is also performed 
by comparing the variances among the social attributes 
and the questionnaire categories. The analysis is 
done using the two-dimensional ANOVA (analysis of 
variance) tool package available in the Microsoft Excel 
spreadsheet.

Further, in order to address the need for a 
comprehensive framework for normalizing the adopted 

Fig. 4. Distributions of the people based on the survey attributes a) age, b) gender, c) distance and d) education.
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methodology, a two-dimensional conceptual mapping 
is projected to compare the different aspects of public 
perceptions in view of the anticipated impacts as well 
as administrative overrules under prevailing socio-
economic considerations. The analysis is aimed to 
prioritize the key concepts of public concerns in the 
dynamically changing post COVID-19 scenario where 
the administrative and business priorities have shown 
a wide transformation plan towards overcoming the 
losses happened during the pandemic time.

Results and Discussion

As far as the industrial-administrative collaborations 
are concerned, there are timely updates in the state-
level policies to support the industries and addressing 
their concerns as the major share of the state’s financial 
expenses which are to be met from the industrial 
revenues. Despite the favorable atmosphere for the 
industries to operate without any social disturbances, it 
is not reasonable to assume that some of the stakeholders 
might have opted out in framing the general operating 
strategies as well as for sanctioning the new projects 
on the ground of economic feasibility. However, the 
results from this study, in essence, indicate the missing 
connection while promoting industrial activities without 
actually addressing the real ‘social well-being’.

Comparison of Concerns Based on Reported 
Impacts

As an initial step, the perceptions of the people 
about the wind farm located in Gudimangalam were 
critically assessed with respect to its impacts on the 
environment and human health. For this, the results 
from the questionnaire survey were analyzed in terms 
of the perceived impacts to various segments of life as 
listed below.

Perceived Impacts on Health 

Among the participants surveyed, 40 of them said 
that the wind farm is affecting their health negatively 
while 70 of them represented a positive attitude. On 
the basis of gender, 16 out of 52 males (30.76%) and 
24 out of 61 females (39.34%) believe that the wind 
farm had an adverse impact on their lifestyle. On 
account of the prevailing social structure, though 
estimated locally, it is quite reasonable to infer that 
females perceive more of adverse impacts than males.  
Based on age groups, only 4 people indicated negative 
impacts in the age groups of 11-20, 21-30 and 51-60  
and 2 in the age group of 61-70. In the age group of  
31-40 and 41-50, 13 of them perceived the negative 
impacts due to the existing wind farm. People in the 
middle-aged groups had more negative opinions about 
the impacts of the wind farm compared to lower and 
higher age groups. With regard to health issues, the 

majority of the people (about 62%) reported headache, 
while few others dizziness, mental stress, and lack of 
concentration.

Among the people with low or poor academic 
education, 15 out of 36 (42%) did not feel any negative 
impacts of the wind farm, while 30% of the people who 
passed schooling have different perceptions. Similarly, 
about 40% of the graduates and diploma holders have 
expressed their opinions against the wind farms. It is 
observed that the educational exposure is a significant 
attribute to form a reasonable opinion which is very 
critical for the participating inhabitants. Based on the 
locality i.e. distance to their home from the wind farm 
site, 39.13% of people from Gudimangalam, 11.11% 
from Kamanaikenpalayam, 13.33% from Kethanur, 
11.76% from Manasipalayam, 63.63% from Metrathi and 
60% from Thungavi have directly perceived negative 
impacts. It is observed that Metrathi and Thunagavi 
which are located very near (8.4 and 11.0 km from 
wind farm site, respectively) to Gudimangalam have 
perceived more negative impacts compared to locations 
situated farther off from the wind farm.

Perceived Impacts on the Environment

The aesthetic aspect of visibility of the wind farm 
was a major concern for about 45.13% of the people 
surveyed. Only 34.51% of people perceived that the 
wind farm was generating dust due to the spinning 
of the turbine blades. Among the participants from 
Gudimangalam, 65.21% of the people indicated that 
the wind farm was generating a lot of dust. Obviously, 
this can be attributed to their location of stay in close 
proximity with the wind farm. The observation was 
similar for the impact of the wind farm on the trees. 
Only 36.28% of the people observed that the wind 
farm is affecting the rainfall pattern in their respective 
localities. People from Gudimangalam also perceived 
the same with regard to rainfall patterns.

