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Abstract

Offshore wind energy holds promising potential as an alternative source of energy for a
country like India, which continues to be land deprived and faces increasing difficulty in
acquiring land for energy. While some scholarly efforts have focused on the Indian context,
there is a dearth of studies on the associated environmental and social challenges of such
infrastructure deployment. The paper conducts a detailed assessment of the policy and
institutional mechanisms governing the offshore wind energy in the country and identifies the
possible environmental and social impacts of such projects on the marine environment and
livelihood of fishing communities in India. It employs qualitative research approaches and
various types of secondary information and data. The policy and institutional framework
assessment reveals that, despite the creation of the required mechanism, significant gaps
exist in the knowledge of such projects’ possible impacts through these policies and
regulations. Impact mapping shows that offshore wind projects could adversely affect the
marine eco-system and marine biodiversity to varying degrees over their entire life. The
impacts occurring during the construction and operation phases of the project cycle will be
significant. Policy suggestions show that preparatory measures are necessary before the
implementation of such projects.

Keywords: offshore wind energy, environment, livelihood, India

JEL Classification: E2, 013, 018, Q42
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1. INTRODUCTION

In the basket of renewables, offshore wind energy is emerging as a promising energy
source worldwide, having far-reaching potential to meet the burgeoning energy
demand. The International Energy Agency (IEA) (2018) has even recognized that
“off-shore wind energy is a rising force.” Globally, offshore wind energy is gaining
traction as an alternative source of energy, and the technology is fast achieving
maturity and increasing its market penetration. Countries are also prioritizing offshore
wind as a source of energy to mitigate climate-related challenges.

Given that this source of energy is carbon neutral and can meet the growing appetite
for energy, coastal countries across the globe are considering it as a potential source.
Though offshore wind assets constitute 5% of the total deployed wind assets globally,
with cumulative global installations of 30 GW, projections have indicated that it
will grow rapidly in the future to meet the renewable target of 2030. It has become
an important part of the green and blue recovery of many countries impacted by
COVID-19 pandemic. Some countries, like the UK, are even renewing their focus on
offshore wind energy as a mechanism to realize the ambitious 2050 target of net zero
emissions. The projections of the International Renewable Energy Agency (IRENA)
(2020) have revealed that the global offshore wind energy capacity will touch 228 GW
by 2030 and could further leapfrog to 1000 GW by 2050. While European countries
are taking the lead in deploying such energy assets, several countries in the Asia and
the Pacific region are showing fresh interest in this form of energy. IRENA (2020b)
projects that Asia will take the lead in future offshore wind energy capacity addition.
The European success story largely draws its strength from regional cooperation for
interconnection along with well-designed marine spatial planning, which appear to be
critical for the successful deployment of offshore wind energy. Importantly, one of the
major drivers of offshore wind energy deployment is the dramatic reduction in the cost
of electricity from this source of energy. IRENA’s (2020b) estimations revealed that the
levelized cost of electricity (LCOE) plummeted from USD 0.16 per kilowatt-hour (kWh)
in 2010 to USD 0.13/kWh in 2018 and is likely to fall further in the future.

India is making long strides in driving its varied sources of renewables and has
taken strategic policy actions in that direction. Both global commitments and domestic
compulsion have redefined and reconfigured the country’s focus on renewable energy
development. The target to deploy 500 GW of energy from non-fossil fuel by 2022 is a
clear manifestation of such policy thrusts. To achieve the target and to meet the
country’s surging energy demand, it is also imperative to diversify its energy portfolio to
include all possible renewable energy sources. Offshore wind energy, among other
things, offers an opportunity to diversify India’s renewable sources and exploit this new
form of energy. The importance of achieving energy security and provisioning quality
and reliable energy holds primacy as the country performs poorly in several key energy
indicators. For instance, while India’s per capita electricity consumption is close to 1100
kWh, that of the People’s Republic of China (the PRC) is four times higher.

India, being a resource-rich country in terms of having a coastline 7600 km long,
possesses huge potential for offshore wind energy generation. Offshore wind energy is
promising as an alternative source of energy for a country like India, which continues to
be land deprived and is increasingly facing difficulties in acquiring land for energy
projects. In addition, the momentum behind the blue economy, with its emphasis on
utilizing the “ocean as a resource,” has reiterated the need to exploit this vital source of
energy. Some estimates have revealed that the blue economy’s share at present is 4%
of the country’s GDP, and this figure is likely to rise in the future. Besides, policy
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makers are considering offshore wind energy as a “strategic source of energy” to
achieve energy security in the country. They are prioritizing offshore wind energy as it
has higher capacity factors than its counterpart onshore wind energy (Wei, Zou, and
Lin 2021). Studies have also asserted that offshore wind could offer a more predictable
source of energy than its counterparts, solar PV and onshore wind (IRENA 2020b;
Kumar et al. 2020). It can better serve the load centers near the coastline and can be a
major source of energy for them in the future. Though potential estimates have varied
significantly across studies, the offshore wind energy potential in the country reportedly
lies somewhere between 200 GW and 500 GW (Mani and Dhingra 2013a). Considering
the potential, the available technology, and the cost, the country has set medium-term
and long-term targets of deploying 5 GW of offshore wind energy by 2022 and 30 GW
of offshore wind energy by 2030. In fact, the country has undertaken the initial efforts in
2018 to deploy 1 GW in an offshore wind project on the Gujarat coast. However, the
project became mired in controversy and has not taken off so far due to a high CAPEX
and a lack of government support (Bhatti 2021). In fact, there have been shifts in the
industry’s interest from Gujarat to Tamil Nadu due to the high wind resource potential
and favorable geotechnical conditions in the state of Tamil Nadu.

Kumar et al. (2020) asserted that offshore wind energy would be a critical addition to
the country’s current emphasis on renewables. To drive the offshore wind energy
development in the country, the Ministry of New and Renewable Energy (MNRE)
issued a dedicated policy called the “National Offshore Wind Energy Policy” in 2015.
The most recent development was the MNRE’s declaration of the “Draft Offshore Wind
Energy Lease Rules, 2019,” which has spelt out mechanisms to lease out blocks for
offshore wind energy projects.

