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ABSTRACT 

 

The island of Gotland has played an important role in the history of wind energy 

in Sweden since the very beginning. In the past decade, the island reached the maximum 

intermittent wind power capacity that the local grid and the current connection to the 

mainland can safely manage without compromising the security of supply. There were 

plans to install a new submarine cable, but they were finally cancelled. Nevertheless, the 

Swedish Government has decided to start a pilot project to make Gotland the spearhead 

of the energy transition. Most likely, this means that a new wind power expansion will 

have to take place on the island. In that context, the present study aims to estimate the 

onshore wind power potential of Gotland based on the New European Wind Atlas released 

in 2019. The starting assumption is that the potential of the island is limited to the areas 

appointed of national interest for wind energy by the Swedish Energy Agency. Then, the 

wind power potential is estimated under three technological scenarios ranging from the 

wind turbines operating on the island to the wind turbines recently launched on the global 

market. The results show that Gotland has the potential to annually produce between 2.2 

TWh and 2.7 TWh of additional energy from the available wind depending on the 

technology used. Comparisons with real production records showed that the wind speed 

time series from the wind atlas proved to be useful to accurately reproduce the production 

patterns of real wind turbines on the island when values were aggregated at a daily or 

higher time scale. Additionally, mean wind speed at 100 m and the parameters of the 

Weibull functions fitted to the wind speed distributions were mapped for the whole island. 

Mean wind speeds obtained from the New European Wind Atlas for the areas of national 

interest on Gotland were compared to the respective values from the Swedish Wind Atlas. 

It was found that the latter gives systematically higher values with an average difference 

of 0.4 m/s within the sample. 
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NOMENCLATURE 

 

A Scale parameter of Weibull distribution 

ABL (PBL) Atmospheric (Planetary) Boundary Layer 

AEP Annual Energy Production 

AMS American Meteorological Society 

BESS Battery Energy Storage System 

CF Capacity Factor 

D Diameter of Wind Turbine Rotor 

ECMWF European Centre for Medium-Range Weather Forecast 

EWA European Wind Atlas 

hh Hub Height 

HVDC High-Voltage Direct Current 

k  Shape parameter of Weibull distribution 

MIUU Meteorological Institute at Uppsala University 

NEWA New European Wind Atlas 

NWP Numerical Weather Prediction 

pdf Probability Distribution Function 

R2 Coefficient of Determination 

S Scenario 

SEA Swedish Energy Agency (Energimyndigheten) 

SWA Swedish Wind Atlas 

UU Uppsala University 

WRF Weather Research Forecast 

WS Mean Wind Speed  

WTG Wind Turbine Generator 

σ Standard Deviation   
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1. INTRODUCTION  

 

 Gotland is the largest island of Sweden; it is located in the Baltic Sea about 90 km 

east of the mainland coast and it is home to around sixty thousand people. The island is a 

very popular summer destination among Swedes, in part due to its record of sunshine 

hours, higher than anywhere else in the country (Nilsson, 2019a). Yet, is not the sun what 

has been historically harnessed to produce electricity on the island, but the wind.  

 

 Its position in the middle of the Baltic Sea is privileged in terms of wind conditions 

and for that reason, Gotland was chosen to be one of the places to first explore wind energy 

in Sweden. The first wind turbines were built in the early 1980s on the Näsudden peninsula 

in the southwest part of the island. Some were big prototypes and others were the first 

small commercial models available in the market (Ackermann, 2005). In the following 

decades, wind power expanded in Näsudden and other parts of Gotland. As the technology 

progressed, bigger and more modern commercial wind turbines were being installed 

taking advantage of the favourable wind resource. Many of the original wind turbines 

erected in Näsudden have already been replaced by a second generation composed of 

fewer but bigger and more powerful units (Wizelius, 2015). 

 

 The connection between the electrical grid of the continent and Gotland was first 

established in 1954 through a single High-Voltage Direct Current (HVDC) submarine link 

that was designed only to export power to the island (Ackermann, 2005). The connection 

has been upgraded and it currently consists of two 150 kV links with a capacity of 130 

MW each. At a certain point, the installed wind power capacity on Gotland became 

capable of surpassing the local electrical consumption. The connection to the mainland 

had to be adapted to be able to export energy as well, although only through one of the 

links (InnoEnergy, 2018). Exporting energy through one cable eliminates de redundancy 

and makes the connection less reliable. In order not to compromise the security of supply, 

the local grid operator set the limit on the total connected intermittent generation capacity 
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at 185 MW (Nilsson, 2019b). There were plans for a third HVDC cable that would have 

enabled a safe new wind power expansion but they were finally cancelled in 2017. In 2011 

the total installed wind power capacity of the island reached 180 MW and it has remained 

almost constant with small fluctuations due to the decommissioning and replacement of 

some old turbines. The average annual electricity consumption in Gotland is about 1000 

GWh and the local annual electricity production from wind power is roughly equivalent 

to half of that. In 2020, for instance, the wind turbines on the island generated 522 GWh 

(Energimyndigheten, 2021a). 

 

 From a wider perspective, Sweden has established the goals of generating all 

electricity from renewable sources by 2040 and becoming carbon neutral by 2045. Wind 

energy has expanded across the country and its participation in the national production of 

electricity will only strengthen during the energy transition process. The Swedish Energy 

Agency (Energimyndigheten, 2021b), estimates that by 2040 at least 100 TWh of 

electricity will have to come from the wind in order to meet the goals. As part of the 

national strategy for wind power expansion, the Agency (Energimyndigheten, 2017a) has 

pinpointed areas throughout the territory deemed of national interest for such purpose. A 

total of 284 areas on land and 29 on water were appointed based on annual mean wind 

speed, distance to buildings and excluding sensitive zones with special natural or cultural 

value. Of those, 10 are located on the island of Gotland.  

 

 On the road towards carbon neutrality, the Swedish Government decided in 2017 

to start a pilot project on Gotland so the island precedes the national transition to 

sustainable energy systems. Although this does not mean that the decision regarding the 

third cable will be reconsidered, new solutions that would enable the deployment of the 

renewable energy potential of the island have been suggested. New Battery Energy 

Storage Systems (BESS) seem to be the most feasible option to allow the integration of 

more wind power (InnoEnergy, 2018; Lidström et al., 2018). In the framework of the pilot 

project, Nilsson, Soares and Ivanell (2018) conducted a study that estimated that the island 
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has the potential to annually produce 2289 GWh from onshore wind power. Their 

assessment of the local wind resource was performed by combining the annual mean wind 

speeds reported by the Swedish Wind Atlas (SWA) and the seasonal variations of the wind 

according to data from meteorological stations on the island.  

 

 The SWA was last updated in 2011 and was generated using a method that 

simulates 192 meteorological cases which are believed to be the most representative of 

the local climate. The mean wind speeds are obtained weighing each case based on 

climatological statistics (Bergström, 2007). On the other hand, the New European Wind 

Atlas (NEWA) has been released recently in 2019. The NEWA was a major multi-million-

euro collaborative project between 30 partners from 8 countries. Wind-related 

atmospheric conditions were simulated for the entire continent for the period between 

1989 and 2018 with a timestep of 30 minutes and a horizontal resolution of 3 km 

(Hahmann et al., 2020). The NEWA offers a new opportunity to assess the wind power 

potential of Gotland based on accurate long-term wind speed time series derived using 

state-of-the-art models and modelling techniques. This is of special relevance today with 

the ongoing pilot project on the island that will most likely have a new wind power 

expansion as one of its cornerstones. Then, the main objective of this study is: 

 

• To evaluate how much electrical energy it is feasible to produce from the wind on 

the island of Gotland using the NEWA as data source. 

 

 Under the assumption that the only feasible zones to site wind turbines on the 

island are the areas appointed of national interest. Naturally, several additional 

assumptions have to be made in relation to wind power technology, plant design and 

performance, and other topics that condition the results obtained. These are explained in 

the following sections of the report. The specific objectives of the study are defined as 

follows: 
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• To map the mean wind speed and wind speed distribution for all Gotland and 

analyse their temporal and spatial variations. 

• To compare the mean wind speeds obtained from the NEWA and the SWA. 

• To calculate the wind power potential of all the areas of interest under three 

different technological scenarios and analyse their differences. 

• To analyse the intra-day and intra-year production patterns derived from the wind 

speed time series. 

• To evaluate the accuracy of the production results calculated using the NEWA by 

comparing with real production data. 

 

 The structure of this report continues with the Literature Review that focuses on 

providing a basic theoretical background about numerical wind atlases. The third chapter 

presents the methodology employed starting with the data retrieval process from the 

NEWA and concluding with the estimation of the energy production. This section includes 

a description of the different data sources consulted and also how the results are compared 

to values reported by other relevant means. The fourth chapter presents two types of 

results. First, mean wind speed and wind speed distribution parameters are mapped for the 

entire island. Secondly, the estimated wind power potential of Gotland is presented and 

also disaggregated by area of interest. The fifth chapter discusses the results obtained and 

analyses how they compare to pertinent benchmarks. Finally, the main conclusions of the 

study are portrayed in the last chapter. 
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2. LITERATURE REVIEW 

The novelty of this study is mostly given by the application of the New European Wind 

Atlas. The present chapter serves as a prelude to the description of the NEWA that comes 

later in the Methodology section. Here, the wind climatology, wind atlases and the 

resources used to create them are briefly explained in order to better understand NEWA, 

how it was developed, the value of its contribution and also its limitations.  

