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Abstract— The increasing demand for energy, due to rapid industrial growth, has led to the depletion of conventional fossil 
fuels such as coal, natural gas and crude oil. These fuels are not only getting exhausted, but have also become a major 
contributor for environmental degradation. Hence, the need to develop clean and environmental friendly renewable energy 
sources, such as wind and solar energy is imperative. Amongst all the renewable energy sources, except direct solar heat and 
light, wind energy is considered to be one of the mature technologies having least adverse environmental effects. However, 
there are potential environmental impacts due to the development, installation and operation of turbines used for harnessing 
wind energy. This paper aims to provide an over view of environmental impacts of offshore wind farms in India on marine 
species and commercial shipping. Furthermore, the damage caused to the benthic species in the benthic zone, the impact on 
birds and fishes, construction noise, climatic changes are also discussed. 
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I. INTRODUCTION 
 
Energy has always been a key requirement to 
mankind for his development, since its creation [1]. 
The use of coal based and other fossil-fuel based 
energy sources are gradually getting decreased due to 
the rapid increase in demand of energy and 
population. The non-renewable energy sources are 
not only getting depleted but also have serious 
adverse effects on the environment. Thus the 
challenges of global warming, environmental 
degradation and energy security has led to the 
development of environment friendly renewable 
technologies. 
Wind energy is considered to be an important source 
of renewable energy and has experienced a strong 
cumulative growth over the last few years. The 
Global capacity of wind power in 2014 was 370GW 
as shown in Fig. 2. Most of the wind energy is 
produced by onshore wind farms. In Offshore 
technology, there is a clear benefit in speeds (higher), 
and restrictions can also be less on acoustic emission 
levels. But increasing tip speed decreases the strength 
of blade, and hence the blade will become more 
flexible which can be advantageous to system loads 
but problematic for maintaining the ideal upwind 
attitude in extreme loading conditions [2]. 
Offshore wind installations are increasing, as wind is 
more uniform and stronger in sea rather than land. 
European countries offshore wind production, and 
Denmark is using offshore wind for supplying 
electricity since more than 20 years [3]. The Global 
Energy Council is leading a four year project, aiming 
to develop offshore wind farms in India, focusing on 
the states of Gujarat and Tamil Nadu [4]. India has 
7517km of coastal line and territorial water extended 
to 12 nautical miles in sea which is an ideal site for 
wind power plants [1]. Estimated potential of 
renewable power in India is around 147.6GW, in 
which 70% is wind power, as shown in Fig. 1. 

However, the development of wind power has led us 
to unexpected environmental impacts of ecosystem, 
due to its processes involved such as construction, 
procurement of raw materials and noise, which 
generates other impacts that affect the soil, living 
organisms and the atmosphere. For more energy and 
less impacts, we need to increase offshore wind 
farms. But before its approval, the existing impact 
due to human activities on marine life and sea bed 
should not be neglected [5]. 

 

 
Fig. 1 Global power generation and Potential of renewable 

power in India [1], [6] 
 

 
Fig. 2 Wind Power Global Capacity (2004-2014) [7] 

 
This paper aims to analyse the environmental issues 
regarding offshore wind development in India, and 
also the marine life that would be affected by its 
installation and operation. 
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II. CURRENT SITUATION OF WIND 
PRODUCTION IN INDIA 
 
2.1. Current situation of onshore wind production in 
India 
India has an installed capacity of 23,439.26 MW (as 
on March 31,2015). In terms of installed capacity, 
India is ranked 5th in the world. Today, India has 
become a major player in the global wind energy 
market. Indian Wind Energy Association has 
estimated onshore energy potential to be 102GW, 
with the current level of technology [8]. Onshore 
wind farms have some objections and restrictions – 
objections related to noise or negative visual impact, 
restrictions with obstructions (such as buildings and 
mountains), land disputes or limited land availability 
[2]. 
 
2.2. Current situation of offshore wind production 
in India 
With procurement of land and environmental 
clearances becoming more and more difficult for 
wind power projects, India is exploring the potential 
for Offshore wind power generation. According to 
Ministry of New and Renewable Energy (MNRE), a 
study is being done by Chennai based centre for 
Wind Energy Technology (C-WET) to determine the 
feasibility of setting offshore wind farms in India. 
Inputs from leading global suppliers of offshore wind 
development are also given. Preliminary studies 
shows that some coastal areas of Tamil Nadu and 
Gujarat states have some potential. The study 
parameters include sea-bed quality, wind patterns, 
vulnerability of natural calamities like tsunamis and 
cyclic storms, and other types of soil testing for 
setting up offshore wind project. Some data has 
revealed that wind power densities are about 350-500 
W/m2 (5.1-7.4 m/s) by the Bay of Bengal, 250-600 
W/m2 (6-7.8 m/s) by the Indian Ocean and 250-300 
W/m2 (6-6.4 m/s) by the Arabian Sea [2]. 
 