As far as the impact of the wind farm on birds’ 
related accidents is concerned, 43.36% of the 
participants felt that the wind farm is causing a negative 
impact on the bird’s movement. Around 45.83% people 
among schooling literate and illiterates feel that the 
wind farm is affecting the movement of the birds. 
Even among those who have obtained graduate or 
postgraduate degrees, only a few of them perceive the 
negative impact of the wind farm on birds. Furthermore, 
a majority of the people say that the wind farm does not 
affect the telecommunication signals in their localities.

Perceived Impacts on Social Aspects

The participants were also enquired regarding 
the noise being generated from the wind turbines. 
It is a well-known fact that the human ear can safely 
withstand sound vibration in the range of 0 dB to  
130 dB and wind turbines generally produce about  
40-45 dB [43]. Moreover, the sound produced by the 



Environmental and Socio-Economic Aspects... 3347

wind turbines tends to persist till about 38 dB within 
0.5 to 1 km from the wind turbine location. Though the 
wind farm may not apparently create any disturbance 
to people living far-off, the critical concerns of the 
affected people (about 10 persons) cannot be neglected. 
The remaining people perceived only medium  
(50 persons) or low (53 persons) noise from the wind 
farm. As mentioned earlier, the wind blows only in 
certain specific directions in Gudimangalam, thus 
creating an uneven distribution of the noise generated 
from the wind turbines.

Furthermore, about 30% of the people feel that the 
vibrations produced by the wind farm are significant 
though a majority of the people felt otherwise. As far 
as the impact of the wind farm on the sleep disturbance 
is concerned, 86.95% of people from Gudimangalam 
felt that the wind farm is affecting their sleep from 
moderate to high level of inconvenience. Most middle-
aged people have reportedly been critically affected 
compared to people of other age groups. However, only 
a few people from distant localities have reported any 
notable disturbances to their sleep. 

Perceived Impacts on Agriculture

People were enquired about the impact of the wind 
farm on the land and crop productivity though there is 
no direct evidence to prove it technically. About 24% 
of the people carry the impression that the wind farm 
is causing a negative impact on crop productivity. 
Similarly, about 25% of the participants including people 
from Gudimangalam feel that the wind farm will affect 
the land fertility as well. The changes in perception of 
the people with various educational backgrounds and 
age groups were clearly observed through this survey. 
Even though participatory attempts like questionnaire 
surveys can help in gathering public opinion about 
the perceivable impacts of installation and operation 
of wind farms, it is widely recognized that the public 
perception can be highly diverse and highly influenced 
by location-specific details [44].

Quantitative Evaluation of People’s Perceptions

As mentioned in the methodology section, the 
present study proposes a quantitative estimation of 
the criticality of impacts based on the perceptions 
of people while considering due weightage to their 
prevailing socio-economic background. The distribution 
of participants according to their attribute classes 
revealed that a scattered pattern is observed for ‘age’ 
and ‘education’ groups compared to the ‘distance’ and 
‘gender’ groups (Table 2). In fact, the non-uniform 
distribution can be informative while correlating 
the criticality of the responses with the population 
attributes. Based on this, weightages were assigned 
corresponding to the percentage of representation as 
mentioned in Eq (1).

It was observed that the questions pertaining to 
the environmental and social categories have received 
higher values of significant responses compared to 
the agricultural and health concerns (Fig. 5). This is a 
crucial observation to investigate more on the factors 
influencing their opinion-making. While considering 
the representation for critical types of responses (such 
as Yes-type and High-type responses for the impacts), 
the highest score was observed under the attribute of 
‘gender’ while the scores under other categories are 
more specifically related to the ‘fair’ categories of the 
questions. For example, the ‘distance’ has a profound 
significance under the categories of ‘environment’ 
and ‘social’ indicating the deeper impacts of directly 
perceived experiences. However, the ‘age’ and 
‘education’ have similar response scores in all questions 
irrespective of the category of the question.

Based on the above analysis, the average response 
score for a particular category (e.g. ‘social’) can have 
diverse trends under the four categories, which is also 
different for each question in that particular category. 
Hence, a simplified representation of the criticality 
of the responses per category is calculated based on 
the average scores obtained for all the questions in 

Table 2. Distribution of selected attributes of the participants and 
assigned weights.

