
Review Not peer-reviewed version

Evaluating the Effects of Offshore Wind

Farms: Environmental and Social

Perspectives from Uruguay

Milagros Forastiero , Rodrigo Gutierrez , Franciele Weschenfelder * , Everton de Almeida ,

Jesús C. Hernández

Posted Date: 5 September 2024

doi: 10.20944/preprints202409.0380.v1

Keywords: Environmental impacts; Social impacts; Offshore Wind Farms

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3773425
https://sciprofiles.com/profile/3773493
https://sciprofiles.com/profile/3774318
https://sciprofiles.com/profile/3773227
https://sciprofiles.com/profile/195517


 

Review 

Evaluating the Effects of Offshore Wind Farms: 
Environmental and Social Perspectives from Uruguay 
Milagros Forastiero 1, Rodrigo Gutiérrez 1, Franciele Weschenfelder 1,*, Everton de Almeida 1 and 
J.C. Hernandez 2 

1 Offshore Wind Energy Research Group. Universidad Tecnológica del Uruguay. Francisco Antonio Maciel s/n esq. Luis 
Morquio CP 97000. Durazno. Uruguay 

2 Department of Electrical Engineering, University of Jaén, Campus Lagunillas s/n, Edificio A3, 23071 Jaén, Spain 
* Correspondence: jcasa@ujaen.es 

Abstract: Installation of offshore wind farms is rising, driven by the goal of changing the global energy matrix. 
However, many of its possible impacts are still unknown. Increased noise levels, disruptions to food chains, 
pollution due to traffic, and impacts on fishing communities and tourism are all potential effects to consider. 
Marine habitats are essential carbon dioxide sinks. Therefore, losing marine biodiversity due to offshore wind 
farms can be counterproductive in mitigating climate change. Balancing biodiversity conservation, wind 
potential, and political interests is challenging. Today, Uruguay has practically decarbonized its electrical 
matrix, incorporating wind, solar, and biomass energy alongside hydroelectricity. In line with this, the 
country's Hydrogen Roadmap highlights green hydrogen as relevant, potentially serving as a transportation 
fuel for both domestic consumption and export. Combining the country's strong base of wind experience with 
its sustainable policy, it plans to implement offshore wind farms to produce green hydrogen, making studies 
of its impacts crucial. This paper reviews the current social and environmental information on the Uruguayan 
coastal habitat, analyzes onshore wind farms' ecological studies, and examines offshore wind farms' global 
environmental and social impacts. Finally, it proposes suggested studies for environmental approval for 
offshore wind farms. 
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1. Introduction 
Uruguay is a country located in South America, between 30° and 35° South latitude and 

meridians 53° and 58° West longitude, in the temperate zone of the Southern Hemisphere [1]. With a 
land area of 176,215 km², it borders Brazil to the north and northeast, to the west with Argentina, and 
to the south and southeast, it has coasts on the Río de la Plata and the Atlantic Ocean [2]. According 
to the 2023 Census, the preliminary estimated population is 3,444,263 people, with an estimated 
intercensal growth rate of 1% [3]. 

The country advances its energy transition towards a more efficient and sustainable economy, 
positioning itself on top of other countries in electricity generation based on renewable sources, a 
model to follow globally [3,4]. As a result, the country has practically decarbonized its electricity 
matrix, complementing the traditional participation of hydroelectric energy with the incorporation 
of wind, solar, and biomass energy [5]. 

At the end of 2023, the total installed capacity was 1538 MW of hydraulic origin, 1517 MW of 
wind power, 1177 MW of fossil thermal, 731 MW of biomass thermal, and 301 MW of solar 
photovoltaic generators. Considering the installed capacity by source, 78% corresponded to 
renewable energy (hydro, biomass, wind, and solar), while the remaining 22% was non-renewable 
energy (diesel, fuel oil, and natural gas).  