III. ENVIRONMENTAL ISSUES 
 
The driving force behind the development of wind 
farms is the link between non-renewable fossil fuels 
and environmental degradation. In contrast to the 
fossil fuel based energy, wind turbines do not pollute 
the environment [9]. However, it still imposes some 
negative impacts on human beings and other living 
organisms. The potential long term effects are minor 
but cannot be ignored. Nevertheless, the impact of 
offshore wind turbines on our environment is still not 
established and is under study. This paper thus 
focuses on the study of various environmental issues 
caused by the setup of wind arms. 
 
3.1 Marine Habitat 
There are a number of potential impacts of offshore 
wind farms on marine mammals. Disturbance to 
marine habitat is the biggest issue caused due to 

installation of offshore wind farms. It includes habitat 
change, displacement or injury on account of 
construction and operational noise, as well as 
avoidance or attraction to electromagnetic fields. 
The construction phase as well as the operation phase 
of wind farms poses threat to marine habitat. The 
construction issues mostly include sedimentation, the 
noise generated, cable and structural installation and 
introduction of artificial hard substrate for 
foundation. The operational issues include emission 
of sound and vibration in water, artificial magnetic 
fields and increase of temperature in sediments [10]. 
In some of the areas, there may be species which are 
endangered, which can be flora as well as fauna. The 
habitat of such endangered species should be 
protected and saved from the threats of wind parks. 
 

 
Fig. 3 Diversity of marine fishes in India [11] 

 

 
Fig. 4 Diversity of seaweed in India [11] 
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Fig. 5 Major coral reefs regions in India[12] 

 
India is a peninsular nation, it is surrounded by three 
water bodies namely, Arabian Sea; Indian Ocean; 
Bay of Bengal. Different areas of them have different 
species with varying density. Hence, the areas must 
be studied before installation of the wind farm so that 
marine life is affected less. The number of species in 
coastal and marine ecosystem of India is over 2546, 
of which cartilaginous fish account for 154 and bony 
fishes for more than 2275. The categories of fish 
occurring in coral reef ecosystem include many 
groups, which has more than 400 species [13]. 
Diversity of marine life of India is as shown in Figure 
3 and 4. Analysis on all the species before installation 
of the wind farm is practically not possible. But, more 
attention must be given to the coral reefs and the 
endangered species. Major coral reefs regions in India 
are shown in figure 5. 
India has taken several steps to achieve the National 
Biodiversity target and Aichi Biodiversity target, 
which aim to conserve a substantial portion of the 
marine and coastal areas in the country. In this, 106 
coastal and marine sites have been identified along 
the west coast of India, and 44 along the east coast. 
Of these, 22 ICMBA (Important Coastal and Marine 
Biodiversity Areas) are proposed to be upgraded as 
protected areas [14]. Among these, some are the 
Marine Protected Areas (MPA). A marine protected 
area (MPA) is basically a space or area in ocean, 
where human activities are strictly controlled than the 
surrounding waters [15]. 
 
3.1.1. Noise 
Noise is a critical environmental impact for wind 
turbines. Since, offshore wind farms are quite far 
from the coastal region (far for noise to travel), there 
is no major impact to human life. But, for marine life 
it‟s critical and can even damage their skills of 
navigation, finding food, communication and other. 
Underwater sound travels four times faster than air, 
and also to a very long range [16]. 
Noise caused by wind turbines can be classified in 
two different types: mechanical noise and 

aerodynamic noise. Noise produced by the moving 
components such as bearings, gear box and electrical 
generator can be considered as mechanical noise. 
Factors of mechanical noise include lack of 
maintenance, poor design and normal wear and tear. 
This noise can be reduced during operation by anti-
vibration support footings or by acoustic insulation. 
Aerodynamic noise is generated by the flow of air on 
the blades of a turbine. A „whooshing‟ sound is also 
generated due to interaction between wind turbine 
blades and atmospheric turbulence [17]. 
Wind turbines also produce infrasound (below 
audible range of humans), which affects the several 
species who are able to hear. This is their ability to 
„foresee‟ the earthquakes and tsunamis, before such 
calamities strike them [18]. 
 