Though a good number of scholarly efforts in the past have focused on analyzing
various aspects of offshore wind energy development in the country, such as the
potential and feasibility of deployment, the need for policy drivers and policy
instruments, technological configurations, and the geophysical aspects of such
potential, there has been a dearth of scholarly studies understanding and analyzing
the possible environmental and social conundrums of such large-scale infrastructure
deployment. For instance, Nagababu, Kachhwaha, and Savsani (2017a) and
Nagababu, Kachhwaha, Naidu, and Savsani (2017b) attempted to assess the offshore
wind energy potential and feasibility of deploying such technologies in the country by
employing GIS and remote sensing tools. Similarly, Mani and Dhingra’s (2013a, 2013b,
2013c) studies largely focused on the policy aspects of offshore wind energy
development in India and evaluated the need for a robust set of policies and policy
instruments for the large-scale deployment of offshore wind energy in the country. On
other hand, some studies (Kota, Bayne, and Nimmagada 2015) have attempted to
compare the offshore wind energy development in India with that in the UK and the US.
These studies showed that there has been poor understanding of the possible
environmental and social impacts of such infrastructure deployment. This is partly
because of a lack of physical presence and implementation of such projects at present;
however, such an understanding is of the utmost important at this juncture as the
country is gearing up for the deployment of such assets in the near future (Aggarwal
2019). Several studies in other country contexts have pointed to the environmental and
social challenges involved in offshore energy deployment (Bergstrém, Sundqvist, and
Bergstrom 2013; Bailey, Brookes, and Thompson 2014; World Wide Fund for Nature
(WWF) 2014).
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In this context, the present study aimed to undertake the following tasks:

e To analyze critically and assess the policy and institutional framework
governing offshore wind energy development in the country from the
perspective of its environmental and social impacts;

e To carry out a detailed mapping of the possible environmental and social
impacts of such projects on marine ecology and the livelihoods of fishing
communities.

The study has employed a qualitative research approach by using various types of
secondary information and data. It carried out a detailed assessment of the existing
laws and policies to understand and analyze critically the legal and institutional
framework governing such projects. It gathered various types of secondary data and
information to map the possible impacts of these projects. The gathered information
aligned with that of similar studies in other country contexts that have assessed such
impacts. In addition, a select set of expert consultations were carried out to understand
the contextual impacts of such infrastructure projects in the Indian policy setting. The
findings of the study will help policy makers in their decision to deploy such projects
and in taking the necessary policy actions at all layers of governance to minimize their
environmental and social threats.

The structure of the paper is as follows. The next section presents the importance of
offshore wind energy as an emergent infrastructure. The third section describes the
policy and institutional framework that governs offshore wind energy development in
the country. The fourth section identifies the possible impacts of offshore wind energy
projects, drawing from international experiences. The fifth section maps the possible
ecological and social impacts of such projects in India. The sixth section offers a future
roadmap that minimizes the adverse environmental and social impacts of these
projects. The final section concludes the paper.

2. OFFSHORE WIND ENERGY AS AN EMERGENT
OCEAN INFRASTRUCTURE IN INDIA

India has 7600 km of coastline, offering huge offshore wind energy potential. It also has
2.3 million square kilometers of Exclusive Economic Zones (EEZs), which offer an
enormous offshore area for the deployment of ocean infrastructure. The country has
nine maritime states, of which Gujarat has the longest coastline, followed by Tamil
Nadu. The creation of offshore energy infrastructure in India is not new; the offshore oil
and gas industry has been thriving for quite some time. India’s Oil and Natural Gas
Corporation (ONGC) has been operating offshore oil and gas fields in Mumbai, known
as “Bombay High,” since 1976. Similarly, there have been offshore energy assets
deployed on the eastern coast of the country, in the Krishna—Godavari-Mahanadi
basin. Studies have reported that the deep water basins of Mahanadi also hold good
potential for hydrocarbons. The most recent development in this space was the subsea
development project of Reliance and British Petroleum (BP) in the Krishna—Godavari
basin. They installed ultra-deep infrastructures for the extraction of gas. Three recently
developed deep water gas projects have the potential to fulfill 15% of India’s gas
demand by 2023. The most recent development in this space is the Government of
India’s proposed “Deep Ocean Mission,” which emphasizes, among others, exploring
minerals and energy, and the Ministry of Earth Sciences of the Government of India
has lauded it as a “futuristic and game changing” mission. The Union Budget of the
Government of India 2021-22 placed special emphasis on the Deep Ocean Mission,
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with a budgetary allocation of 4077 crore INR over a 5-year period. Although offshore
wind energy received an explicit mention in the Mission, its larger goal is to accelerate
the blue economy, which can contribute to India’s development and help in meeting
India’s future energy requirements.

Offshore wind energy is new to the country, and such technologies are evolving fast
globally. Offshore wind energy technologies have been developing globally over the
past three decades. They have received high prioritization due to their strength and
steadiness and their greater efficiency and predictability (Kumar et al. 2020; Wei 2021).
The cost of generating electricity using these energy sources remains high; however,
the expectation is that it will fall in the near future with the large-scale deployment of
such systems and technological advancements (IRENA 2020b).

There have been several efforts globally to develop offshore wind assets of varying
forms and sizes. While Europe leads in terms of the deployment of offshore wind
installations, the PRC is fast ramping up its new capacity and dominates in terms of
new capacity additions, energy generation, and technological advancements, and other
nations in the Asia and Pacific region, like Taipei,China; Viet Nam; Japan; and the
Republic of Korea, are increasingly paying attention to offshore wind energy as an
alternative and efficient source of energy. Though offshore wind assets constitute 5%
of the total deployed wind assets globally, with cumulative global installations close to
30 GW, projections have indicated that they need to grow rapidly in the future to meet
the renewable target of 2030. IRENA’s projections revealed that the global offshore
wind energy capacity will touch 228 GW by 2030, further escalating to 1000 GW in
2050 (IRENA 2020a). The year 2019 showed a historical record of 6.1 GW deployment
of offshore wind energy assets globally (Figure 1). The projections of the Global Wind
Energy Council (GWEC) (2020) also revealed that India has high potential for offshore
wind energy and will be producing from this source from 2027 onwards. Table 1
presents the cumulative offshore wind installations so far globally, and Figure 1 shows
the compound annual growth rate of offshore wind energy across the globe.

Table 1: Cumulative Offshore Wind Installation in Major Offshore
Wind-Deploying Countries

Country Installed Capacity (MW)
UK 9,603
Germany 7,566
PRC 6,984
Denmark 1,746
Belgium 1,455
The Netherlands 1,164
Others 582

Source: GWEC (2020).
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Figure 1: Compound Annual Growth Rate of Offshore Wind Energy
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In the Indian context, though some crucial developments have taken place in offshore
wind energy, the implementations are still in the nascent stage. Offshore wind energy is
emerging as a crucial source of energy and a preferable alternative to onshore wind
energy due to the inherent land acquisition problems combined with the increasing
difficulty in obtaining windy sites. Given that India has a successful history of onshore
wind energy and ranks as the fourth-largest wind energy producer globally, it is likely
that it could capitalize on some of the experiences of and learning from onshore wind
deployment for its offshore wind energy deployment. It is an opportune time for the
country to accelerate its offshore wind development given the favorable economic and
climate-related commitments and compulsion.