Considering the country's situation, with a practically decarbonized electricity matrix, Uruguay 
is ready for new challenges. One of them was presented in 2022 by the government: hydrogen 
production. In onshore territory, they considered the complementarity of wind and solar resources 
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or offshore territory by offshore wind farms. The excellent offshore wind resource and a broad 
continental shelf with low water depths make it attractive for producing hydrogen and derivatives 
from offshore wind energy [6]. By 2040, hydrogen production on its coast could reach up to one 
million tons annually [5]. Considering some criteria such as protected areas and nautical routes, the 
National Administration of Fuels, Alcohol and Portland (ANCAP), the representative of the 
Uruguayan government, selected a particular zone divided into four regions for the initial round of 
offshore H2U bids. 

The offshore green hydrogen production and transportation concepts are entirely new, and even 
the methodology for a comprehensive sustainability assessment is mainly undeveloped [7]. The 
conversion of offshore wind energy into hydrogen (or one of its derivatives, like ammonia) gives 
flexibility to the electrical system. It facilitates the management of the variability of the wind energy 
source [8]. Even though offshore wind farms are a little more advanced than hydrogen production, 
they are still a novelty in many countries worldwide, with no established environmental regulations. 
This article aims to review Uruguay's situation in this area.  

A comprehensive literature review was done, including journal and review papers, documents 
from offshore wind farms in operation, books, and scientific reports to understand the environmental 
and social impacts of wind farms installed worldwide. Additionally, the ecological characteristics of 
the current state of the Uruguayan coast and its regulations related to installing wind farms onshore 
are examined.  

2. Background Context 
2.1. Offshore Wind Farms 

In the last decades, growing efforts have been made to reduce CO2 emissions and other 
pollutants that increase global warming effects [9]. The offshore wind energy industry now plays a 
central role in the long and short-term international energy strategies. Future power scenarios and 
roadmaps promote offshore wind farms as an alternative and additional power generation source 
[10]. For this, developers look into wind, wave, and sea bed conditions, availability of foundation and 
turbine types and installation ships, and the wind farm layout, considering cabling and projected 
operation and maintenance costs [11]. Up to 2023, fourteen countries were part of the Global Offshore 
Wind Alliance; the more mature European markets included countries like Denmark, the UK, and 
the Netherlands [12]. 

Most offshore wind farms built thus far are based on waters below 30 m deep, using big-
diameter steel monopiles or a gravity base. Considering water depths beyond 50 m, there is a new 
line of investigation focused on the usage of floating structures; TLP (tension leg platform), Spar 
(large deep craft cylindrical floating caisson), and semi-submersible are the most studied [13]. 

During the first stage of the design, several different exclusion zones have to be managed, such 
as nature reserves, shipping lanes, oil exploration areas, risks of unexploded ordnance, or the chances 
for finding archaeological remains [11]. As shown in Figure 1 [14], an offshore wind farm comprises 
different components that can cause environmental and social impacts.  
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Figure 1. Main components of an offshore wind farm: (a) Wind turbines; (b) Collection cables; (c) 
Export cables; (d) Transformer station; (e) Converter station; (f) Meteorological mast; (g) Onshore 
stations. Source: Rodrigues, 2016. 

2.2. Global Overview of Offshore Wind Energy 
By the end of 2023, the installed capacity of offshore wind farms worldwide was 72.5 GW, 

corresponding to approximately 7.3% of the total installed wind power capacity (onshore+offshore) 
worldwide [15]. Of this installed offshore wind capacity, China owns 50.3%, followed by the United 
Kingdom with 19.6% and Germany with 11.1%. 

By region, Europe stands out with 45.3%, Asia-Pacific with 54.6%, and North America with 0.1% 
of the total installed capacity worldwide [16]. Figure 2 shows the evolution of new offshore wind 
installations worldwide. 

 
Figure 2. New offshore wind installations (MW) in the world. Source: GWEC, 2024. 

One of the main technological advances has been in the manufacturing characteristics of offshore 
wind turbines, which have had increasing values of rated power (MW), rotor diameter (m), and hub 
height (m). Due to technological development, the global weighted average Levelized cost of 
electricity (LCOE) of offshore wind power has gone from 0.197 USD/KWh in 2010 to 0.081 USD/KWh 
in 2022, a reduction of 59% [17]. In the given context of decreasing costs due to the advancement of 
technology and in search of mitigating CO2 emissions in the earth's atmosphere, the trend is that the 
installed capacity of offshore wind farms will continue to increase in the coming years. 