3.1.1.1. Construction and decommissioning noise 
Construction and decommissioning noise comes from 
the installation of the wind turbines, machines and 
vessels, pile-driving and explosions for 
decommissioning. These emit high sound levels 
which may cause temporary or permanent damage to 
the acoustics systems of animals near the construction 
site. However, not enough scientific knowledge is 
available on the maximum thresholds permitted for 
these certain effects [19]. 
 
3.1.2. Electromagnetic waves 
Transferring power to transformers and to the 
mainland is important, and is done by using 
underwater electric cables. The cables leading from a 
wind turbine generates a magnetic field that decreases 
with distance from the cable [20]. The resulting high 
voltage alternating current (AC) and direct current 
(DC) cables have the negative potential to interact 
with magneto sensitive species such as 
elasmobranchs, bony fishes, sea turtles and marine 
mammals that use the Earth‟s magnetic field to 
navigate. Geomagnetic cues using animals are also 
affected during their migration. Chronic EMF 
exposure could impact reproductive, cardiovascular, 
nervous and immune systems of wildlife. Also, there 
are predictions that energy production at offshore 
wind farms can increase temperature in the 
surrounding sediment and water [18]. 
 
3.2 Benthic Seabed 
During construction and decommissioning the seabed 
will be disturbed by work on the foundations for the 
energy conversion devices and any associated 
substations and the underwater power cables between 
devices and the main connection to shore. Direct loss 
of habitats is caused due to removal of sediments, 
thereby increasing the local water turbidity arising 
from suspended solids. Resuspended sediments will 
be transported by prevailing water movement during 
construction, which may also mobilize any 
contaminants within the sediments. Mobilized 
sediments may smother the neighbouring habitats of 
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sedentary species. Resuspension of sediments high in 
organic matter, such as in estuaries and tidal reaches 
of rivers, will probably temporarily reduce available 
oxygen because of an increased biochemical oxygen 
demand [21]. The operational activities of wind farms 
also create noise and vibrations, in turn disturbing the 
benthic species. The summary is as shown in table 1 
 

Table 1 Summary [21] 

 

 
 

To conserve the marine habitat of benthic zone from 
the construction of foundation of wind turbines, 
concepts of floating wind turbine can be applied. 
There are 3 different types of design concepts (ballast 
stabilized, mooring line stabilized and buoyancy 
stabilized), which differs according to required 
stability or depth of the site. This concept is currently 
being investigated by NREL and MIT [3]. 
 
3.3 Birds 
Although wind energy is considered as environmental 
friendly, its development has caused a potential 
negative impact on the birds. These include 
displacement from existing habitats, risk of collisions 

with wind turbine blades, and wind farms as 
migration barriers for birds. Thus to avoid 
displacement, certain areas should not be developed 
for the installation of wind farms. Even though local 
bird species have adapted to wind farms, many 
vulnerable species are severely impacted if wind 
farms are established in their traditional feeding or 
breeding areas [22]. 
 

 
Fig. 6 Migration routes of birds over India [23] 

 

 
Fig. 7 Migration routes of birds on coast of India [23] 

 
Bird species are seriously affected due to collisions 
with the wind structures, especially during poor 
weather conditions. Poor visibility due to fog or rain 
makes it more likely for the birds to collide with such 
structures, as the flight height of the birds may get 
reduced. Coastal and migratory bird species are 
thought to be most at threat, particularly species that 
undertake frequent, short low-level flights between 
feeding and roosting sites. Birds, which are on 
migration, cannot avoid such weather conditions, and 
it becomes more vulnerable for them to travel on 
lower altitude, due to low cloud presence. Also, 
strong winds may affect the birds‟ ability to control 
them at a higher altitude [22]. When the turbine 
rotates at high speed, and though a bird may be at 
high altitude, due to turbulence generated near the 
wind turbine, the path of the bird may change and 
result into collison. 
Wind farms may also constitute a huge barrier 
between nesting sites and foraging areas, leading to a 
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fragmentation of the birds‟ habitat. Thus to reduce 
negative impacts on migrating vulnerable birds, wind 
farms should not be developed in migration flyways. 
Also, Offshore wind turbines have navigation lights, 
which attracts the birds and they may get killed [3]. 
However, due to the development of standardized 
methods for wind power and monitoring for avian 
impacts, collisions have decreased. Few measures can 
be taken to protect birds from wind turbines. In a 
project in Texas, avian radars have been set to detect 
birds; the system will stop the turbine if there is a 
danger to a bird [3]. The best measure which can be 
taken to minimize such collisions is to analyze the 
area before installation, and check whether it is a part 
of the migration corridors of birds or not. Migration 
route of the avian birds is a must study before 
installation of a wind farm. Migration route of some 
common birds passing over India is as shown in 
Figure 6 and 7. The figure shows that some of the 
migration birds travel along the coastal areas. Hence, 
distance between the site and the shore should be 
large enough. The avian mortalities of wind farm is 
mostly dependent on the weather, season, 
topography, species, type of activity of bird, layout 
and type of technology [24]. 
 