2.1. Wind Climatology 

 The fundamental information to estimate the wind energy potential of a site is 

contained in what is known as wind climatology. This is defined as the long-term records 

or the frequency distribution of the wind speed and wind direction at various heights 

within the near-surface layer of the atmosphere where wind turbines are immersed 

(Dörenkämper et al. 2020). The energy in the wind is given by its speed and the 

information related to the wind direction is important to account for wind speed reductions 

and power losses due to the wake of wind turbines, obstacles or features of the local 

topography (Hahmann et al, 2015). 

 

 The near-surface layer of the atmosphere corresponds to the atmospheric or 

planetary boundary layer (ABL or PBL). It is characterized by a wind speed vertical 

profile, also known as wind shear, that decreases towards the surface due to the effect of 

the surface friction (Emeis, 2018). The resistance to the wind flow offered by the surface 

depends on its texture and ruggedness, a property called surface roughness. A higher 

roughness further decelerates the wind close to the surface, creates more turbulence and 

with this, a greater wind shear and higher ABL (Brower et al., 2004). The height of the 

ABL also depends on the turbulence being induced or damped by the atmospheric thermal 

stratification and the heat exchange between the surface and the atmosphere. When the 

atmosphere is thermally stable, the ABL is at its shallowest state and its height could be 

of the same scale as the span of current large wind turbines (Sanz Rodrigo et al., 2017).  
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2.2. Wind Atlases 

 From the energy policy planning point of view, in order to enable and foster the 

development of wind energy, it is essential to first map the wind conditions of the region 

of interest. This is done by generating a wind atlas that consists of a geospatial dataset of 

the wind climatologies of a certain region. Wind atlases provide wind speed and direction 

statistics at various heights in the ABL that are relevant for wind energy applications 

(Badger et al., 2014).  

 

 Wind atlases can serve to evaluate the wind energy potential of an area and design 

suitable strategic and spatial planning policies for wind energy deployment. Defining a 

clear and data-based frame for wind energy development is an important step towards a 

higher penetration of wind power in the electricity generation sector as one of the measures 

to mitigate climate change (Hahmann et al., 2015). On another level, wind atlases are also 

a convenient, accessible and fast tool for wind energy developers. They typically use wind 

atlases in the prospecting process to identify sites with attractive wind conditions and also 

for the initial assessment of the wind resource of a site.  

 

 To develop a wind atlas from observations it is required to have a dense network 

of high-quality wind measurements covering the area of interest. Conversely, wind atlases 

are typically derived based on simulations of mesoscale numerical models known as 

Numerical Weather Prediction (NWP) models (Badger et al., 2014). This has been 

possible due to the improvement of NWP models in the last decades that has gone hand in 

hand with the advances in processing capacity and the increasing availability of 

computational resources (Dörenkämper et al. 2020). NWP models have made possible to 

estimate the wind resource in areas with low observation coverage. Although numerical 

wind atlases are not based on observed data, measurement points are still required to 

calibrate the model and validate the results.  
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2.3. Mesoscale Numerical Models 

 Mesoscale models are regional atmospheric models that simulate the atmospheric 

phenomena with horizontal scales between a few and several hundreds of kilometers 

(Olsen et al., 2017). Analytical models are very limited as they can only solve a set of 

simplified equations of atmospheric physics. Therefore, numerical methods (NWP 

models) are needed to obtain approximate solutions to the non-linear equations that 

describe the complex dynamics of the atmosphere (AMS, 2012). 

 

 Because these models cover a limited geographical area, they do not only require 

initial conditions to be run but also spatial boundaries conditions. These conditions are 

typically obtained from a global-scale model that converts an extensive and diverse 

network of surface and upper-air observations into a gridded dataset with regular timestep. 

This process is called data assimilation and it is characterized for being dynamically 

consistent. When generating forecasts, the initial and boundary conditions are assimilated 

observations called analysis datasets. Conversely, when running the model for a past 

period (hindcast), consistently assimilated historical observations of the atmosphere are 

required to initialize the simulation and those correspond to reanalysis datasets (Sanz 

Rodrigo et al., 2017).  

 

 Large-scale reanalysis datasets are time series of the state of the atmosphere for 

decades-long historical periods with a sub-daily time step, a horizontal resolution of 

several tens of kilometers and many vertical levels. They could be understood as a global 

atmospheric database or a long-term record of three-dimensional snapshots of the global 

weather conditions (Brower et al., 2004; Lundtang Petersen et al., 2014; Sanz Rodrigo et 

al., 2017). For wind energy applications, reanalysis can be used raw as historical records 

of large-scale wind conditions or they can serve as input for mesoscale models to obtain 

detailed wind climatologies of a specific region with higher temporal and spatial 

resolution. 
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 Current computational resources allow running mesoscale models in hindcast 

mode with a horizontal resolution of a few kilometers, covering areas with a length of 

thousands of kilometers and simulating decades-long climates. Nevertheless, this is quite 

computer-intensive, especially for wind resource assessment applications when 

attempting to resolve most of the relevant scales in that geographical and temporal domain 

(Lundtang Petersen et al., 2014). 

 

 Mesoscale models simulate the physics of the atmosphere based on equations of 

fluid dynamics and thermodynamics which allow them to capture a wide spectrum of 

mesoscale meteorological processes that play an important role in wind climatology 

(Hahmann et al., 2015). They can also account for transient phenomena and depict the 

long-term climate and its variability (Sanz Rodrigo et al., 2017). 

 

 The wind climatology at a site is not only determined by the large- and mesoscale 

weather processes but also by the local topography. In places with complex terrain, the 

spatial resolution of a mesoscale model can be too coarse to completely capture the effect 

that different topographic features have in the flow. Consequently, the results from 

mesoscales models used for wind resource assessment in complex terrain present a higher 

bias. This is an important limitation for numerical wind atlas covering areas with that class 

of terrain (Sanz Rodrigo et al., 2017). In order to mitigate this issue, the output of the 

mesoscale model is typically downscaled using a microscale model to increase the spatial 

resolution. However, for regions with homogeneous surface conditions, it may be 

adequate to directly use the wind climatology derived from a mesoscale model without 

further processing. In terrain with low complexity, it has been observed that results do not 

significantly change after downscaling a mesoscale model output (Dörenkämper et al. 

2020). 

 

 NWP models are extremely complex and naturally, their output is sensitive to the 

chosen parameters such as resolution, initial and boundary conditions, underlying physics, 

among others (Fernández-González et al., 2018). Moreover, because these weather models 
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were not developed specifically for wind energy applications, it is not trivial to find the 

arrangement of settings optimal for wind resource assessment use. That stresses the 

importance of on-site wind measurements over sufficiently long periods for calibration, 

validation and error estimation (Lundtang Petersen et al., 2014). 

 

 There are a variety of mesoscale numerical models and during the last decade, 

many of them have increasingly and extensively been used for the generation of wind 

atlases, site wind resource assessment and power forecasting (Olsen et al., 2017; Hahmann 

et al., 2020). However, the Weather Research and Forecasting (WRF) model has been the 

one widely preferred for wind energy applications (Sanz Rodrigo et al., 2017).  Its 

advantages are that it is open-source, has a highly customizable configuration and has a 

proven track record in wind energy research and industry (Hahmann et al., 2020; 

Dörenkämper et al. 2020). 

 

 The WRF model offers a range of possibilities in the configuration of atmospheric 

physics, numerical and technical options. For each specific application, an optimal model 

setup needs to be found which depends, among other factors, on the geographic location 

and topographic characteristics of the area of interest (Hahmann et al., 2015).  The most 

suitable model configuration is determined by analysing the sensitivity of the derived wind 

climatology to the different model setup options and also to the initial and boundary 

conditions. To evaluate the performance of the different configurations it is necessary to 

compare to representative wind measurements. Consequently, the suitability of the 

selected model setup will be limited to the specific conditions represented by the observed 

data used during the sensitivity experiments (Hahmann et al., 2020). In the evaluation 

process, it is important to focus on the wind speed distribution in addition to the long-term 

wind speed average. The power in the wind is proportional to the cube of the wind speed, 

thus small variations between the derived and observed wind speed distribution can lead 

to significant differences in terms of energy, whereas that might not noticeably affect the 

long-term average wind speed (Hahmann et al., 2015).  
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3. METHODOLOGY AND DATA 

The methodology section starts with an overview of the New European Wind Atlas 

and continues with the steps carried out to assess the wind power potential of Gotland 

based on the wind atlas. The first step consists of retrieving the corresponding wind speed 

information from the wind atlas database. Some basic statistical tools are applied to the 

downloaded data to provide and display a summary of the wind resource on the island. To 

estimate the power that is feasible to produce from the wind on Gotland, it is first necessary 

to make several assumptions in relation to suitable land, wind power technology, wind 

farm layout and wind farm performance. Then, the annual energy production can be 

calculated. The method of predicting wind power production based on the NEWA is tested 

against real production records from wind turbines operating on Gotland. This chapter also 

describes the SWA which is used to compare the mean wind speeds obtained from the 

NEWA. 