Attribute Count Percentage Weightage

Age group (years)

15-25 10 9 2.0

25-35 11 10 2.2

35-45 47 42 9.4

45-55 40 35 8.0

>55 5 4 1.0

Gender group 

Male 52 46 1.0

Female 61 54 1.2

Distance group (km)

0--5 23 20 1.5

5--10 22 19 1.5

10--15 15 13 1.0

15--30 33 29 2.2

>30 20 18 1.3

Education group 

Post Graduate (PG) 2 2 1.0

Under Graduate (UG) 10 9 5.0

Higher Secondary 
School (HSS) 20 18 10.0

High School (HS) 45 40 22.5

Informal 36 32 18.0
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that category. It is observed that the average response  
score thus obtained bears a direct ratio to the 
percentage of critical representations received from 
the survey (Table 3). It is to be understood that the 
CWARS values are typically representatives of the 
combined effects of the people’s attributes and question 
categories, and hence can effectively depict the overall 
concerns pertaining to the impacts of the wind farm in 
Gudimangalam.

Further, a statistical analysis is performed for 
evaluating the significance of variability in the 
demographic attributes versus the variability in the 
set of questions under each category towards the 
perceived responses. For this, different sets of two-
factor ANOVA tables were constructed for the four 
social attributes (age, gender, distance and education) 
against each set of questions under health, environment, 
social and agriculture (Table 4). The hypothesis test 
results indicate that the variations in the demographic 
categories are more significant compared to the 

variability in the questions under all four categories. 
Based on the main three test statistics such as (i) 
difference between the p-value and the selected level 
of significance (α = 0.05); (ii) F-crit and F-values and 
(iii) sum of squared deviations, the highest variability is 
observed for the questions under the set of environment, 
followed by social, agriculture and health sets. This 
is also in confirmation with the observed CWARS 
results as mentioned in Table 3. The overall impact of 
the influence of questions and demographic categories 
are also evaluated by using a single two-way ANOVA 
by considering all thirteen questions at a time. Based 
on the numerical values of p and F-crit, it is observed 
that the variations in demographic attributes are much 
higher for the combined set of questions compared to 
their separated sets.

In addition to the categorical sketching of the 
localized impacts, the results also highlight some of 
the underlying crucial factors leading to the public 
opinion forming process. Based on these results as 

Fig. 5. Variation of weighted average response score (WARS) for each survey questions (under the selected four categories – health, 
environment, social and agriculture) with respect to the criticality of responses (under the selected attributes – age, gender, distance and 
education).

Table 3. Comparison of the representation of critical responses and average response scores under the selected question categories.

Category of Question No. of Questions Percentage of Critical Responses Average Response Score

Health 3 21 8

Environment 4 36 15

Social 3 28 11

Agriculture 3 27 10
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well as from the representations received for the open-
ended question, we feel that a more conceptual-based 
evaluation of the factors affecting the social dimensions 
and the scope of social inclusion are to be performed to 
fill the gaps based on the observations.

Criticality of Forces, Factors 
and Their Relationships

Administrative Trades off on Energy Revenues

Due to the significant increase in the wind energy 
production capacity in the Indian scenario (reached to 
40GW in May 2022); there is an associated reduction 
in the wind energy costs and tariffs which are being 
revised by the government from time to time [39]. 
However, it is to be noted that there are certain financial 
risks involved in relation to the changing global 
energy market due to climate action plans, renewable 
energy tradeoff plans and clean technology mission 
on the increased potential energy production [44-45]. 
As the total dependence of renewable energy in India 
is expected to increase from 18% to 44% within the 
next decade, there is ample space for balancing the 
expenses related to investment on land, production, 
conversion and storage facilities with the anticipated 
profit in energy production and transfer mechanisms. It 
is observed that very few people are actually aware of 
the technical details of energy trading mechanisms and 
policies existing for its various stakeholders [44]. As 
the investments on land and machines rise, people feel 
skeptical about the transparency in the state government 
administration due to the increased business happening 
to the private firms [45]. But most of the people are 
of the opinion that despite the public concerns on 
environmental impacts, the impact of an energy-
driven economy can push the administration towards 
expanding the wind farm adoption plans.