Multiple agencies have estimated the offshore wind energy potential in the country. For
instance, according to the estimates of the Lawrence Berkeley Laboratory, India has
close to 214 GW of offshore wind energy potential (Phadke et al. 2012). Mani and
Dhingra (2013a), in one of their studies, estimated that the potential of offshore wind
energy in India lies between 200 GW and 500 GW. However, most potential sites
lie along the coasts of Gujarat and Tamil Nadu. Some of the Government of India’s
preliminary estimates have revealed that Gujarat alone has the potential to generate
around 106 GW of offshore wind energy, whereas Tamil Nadu has potential close to 60
GW (Aggarwal 2019), two high potential states in India, and the rest of the potential lies
in other coastal states.

FOWIND (2017) carried out detailed baseline mapping and supply chain assessment
and investigated the feasibility of grid integration for these two Indian states, that is,
Gujarat and Tamil Nadu. The report identified five crucial factors for offshore wind
development in the country: drawing a long-term roadmap, developing a transparent
consent and permission system, strengthening the regional and national grid,
developing a well-structured financial support system, and developing the necessary
skill sets and competencies. According to the FOWIND (2017) study, the roadmap
should involve identifying the policy drivers, setting the targets, and laying out a clear
implementation plan. Given that the technology is nascent and quite complex, clear
procedures are necessary in which consent and permission should be consistent,
which would boost private investors’ spirit to venture into this risky sector. The third
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important aspect is grid integration. The problem of poor grid integration will have
technical as well as financial implications for the sector's development. This will
become more pronounced due to the lack of a policy for offshore energy transmission.
The fourth most important factor is the creation of an eco-system for the provisioning of
the much-needed financing for the sector given that these technologies are nascent
and the cost of generating electricity is relatively high compared with the cost of other
forms of energy. The government should extend the necessary financial support
through the provision of smart subsidies along with easy access to credit for project
developers. The final and most important factor is the development of the necessary
skill set and competencies. A diverse set of skills is necessary during the life cycle of
an offshore project. The most necessary skills are specialized and hence require
building over time. Therefore, there is a need to develop an indigenous skill set through
framework agreements with other countries for training and capacity building, through
knowledge ftransfer, and through joint partnerships during projects’ execution,
implementation, and decommissioning (FOWIND 2017).

While there have been some efforts to install the first 1 GW of offshore wind energy in
the country in the Gulf of Khambhat, on the coast of Gujarat, the progress is slow and
tardy. Toward that end, the efforts have been undertaken to conduct the required
geophysical study for an area of 365 square kilometers as well as geotechnical and
met-ocean studies and the seeking of stage | clearance following the guidelines of the
“National Offshore Wind Energy Policy, 2015.” The Ministry of New and Renewable
Energy (MNRE) has also highlighted that the National Institute of Oceanography, Goa,
has the responsibility for carrying out the Environmental Impact Assessment (EIA)
of the proposed project site. The next stage in the process is to select a developer
through a competitive bidding procedure and then seek the stage Il clearance for the
project. Expecting the tariff to be high for this project, the MNRE has proposed to
provide central financial assistance in the form of viability gap funding (VGF). However,
the project has suffered considerable delays and has been unable to meet the target
schedules. There are further proposals to deploy LIiDAR off the coasts of Gujarat
and Tamil Nadu to carry out wind resource assessment along with geophysical,
geotechnical, and oceanographic studies (Randall-Smith 2020).

3. POLICY AND INSTITUTIONAL FRAMEWORK
GOVERNING THE OFFSHORE WIND ENERGY
DEVELOPMENT IN INDIA

It is necessary to highlight the larger policy and institutional framework governing
the ocean infrastructure in general and offshore wind energy in particular. Both the
union government and the provincial governments in India largely govern the marine
resource management. This has led to often overlapping and conflicting jurisdiction
of existing laws, regulations, guidelines, and notifications among the different layers
of institutions, resulting in ambiguities in ocean governance in India. In addition, climate
change considerations have compounded the problems of marine resource
governance and management in India (Jayaram 2016). However, the emphasis in this
section is on assessing the major laws, regulations, and notifications that directly and
indirectly affect the offshore wind energy development in the country.

Two sets of recently declared policies and guidelines, namely the “National Offshore
Wind Energy Policy, 2015” and the “Draft Offshore Wind Energy Lease Rules, 2019,”
govern the most important and most direct policy environment of offshore wind energy
in India. These two policy documents set the tone and lay down the governance setting
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for the offshore wind energy policy making in the country. This section presents a
detailed and critical mapping and evaluation.

3.1 National Offshore Wind Energy Policy, 2015

Considering the importance of offshore wind energy in India, the Government of India
has produced the “National Offshore Wind Energy Policy” in 2015. The policy has set
out the institutional mechanism for the offshore energy development in the country. The
Ministry of New and Renewable Energy (MNRE) of the Government of India acts as the
nodal ministry. As a nodal agency, the MNRE is responsible for carrying out the overall
monitoring of projects, coordinating with other ministries, offering guidelines/directives,
providing support for the nodal agency, the National Institute of Wind Energy (NIWE),
promoting international cooperation, and conducting coordination in matters relating
to tariff decisions and other such regulatory matters. The National Institute of Wind
Energy (NIWE) acts as a nodal agency for conducting the resource assessment and
demarcating blocks for facilitating the development of offshore wind energy in the
country. In addition to the nodal ministry and the nodal agency, the policy refers to the
formation of an ‘Offshore Wind Energy Steering Committee’ within the Ministry of New
and Renewable Energy (MNRE), with the Secretary as its chairman, which would not
only provide policy guidelines from time to time but would also oversee the execution
and effective implementation of offshore wind project activities on a regular basis. In
addition, the Ministry of Shipping, Central Transmission Utilities (CTU), and State
Transmission Utilities (STU) will be part of the offshore wind energy development in the
country. Besides, given that these technologies are new and complex, the policy
requires clearance from a host of ministries, such as the Ministry of Defence and the
Ministry of Environment, Forest, and Climate Change. Figure 2 presents a schematic of
the institutional mapping.