Wind energy, a relatively recent energy source in terms of participation in electricity generation 
worldwide, still faces significant challenges in achieving greater efficiency in its integration into 
electricity systems. Among these challenges are issues specifically related to offshore wind, such as 
deepwater foundation technologies, resource characterization in the marine atmospheric boundary 
layer [18,19], environmental aspects, and socio-economic impacts [20,21]. 
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The primary differences between offshore and onshore wind farm projects can be observed in 
the construction, operation, maintenance (O&M), and decommissioning processes. During the 
construction phase, offshore projects require using platforms, cables and networks, substations, 
dredging, and other construction elements unique to the offshore environment. Operations and 
maintenance (O&M) activities include the transportation of personnel by ship or helicopter and 
occasional modifications to equipment [22]. The potential for these activities to generate noise that 
could affect underwater fauna has been the subject of recent investigations and will be a primary 
focus of this study. 

3. Literature Analysis 
3.1. Social and Environmental Impacts 

The collected data is mainly from the North Sea, Denmark, Germany, and the United States 
coasts. The main effects caused by implementing offshore plants in these places and their causes are 
listed in Tables 1–4. It is essential to mention the biological differences between these coasts and the 
Uruguayan ones so that the impacts, although helpful in obtaining an initial perception, could vary 
widely. 

Table 1. Possible effects on fish affected by the implementation of offshore wind farms, their causes, 
and potential mitigation action. 

Causes Possible effects Possible mitigation action 

Increased sediment 
concentrations 

Reduced efficiency of 
the respiratory system 

Prefer foundation projects with the smallest 
possible surface area. 

 
Conduct detailed investigations of gravel 
distribution in the area before working. 

 

Underwater noise 
from turbine 

installation and 
operation 

Avoidance of affected 
areas 

Use techniques such as bubble curtains or foam 
screens to reduce underwater noise during pile 

driving. 
 

Group noisy activities together and limit the 
duration of their operation. 

 
Start with a low noise level to allow fish and 

marine mammals to move out of the area before 
noise levels increase. 

 

New hard bottom 
habitats 

Attraction of demersal, 
pelagic fish and large 

predators. 
Reduction of soft 

habitat species 
 

Minimize the introduction of artificial hard 
substrates to reduce the increase of non-native 

species. 
Fill the foundation pits with as much sand as 

possible and of the same quality as the original 
sand. 
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Electromagnetic 
fields around cables 

Influences sense of 
direction and ability to 

move 

Select a placement depth sufficient to avoid 
warming effects on sediments and soil 

organisms. 

Table 2. Possible effects on marine mammals affected by the implementation of offshore wind 
farms, as well as their causes and possible mitigation action. 

Causes Possible effects Possible mitigation action 

Noises from rotating 
parts emitted into the 

water 

Interference in the auditory 
system, foraging, 

communication, migration 
-Physiological stress 

 

Prohibit construction work that generates 
a lot of noise during breeding periods. 

Accumulation of 
noise from ships and 

turbines 

Avoidance of affected areas 
 

Injuries to the auditory 
tissue 

 

Avoid excavation of piles during periods 
when marine mammals are present in 

large numbers. 

Pile installation 
Reduction in hearing and 

echolocation capacity. 

Usar detectores de marsopas o equipos 
similares. 

Avoid work during birds' breeding and 
reproduction season and the birth of 

marine mammals. 

Table 3. Possible effects on birds affected by the implementation of offshore wind farms, as well as 
their causes and possible mitigation action. 

Causes Possible effects Possible mitigation action 

Structures between 20m 
and 200m in height 

Collisions in migratory 
traffic 

Use lighting that does not attract birds and 
equipment that can be turned off during the 

rainy season. 
 

Position offshore wind farms parallel to the 
predominant direction of flight and reserve 

corridors to reduce the risk of collisions. 
 

 
Greater energy cost in 

order to avoid the farm 
area 

Reduce night lighting in combination with 
increased separation of turbines to limit the 

attraction of nocturnal migratory birds. 
 