Public Attitude on Energy Crisis

In general, we are prejudiced with the concept 
that people’s concerns are at the background of any 
democratic decision making mechanism and, therefore, 

a similar response may be expected for any policy 
framing activity regarding renewable energy concerns 
[39]. However, in view of the survey questions, most of 
the responses were directed towards the environmental 
concerns, though the cost of energy at their livelihood 
as well as in occupation is still a major crisis. Though 
the dependence on thermal energy is unavoidable for at 
least a few more decades, people are more confident on 
the replacement opportunity and large-scale adaptability 
of renewable energy sources hoping to reduce their 
cost of living. Considering the scale of operation and 
application, there is still a lack of clarity among the 
public in getting confidence in wind energy as the best 
alternative for the current energy crisis. This survey has 
opened up such remarkable concerns among the people 
which would have missed in the regular framework 
of public hearing process administered for the official 
documentation purposes.

Business Opportunity versus Social Inclusion

As the supply chain of wind energy business has 
access to the educated class of the local residents 
at present, an increased opportunity is envisaged 
for the local entrepreneurs to expand vertically by 
providing in-house solutions for both technical and 
support services. Development of a local taskforce is 
particularly beneficial for the large-scale organizations 
to redistribute their immediate needs to be satisfied 
with minimal investments on raw materials and 
technical capacity building. Such business models are 
becoming financially promising and getting popular in 
the contemporary Indian manufacturing market [40]. 
One prominent transformation in the public opinion 
through such an inclusive approach can be perceived 
by the reduced complaints on skeptical arguments on 
NIMBYism and polluter-pay models. Thus adopting 
these strategies of social inclusiveness as one of the 
business targets, there is large scope in collaborative 
schemes with the self-help groups for directly benefiting 
the local community towards social empowerment 
and economic sustainability. Adding to the potential 
benefits, it is also possible to gear up and cater the 
public opinion towards any decision making process.

Table 4. Comparison of two-way ANOVA test results for demographic and question categories.

Question 
Categories

No. of 
Questions

Source of variation 
= Demographic

Source of variation 
= Questionnaire Sum of Squared 

Deviation (SS)
Order of 

Significancep-value 
(α = 0.05) F-crit/F-stat p-value 

(α = 0.05) F-crit/F-stat

Health 3 0.0367 4.75/ 5.52 0.1206 5.14/ 3.07 417111.1 4

Environment 4 4.95E-08 3.86/ 152.41 0.1004 3.86/ 2.81 1162472.8 1

Social 3 0.0250 4.75/ 6.60 0.1112 5.1433/ 3.23 893962.8 2

Agriculture 3 8.11E-05 4.75/ 57.72 0.1274 5.1433/ 2.96 515401.5 3

All Questions 13 5.56E-15 2.86/ 68.82 0.0028 2.0327/ 3.27 3118397.1
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A Conceptual Framework for Incorporating Public 
Opinion in Decision Making

The increasing momentum for public involvement in 
the policy framing and other decision-making processes 
requires amalgamation of diverse and competing 
interests of all stakeholders in order to achieve an 
optimized representation. There are many analytical 
and data-oriented processes involving quantitative 
estimation of relative significance of the parameters. 
However, in many cases, the identification and selection 
of critical parameters is the most crucial step, thereby 
influencing the public perception of the project 
outcomes [6, 9, 15-17]. As discussed in the introductory 
section, there is a growing need to realize an effective 
public participation to minimize the “social gap” and 
to revolutionize the concept of industrial ecology [46-
47]. We feel that the outcomes from the survey analysis 
have provoked a clear line of thought to address it in 
view of the generic phenomenal aspects.