3.1. The New European Wind Atlas 

 The New European Wind Atlas was a collaborative research project between 30 

partners from 8 European countries that started in 2013 and was finally released in June 

2019. The purpose was to create a new, state-of-the-art wind atlas for Europe, making use 

of the major improvements in techniques and models since the publication of the original 

European Wind Atlas (EWA) in 1989. This will contribute to reduce overall uncertainties 

in determining the wind conditions (Lundtang Petersen et al., 2013; Dörenkämper et al., 

2020; Hahmann et al., 2020). The new wind atlas consists of a unified dataset of wind 

resource parameters that covers the European Union, UK, Switzerland, Norway, the 

Balkans and Turkey, including the North and Baltic Sea and offshore areas within 100 km 

distance from the coast.  

 

 The NEWA is based on mesoscale simulations with the WRF model (version 

3.8.1) for the 30-year period from 1989 to 2018. For the initial and boundary conditions, 
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the ERA5 global reanalysis dataset was used which are produced by the European Centre 

for Medium-Range Weather Forecast (ECMWF). Time series of relevant surface and 

atmospheric variables with a time interval of 30 minutes, a horizontal resolution of 3 km 

and for 7 verticals levels between 50 and 500 m a.g.l were derived from the mesoscale 

model simulations. Additionally, the WRF model output was downscaled using the WAsP 

microscale model to enhance the spatial resolution to a horizontal grid spacing of 50 m. 

In other words, the NEWA model chain downscales the wind climatology from ERA5 

through WRF and finally through WAsP (Dörenkämper et al., 2020). 

 

 To determine a suitable WRF model configuration for the production run of the 

NEWA, a large number of sensitivity experiments were carried out and the performance 

of the different model setups was evaluated using wind measurements from 8 tall masts in 

northern Europe (Hahmann et al., 2020). The validation of the final NEWA model chain 

was conducted by applying it to 291 sites spread all around Europe with observed data 

from tall meteorological masts (Dörenkämper et al., 2020).  

 

 The final results showed that wind climatologies derived from the mesoscale 

model are notably more accurate than what is possible to estimate from the raw reanalysis 

dataset. Additionally, the differences between the WRF and WAsP output are small in 

areas with simple terrain, although downscaling with WAsP does contribute to reduce the 

mean wind speed bias. Conversely, in complex terrain, because WAsP is a linearized wind 

flow microscale model, its results have a higher bias due to overestimation of 

orographically-induced wind speed speed-ups (Dörenkämper et al., 2020). 

3.2. Wind Data Retrieval and Filtering  

 Although the NEWA project comprised mesoscale simulations of the European 

wind climate from 1989 to 2018 downscaled to a horizontal resolution of 50 m, only 

mesoscale results from 2009 to 2018 are publicly available for download. Figure 1 gives 
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a glimpse of the NEWA web interface. The data of a set of wind energy relevant variables 

derived from the mesoscale model simulations is contained all together in one file per day 

for the entire 10-year period. In each file, it is possible to find the daily time series with a 

30-minute timestep of each of the variables and for all the grid points. The coverage of the 

grid of the wind atlas is displayed in Figure 1. Additionally, for some atmospheric 

variables, there is data at seven vertical levels. The files also include important surface 

and terrain parameters. 

 

 

Fig. 1. NEWA web interface (https://map.neweuropeanwindatlas.eu/). 

 

 The NEWA data files are available in NetCDF (Network Common Data Form) 

format and they can be downloaded through OPeNDAP, which stands for Open-source 

Project for a Network Data Access Protocol. NetCDF is a data format and a standard for 

sharing structured scientific data. In turn, OPeNDAP enables to remotely provide and 

request structured data such as NetCDF files through the Web. 

 

 In this study, MATLAB, the widely used software for programming and numerical 

computing, is employed to selectively retrieve data from the NetCDF files in the NEWA 

https://map.neweuropeanwindatlas.eu/
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database through OPeNDAP. As will be detailed later in this section, MATLAB is also 

employed to process the data and obtain the results. 

 

 The task of estimating the wind power potential of Gotland starts with the 

download of the corresponding wind speed information at a few different heights from the 

wind atlas database. Wind speeds at multiple vertical levels are needed for different 

purposes within this study which will be explained later in the report. The complete time 

series from 2009 to 2018 of wind speeds at 50, 75, 100 and 150 m are retrieved from the 

NEWA files. The data is downloaded for the rectangular section of the wind atlas grid 

shown in Figure 2 that encloses the island of Gotland together with the adjoining northern 

island of Fårö. The 3-km-spaced grid covers the area of Gotland with 25 by 42 points 

bounded by the coordinates 56.8813, 18.0586 and 58.0299, 19.3721. 

 

 

Fig. 2. Sub-grid of the NEWA that encloses Gotland. 



 

 

14 

 The NEWA files contain, among other important parameters, the coordinates of 

every grid point and also the binary “land mask” that identifies if the point corresponds to 

land or water. Because only the onshore wind energy potential is of interest to this study, 

it is important to identify which of the points of the rectangular grid that circumscribe 

Gotland correspond to land and which to the Baltic Sea. Filtering by the land mask 

parameter, out of the 1050 points of which wind data is retrieved, only 338 are actually 

over one of the two islands as illustrated by Figure 3. 

 

 

Fig. 3. NEWA grid points over the land of Gotland (in red). 

3.3. Wind Resource Summary 

Typically, to assess the wind resource of a site, it is needed to have wind speed records 

at the heights of interest for at least one complete year. With one-year-long records, it is 
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possible to capture the wind speed variations throughout the seasons. Nevertheless, the 

wind does not have the exact same behaviour every year. There will always be an 

interannual variation and it is crucial to take it into account for wind power projects that 

are commonly designed to operate for around 20 years. 

 

In this study, the wind resource of the island is depicted through the annual mean wind 

speeds at 100 m and the two parameters of the Weibull probability density function (pdf) 

fitted to the annual wind speed frequency distributions at the same height. Since NEWA 

data spans 10 years, it is possible to obtain the mentioned variables for every year and find 

the standard deviation (σ) of the annual values which is a measure of the interannual 

variability. On top of that, it is also possible to calculate measures of central tendency and 

dispersion in the spatial dimension, that is to say, the average and standard deviation of 

the 338 nodes on Gotland. 

3.3.1. Mean wind speed  

For every grid point on Gotland, the annual mean wind speed at 100 m is calculated 

for each of the 10 years. With the set of annual mean wind speeds, the interannual average 

and standard deviation are obtained. The spatial average and spatial standard deviation of 

these results are also calculated.  

 

The spatial average is also applied to the raw data downloaded from the wind atlas 

database, thereby obtaining Gotland’s average 10-year wind speed time series. The 30-

minute values are averaged monthly to observe the seasonality of the wind resource on 

average on the island. Gotland’s average monthly mean wind speed time series also allows 

analysing how the seasonal behaviour changes over the years.  

 

 

 



 

 

16 

3.3.2. Wind speed distribution  

 To depict the distribution of the wind speeds at 100 m in Gotland, a Weibull pdf 

is fitted to the frequency distribution of every annual wind speed time series and for every 

grid point. The Weibull distribution is commonly used to represent the long-term 

frequency distribution of the low-frequency mean wind speeds (Emeis, 2018). The 

respective probability density function that can be integrated to obtain the probability of 

occurrence of a wind speed smaller or equal to 𝑢 is given by:  

 

𝑝(𝑢) = 𝑘 (
𝑢𝑘−1

𝐴𝑘
) 𝑒−(

𝑢
𝐴

)
𝑘

                                                                                                             (1) 

 

𝐴 ∶  𝑠𝑐𝑎𝑙𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

𝑘 ∶  𝑠ℎ𝑎𝑝𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 

 

 The scale parameter is mainly proportional to the mean wind speed and has the 

same unit. The shape parameter is dimensionless and controls the shape of the distribution. 

Fitting a Weibull distribution in MATLAB consists of finding the two parameters that 

maximize the likelihood of the input time series using the maximum likelihood estimation 

method. Scale and shape Weibull factors are estimated for every year and every node on 

Gotland. Then, the interannual average and standard deviation of these parameters are 

obtained. Finally, the spatial average and spatial standard deviation of these results are 

also calculated.  

3.4. Wind Power Potential  

 Estimating the technical wind power potential of the island consists of calculating 

the additional energy that would be produced by sitting wind turbines on every site with 

exploitable wind resource. The process starts with identifying the pieces of land that are 

available and suitable for installing wind turbines. Then, to calculate the power that wind 
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turbines would hypothetically produce in those areas it is necessary to pick a wind turbine 

model with a known power curve and to have the long-term wind speed data specific to 

the location and height. Finally, additional assumptions need to be made in order to 

calculate the number of turbines and estimate the total production of the whole turbine 

array per site. 