Figure 2: Schematic of the Institutional Mechanisms
Governing Offshore Wind Energy in India
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The detailed mapping of the policies reveals that they offer a broad policy framework
for the development of offshore wind energy in the country. It highlights that offshore
wind energy is at the nascent stage of development and has yet to gain a comparable
position with other competing sources of renewables. Since onshore wind energy is
one of the country’s successful initiatives, it is likely that offshore wind energy will draw
from the rich and varied experiences that it has gained from onshore wind energy and
embed the best practices of onshore wind energy into the framing and implementation
of offshore wind energy projects. The policy document also highlighted that India has
reasonable potential for offshore wind energy development and that, in India, two main
maritime zones are potential areas for offshore wind energy development: 1) within
India’s territorial waters, which cover 12 nautical miles from the coastline toward the
sea; and 2) Exclusive Economic Zones (EEZs) beyond 12 nautical mile areas into the
sea up to 200 nautical miles. The targets for offshore wind energy are to produce 5 GW
by 2022 and 30 GW by 2030. The policy objectives clearly emphasize the need for
such policies both from the energy security point of view and from the carbon reduction
point of view. They also prioritize the need for public—private partnerships for offshore
wind energy development, promoting such wind farms in the country’s Exclusive
Economic Zones (EEZs).

The policy recognizes a host of challenges, such as resource characterization, subsea
cabling, turbine foundation, the installation of turbines, including logistics, grid
interconnection, and operation issues, the construction of transmission infrastructure,
integration with the national grid infrastructure, and associated coastal security issues,
for the development of offshore wind energy in the country. The policy acknowledges
the important aspect of the impact of such projects on fishing and the livelihood of local
fishing communities during the project planning stage and prescribes that projects
should make all efforts to avoid developing project sites in fishing grounds. If there is a
need to relocate the fishing grounds, fishing communities should be given adequate
compensation in accordance with the policies of the central/state governments. In
addition, the policy recognizes the need to carry out Environmental Impact Assessment
(EIA) to assess the impact on aquatic life and fishing; this is unique in the forms of
renewable energy development in the country. As part of the EIA, the policy guidelines
suggest that the developer should provide the details of decommissioning and site
restoration before the offshore construction begins. In this regard, it should gain the
necessary clearance from the Ministry of Environment, Forests, and Climate Change
(MoEFCC) and other ministries. It also gives state governments the responsibility for
forming dedicated committees for the development and promotion of offshore wind
projects in their respective states.

While the policy speaks volumes about various aspects of offshore wind energy
development in the country, the proof of the pudding lies in the eating. The
effectiveness of the policy is in its implementation. Though the proposal to deploy
1 GW of commercial offshore wind energy in the Gulf of Khambhat represents some
efforts in that direction, the progress has been slow at best. The policy has certain
lacunae, such as the lack of a permission and consenting regime for wind energy.
Given the context-specific nature of the impacts of such policies, the policy does
not explicity mention the development of the needed institutional mechanism at
the decentralized level. In addition, the policy document does not refer to other
environmental laws, regulations, and guidelines that apply to such projects. While it
discusses environmental and social impacts, carrying out such assessments requires a
contextual understanding and the devising of strategies at the local scale.
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3.2 Draft Offshore Wind Energy Lease Rules, 2019

The second most important policy guideline is the “Draft Offshore Wind Energy Lease
Rules, 2019,” which has a specific focus on lease rules. Here, the study extracts and
analyzes relevant environmental and social provisions to highlight the way in which the
rules deal with these matters. They assign primacy to the “decommissioning” of the
project, in which the uprooting and demolition of foundation structures and the removal
of debris will follow the relevant marine environmental norms. It also states that the
lessee does not have the right to block or bar routine activities, including activities
related to fishing. Another important clause concerns the cancellation of the lease
agreement if the project causes environmental damage to flora and fauna lying under
the sea and can pose threats to human life and property both while carrying out
activities under water and while operating during the lease period. In addition, the rules
state that the union government may take over the operation if the lessee misuses the
operation of offshore wind zones/areas, including environmental protection. The central
government can shut down the firm if it finds that it is causing damage to the
environment or property and generating pollution.

3.3 Other Laws and Regulations Governing
the Marine Environmental Systems

While the “National Offshore Wind Energy Policy, 2015” and the “Draft Offshore Wind
Energy Lease Rules, 2019” refer to direct environmental and social considerations
concerning offshore wind energy deployment in the country, there are other laws and
regulations governing the marine environmental systems that have a bearing, albeit
indirectly, on the offshore wind energy deployment in the country.

One such regulation is the “Coastal Regulation Zone Notification, 2019.” Under such
notification, while the central government specifies the coastal regulation zone norms,
the state government should declare its coastal zone management plans and set up a
Coastal Zone Management Authority (CZMA). The framing of these notifications falls
under the umbrella legislation of the Environmental Protection Act 1986 and hence
their design is primarily intended to protect the marine ecosystem and marine
environment. The government framed the first rule in 1991, further revising it in 2011 to
allow some flexibility, and declared the latest one in 2018-19. According to the latest
rule, the thrust is on the management and conservation of marine eco-systems, the
promotion of coastal areas, eco-tourism, and livelihood options with specific reference
to fishing communities and sustainable development at large. While different segments
of zones exist, ecologically sensitive areas (CRZ I), such as mangroves, coral and
coral reefs, sand dunes, biologically active mudflats, other parks, salt marshes, turtle
nesting grounds, horseshoe crab habitats, sea grass beds, and nesting grounds of
birds, require specific attention. It clearly identifies the coastal areas that require
special focus and consideration, declaring as critical vulnerable coastal areas (CVCAS)
the Sundarban region of West Bengal, the Gulf of Khambat and Gulf of Kutchh in
Gujarat, Malvan, Achra-Ratnagiri in Maharashtra, Karwar and Coondapur in Karnataka,
Vembanad in Kerala, the Gulf of Mannar in Tamil Nadu, Bhaitarkanika in Odisha,* and
Coringa, East Godavari, and Krishna in Andhra Pradesh.

1 In 2011, the Government of India approved the name change of the State of Orissa to Odisha. This
document reflects this change. However, when reference is made to policies that predate the name
change, the formal name Orissa is retained.
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In addition, India, as a signatory to the “Convention on Biological Diversity” (CBD), has
to follow the conservation norms that the CBD has specified. It identifies protected
areas as key mechanisms to safeguard biodiversity (Legal Initiative for Forest and
Environment 2014). Marine protected areas (MPAs), which come under the CBD,
constitute an important component of marine biodiversity and marine eco-systems.
Four key areas are legally declared protected areas, specifically national parks or
wildlife sanctuaries, conservation reserves, and community reserves. Nearly 700 such
locations had recognized as protected areas in India by 2014 (Sivakumar, Mathur, and
Pande 2013). These MPAs provide a range of ecological services. Table 2 presents a
mapping of the impacts and gaps drawing from the key policies and regulations
governing offshore wind energy in the country.