Shut down turbine activity during peak 
migration. 

Select suitable locations to prevent or 
minimize habitat loss, such as resting and 

feeding areas. 
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Table 4. Possible effects on social structures affected by the implementation of marine wind farms, 
their causes, and possible mitigation action. 

Affected social 
structure 

Causes Possible effects Possible mitigation action 

Fishing 
Prohibition of fishing in 
security zones around 

the construction 

Moving fishing activities 
to different areas 

 
Intensifies competition 

 
Increased transportation 

costs to less profitable 
areas 

 

Allow fishing with static equipment within 
the offshore wind farm. 

 
Divide construction into phases to limit 

exclusion zones. 
 

Provide substitute income to fishermen, 
including their participation in the 

construction and operation of the offshore 
wind farm. 

Tourism 

Implementation in 
maritime and coastal 
leisure activity areas 

Economic and social loss 
of seascapes as part of 
cultural marine goods. 

 
Avoid periods of high tourist season for 

construction 
Survey community views at key stages of 

the project life cycle 
 

Select suitable locations far from the coast 
that are barely noticeable. 

 Increased traffic  

Coastal areas 

 
Changes in coastal 

infrastructure (assembly 
ports, operations and 

substations) 

Complications in 
navigation. 

 
 

Explore possible collaborations in the area, 
such as sharing supply ships. 

 Decreased efficiency of 
port operations  

4. Characterization of the Uruguayan Coastline 
4.1. Environmental Condition 

At the marine level, the Uruguayan Exclusive Economic Zone (UEEZ) constitutes a particularly 
relevant area for biodiversity on a global and regional scale [23]. It is subject to the variability 
presented by the confluence of the warm Brazilian current with the cold Malvinas current and the 
discharge of fresh water from the Río de la Plata, constituting a highly productive and dynamic region 
[23]. It has a significant impact on fishing and the availability of food for commercial fish and other 
marine animals [24].  

In particular, this marine region has been globally recognized for its richness in various 
biological groups, including pelagic species such as cetaceans and sharks. It is also a breeding, 
feeding, and/or reproduction habitat for turtles, birds, and sea lions [23]. 

Bird species, such as the royal tern (Thalasseus maximus) and the kelp gull (Larus dominicanus), 
nest on the coastal islands of Uruguay and feed in the adjacent sea. Turtles (Dermochelys coriacea) 
use the area to feed while they migrate to reproduce. Regarding marine mammals, along the 
Uruguayan coast and islands, there are settlements of sea lions (Arctocephalus australis, Otaria 
flavescens) who search for food in the area [24]. 

Additionally, several species of whales and dolphins are found depending on their migratory 
patterns. Furthermore, several populations of bony fish, such as croakers (Micropogonias furnieri) 
and tunas (Thunnus spp.) and cartilaginous fish—sharks and rays—feed, reproduce, migrate and 
breed in Uruguayan ocean waters [24]. 
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It is known that for many species of birds, turtles, marine mammals, and sharks, the interaction 
with fishing activity constitutes one of the main threats to their survival, along with pollution of the 
marine environment, habitat degradation, and the relationship with introduced species [24]. 

4.2. Social Aspect 
The coastal zone of Uruguay on the Río de la Plata and the Atlantic Ocean is approximately 714 

km long (of which 478 km correspond to the Río de la Plata and 236 km to the Atlantic Ocean). It 
consists of a strip of land and sea space of variable width where sea-land interactions occur. This area 
generates 75% of the national GDP and houses 70% of the population. Montevideo has the most 
significant maritime commercial exchange port in Uruguay, and the surrounding area is active in 
industrial and artisanal fishing [23]. The fishing industry in Uruguay is based on extracting croaker, 
hake, and fish, which landed mainly through the port of Montevideo (FAO United Nations, 2019). It 
contributes to the national economy by creating employment in the commercial balance and as part 
of the national food supply.  

The species that landed the most in 2016 – 2018 were shad, croaker, and menhaden, totaling 
between 74 and 76% of the total artisanal catches [25]. Industrially, hake is the main fished species. 
On the other hand, the croaker is the second-fished species. Although it has decreased recently, it has 
remained much more stable. 