3.4.1. Areas suitable for wind power development 

 The sites included in this study are taken from the list of areas of national interest 

for wind energy compiled by the Swedish Energy Agency that was last updated in 2015. 

These sites present attractive exploitable wind conditions and are preliminarily suitable 

for the installation of wind turbines. They do not possess any special natural or cultural 

value that might be threatened and they are far enough from other sensitive areas. Figure 

4 displays the 10 areas deemed of national interest for wind energy on the island of 

Gotland. 

 

Fig. 4. Areas of national interest for wind energy on Gotland with their respective 

identification from the SEA. 
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3.4.2. Wind turbine model 

 At a certain site, the power that can be extracted from the wind depends naturally 

on the characteristics and quantity of the turbines used to convert the wind into electricity. 

With the rapid progress in wind power technology, wind turbines have significantly grown 

in dimensions and capacity during the last decades and will most likely continue to in the 

future. Therefore, when estimating the wind power potential of a site, the results are tied 

to the state of the technology considered and commonly have a short time of validity. 

 

 In an attempt to mitigate that issue, three different technology scenarios are 

included in this study. The first scenario uses the newest technology in Gotland, assuming 

that the areas of interest will be filled with the same turbine that was already used in the 

last projects developed on the island. The second scenario takes the current mainstream 

technology in Sweden which is significantly more advanced than the newest that can be 

found in Gotland. And the third scenario comprises the current state of the art of 

commercial wind power technology.  

 

 Different sources are consulted in order to select the appropriate wind turbine 

models that met the mentioned criteria and also to obtain their respective general and 

power characteristics. The wind turbines for the first and second scenarios are picked 

based on the database of Vindbrukskollen, which is an open interactive map that contains 

geographical information related to wind power projects in Sweden. Some of the data that 

can be found in Vindbrukskollen are the wind turbines erected in the country and the areas 

of national interest, for instance. The power curves of these models are retrieved from the 

catalogue of WindPRO, a widely used software to design and plan wind farm projects. 

Because it is fundamental to this study to know the power characteristics of the turbines, 

the wind turbine for the third scenario is selected based on the most modern model 

included in the WindPRO catalogue, which is constantly being updated to keep up the 

pace of the market. Table 1 presents the three wind turbines selected for their respective 

scenarios. 
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Table 1. Wind turbine models for the three scenarios 

 Model Manufacturer Rotor diameter Rated power Hub height  

Scenario 1 V100 Vestas 100 m 2200 kW 92 m  1  

Scenario 2 V136 Vestas 136 m 4200 kW 112 m 

Scenario 3 V162 Vestas 162 m 6000 kW 125 m 

  

According to the database of Vindbrukskollen (2021), the most modern wind 

turbine installed on Gotland is the Vestas V100 with a rotor diameter of 100 m, rated 

capacity of 2.2 MW and a hub height of 95 m. There are three of these turbines and they 

were erected in 2018 as part of the most recent repowering effort in the area of Näsudden. 

Those are the turbines with the biggest rotor on the island, although not the ones with the 

highest rated capacity nor the highest tower as there are older turbines with generators of 

3 MW and others with hub height up to 108 m.  

 

 Based on the same database (2021), 210 new wind turbines were erected in Sweden 

during 2020 and 58 of them were Vestas V136, the most repeated model. This is a medium 

wind speeds wind turbine (Vestas, 2021a) and it is the one selected for the second scenario 

in the configuration that it is believed more suitable for Gotland: 4.2 MW rated capacity 

and 112 m hub height. With that hub height, the turbine’s rotor in the first and second 

scenarios starts almost at the same height. 

 

 For the third scenario, the wind turbine from the manufacturer Vestas with the 

biggest rotor and the highest capacity is picked from the models included in the WindPRO 

catalogue. That wind turbine turned out to be the V162 with a rated power of 6 MW (EMD, 

2021). As of today, the V162-6.0 has only been installed as a prototype, although the first 

commercial orders were already placed in late 2020, expecting to be commissioned during 

2022 (Vestas, 2020). This turbine also encompasses medium wind speeds (Vestas, 2021b) 

 
1 Although the V100 wind turbines on Gotland have a hub height of 95 m, according to the WindPRO 

catalogue, the closest available standard hub height for that model is 92 m (EMD, 2021). 
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and out of the available standard hub heights for the model, 125 m is selected to maintain 

the rotor 45 meters above the ground as in the other two scenarios. The comparison of the 

power curves of the three wind turbines included in this study is displayed in Figure 5. 

 

 

Fig. 5. Power curves of the wind turbines chosen for the three scenarios (EMD, 2021). 

3.4.3. Location and height of wind data 

 Having identified the areas suitable for wind power development and selected the 

wind turbines means that the location and height at which the wind data is needed are both 

known. Previously, it was described how 10-year wind speed data with half-hour 

resolution was obtained from the NEWA for the 338 nodes of the wind atlas grid that 

cover Gotland. The next step consists of finding the specific grid points that match the 

areas of interest. This task is carried out graphically, simultaneously plotting the 

geographical position of the areas and the grid as illustrated by Figure 6. 
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Fig. 6. NEWA grid points that match area of national interest #123. 

 

 As mentioned, the wind speed data is retrieved from the NEWA at 50, 75, 100 and 

150 m a.g.l., but the hub heights of the selected wind turbines are in between those levels. 

To estimate the wind speed at the heights of interest the following expression known as 

power law is employed:  

 

𝑢(𝑧)  = 𝑢(𝑧𝑟)  (
𝑧

𝑧𝑟
)

𝛼

                                                                                                                   (2) 

𝑢(𝑧) ∶  𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 𝑎𝑡 ℎ𝑒𝑖𝑔ℎ𝑡 𝑧 

𝑧𝑟 ∶  𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 

𝛼 ∶  𝑝𝑜𝑤𝑒𝑟 𝑙𝑎𝑤 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 

 

 The power law is an empirical expression with no roots in meteorology that has 

proven to be useful to represent the vertical wind profile and it has been widely used in 

the industry (Brower, 2012). Equation (2) is first applied to calculate the power law 

exponent for each half-hour using the closest existing wind speed time series below and 
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above the height of interest. Then, with the same equation, the wind speed is calculated 

for each half-hour at the height of interest using the now known power law exponent and 

the wind speed at the height right below. This procedure is applied for each grid point 

linked to any area of interest and for each hub height of the chosen turbines.  

3.4.4. Wind turbine array assumptions 

 Another key factor to be determined when estimating the wind power potential of 

a place is the number of turbines that is possible to site. In this case, the pinpointed areas 

are going to be filled with as many turbines as the spatial restrictions allow. Besides the 

obvious dependency on the size of the area, the total number is a function of the distance 

between turbines, also called array spacing that defines the turbine density.  

 

 In a wind farm project, it is always necessary to place the turbines apart due to the 

wake created downstream of a spinning rotor. The wake has a lower energy content and 

higher turbulence in comparison to the undisturbed flow. By leaving an appropriate 

distance between turbines, the wake interacts with the surrounding air regaining 

momentum and the turbulence decays which reduces the effects in the next turbine in line. 

Naturally, to study the wake effects and design the layout of a wind farm it is essential to 

have information about the wind directions. Due to this study does not include such data, 

the array spacing is deemed uniform in all ways. The distance between turbines is usually 

expressed as a multiple of the rotor diameter (D) since the length of the wake is linked to 

that dimension. In practice, a distance between 6 to 10 D in the main wind direction is 

considered in order to have a manageable wake effect within the wind farm (Brower, 

2012). In this study, a spacing of 7 D is included as advised as a standard value by T. 

Wizelius (2015). 

 

 Based on the decided array spacing a regular mesh can be assumed and the wind 

turbine density can be calculated. Then, an estimation of the number of turbines could be 

obtained by multiplying the density times the area of the site. This method is not the one 
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finally used because it may give distorted results due to two main reasons. First, a regular 

mesh comprises the same buffer zone around each turbine whereas the ones next to the 

border do not necessarily need it. And second, this method could significantly 

overestimate the number of turbines that can actually fit in the areas of interest due to their 

quite irregular shape. Instead, the tool “WTG filler” of WindPRO is used. The program 

allows to import an area as a shapefile and has an algorithm that fills the area with wind 

turbines using the wind turbine model and separation defined by the user. The shapefiles 

of the areas of interest are also obtained from the database of Vindbrukskollen and the 

“WTG filler” is applied using the three chosen wind turbine models. Additionally, a safety 

distance around the border equivalent to the total height of the turbine (hub height + rotor 

radius) was set in the program. An example of the results given by WindPRO is presented 

in Figure 7. 

 

 

Fig. 7. Area #123 filled with wind turbines under the three scenarios. 