In the same line of thought, a descriptive conceptual 
framework is presented here (Table 5) comprehending 
an adaptive system prioritizing both public and expert 
opinions through a transparent medium, thereby 
enabling to merge the selections through an integrated 
adaptive strategy, thus eliminating the chances of false 
claims and biased polls. Though the survey results 
were quantitatively low for a generic extrapolation, 
their categorical description has helped us to delineate 
the major domains of public perceptions. One peculiar 
advantage of this framework is the suggestion for 
transformational activities to promote the public welfare 
by progressively involving them through regular 
educational and awareness programs, thereby inducing 
the spirit of sustainability. Though controversial in 
terminology, it is observed that many industry giants 
are also getting involved in illustrating sustainable 
operations in renewable energy extraction systems for 
the welfare of the public. Another key aspect of this 
framework is the inclusion of an intermediate agency 
composed of the public-private representatives to 
stand as a transparent medium to timely communicate 
the concerns and decisions in an adaptive manner. 
This approach can very well result in exclusion and 
replacement of the existing delimiting factors such as 
unauthorized intermediates and local politicians who 
may misrepresent the concerns and take advantage of 
mutual agreements. Being a nation with highly diverse 
entities co-existing on every platform, we feel with 
an intuition that it is possible to check the negative 
tendencies in the contemporary Indian market by 
replacing it with a positive, inclusive approach. It is 
anticipated that the credit of success of an implemented 
renewable energy project such as the wind farm 
operation can be shared among the common man and 
thereby constituting a healthy industrial ecology in the 
state.

Conclusions

The existing socio-economic scenario in the wind 
energy market of India has many disputing issues which 
are less likely to be represented in the conventional 
mechanisms of public hearing. In addition, it is 
important to assess the status of public awareness on 
various aspects of wind energy adoption especially in 
suburban/rural communities. A questionnaire survey 
was conducted to understand the perceptions of the 
people living in and around the wind farm located 
in Gudimangalam in the state of Tamil Nadu, India. 
A quantitative evaluation of the perceptions was 
proposed in terms of a comprehensive weighted average 
response score (CWARS) for the selected categories of 
questions under various demographic attributes which 
were further tested using two-way ANOVA model. 
Results showed that the CWARS values are typical 
representatives of the combined effects of the people’s 
attributes and question categories, and hence can 
effectively depict the overall concerns pertaining to the 
impacts of the wind farm in Gudimangalam. Based on 
qualitative analysis of the interactions between the key 
drivers and factors affecting the wind energy sector in 
the upcoming decades, a framework is prepared in this 
study as an adaptive strategy to represent the concerns 
in framing the public opinion, by incorporating 
the contextual elements of perceptions in terms of 
criticality and also by identifying suitable methodology 
to evaluate them in addition to the public polls or expert 
opinions. The framework further proposes a mechanism 
for implementing the outlined suggestions in order 
to ascertain the social inclusiveness as a positive 
dimension of renewable energy business in public 
interest.

Acknowledgments

Authors acknowledge the support provided by King 
Fahd University of Petroleum and Minerals (KFUPM), 
Dhahran-31261, Saudi Arabia.

Conflict of Interest

The authors declare no conflict of interest.

References

1. REHMAN S. Prospects of wind farm development in 
Saudi Arabia. Renewable Energy, 30 (3), 447, 2005. 

2. BRUSIŁO P. Evaluation of China’s policy for wind 
power development from the new structural economics 
perspective. International Journal of Sustainable Energy 
Planning and Management, 32, 2021. 

3. BLINDHEIM B. Gone with the wind? The Norwegian 
licencing process for wind power: does it support 
investments and the realisation of political goals? 



Vasudevan M., et al.3352

International Journal of Sustainable Energy Planning and 
Management, 5, 15, 2015. 

4. ELLIS G., GIANLUCA F. The social acceptance of 
wind energy: Where we stand and the path ahead. 
In International Energy Agency-Task 28 Social Acceptance 
of Wind Energy Workshop, 2017. 

5. NEAMMANEE B., SOMPORN S., SOMCHAI C. 
Development of a wind turbine simulator for wind 
generator testing. International Energy Journal, 8 (1), 2007. 

6. HEYDARI A., FARSHID K. Prediction of wind power 
generation through combining particle swarm optimization 
and Elman neural network (El-PSO). International Energy 
Journal, 15 (2), 2016. 

7. DREWITT A.L., LANGSTON R.H. Assessing the impacts 
of wind farms on birds. Ibis, 148, 29, 2006. 

8. BAERWALD E.F., D’AMOURS G.H., KLUG B.J., 
BARCLAY R.M. Barotrauma is a significant cause of bat 
fatalities at wind turbines. Current Biology, 18 (16), R695, 
2008. 

9. BISHOP I.D. Determination of thresholds of visual impact: 
the case of wind turbines. Environment and Planning B: 
Planning and design, 29 (5), 707, 2002. 