Table 2: Mapping of the Impacts and Gaps from the Key Policies and Regulations

Governing Offshore Wind Energy in the Country

Policy

Identified Impacts

Proposed Measures

Identified Gaps

National
Offshore Wind
Energy Policy,
2015

Impacts on fish catching
and livelihood impacts
on fishing communities

Impacts on aquatic life
and fishing

Not to develop project sites on
fishing grounds; in the case of
relocation of fishing grounds, to
provide adequate
compensation

Need to carry out EIA; the
developer should provide
details of decommissioning and
site restoration

Lack of a wind
permission and
consenting regime; lack
of clarity on local-level
institutional
mechanisms; lack of
clarity regarding
integration with other
marine laws, regulations,
and guidelines

Draft Offshore
Wind Energy
Lease Rules,
2019

Impacts during the
decommissioning of the
projects

Impacts on fish catching

Damage to flora and
fauna

Damage to the
environment and the
generation of pollution

In accordance with the marine
environmental norms

No right to block or bar routine
activities, including activities
related to fishing

Cancellation of the lease
agreement if the project causes
environmental damage to flora
and fauna lying under the sea

Shutting down of firms

No clarity on the exact
nature of impacts and
stages of impacts; lack
of clarity regarding
integration with other
marine laws, regulations,
and guidelines; no
assignment of a specific
role to state
governments or other
decentralized bodies

Source: Author’s compilation and analysis.

4. POSSIBLE IMPACTS OF OFFSHORE
WIND ENERGY PROJECTS

Oceans deliver a range of material, economic, and non-economic benefits. In fact, the
importance of oceans and their ecological significance has become more pronounced
in the face of the ongoing COVID-19 crisis.

While offshore wind energy projects generate a host of benefits compared with
other forms of renewable energy, such as high efficiency, no land requirement, and
negligible transmission costs, it is possible that these forms of energy interventions
involve significant environmental and social costs (WWF 2014). Most importantly,
studies have pointed out the inherent uncertainties of the environmental impacts of
offshore wind energy projects. They have asserted that often environmental effects
could sustain through the entire project life cycle. Studies assessing the environmental
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and social impacts of offshore wind energy projects have often posited that these
projects generate both positive and negative environmental impacts. One of the
most-cited positive impacts is the formation of artificial reefs through the turbine
structures (Kumar et al. 2020). Researchers have asserted that these artificial reefs
could enhance the species population and biomass types. Artificial habitat creation
through reefs may increase the fish population, bird species, and marine mammals
(Lindeboom et al. 2011).

However, some reports have denied such claims of increased diversity of ocean
animals and fish populations following the deployment of offshore wind energy plants
(Bergstrom et al. 2013). Negative impacts are also apparent in terms of the
construction of offshore wind energy plants and consequent activities, such as
transportation, deployment, and operational noise, and their impacts on marine life and
marine eco-systems (Kumar et al. 2020). For instance, understanding the water depth
and seabed characteristics is a crucial element of the deployment of such systems
as this knowledge helps to identify the deployment sites. Similarly, the type of wind
turbine generator (WTG) and its positioning are two very important components
of projects, which may have significant environmental and ecological impacts. If
not properly designed and contextualized, the generator may create possible
environmental impacts, such as disturbing sea bird feeding areas, fish spawning
areas, and protected species, along with negative visual impacts. For instance, the
construction of wind plants within the sea impairs seabed habitats and generates
negative consequences in the long run (Bailey, Brookes, and Thompson 2014).
Offshore wind energy farms reportedly have negative impacts, decreasing the marine
population, richness of species, biodiversity, functioning of marine species, their
abundance, and their community structures and often affecting the behavior of marine
lives. However, the cumulative environmental and ecological impacts are not clear
and are often context based. Some studies have reported the visual impacts of
offshore wind farms and pointed out that the nearer the installation of farms, the greater
the visual impacts (Parsons, Firestone, Yan, and Toussaint 2020). The noise that these
projects emit might also have negative environmental consequences for marine
species and their movements. The generated noise is harmful for mammals
(Thompson et al. 2013; Bailey, Brookes, and Thompson 2014; Kumar et al. 2020), loud
sounds could also be detrimental to sea animals, causing hearing impairments and
obstructing their communication, leading to their migration and relocation (Thompson et
al. 2013; Bailey, Brookes, and Thompson 2014; Kumar et al. 2020).

Apart from the environmental impacts, these energy infrastructures generate a host
of social impacts. Research has asserted that understanding the human dimension
of such projects is vital for their successful implementation. Some studies have
raised concerns about the impacts on the fishing industry (Ciara, Garcia, Ortega, and
Richmond 2020), and others have identified the negative impacts on eco-tourism
(Kumar et al. 2020). The local area and local people, terrestrial life and marine life, and
the ocean eco-system would experience significant impacts.

5. MAPPING THE ECOLOGICAL AND SOCIAL IMPACTS
OF OFFSHORE WIND ENERGY PROJECTS IN INDIA

While the full-scale impact of offshore wind projects in India will only be apparent
after their implementation, drawing from the international experiences and expert
interactions, this study mapped, identified, and contextualized a host of possible
impacts to understand their magnitude and their varying dimensions. Given that these
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projects involve large degrees of uncertainty regarding their environmental and social
impacts (IRENA 2020b; Kumar et al. 2020), it is imperative to carry out full-scale
mapping for offshore wind projects. Studies have contended that the extent and
magnitude of the ecological disturbances that these projects may generate are still
unexplored, underestimated, and at best poorly mapped (Kumar et al. 2020). This
mapping exercise becomes more pertinent as most of the renewable energy in India
does not fall under the ambit of the EIA Notification of 2006, and the pollution
regulatory authorities at the sub-national scale (i.e., State Pollution Control Boards) tag
renewable energy projects such as solar and wind as “green” (Thapar 2017).

Recent developments have also pointed to the need to perform this mapping exercise.
For instance, some preliminary observations have revealed the looming dangers of
extracting hydrocarbons from oceans in India and the possible ecological hazards of
such extraction for ocean flora and fauna (Singh 2020). Notably, the recent focus on
the blue economy, in which the private sector plays a dominant role in the exploitation
of ocean resources, has brought the debated issue of social licensing to operate to the
forefront (Roy 2019; Voyer and Leeuwen 2019). Traditionally, people have considered
the ocean as a common pool resource that has deep social, cultural, and spiritual
connections with the people of India (Roy 2019) and that is a major source of livelihood
for a large chunk of the Indian population (Singh 2020). For instance, in India, close to
15 million people draw their livelihood from fishing and fishing-related activities alone,
and fishing contributes nearly 5% of the GDP and 10% of foreign exchanges for the
country. In addition, a range of climate-related challenges, such as ocean acidification,
extreme weather events, and sea-level rise, have exacerbated the problems affecting
the aquatic lives of ocean inhabitants, their distribution and movement patterns, and
their behavior. Poor ocean literacy is arguably also causing problems in marine
conservation and ecological restoration.