 

 The length of 7 D is far from being enough for the wake to recover the conditions 

of the undisturbed flow. With that distance between turbines, the losses in power 

production due to lower wind speed and the increase in the loads due to the higher 

turbulence are deemed to be manageable. Therefore, the production of a wind turbine array 

is always less than the sum of what each turbine would produce individually if they were 

: V100-2.2MW-hh92m : V136-4.2MW-hh112m : V162-6.0MW-hh125m 
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facing an undisturbed wind. In order to roughly take into account the total losses due to 

the wake effect, the factor “array efficiency” is introduced. According to pertinent 

literature, approximate values for standard wind farms are somewhere between 3% and 

15% (Brower, 2012; Clifton, Smith and Fields, 2016). Apparently, it is an industry 

common practice to design wind farm layouts aiming for wake losses below 10% (Clifton, 

Smith and Fields, 2016). That is the value chosen for this study, which means an array 

efficiency equal to 90%. Production losses for other motives such as turbine unavailability, 

electrical losses, environmental factors and any other are neglected in the calculations.  

3.4.5. Energy production 

 At this point, all the factors needed to estimate the technical onshore wind power 

potential of Gotland have been collected and determined. The mean annual energy 

production (AEP) of an area filled with wind turbines is calculated as follows: 

 

𝐴𝐸𝑃 = 𝑁 ∙ 𝜂 ∙
1

10
∑ 𝑃(𝑢𝑖)

175296

𝑖=1

∙ 0.5                                                                                           (3) 

𝑁 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑖𝑛𝑑 𝑡𝑢𝑟𝑏𝑖𝑛𝑒𝑠 

𝜂 =  𝑎𝑟𝑟𝑎𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

𝑃(𝑢𝑖) = 𝑝𝑜𝑤𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 𝑢 

 

Each area of interest is covered by several grid points and the AEP is calculated 

for each of them using the respective wind speed time series. The wind speed time series 

span 10 years with a half-hour resolution which means 175296 values. The approximate 

energy produced in a half-hour block is obtained by finding the turbine’s power that 

matches the given wind speed according to the power curve and multiplying the power by 

the duration of the block which is 0.5 hours. The unit of energy employed is Watt-hour. 

The energy produced in all half-hour blocks is summed and divided by the number of 

years to obtain the mean AEP. 
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The power curve of a wind turbine is commonly delivered in the form of a two-

column table with discrete values of wind speeds with a resolution of 0.5 m/s at its highest. 

The method of linear interpolation is then applied in order to estimate the power that 

corresponds to each precise value of wind speed contained in the time series.  

 

For each area, this process is repeated varying the number of turbines and the power 

curve in accordance with the conditions of the three different scenarios.  

 

Having the AEP it is also possible to calculate the Capacity Factor (CF) according to 

the following expression: 

 

𝐶𝐹 =
𝐴𝐸𝑃

𝑃𝑟 ∙ 8764.8
                                                                                                                      (4) 

𝑃𝑟 =  𝑅𝑎𝑡𝑒𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 

 

The capacity factor is a measure of how efficiently the installed capacity is used. 

Because this study neglects any turbine downtime and uses the same array efficiency for 

all the areas and scenarios, the capacity factor becomes a measure of the exploitability of 

the wind resource when comparing different nodes with the same turbine technology. 

Across scenarios, the capacity factor also serves to compare the capability of the different 

wind turbine models to harness the available wind resource.  

3.5. Comparisons and Validation of Results 

To validate the derived results, production records from wind turbines operating on 

Gotland are used as a benchmark. The model employed to predict wind power production 

is now applied to estimate the historical production of such turbines and the results are 

compared to their real records. Additionally, the mean wind speeds obtained from the 

NEWA are compared to the values found in the SWA. 
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3.5.1. Real hourly production data 

 It was possible to access to the energy production time series of 2017 from one 

wind turbine located in the Näsudden peninsula with values aggregated hourly. It is a 

Vestas V90-3.0 with a hub height of 80 m that has been operational since 2011 

(Vindbrukskollen, 2021). The model used in this study to estimate wind power production 

is applied to the specific conditions of this turbine in order to derive comparable results. 

The wind speed time series at the corresponding height and location of the turbine of 

interest (marked in Figure 8 with a red circle) is estimated based on the data of the closest 

NEWA grid point (marked in Figure 8 with a blue cross). The distance between the wind 

turbine and the grid point is approximately 600 m. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Wind turbine with accessible hourly production data marked with the red circle 

(Source: Vindbrukskollen). 

3.5.2. Real monthly production data 

 Hourly production real data was only available for one turbine and one year. 

However, the Vindstat service (http://vindstat.com/), an initiative originally funded by the 



 

 

27 

Swedish Energy Agency, provides historical production statistics aggregated monthly for 

many wind turbines in Sweden, including several on Gotland. Out of the turbines with 

available production data in Vindstat, a few of them are selected to be used as benchmarks. 

Only relatively modern wind turbines are taken into account as they generally have a more 

regular and predictable performance. Then, four zones spread around the island where is 

possible to find at least one of those turbines are chosen. The following Figure 9 shows 

the four zones in Gotland and Figure 10 gives further detail of each zone, marking the 

selected wind turbines and the closest NEWA grid point. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Four zones with real monthly production data used to test the model 

(Source: Vindbrukskollen) 

 

 

 

 

 

Näsudden 

Klintehamn 

Fole 

Storugns 



 

 

28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Selected turbines and respective grid points for each of the four zones 

(Source: Vindbrukskollen) 

 

 The model is tested against a second wind turbine in Näsudden, this time 

encompassing several years and using the wind speed data from the only other NEWA 

grid point that also falls into the area. Vindstat has data for most of the wind turbines part 

of the cluster in Näsudden. Out of the closest turbines to the mentioned grid point, the one 

that best follows the main cluster production pattern is selected. This is a Vestas V90-3.0 

that has been operational since 2011 and it is approximately 900 m away from the 

respective grid point (Vindbrukskollen, 2021).  

Storugns Fole 

Klintehamn Näsudden 
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 In Klintehamn, it was decided to use the cumulative production data of the five 

Vestas V80-2.0 running since 2009 because it was not possible to match the data with 

their respective turbines and they all have a very similar production pattern with little 

outliers (Vindbrukskollen, 2021). The distance between the closest grid point and the 

turbines varies approximately between 400 and 1000 m. 

 

 In Fole, one Vestas V90-2.0 is running since 2012 accompanied by two much older 

wind turbines (Vindbrukskollen, 2021). The closest grid point is approximately 1700 m 

away from the newest unit. 

 

 Finally, in Storugns one V90-2.0 was erected in 2011 and two others in 2014 

(Vindbrukskollen, 2021). The oldest turbine was chosen as it has a production record two 

years longer than the other two. It is at an approximate distance of 1200 m to the closest 

grid point.  

 

 The model used in this study to predict power production is applied to each of the 

four zones with the necessary adjustments. The wind speed time series at the 

corresponding hub height is estimated from the data of the closest NEWA grid point and 

the time frame and power curve are modified accordingly. Thus, the model’s output can 

be compared to the respective real monthly production data and it can be evaluated on that 

basis. 

3.5.3. Swedish Wind Atlas 

 The SWA was produced based on a three-dimensional hydrostatic, non-linear 

mesoscale model developed by the Meteorological Institute at Uppsala University 

(MIUU). Unlike the NEWA, where the time series of several atmospheric variables were 

solved for a 30-year period, for the Swedish version only a few representative cases were 

simulated to capture the wind climate. The method employed in the SWA significantly 

saves computational resources and can yield accurate results in accordance with 
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observations with a relatively high spatial resolution. A total of 192 cases covering 3 

geostrophic wind strengths, 16 wind directions and 4 different months were simulated for 

a period of 30 hours each. Finally, the results from the different simulations were weighted 

based on the climatological statistics of the geostrophic winds in the region. The atlas was 

created with a spatial resolution of 1 km and in 2011 it was downscaled to 250 m. The 

annual mean wind speeds derived from the model showed good agreement with observed 

data from different stations around Sweden (Bergström, 2007). 

 

 The only results from the SWA that were found available were the annual mean 

wind speeds at different heights between 80 and 140 m a.g.l. (Energimyndigheten, 2017b). 

The two atlases are compared based on the annual mean wind speed at 100 m at the 

coordinates of the grid points of the NEWA used to assess the areas of interest on Gotland.  
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4. RESULTS 

 

 The first result to be presented is the information about the wind resource on 

Gotland obtained after processing the wind speed data from the NEWA. This is followed 

by the presentation of the estimated onshore wind power potential of the island derived 

using the wind speed time series retrieved from the wind atlas. 

4.1. Wind Resource on Gotland 

 The wind resource over Gotland is depicted through the annual and monthly mean 

wind speeds and the parameters of the Weibull function fitted to the annual wind speed 

distribution. Measures of temporal and spatial central tendency and dispersion are given 

for the mentioned variables. 

4.1.1. Mean wind speed 

 The 10-year average of the annual mean wind speeds at 100 m on Gotland is 

mapped in Figure 11. The mean wind speed map is accompanied by a second map with 

the interannual standard deviation of the annual mean wind speeds. 
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Fig. 11. Mean (left) and standard deviation (right) of annual mean wind speeds at 100 m. 