10. HAMED T.A., ALSHARE A. Environmental Impact of 
Solar and Wind energy-A Review. Journal of Sustainable 
Development of Energy, Water and Environment Systems, 
10 (2), 1, 2022. 

11. MAGOHA P. Footprints in the wind? Environmental 
impacts of wind power development. Renewable Energy 
Focus, 2002. 

12. JOHNSON, G.D., ERICKSON W.P., STRICKLAND 
M.D., SHEPHERD M.F., SHEPHERD D.A. Final report: 
avian monitoring studies at the Buffalo Ridge, Minnesota 
wind resource area: results of a 4-year study. Western 
Ecosysems Technology Inc., Cheyenne, Wyo, 2000. 

13. LADENBURG J. Visual impact assessment of offshore 
wind farms and prior experience. Applied Energy 86 (3), 
380, 2009. 

14. BIROL F. Energy economics: a place for energy poverty in 
the agenda? The Energy Journal, 28 (3), 2007. 

15. REHMAN S., NATARAJAN N., VASUDEVAN M., 
ALHEMS L.M. Assessment of wind energy potential 
across varying topographical features of Tamil Nadu, 
India. Energy Exploration & Exploitation, 38 (1), 175, 
2020.

16. NATARAJAN N., VASUDEVAN M., REHMAN, S. 
Evaluation of suitability of wind speed probability 
distribution models: a case study from Tamil Nadu, 
India. Environmental Science and Pollution Research, 29, 
85855, 2022. 

17. NATARAJAN N., REHMAN S., NANDHINI S.S., 
VASUDEVAN M. Evaluation of wind energy potential 
of the state of Tamil Nadu, India based on trend 
analysis. FME Transactions, 49 (1), 244, 2021. 

18. RAHMAN S., RAHIM N.A., ISLAM M.R., SOLANGI 
K.H. Environmental impact of wind energy. Renewable 
and Sustainable Energy Reviews, 15 (5), 2423, 2011. 

19. BAWOLE, J.N. Public hearing or ‘hearing public’? An 
evaluation of the participation of local stakeholders in 
environmental impact assessment of Ghana’s Jubilee Oil 
Fields. Environmental Management, 52 (2), 385, 2013. 

20. MOHAN M.P.R., PABREJA H. Public hearings in 
environmental clearance process: Review of judicial 
intervention. Economic and Political Weekly, 68, 2016. 

21. PALIWAL R. EIA practice in India and its evaluation 
using SWOT analysis. Environmental Impact Assessment 
Review, 26 (5), 492, 2006. 

22. VELASQUEZ H.I., LOAIZA C.A.O., MAYA J.C., 
FLOREZ-ORREGO D., LOPERA S. Exergy analysis 
of the Colombian energy matrix: An insight from its 
economic sectors and energy resources. International 
Journal of Sustainable Energy Planning and Management, 
22, 2019. 

23. THAYYIL N. Public participation in environmental 
clearances in India: Prospects for democratic decision-
making. Journal of the Indian Law Institute, 463, 2014. 

24. INDIANKANOON. Beta Wind Farm (P) Limited vs 
Tamil Nadu Electricity, Appellate Tribunal for Electricity, 
Available online: https://indiankanoon.org/doc/22221088/ 
(Accessed on 10 May 2022).

25. INDIANKANOON. Guttaseema Wind Energy Company 
vs Karnataka Electricity, Appellate Tribunal for Electricity, 
Available online: https://indiankanoon.org/doc/184088619/ 
(Accessed on 10 May 2022).

26. INDIANKANOON. Graphite India Limited vs Karnataka 
Electricity, Appellate Tribunal for Electricity, Available 
online: https://indiankanoon.org/doc/149178693/ (Accessed 
on 10 May 2022).

27. INDIANKANOON. M/S Dcm Shriram Consolidated L 
vs State of Raj and Ors, Appellate Tribunal for Electricity, 
Available online: https://indiankanoon.org/doc/128179303/  
(Accessed on 10 May 2022).

28. INDIANKANOON. M/S. Harvest Energy Private Ltd 
vs Madhya Pradesh Electricity, Appellate Tribunal for 
Electricity, Available online: https://indiankanoon.org/
doc/180530354/ (Accessed on 10 May 2022).