Regarding tourism, statistical data from the Ministry of Tourism issued on April 21, 2023, on the 
number of visitors was revised. Of the areas tourists chose in 2023, 48% are characterized by their 
coasts, including destinations such as Punta del Este, Costa de Oro, Rocha, and Piriápolis. On the 
other hand, cities such as Montevideo or Colonia represent 24% of tourist reception during the year. 
Regarding total spending, the Ministry of Tourism estimates that 75% of the expenditure of all 
tourists in the country is made in the coastal areas mentioned above. 

4.3. Onshore Wind Farms Regulation in Uruguay  
Regulations already applied in the local terrestrial environment are a possible consideration for 

those carried out in marine plant activities. These must meet a balance of requirements and 
obligations, depending on the differences in the regulatory framework between the two. The Ocean 
Renewable Energy Action Coalition indicates that it is essential that policies and regulations are 
synchronized with clear objectives, contributing to the reduction of risk and stimulating investment 
[26]. 

In Uruguay, three key environmental authorizations are required to implement the installation 
of wind farms: the Environmental Feasibility of the Site (VAL), the Prior Environmental Authorization 
(AAP), and the Environmental Authorization of Operation (AAO). The National Directorate of the 
Environment (DINAMA), belonging to the Ministry of the Environment, is responsible for issuing 
these authorizations [27]. 

Implementing power generation plants with a capacity greater than 10 MW in Uruguay requires 
obtaining the Environmental Feasibility of the Site (VAL), as established by the Regulation of 
Environmental Impact Assessment and Environmental Authorizations, approved by Decree 
349/2005. This regulation requires that the location and description of the plant's influence area 
include an analysis of possible alternatives. Also, plants exceeding 10 MW need a Prior 
Environmental Authorization (AAP), which must comply with the territorial planning criteria 
established in the Territorial Planning and Sustainable Development Law. Finally, once the AAP is 
obtained, it is necessary to get the Environmental Operating Authorization (AAO) renewed every 
three years to continue operating legally [27]. 

5. Studies Required for Offshore Licensing in Uruguay 
To mitigate the impacts of offshore wind farms and strengthen the resilience of coastal 

ecosystems, it is crucial to adopt approaches that conserve biodiversity, promote habitat restoration, 
and consider the interaction between urbanization and climate change. Protecting and effectively 
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managing coastal areas are essential to guarantee the continuous provision of ecosystem services and 
the sustainability of Uruguay's coastal ecosystem [23]. 

Strategic planning at a regional or national level allows wind farm developers to identify the 
areas that are likely to encounter serious objections regarding these impacts [22]. However, some 
effects may be inevitable or even unpredicted, and therefore, mitigation during construction, 
operation, and decommissioning is very valuable. 

The selection of the site for a wind farm is a very critical issue that determines to a great extent 
its success from a technical, economic, social, and environmental perspective [22]. In the beginning, 
the polygonal security area of the project must be represented, presenting possible navigation routes 
and options for location adjustments in the distribution of towers and in the protection of 
cables/moorings [28]. Concerning the protection of birds, some areas have to be avoided since they 
are known to be migratory routes for many birds. Even in cases where birds or even mammals avoid 
wind farms, the result is that they spend much more energy, meaning that there is a high probability 
of population reduction [22]. To control and mitigate the environmental impacts and recurring use 
conflicts in this type of undertaking (mainly those related to tourist activities, impacts to the 
landscape, shorebirds, corals, greater environmental sensitivity of shallow areas, and creation of 
regions excluding fishing), the evaluation of the distance from the coast is recommended [28]. 

Any potential developer of an offshore wind farm must also undertake a seascape and visual 
impact evaluation as part of the Environmental Impact Assessment (EIA) process. The main purpose 
of EIA is to ensure that the impacts of a development or activity are identified and mitigated where 
possible [22]. They are used globally to manage the environmental impacts of human activities, 
identify project risks to avoid adverse effects, and adopt mitigation and compensation measures [21]. 