 

 Gotland’s average interannual mean wind speed at 100 m is 7.38 m/s as shown in 

Table 2. The highest mean wind speed is found on the southernmost tip of the island, while 

the lowest value is located at a mid-latitude close to the east coast.  

 

Table 2. Spatial central tendency and dispersion of interannual mean wind speed. 

Mean 7.38 m/s 

Maximum 8.76 m/s 

Minimum 6.87 m/s 

Standard deviation 0.37 m/s 

 
 

 The island’s average annual mean wind speed has an interannual standard 

deviation equal to 0.30 m/s and its variability over the 10-year period is depicted in    

Figure 12. 

 



 

 

33 

 
Fig. 12. Space-averaged annual wind speed between 2009 and 2018. 

 

 Furthermore, Figure 13 shows Gotland’s average intra-year wind speed profile. 

The chart consists of the space-averaged interannual mean and interannual standard 

deviation of the monthly mean wind speeds. The minimum and maximum records between 

2009 and 2018 of Gotland’s average monthly mean wind speeds are also included. 

 

 
Fig. 13. Space-averaged monthly wind speed between 2009 and 2018. 
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4.1.2. Wind speed distribution 

 The average annual wind speed distribution at 100 m on Gotland is mapped in 

Figure 14. The maps show the interannual mean and standard deviation of both the scale 

and shape parameters of the Weibull distributions that were fitted to the annual wind speed 

time series.  

 

 Gotland’s average interannual mean of the scale and shape factors are 8.32 m/s 

and 2.27 respectively. Measures of the spread of these parameters over the island can be 

found in Table 3. 

 

Table 3. Spatial central tendency and dispersion of interannual mean Weibull parameters 

 Scale factor Shape factor 

Mean 8.32 m/s 2.27 

Maximum 9.88 m/s 2.35 

Minimum 7.74 m/s 2.14 

Standard deviation 0.42 m/s 0.06 

 
  

 Moreover, the space-averaged annual scale and shape parameters have an 

interannual standard deviation of 0.359 m/s and 0.103 respectively.  
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Fig. 14. Mean (left) and standard deviation (right) of Weibull parameters. 

Weibull Scale Parameter 

Weibull Shape Parameter 
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Figure 15 shows Gotland’s average wind speed frequency distribution of the entire 10-

year period. A Weibull probability distribution function is also plotted using the space-

averaged interannual mean parameters.  

 

 

Fig. 15. Gotland’s average 10-year wind speed frequency distribution. 
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4.2. Wind Power Potential on Gotland 

 Average annual mean wind speed at 100 m, Weibull parameters and annual energy 

production under the three scenarios are derived for each of the areas of interest on 

Gotland. Table 4 presents the summary of these results per area and combined. The values 

given per area correspond to the results of the most representative grid point in terms of 

coverage and location, spatial averages are not taken.  

 

Table 4. Total wind power potential on Gotland and by area of interest. 

Area WS  

[m/s] 

A  

[m/s] 

k WTGs (Capacity [MW]) AEP [GWh] (CF [%]) 

S1 S2 S3 S1 S2 S3 

123 7.02 7.91 2.23 45 (99) 26 (109)  19 (114) 319 (37) 367 (38) 410 (41) 

122 7.23 8.14 2.24 12 (26) 7 (29) 6 (36) 90 (39) 103 (40) 134 (43) 

121 7.54 8.50 2.27 34 (75) 21 (88) 15 (90) 274 (42) 328 (42) 351 (45) 

120 6.90 7.77 2.25 37 (81) 22 (92) 16 (96) 256 (36) 304 (38) 340 (40) 

119 7.77 8.76 2.17 21 (46)  11(46)  8 (48) 175 (43) 177 (44) 191 (45) 

210 6.98 7.86 2.28 22 (48)  12 (50)  10 (60) 155 (36) 168 (38) 215 (41) 

209 7.19 8.10 2.32 68 (150)  38 (160)  27 (162) 506 (39) 561 (40) 607 (43) 

211 7.63 8.60 2.27 17 (37)  10 (42)  8 (48) 140 (43) 159 (43) 191 (45) 

208 7.57 8.54 2.19 9 (20)  4 (17)  3 (18) 73 (42) 63 (43) 71 (45) 

124 8.37 9.44 2.17 22 (48)  13 (55)  8 (48) 204 (48) 229 (48) 207 (49) 

TOTAL    287(631) 164(689) 120(720) 2190(40) 2460(41) 2717(43) 

 

 

 Additionally, the combined average production time series of all the areas under 

the second scenario is plotted with an hourly and monthly resolution as displayed in Figure 

16. The graph of the average hourly production profile shows one average profile for each 

month of the year.  
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Fig. 16. Day (left) and year (right) cumulative average production profile including the 

contribution of all the areas of interest under Scenario 2. 

 

 The complete results for each area of interest per grid point are presented below.  

Graphs of the average hourly and monthly production profile of the node that was deemed 

to be the most representative of the area are also included.  
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4.2.1. Area #123 

 
Fig. 17. Grid points corresponding to area #123. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 S1:  45      / 99 MW  S2:  26      / 109.2 MW  S3:  19      / 114 MW  

Fig. 18. Number of turbines per scenario on area #123. 
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Table 5. Results for area #123 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%])  

S1 S2 S3 

812 7.08 7.98 2.25 325 (37.4) 373 (38.9) 415 (41.6) 

836 7.13 8.03 2.22 328 (37.8) 376 (39.2) 418 (41.8)  

837 7.02 7.91 2.23 319 (36.7) 367 (38.4) 410 (41.0) 

862 7.09 7.98 2.22 323 (37.2) 371 (38.7) 413 (41.3) 

863 6.94 7.82 2.24 310 (35.8) 359 (37.5) 402 (40.2) 

 

 

 

 

Fig. 19. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #837. 
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4.2.2. Area #122 

 
Fig. 20. Grid points corresponding to area #122. 

 

 

 

 

   

 S1:  12      / 26.4 MW        S2:  7      / 29.4 MW       S3:  6      / 36 MW     
 

Fig. 21. Number of turbines per scenario on area #122. 
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Table 6. Results for area #122 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

810 7.33 8.25 2.22 92 (39.6) 105 (40.8) 136 (43.1) 

811 7.23 8.14 2.24 90 (38.8) 103 (40.1) 134 (42.5) 

835 7.30 8.22 2.20 91 (39.3) 104 (40.5) 135 (42.8) 

836 7.13 8.03 2.22 87 (37.8) 101 (39.2) 132 (41.8) 

 

 

 

 

Fig. 22. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #811. 
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4.2.3. Area #121 

 
Fig. 23. Grid points corresponding to area #121. 

 

 

 

 

 

   

 S1:  34      / 74.8 MW       S2:  21      / 88.2 MW         S3:  15      / 90 MW     
 

Fig. 24. Number of turbines per scenario on area #121. 
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Table 7. Results for area #121 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

733 7.49 8.45 2.27 270 (41.2) 325 (42.0) 349 (44.2) 

758 7.58 8.55 2.26 275 (42.0) 329 (42.6) 352 (44.7) 

759 7.54 8.50 2.27 274 (41.8) 328 (42.4) 351 (44.6) 

783 7.70 8.69 2.23 281 (42.9) 335 (43.4) 358 (45.3) 

784 7.59 8.55 2.25 275 (42.0) 330 (42.6) 353 (44.7) 

785 7.35 8.28 2.25 262 (39.9) 317 (41.0) 342 (43.4) 

 

 

 

 

Fig. 25. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #759. 
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4.2.4. Area #120 

 
Fig. 26. Grid points corresponding to area #120. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 S1:  37      / 81.4 MW       S2:  22      / 92.4 MW            S3:  16      / 96 MW     
 

Fig. 27. Number of turbines per scenario on area #120. 
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Table 8. Results for area #120 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

688 7.01 7.90 2.27 263 (36.9) 311 (38.4) 346 (41.1) 

713 6.92 7.79 2.25 257 (36.0) 306 (37.7) 341 (40.5) 

738 6.90 7.77 2.25 256 (35.8) 304 (37.6) 340 (40.4) 

762 7.10 7.99 2.27 270 (37.8) 318 (39.3) 353 (41.9) 

763 6.94 7.82 2.25 258 (36.2) 307 (37.9) 342 (40.6) 

 

 

 

Fig. 28. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #738. 
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4.2.5. Area #119 

 
 

Fig. 29. Grid points corresponding to area #119. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 S1:  21      / 46.2 MW       S2:  11     / 46.2     S3:  8      / 48 MW      
 

Fig. 30. Number of turbines per scenario on area #119. 
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Table 9. Results for area #119 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

577 7.60 8.57 2.16 169 (41.8) 172 (42.5) 187 (44.4) 

602 7.77 8.76 2.17 175 (43.2) 177 (43.6) 191 (45.4) 

 

 

 

 