29. INDIANKANOON. Jana Jagruthi Samithi vs Union of 
India, Appellate Tribunal for Electricity, Available online: 
https://indiankanoon.org/doc/290147/ (Accessed on 10 May 
2022).

30. INDIANKANOON. Indian Council For Enviro-Legal 
... vs Union of India, Appellate Tribunal for Electricity, 
Available online: https://indiankanoon.org/doc/1298769/ 
(Accessed on 10 May 2022).

31. INDIANKANOON. Mr R Bhasham vs Government of 
Karnataka, Appellate Tribunal for Electricity, Available 
online: https://indiankanoon.org/doc/8588370/ (Accessed 
on 10 May 2022).

32. INDIANKANOON. Hanuman Laxman Aroskar vs Union 
of India, Appellate Tribunal for Electricity, Available 
online: https://indiankanoon.org/doc/52367199/ (Accessed 
on 10 May 2022).

33. INDIANKANOON. Vedanta Limited vs State Of Tamil 
Nadu, Appellate Tribunal for Electricity, Available online: 
https://indiankanoon.org/doc/15612426/ (Accessed on 10 
May 2022).

34. INDIANKANOON. P.V.Krishnamoorthy vs The 
Government of India, Appellate Tribunal for Electricity, 
Available online: https://indiankanoon.org/doc/36154650/ 
(Accessed on 10 May 2022).

35. GRAHAM J.B., STEPHENSON J.R., SMITH I.J. Public 
perceptions of wind energy developments: Case studies 
from New Zealand. Energy Policy, 37 (9), 3348, 2009. 

36. MAJID M.A. Renewable energy for sustainable 
development in India: current status, future prospects, 
challenges, employment, and investment opportunities. 
Energy, Sustainability and Society, 10 (1), 1, 2020. 

37. PANDEY P., AVIRAM S. Knowledge politics, 
vulnerability and recognition-based justice: Public 
participation in renewable energy transitions in India. 
Energy Research and Social Science, 71, 101824, 2021. 

38. THOMSON H., WILLETT K. Perceptions and attitudes of 
residents living near a wind turbine compared with those 



Environmental and Socio-Economic Aspects... 3353

living near a coal power plant. Renewable Energy, 123, 
301, 2018. 

39. LEIREN, M.D., AAKRE S., LINNERUD K., JULSRUD 
T.E., DI NUCCI M.R., KRUG, M. Community acceptance 
of wind energy developments: Experience from wind 
energy scarce regions in Europe. Sustainability, 12 (5), 
1754, 2020. 

40. THEWINDPOWER. Online access on Wind farms in 
Gudimangalam (India). Available online: https://www.
thewindpower.net/windfarm_en_26953_gudimangalam.
php/ (Accessed on 15 June 2022).

41. WIKIPEDIA. Wind power in India, Available online: 
https://en.wikipedia.org/wiki/Wind_power_in_India/  
(Accessed on 15 June 2022).

42. DISTRICT ADMINISTRATION. Tiruppur District 
Human Development Report 2017. Available online: 
https://spc.tn.gov.in/DHDR/Tiruppur.pdf (Accessed on 20 
June 2022)

43. MALARVIZHI V., GEETHA K.T. Incidence of poverty 
among the rural households in Tirupur District. IASSI-
Quarterly, 32 (2), 49, 2013.

44. WESTERLUND M. Social acceptance of wind energy in 
urban landscapes. Technology Innovation Management 
Review, 10 (9), 2020. 

45. DUGSTAD A., GRIMSRUD K., KIPPERBERG G., 
LINDHJEM H., NAVRUD S. Acceptance of wind 
power development and exposure-Not-in-anybody’s-
backyard. Energy Policy, 147, 111780, 2020.

46. ALHEMS L.M., REHMAN S., NATARAJAN N., 
MANGOTTIRI V. Wind power resources assessment 
under varying topography. In Sustainable Energy 
Development and Innovation: Selected Papers from the 
World Renewable Energy Congress (WREC). Cham: 
Springer International Publishing. 673, 2020.

47. GUPTA D., KUMAR V., AYUS I., VASUDEVAN M., 
NATARAJAN N. Short-term prediction of wind power 
density using convolutional LSTM network. FME 
Transactions, 49, 653, 2021.