3.4 Climate change 
Climate change is one of the major challenges faced 
by us. The emission of greenhouse gases and global 
warming has posed a serious threat to humans, 
infrastructure and survival of species and ecosystems. 
Wind farms have now leaded to changes in the 
climate because of additional wind parks. As the 
scale of wind farms gets larger and larger, there are 
some conjectures that may cause changes in the local 
climate. The turbulence generated by wind turbines 
may cause the local climate change by mixing air up 
and down. This can also change the direction of high 
wind speed, which could disturb the cycle of local 
moisture evaporation [3]. 
 

 
Fig. 8 Advance of southwest monsoon 2015 as of 26.06.2015 

[25] 

Wind turbines take energy from the atmosphere and 
turn it into mechanical energy and then further into 
electrical energy. So, according to the first law of 
thermodynamics, they must have some impact on the 
atmosphere‟s flow. Hence, the intensity of the flow 
of the wind may gradually decrease, eventually 
disturbing the monsoon cycle or wind cycle of the 
local area. It may cause a drought or can also bring 
floods due to heavy rain. India is a country, where 
maximum population relies on agriculture, indirectly 
dependent on rain showers. Thus, measures must be 
taken in such a way that the development of offshore 
wind technology should not disturb the advancement 
of monsoon in India. Before installation of the wind 
farm, the monsoon winds must be studied and 
analyzed, such that its installation may not disturb the 
atmosphere‟s cycle. The data of advance of 
southwest monsoon 2015, in India is shown in Figure 
8. 
 
3.5 Visual Impacts 
Offshore wind farms usually have bigger and more 
turbines than onshore developments. Since the 
distance is very large from the coastline, the visual 
impact is comparatively lower. However, the coastal 
landscape is often unique and sometimes provides 
one of the most valued landscapes. Its visual impact 
can affect three components of the landscape i.e. area 
of sea, area of land and length of coastline. Its 
visibility from shore depends on topography, 
vegetation cover and non-natural structures present 
on the site. Generally, the distance between observer 
and the wind turbine has the strongest influence on 
the visual impact [19]. For an example, if we decide 
that turbine towers should not be larger than half the 
height of the thumb on an outstretched arm of a 
standing adult, the results by applying simple 
trigonometry shows distance around 15±1.2 km. The 
parameters used here are just for initial estimates, and 
not recommendations [26]. 
 
3.6. Shipping, navigation and emergency operations 
Commercial shipping between two different countries 
or the continents is generally done by seaways. One 
of the major issues caused due to commercial 
shipping is the collision between the vessels and the 
turbine which eventually lead to oil spills and water 
pollution. Hence, before installation of an offshore 
wind farm, it has to be analysed and ensured that it 
does not disturb the different sea navigation routes. 
As wind turbine is a static structure and a lot of area 
is covered by a wind farm, so it also disturbs the 
nation‟s navy. Hence, it creates an impact on the 
emergency operations or other. 
 
CONCLUSIONS 
 
At present, wind energy is one of the clean, 
environment friendly and a cheap renewable source 
that has a high potential to become a source for total 
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major power. Wind power generation capacity is 
growing rapidly, and it is about 29% of average 
annual growth presently. However, more growth in 
this field depends upon the energy policies for its 
installations. 
In India, mostly onshore wind power development 
has occurred. Offshore wind energy is comparatively 
a new sector for development in India, as it has some 
advantages such as no land issues, less visual effects 
and also less impacts on humans. European countries 
lead in offshore market and technology. Other 
countries of world are also making efforts for 
development in this technology. Since, offshore is a 
new technology, it needs further development. 
However, energy produced by wind energy is 
believed to be environmentally benign, it still has 
negative impacts on the ecosystem. For offshore 
developments, there are issues such as disturbance to 
marine habitat by noise and electromagnetic waves, 
destruction of benthic seabed due to construction and 
decommissioning, birds‟ mortality, climatic changes 
and other disturbances. Different measures must be 
taken to reduce the effects caused on the 
environment, and location for installation of turbines 
must be chosen accordingly. The study shows that 
some coastal regions of Gujarat and Tamil Nadu in 
India have good potential to set up wind farms. 
Hence, with proper policies and good understanding 
of impacts for wind power development, wind energy 
can be a clean and major source for energy 
production and can thereby replace fossil fuels. 
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