Fig. 31. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #602. 
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4.2.6. Area #210 

 
Fig. 32. Grid points corresponding to area #210. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 S1:  22      / 48.4 MW       S2:  12      / 50.4 MW       S3:  10      / 60 MW      
 

Fig. 33. Number of turbines per scenario on area #210. 
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Table 10. Results for area #210 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

588 6.90 7.77 2.28 151 (35.7) 166 (37.5) 212 (40.4) 

589 7.02 7.90 2.27 157 (36.9) 170 (38.4) 216 (41.1) 

613 6.98 7.86 2.28 155 (36.5) 168 (38.1) 215 (40.9) 

 

 

 

Fig. 34. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #613. 
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4.2.7. Area #209 

 
 

Fig. 35. Grid points corresponding to area #209. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 S1:  68      / 149.6 MW       S2:  38      / 159.6 MW  S3:  27       / 162 MW      
 

Fig. 36. Number of turbines per scenario on area #209. 
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Table 11. Results for area #209 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

379 7.20 8.11 2.23 505 (38.5) 558 (39.9) 602 (42.4) 

380 7.21 8.13 2.29 509 (38.8) 562 (40.2) 607 (42.7) 

381 7.24 8.16 2.31 513 (39.1) 566 (40.5) 612 (43.1) 

405 7.19 8.11 2.29 506 (38.6) 560 (40.0) 605 (42.6) 

406 7.19 8.10 2.32 506 (38.6) 561 (40.1) 607 (42.8) 

407 7.15 8.06 2.32 502 (38.3) 557 (39.8) 605 (42.6) 

429 7.32 8.25 2.22 517 (39.5) 568 (40.6) 610 (42.9) 

430 7.21 8.13 2.28 507 (38.7) 561 (40.1) 605 (42.6) 

431 7.16 8.06 2.30 501 (38.2) 556 (39.7) 603 (42.4) 

432 7.10 7.99 2.31 493 (37.6) 549 (39.3) 597 (42.0) 

455 7.22 8.14 2.26 506 (38.6) 559 (39.9) 603 (42.5) 

456 7.17 8.08 2.29 501 (38.2) 555 (39.7) 601 (42.3) 

 

 

 

Fig. 37. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #406. 
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4.2.8. Area #211 

 
Fig. 38. Grid points corresponding to area #211. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 S1:  17      / 37.4 MW  S2:  10      / 42 MW      S3:  8      / 48 MW      
 

Fig. 39. Number of turbines per scenario on area #211. 
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Table 12. Results for area #211 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

304 7.59 8.56 2.23 138 (42.1) 158 (42.8) 189 (44.9) 

305 7.63 8.60 2.27 140 (42.6) 159 (43.2) 191 (45.3) 

329 7.53 8.49 2.24 136 (41.6) 156 (42.3) 187 (44.5) 

 

 

 

 

 

Fig. 40. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #305. 
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4.2.9. Area #208 

 
Fig. 41. Grid points corresponding to area #208. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 S1:  9      / 19.8 MW       S2:  4      / 16.8 MW       S3:  3      / 18 MW      
 

Fig. 42. Number of turbines per scenario on area #208. 
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Table 13. Results for area #208 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

228 8.08 9.11 2.14 80 (45.8) 68 (45.9) 75 (47.5) 

229 7.77 8.76 2.17 76 (43.5) 65 (44.1) 73 (46.0) 

254 7.57 8.54 2.19 73 (41.9) 63 (42.8) 71 (44.9) 

 
 
 

Fig. 43. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #254. 
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4.2.10. Area #124 

 
Fig. 44. Grid points corresponding to area #124. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 S1:  22      / 48.4 MW       S2:  13     / 54.6 MW       S3:  8      / 48 MW      
 

Fig. 45. Number of turbines per scenario on area #124. 
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Table 14. Results for area #124 per grid point. 

Grid Point WS  

[m/s] 

A  

[m/s] 

k AEP [GWh] (CF [%]) 

S1 S2 S3 

154 8.37 9.44 2.17 204 (48.2) 229 (47.9) 207 (49.2) 

179 8.17 9.22 2.16 198 (46.7) 223 (46.7) 203 (48.1) 

 

 

 

 

Fig. 46. Day (left) and year (right) average production profile in Scenario 2 with wind 

data from grid point #154. 
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5. ANALYSIS AND DISCUSSION 

 

The first results to be analysed are the mean wind speeds on Gotland and their 

temporal and spatial variations. The mean wind speeds derived from the NEWA are 

compared to the respective values found in the SWA. The wind speed distribution on the 

island is also commented upon. The analysis follows with the discussion of the wind 

power potential calculated under the different scenarios. The results are compared to the 

ones obtained in a similar study conducted previously by researchers from Uppsala 

University. The wind power potential was presented in the previous section by area of 

interest and the main differences and peculiarities observed are discussed. The wind 

energy production hourly and monthly patterns on the island derived from the wind speed 

time series of the NEWA are also analysed. Finally, the accuracy of the model to predict 

wind energy production in Gotland is assessed by comparing it with real production data 

from wind turbines operating on the island. 

5.1. Wind Resource on Gotland 

 It is well known that Gotland has an excellent wind resource and the NEWA 

confirms it. The island’s average mean wind speed at 100 m is 7.4 m/s. Without having 

information about wind directions, one could intuit from the mean wind speeds map in 

Figure 11 that the main wind direction is south and southwest. Mean wind speeds as high 

as 8.8 m/s can be found in the southernmost tip of the island because it is where the 

undisturbed winds coming from the open sea touch land. The map also shows how the 

wind decelerates in the southwest-northeast axis due to the friction with the island’s 

surface. Though the reductions in the mean values are small. Most of the land has a mean 

wind speed at 100 m between 7 m/s and 8 m/s and the spatial standard deviation is 0.4 

m/s. The flat topography and relatively low roughness of the island offer a minor resistance 

to the flow.  
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 Regarding how the annual mean wind speeds change over the years, the results 

show that the island’s average standard deviation is 0.3 m/s. That is to say, if annual mean 

wind speeds follow a normal distribution, then the island’s average annual mean wind 

speed will fluctuate within the range of ±0.6 m/s with a probability of 95% 2. The west 

coast of Gotland shows a slightly higher interannual variability with standard deviation 

values up to 0.4 m/s.  

 

 The plot of the monthly mean wind speeds shows another known reality: the island 

has lower winds in summer and higher winds during the winter.  

 

 When comparing the wind speeds obtained from NEWA and SWA for the areas 

of interest, a systematic difference can be noted. Table 15 shows one wind speed value 

per area per atlas derived from averaging the wind speeds of the respective grid points. 

Out of the 44 grid points assessed, SWA gave a higher value for 42 of them with a 

maximum difference of 0.9 m/s. For the areas of interest, on average, SWA wind speeds 

are 0.4 m/s (about 6%) higher than the ones from NEWA. The most marked differences 

can be found in the areas on the northwestern part of the island. This gap might be 

originated in the roughness length values used to develop each of the wind atlases which 

directly affect the vertical wind profiles.  

 

 

 

 

 

 

 

 

 
2 The uncorrected sample standard deviation was applied in the calculations. If the 10-years data are taken 

as a sample of the wind climate, then the corrected version is more appropriate. It was verified that the 

change in the formula increases the standard deviation by 5%. 
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Table 15. Mean wind speed comparison between NEWA and SWA at 100 m. 

Area NEWA [m/s] SWA [m/s] 

123 7.05 7.60 

122 7.25 7.75 

121 7.54 8.08 

120 6.97 7.16 

210 6.96 7.13 

119 7.68 8.60 

209 7.20 7.65 

211 7.58 7.90 

208 7.81 8.00 

124 8.27 8.65 

 

 

 It is worth mentioning that one of the criteria used to appoint the areas of national 

interest for wind energy establishes that the annual mean wind speed at 100 m has to be 

above 7.2 m/s (Energimyndigheten, 2017a). The reference used was the SWA and in Table 

15 it can be verified that the areas of interest on Gotland fulfil the requirement 3. 

Furthermore, if the NEWA had been used as the reference instead, some of the areas would 

not have satisfied the criterion. 

 

If only the mean wind speed on a site is known it is possible to derive a very rough 

wind speed distribution using a Weibull pdf but it is necessary to pick a value for the shape 

parameter (k). In such a case, the standard is to use k = 2 (Manwell, McGowan and Rogers, 

2009). Then, the scale parameter (A) can be calculated although it primarily depends on 

the mean wind speed and variations in the shape parameter within the common ranges 

have little effect on it. The mean shape parameters on Gotland derived from the NEWA 

 
3 Table 15 shows the average of wind speeds at the coordinates of the NEWA grid points that fall into the 

area. Switching the reference from the NEWA grid points to SWEA grid points (grid spacing of 250 m) 

would change the average mean wind speed per area.  
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are between 2.1 and 2.4 with the island’s average being 2.3. Lower k come with higher 

annual energy production as the wind speed distribution is flatter and more spread out 

which means that high wind speeds with high energy content are more likely to happen. 