In this EIA, the compatibility of the undertaking with the applicable legislation, plans, 
government programs, and zoning, proposed or in execution, as well as possible legal prohibitions 
regarding the implementation and operation of the undertaking or activity, must be analyzed [28], 
considering technical standards that address maximum parameters of negative externalities for noise, 
water quality, and navigation safety. 

For Uruguay, this refers mainly to compatibility with current environmental regulations, such 
as those established by the Environmental Impact Assessment Regulation of the National Directorate 
of the Environment. 

In this context, identifying the public attitude before initiating a project idea contributes to the 
site selection procedure and the whole design, which is supported by planning and simulation tools. 
Thus, the visual impact assessment is analyzed using appropriately designed software platforms that 
can simulate various views and evaluate public reactions before the project is implemented [22]. 

Furthermore, the area designated for the construction site should be characterized, including the 
layout and description of its units, mechanical workshops, and supply stations, presenting the 
estimate of road, port, and maritime traffic [28]. Evaluation of technological alternatives taking into 
account the technical, economic, and environmental aspects have to be studied to minimize ecological 
impacts in wind energy generation projects, considering the type of cement, the height of towers, 
rotation speed, the color of structures, lighting, and identification of the risk of bird collision [28]. 

Included in the EIA must be the spatial and temporal identification of areas of concentration, 
reproduction, feeding, and migratory routes by species [28], as well as the description of the structure 
of the populations through indicators (diversity, distribution, and abundance), identifying 
potentially sensitive species based on their auditory perception spectra and modeling of noise 
emission, by frequency. 

In the preliminary process, Uruguay must consider possible activities in the area, such as fishing, 
tourism, migratory routes, and environmentally protected zones to delimit the areas. It must 
characterize in depth the sea lion islands, the migratory patterns of marine mammals and coastal 
birds, and the fish species found in the region, which are essential for its economy and habitat 
conservation. 

In the specific field, one should consider the involvement of various types of scientists 
originating from different subject areas, such as communication, sociology, psychology, biology, and 
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strategic planning; the interaction of all these other experts promotes the understanding and 
comprehension of the opinion of local societies [22]. 

Updated, integrative, and systematic scientific information on the risk of each potential 
interaction between OWFs and different ecosystem elements is needed to inform managers and 
decision-makers during planning [21]. Still, we must acknowledge significant scientific discrepancies 
regarding the magnitude of OWF impacts, as highlighted by the lack of evidence on assessing 
ecological risks associated with OWF projects [21]. 

6. Discussion 
Uruguay finds itself able to advance in the next stage of decarbonizing its energy matrix. Its 

ambitious initiative to develop offshore wind energy farms off its coasts represents an opportunity to 
diversify and strengthen energy security while leading efforts to mitigate climate change in its region. 
The possible effects of wind energy on the coasts must be studied before its development in the 
country, taking as reference previous studies in the world relating it to characteristics of the country's 
coasts. 

The specific biological effects must be studied, considering the area's fish, marine mammals, and 
birds, which necessarily requires a prior study of the characterizing the fauna that inhabits, visits, or 
feeds in the area. Regarding these species, the investigation of effects such as the release of sediments, 
introduction of hard substrates, accumulation of construction and operation noises, and 
electromagnetic fields is crucial. 

Furthermore, the areas chosen for energy generation due to their wind potential must be 
considered protected and sensitive areas and, in turn, balanced with possible conflicts of interest in 
the areas mentioned in Table 4. The prohibition of fishing in the park or in surrounding exclusion 
zones is a point to discuss if these technologies are implemented on the coasts. Mitigation measures 
for the effects on fishing must be considered, such as the possibility of the static fishery or the passage 
of certain boats through the area. Concerning a possible conflict with tourism, areas should be 
considered as least noticeable as possible for their operation, coordinating construction in seasons 
with low tourism. 

Regarding environmental impacts, more published works could be found related to their studies 
and mitigations, which highlights the need to delve deeper into the area of  social effects and how 
these conflicts of interest can affect them. 

Uruguay has the opportunity to demonstrate the possibility of advancing a low-carbon economy 
in a committed and equitable way for local populations and the present ecosystems. 
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