5.1 Environmental Impacts of Offshore Wind Projects

The Indian Ocean system is rich in eco-systems, such as beaches, mangroves, coral
reefs, estuaries, islands, tidal mudflats, lagoons, marshes, and vegetated wetland
coastal islands. Extensive stretches of mangroves, coral reefs, and sea grass beds
form an eco-system for many ocean animals and species. Not only do these coastlines
and oceans have significant value in terms of giving shelter to wildlife, but they also
provide cultural value, natural landscape benefits, and archeological value. Studies
have pointed out that the Indian Ocean is home to a host of marine eco-systems,
offering habitats to various ocean animals and birds. Given the richness of the Indian
Ocean’s eco-system, the impacts could vary, with differing intensities depending
on the context and eco-system characteristics. Hence, before implementing any
proposed offshore wind project, there should be careful scrutiny of its environmental
and social impacts.

The proposed offshore wind projects could be distortionary in many ways. They could
disturb the marine biodiversity, create noise pollution for marine habitats, pollute the
ocean water at various stages of project development, such as construction, operation,
maintenance, and decommissioning, and disturb marine habitats and their residents’
breeding and feeding seasons and grounds.

In both the Bay of Bengal and the Arabian Sea, there are a number of marine protected
areas (MPAs), which constitute important ecologically sensitive areas for any
developmental projects (Singh 2020). Table 3 captures the major marine national parks
and sanctuaries in India. Some of these areas are fragile in nature; hence, the
protection of these areas should receive the utmost priority. Many of these MPAs
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are host to a number of mangrove species, for example Bhitar Kanika Sanctuary
and Gahirmata Marine Sanctuary. Considering the importance of mangroves, the
Government of India has identified 31 mangrove areas for intensive conservation
(Singh 2003). There has been apprehension that offshore wind projects could
adversely affect mangroves. For instance, the proposed project in the Gulf of Khambat
will affect stretches of mangroves that have already faced degradation for the last
couple of decades (Aggarwal 2018). In fact, the proposed project site of the Gulf of
Khambhat is home to a variety of plants, animals, and birds. Developing such projects
without adequate measures in hand could further accentuate the degradation of
mangroves and exert an adverse impact on the marine biodiversity in the region.
A report of the Gujarat Ecology Commission echoed this. The Gujarat Ecology
Commission warned that, due to the strategic geographical location of the Gulf of
Khambhat, it is becoming increasingly vulnerable to human-led activities, such as rapid
industrialization, the fast building of coastal infrastructures, and other developmental
projects, such as ports, oil terminals, and so on, which continue to endanger and
disturb the ecological balance (Aggarwal 2018). Hence, the proposed project could
further jeopardize the ecological balance in the area.

Similarly, some of these areas are rich in coral reefs, which are known dynamic eco-
systems and help significantly in protecting the coastlines from erosion. For instance,
the Gulf of Mannar, Gulf of Kutch, and Palk Strait are rich in coral reefs and represent
diverse ocean eco-systems. Some of these areas are prospective sites for offshore
project development too. While the impact of offshore wind energy on coral reefs is
unclear at best, considering the other negative environmental and ecological impacts
of these projects, it is pivotal to conduct a detailed EIA to avoid probable impacts on
coral reefs.

Similarly, MPAs are home to various sea animals and are known as fish boxes, which
are closed for certain periods of time as part of the restrictions of the management
regime. Certain marine biodiversity areas with estuaries serve as the breeding and
feeding grounds for sea animals. For instance, the estuaries of Gujarat provide feeding
grounds for whale sharks. Both the Arabian Ocean and the Bay of Bengal are home to
a variety of sea animals. For instance, dugongs live along the Gujarat coastline.
Similarly, Indian coastlines act as a breeding ground for sea turtles, for which the coast
of Saurashtra is a hatching ground. Gahirmatha Beach in Odisha is the largest known
mass nesting site for Olive Ridley turtles. Chilika Lake is famous as a wintering ground
for migratory birds. Given this richness of the Indian Ocean as a home to a variety of
sea animals and birds, offshore wind projects could pose major risks for their habitats.
Enough evidence of such negative impacts of these projects on ocean ecosystems and
ocean biodiversity exists in other countries. For instance, the proposed project site in
Guijarat is the ground for hundreds of plant species and for sea animals, and migratory
birds, and non-migratory birds. Without taking adequate measures, the project could
impose significant negative impacts (Aggarwal 2019). For instance, these projects
could block the migratory path of birds, and collisions with wind turbines could kill or
injure birds. There have been instances in which offshore wind projects have generated
great risks for seabird colonies. For instance, the Royal Society for Protection of Birds
(RSPB) challenged the government’s decision to deploy wind farms in Scotland.
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Table 3: Major Marine National Parks and Sanctuaries in India

Gulf of Kachchh Marine National Park, Gujarat Gulf of Mannar Marine National Park, Tamil Nadu

Gulf of Kachchh Marine Sanctuary, Gujarat Pulicat Lake Bird Sanctuary (Tamil Nadu and Andhra
Pradesh)

Malvan Marine Sanctuary, Maharashtra Point Calimere Wildlife and Bird Sanctuary, Tamil Nadu

Bhitar Kanika Sanctuary, Odisha Coringa Wildlife Sanctuary, Odisha

Gahirmata Marine Sanctuary, Odisha Krishna Wildlife Sanctuary, Andhra Pradesh

Chilka Lake Wetland System, Odisha Sunderban Tiger Reserve National Park, West Bengal

Holliday Island Wildlife Sanctuary, West Bengal  Sajnakhali Wildlife Sanctuary, West Bengal.

Apart from all these ecological impacts, the noise that these projects create could
disturb the marine ecology and generate harmful effects. Noises emanating from
construction sites could affect fishes and other sea animals and change their behavior.
Projects should employ advanced technologies to reduce the noise by using a soft-start
or ramp-up procedure (OSPAR Commission 2008). Radiation from these plants, such
as electromagnetic and heat radiation, could negatively affect marine animals. Table 4
captures the mapping of key environmental impacts based on the expert consultation.

Table 4: Mapping of the Key Environmental Impacts

Stages in the Project Life and Possible Impacts

Impacts/Stressor Types Construction  Operation Maintenance Transportation Decommissioning
Habitat loss b *k o o kk
Disturbing sea birds’ feeding ik ok ok ok -
areas

Disturbing fish spawning ek i *k o ok
areas

Injury or mortality to species *x oxk * *k kk
Risks of collision of birds * ok * * *
Community structure of *k ki * *k *x
marine species

Relocation and migration of ok i * ok ok
marine species

Disturbance of animal *kk ok * *k ook
behavior

Noise pollution sk o ok * -
Ocean water pollution ok ok ok * ook
Visual impacts ok ok ok * -

* represents a negligible impact, ** represents a moderate impact, and *** represents a high impact.
Source: Author’s construct based on inputs from experts.

5.2 Social Impacts of Offshore Wind Projects

The social impacts largely are concerned with the possibility that these projects will
adversely affect the livelihood of fishing communities by reducing the fish catches.
Even the National Offshore Wind Energy Policy of Government of India and the
FOWIND (2017) study clearly recognized the importance of fishing as a major source
of livelihood for Indian coastal communities. Studies have reported that there are short-
term and long-term effects of the development of offshore wind energy on the livelihood
of fishing communities. However, the understanding of the complex linkage between
wind energy’s development and its impacts on fish behavior and fishing communities’
livelihood is, at best, poor in India.
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In India, nearly 15 million people draw their livelihood from fishing and fishing-related
activities, and fishing contributes close to 5% of the GDP and 10% of foreign
exchanges. Out of the total fishing production in the country, sea fishing constitutes
45%. Tamil Nadu, which is one of the designated states for offshore wind energy
projects, is home to 600 marine fishing villages, and nearly 1.2 million people earn their
livelihoods directly from fishing. Both Tamil Nadu and Gujarat rank as the states with
the largest amount of marine fish production in the country. While the livelihood of
fishing communities is already under threat from ocean pollution and climate change
considerations (Srinivasan 2019), the proposed offshore wind energy projects could
further accentuate the problem.

Impacts on fishing could occur in multiple ways. Fishing through trawling could be
damaging to the structure of offshore wind plants as trawling can cause damage to
the seafloor and seabed. Often, in the case of floating turbines, trawling could damage
the anchorage of moorings. Because of these effects, trawling is not permissible in
offshore wind areas. This can create considerable hardship for fishing communities. If
they lose their trawling ground, they lose their fish catches. In addition, these projects
could disturb the fish habitat, and the noise that these wind farms create could be
harmful to the fish population. Certain parts of the ocean, such as the Bay of Bengal,
are already suffering from overfishing, aggravating the problem (Singh 2020).

It is also important to recognize that marine fishery resources have specific
characteristics that make them difficult to monitor and manage, hence compounding
the problem of mapping of wind farms’ impacts. For instance, they continue to migrate,
largely dependent on the sea conditions, so it is challenging to monitor and assess
them clearly. All these issues pose additional challenges to the assessment of offshore
wind projects’ impact on fishing and the devising of appropriate strategies. While the
National Wind Energy Policy prescribes the identification of fishing grounds and the
relocation of such grounds, given the volatility in the migration character of sea fishes,
such relocation is difficult to execute.

Offshore wind projects could impair the visual and scenic beauty of the sea and have a
negative impact on ocean-based tourism. The visual impacts depend on the location of
the wind farms in relation to the coast. Studies in the context of other countries have
pointed to the presence of such impacts (Ladenburg 2009; Maslov, Claramunt, Wang,
and Tang 2017). While there has been considerable emphasis on coastal tourism,
through schemes such as Sagarmala, it may conflict with nature though the location of
offshore wind energy projects. The Indian coasts serve as a major source of tourism
and constitute a major source of revenue in India.

It is evident from the mapping of impacts that they differ in their intensities across
various stages of the project life and for different categories of environmental and
social elements. Given the importance of ocean ecosystems and the ecological
significance of marine biodiversity and species, developmental projects like offshore
wind energy require detailed scrutiny and assessment. This becomes more
pronounced as the policy envisages public—private partnerships, which often give
less importance to such environmental and social considerations. Further, while the
most substantial study, which FOWIND (2017) carried out, recognized the possible
environmental and social impacts of such projects, it did not consider these impacts as
crucial factors for offshore wind energy development in the country. The next section
offers some possible pathways for the development of such energy assets.
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6. OFFSHORE WIND ENERGY INFRASTRUCTURE
IN INDIA: MAPPING THE FUTURE PATHWAYS

While the previous section mapped the possible environmental and social impacts of
offshore wind energy projects, this section suggests some possible pathways.

Need to Develop Robust EIA and SIA

There is a need to develop robust and detailed environmental impact assessment (EIA)
and social impact assessment (SIA) guidelines, which are crucial for understanding the
possible environmental and social impacts and the management practices necessary
to minimize such threats. While the National Wind Energy Policy 2015 refers to EIA
and the possible impacts on fishing communities, detailed guidelines are lacking.
Besides, the policy is silent regarding the institutional mechanism that it is necessary
to develop to carry out such assessments, particularly at the sub-national scale. The
scale and timing of such impacts are also quite pertinent given that offshore wind
energy technologies are new and the impacts are largely unknown. It is also important
to identify localized impacts and undertake the required action plans. In many
instances, the detailed environmental constraints have a strong link to the adopted
technological approaches. Hence, efforts to carry out environmental impact
assessments devoid of technological solutions will be suboptimal.

Detailed Marine Spatial Planning

Projects require a detailed marine spatial planning exercise to assess the possible
environmental and social impacts. Most European countries carry out detailed marine
spatial planning, which consists of developing a good understanding of the
environmental constraints, conducting extensive stakeholder surveys, and so on.
These are more pronounced in a country like India, where local community protests
are very strong and importantly competing interests exist for the use of marine spaces
exist. There is historical evidence that many power projects suffer delays or
cancellation due to a poor understanding of their environmental and social impacts.

Spatial planning could also involve implementing the necessary action plans. For
instance, action plans are needed to identify birds’ migratory paths and avoid the
construction of such projects in those paths, to produce technical designs for wind
farms, such as grouping turbines to avoid flying paths, to increase the visibility of
rotor blades with colors to reduce collisions, and so on. Similarly, the deployment
of advanced technologies can reduce the noise by using the soft-start or ramp-up
procedure (OSPAR Commission 2008). Necessary steps, such as the use of suitable
cables, shielding of cables, and burial of cables at a safe depth, can reduce such
negative impacts. While technological developments could help to address some of the
spatial issues of the development of offshore wind energy projects, it is important to
carry out stakeholder consultations at every stage of project development to minimize
frictions between different stakeholders in the use of marine areas and spaces.

Detailed Stakeholder Mapping

To assess the social impacts, it is pertinent to carry out detailed stakeholder surveys.
For instance, fishing constitutes an important source of livelihoods in India. It is
important for the proposed projects to start engaging with fishing communities from the
very beginning of the project. Detailed engagement with various fishing communities
and entities such as local fishing cooperatives, the National Coastal Zone Management
Authority, the Department of Animal Husbandry, Dairying, and Fisheries, the State
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Fisheries Department, and so on is crucial. This could build confidence and reduce the
uncertainties.

Similarly, carrying out environmental impact assessment involves engaging with the
local stakeholders in both social and environmental matters and taking them into
confidence in decision making. Given that the thrust of these projects is on private
development, poor and fragmented community engagement could generate adverse
repercussions in the long run. While social issues, such as livelihoods, are more direct
and immediate, the environmental issues will largely emerge over different phases of
project operation. Inclusive, participatory, and well-informed stakeholder engagement is
crucial for these projects.

These are a few action plans that could reduce the environmental and social impacts of
offshore wind energy project development. For instance, the FOWIND study (2017)
identified an extended list of stakeholders to consult when carrying out the EIA.

Transiting from Management to Governance

As it is likely that primarily private actors will develop and manage offshore wind energy
infrastructures, it is necessary for sustainable ocean governance to move beyond the
management structures to governance systems involving public, private, and other
actors, such as cooperatives, informal groups and civil society groups. A mix of
management and a well-governed system could deliver the optimal outcomes.
Governance is crucial as there are competing interests among varying stakeholders in
extracting marine resources of different forms. While, on the one hand, maintaining the
marine ecosystem and retaining its functionality are crucial, on the other hand, there
has been increasing pressure on marine resources through various policy initiatives,
such as deep ocean missions.

It is also important to focus on creating local jobs through these interventions. Studies
have pointed out that offshore wind energy projects generate many sustainable jobs in
various segments of the supply chain. For instance, the GWEC’s (2021) estimates
suggested that offshore wind projects on average generate about 17 person-years per
MW over the 25-year lifetime of the project. However, given the Indian context and the
heavy reliance on the ocean for livelihoods, it is important to provide those who are
losing their livelihoods with some alternative employment opportunities.

7. CONCLUDING REMARKS

In the basket of renewables, offshore wind energy is emerging as a promising energy
infrastructure worldwide, with far-reaching potential to meet the burgeoning energy
demand. Offshore wind energy is promising as an alternative source of energy for
a country like India, which continues to be land deprived and increasingly faces
difficulties in acquiring land for energy. Considering the potential, the available
technology, and the cost, the country has set medium-term and long-term targets
of deploying 5 GW of offshore wind energy by 2022 and 30 GW of offshore wind
energy by 2030. While some scholarly efforts in the Indian context have analyzed
various aspects of offshore wind energy development, there is a dearth of studies
understanding and analyzing the associated environmental and social challenges of
such infrastructure deployment.
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The development of the necessary policy and institutional framework governing
offshore wind energy development has taken place and includes provisions to assess
the environmental impact and the effects on livelihoods. However, the policy does
not explicitly mention the institutional mechanisms that it is necessary to create at the
sub-national scale. The policy document also does not refer to other environmental
laws, regulations, and guidelines that are applicable to such projects.

While the full-scale impact will be apparent after projects’ operationalization, drawing
from the international experiences and expert consultation, the paper identified a host
of possible environmental and social impacts. This mapping is more pertinent given
that the EIA Notification of 2006 does not cover most of the renewable energy in India
under its ambit and most of the state pollution control boards tag renewable energy
projects such as solar and wind projects as “green.” There has been apprehension that
offshore wind projects could adversely affect the marine protected areas and their
ecosystems. It emerged from the analysis that mangroves, for instance, could suffer
adverse impacts, particularly from the proposed project in the Gulf of Khambhat, which
has stretches of mangroves. Developing such projects without implementing adequate
measures could accentuate the degradation of mangroves (Aggarwal 2018). Similarly,
rich coral reef sites exist in the proposed offshore wind project states. For instance,
the Gulf of Mannar, Gulf of Kutch, and Palk Strait are rich in coral reefs. Though
the impacts on coral reefs are unclear, it is necessary to undertake precautionary
measures to reduce the possible negative impacts. Offshore wind projects could pose
major risks to the habitats of ocean animals and birds. For instance, the proposed
project site in Gujarat is the ground for hundreds of plant species and a place for sea
animals, and migratory, and non-migratory birds (Aggarwal 2019). Without adequate
measures, the project could exert strong negative impacts. For instance, the impact on
migratory birds could be significant. It could be in the form of blocking their migratory
paths or killing birds due to collision with wind turbines. Apart from all these impacts,
the noise and radiation emanating from these plants, such as electromagnetic and heat
radiation, could negatively affect marine animals. They could create harmful effects on
fishes and other sea animals and may change their behavior.

The social impacts are largely in the form of adverse impacts on the livelihood of
fishing communities. The impacts on fishing could occur in multiple ways. Fishing
through trawling could be damaging for the structure of the offshore wind plants; hence,
offshore wind areas usually ban trawling. This can create substantial hardship for
fishing communities. The noise that these wind farms create could also be harmful
for the fish population. More importantly, marine fishery resources have specific
characteristics that makes them difficult to monitor and manage. For instance, fish
continue to migrate frequently, largely affected by the sea conditions. While the
National Wind Energy Policy prescribes the identification of fishing grounds and their
relocation, given the fishing characteristics, it is difficult to execute such relocation. The
overall mapping revealed that the impacts would be different at different stages of
project development and operation. Hence, careful scrutiny and analysis are necessary
before implementing such projects.

The paper offers some possible pathways to minimize these impacts. There is a need
to develop robust and detailed environmental impact assessment (EIA) and social
impact assessment (SIA) guidelines. The assessments should take localized effects
into consideration. It is necessary to create adequate local-level capacities to deal with
such impacts. The emphasis should be on detailed marine spatial planning exercises.
Understanding environmental constraints is important. In the Indian context, it is crucial
to conduct detailed stakeholder surveys, including all possible stakeholders. Finally,
there is a need to make appropriate action plans. For instance, to reduce the impacts
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of offshore wind projects on migratory birds, it is important to identify birds’ migratory
paths, increase the visibility of motor blades, and so on.

Though the assessment that this study carried out offers some direction for the
offshore wind energy development in the country, it has limitations as it did not perform
an in-depth survey to identify the localized impacts of such project development. Given
the diversity and contextual heterogeneity, it is important to understand the possible
impacts of such projects on the ground. Context-specific impact assessment that
considers the heterogeneity of ocean ecology and ocean biodiversity would highlight
the context-specific challenges. This opens up new areas of research and analysis
for the future.
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