Lower shape parameters are found along the west coast of the island. Therefore, assessing 

a site on Gotland using SWA mean wind speed and assuming k = 2 would yield an 

overestimated AEP in comparison to what would be obtained based on the wind speed 

distributions found in NEWA. This is due to the double effect caused by a higher scale 

parameter and a lower shape parameter. 

 

 Observing the histogram that depicts the island’s average wind speed distribution, 

it can be noted that winds between 6 and 8 m/s are the most common with a probability of 

22%. More than 85% of the time wind is blowing with speeds between 3 m/s and 13 m/s 

which is a common range between cut-in and rated wind speed. Wind exceeds 16 m/s less 

than 1% of the time. 

5.2. Wind Power Potential on Gotland 

 The results of this study show that 2.7 TWh of additional electricity can be 

generated annually on Gotland if last-generation wind turbines are placed on all the areas 

of national interest appointed on the island. It is estimated that it is possible to fit a total 

of 120 turbines in those areas with a combined installed capacity of 720 MW. If the turbine 

is replaced by one of the most preferred models among projects recently built in Sweden, 

then the energy production decreases 9% to 2.5 TWh. In the scenario of harnessing the 

exploitable wind resource with the same technology used in the last projects on Gotland, 

the annual energy production would be 2.2 TWh, which means a 19% reduction in 

comparison to the most favourable scenario. The more advanced the scenario, the fewer 

wind turbines, however, the combined capacity increases. Additionally, more modern 

turbines proved to have a higher capacity factor. Therefore, more advanced scenarios 

reach higher production numbers with fewer turbines thanks to the double effect of a 

greater total installed capacity and a higher capacity factor.  
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 The third scenario has a technological gap with the first scenario of around one 

decade probably which reflects in results 24% higher. The clean energy goals of Sweden 

are set for 2040 and the technological progress that will be made during the remaining 

years will certainly enable to raise the combined energy production potential of the same 

areas above 3 TWh. Although that will in some way depend on the possible constraints in 

relation to the increasing tower and rotor dimensions. 

 

 The study of Nilsson, Soares and Ivanell from Uppsala University (UU) (2018) 

also estimates the wind power potential of Gotland and it only includes the areas of 

national interest as well. They estimated that a total of 286 wind turbines with a rotor 

diameter of 90 m and a capacity of 3 MW each could be fitted on the available land. That 

makes a total installed capacity of 858 MW and the annual energy production was 

estimated to be 2289 GWh. On the other hand, the present study estimates that under the 

first scenario it is possible to site only one more turbine, a total of 287 but considering a 

bigger rotor and lower capacity. The turbines in the first scenario of this study produce 

only 4% less than what was estimated by UU having an installed capacity 26% smaller. 

This could reflect that the present study reveals a better wind resource on the island or the 

turbine model selected for the first scenario is better suited for the local wind conditions 

than the one used in the study from UU. In the second and third scenarios, more energy is 

produced with a smaller total installed capacity and far fewer turbines than the UU study. 

It is worth mentioning that the present study had the advantage of having access to the 

NEWA, wind data considerably more comprehensive than what the UU study had 

available. 

 

 The results per area are in line with what can be expected from how the wind 

resource is distributed throughout the island. The best performance is found on the sites 

on the south and the west coasts with capacity factors in the first and third scenario above 

40% and 45% respectively. The sites on the east and northeast areas present the lowest 
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production numbers but still with capacity factors in the first and third scenario above 35% 

and 40% respectively.  

 

 The results per area of interest are also broken down by grid point. Naturally, the 

wind resource and estimated production vary depending on the node but within a small 

margin. The results that represent an area are taken from only one grid point, the one 

considered to be the most representative based on coverage and location. In all the areas, 

the production of most of the grid points deviates from the results of the chosen point less 

than 3% with an approximate total average of 2%. The points with the largest difference 

often are the ones at the edges touching a small fraction of the area of interest. These 

numbers correspond to the results in the first scenario, the percentage variations among 

grid points within an area decrease as the production increase in the following scenarios.  

 

 The ratio between the estimated production under the different scenarios varies 

widely among areas. This is due to the non-linear relationship between the site’s area and 

the number of turbines. In some cases, the algorithm employed to place the turbines 

managed to cover the site efficiently and in others that was not possible due to the shape 

or size. Even though on average and also in most of the cases, the estimated production 

increases in more modern scenarios, there were a few exceptions due to mentioned 

reasons. For instance, in the smallest area, #208 (3.3 km2 (Vindbrukskollen, 2021)), the 

first scenario beat the second and third in production due to the small number of modern 

wind turbines that is possible to place on the site. For the same reason, in area #124, the 

second scenario topped the third scenario, and in area #119 a very slight increase in 

production was obtained with the bigger turbines. 

 

 Regarding the monthly production patterns revealed, it can be noted that there is 

no significant variation between the different areas of interest. They all present a 

production that reaches its peak in December, gradually decreases until July and rises 

again in August. March and October are small peaks in the transitions between summer 
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and winter. Some areas have a slightly more marked difference between months than 

others. Area #124, for instance, shows a more stable production with smaller variations 

within the year.  

 

 A similar conclusion can be drawn from the diurnal production patterns averaged 

by month that are also presented in the results. In general, during the summer months, the 

diurnal pattern looks like two flat steps with steep transitions. High production during the 

night between roughly 9 p.m. and 4 a.m. and lower production during the day. While 

moving towards winter, the lapse of low production shrinks along with the daylight, the 

difference with the night values shortens and the transitions become more gradual. Mean 

production values also increase. In the peak in December, the production difference 

between night and day still exists but it is significantly smaller. Area #124 is the only one 

that stands out because its diurnal pattern changes less over the months and presents a 

smaller difference between night and day values with a more gradual transition between 

them. During the summer months in area #124, the production starts rising a few hours 

after sunrise, while in the other areas that happens in the evening. Some of those distinct 

characteristics can also be found but less markedly in the other areas close to the west 

coast.  

 

 The undesired power fluctuations of a wind farm can be mitigated by having 

several wind power plants with uncorrelated wind resources so they can complement each 

other and generate a combined output smoother than what they produce individually. 

Unfortunately, the wind resource on Gotland appears to be too homogenous to achieve 

that desired effect. Spreading turbines among the different areas would not contribute 

significantly to mitigating the intraday power fluctuations due to the resemblance in their 

diurnal production profiles. Although, if a more stable power production is sought, there 

are areas that show less power fluctuation which could be prioritized.  
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 Finally, it is important to mention that out of the ten areas of interest on Gotland 

there is one that is not quite available for new developments as it is mostly occupied by 

operating wind turbines. This is area #124 located in the Näsudden peninsula and it is the 

one with the best wind conditions. Currently, there are 50 wind turbines in the zone, 30 of 

which are the second generation and all combined have a total installed capacity of 98 

MW (Vindbrukskollen, 2021). They represent more than half of the current wind capacity 

and wind energy production of the island. This study estimates that in the best scenario it 

is possible to install 55 MW in that area that can produce 229 GWh annually which is less 

than the current statistics. This is explained by the little spacing that has been applied in 

the installation of wind turbines in the area. 

5.3. Model Validation 

 Hourly production data from 2017 of a Vestas V90-3MW in Näsudden is 

compared to the output of the model using the closest NEWA grid point for the same 

period. The actual annual energy production was 8994 MWh and the model estimated 

9189 MWh which represent a 2% surplus. The correlation of both time series can be found 

in Figure 47 in four timescales: hour, day, week and month.  

Fig. 47. Correlation between the model and real production data 
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 The plots show that the model presents difficulties to recreate the wind turbine 

energy production for every hour, which originates in the wind speed time series derived 

by the NEWA. However, when the production is aggregated in a larger timescale such as 

days, a clear correlation appears between the real data and the model output. The linear 

correlation measured by the coefficient of determination (R2) improves with greater 

aggregation scales, reaching values of high accuracy.  

 

 Figure 48 displays how the model is capable of capturing the weekly and monthly 

production fluctuations with little deviations from the real data.  

Fig. 48. Comparison between the model and real weekly and monthly production. 

 

  

Additional real production data but only with a monthly resolution was used to test 

the model for longer periods and different locations around the island. Table 16 compares 

the real and the derived average annual energy values. Figure 49 presents the correlation 
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between the real data and the model together with both time series overlayed for each of 

the zones analysed. 

 

Table 16. Comparison of the derived and measured average annual energy production. 

Zone Model [MWh] Real [MWh] 

Näsudden 9049 8572 

Klintehamn 25071 21903 

Fole 6412 5952 

Storugns 6042 6186 

 

 

In the four different zones, the model’s output matches the monthly production 

pattern with high R2 in the range between 0.87 to 0.92. While it is possible to reproduce 

the monthly power fluctuation with good accuracy, there are cases of systematic 

overestimation and underestimation. The model of this study incorporates losses 

equivalent to 10% of the gross undisturbed production. Some of the wind turbines picked 

for the comparisons may have bigger losses due to factors of different nature. On the 

contrary, others that are not much affected by the wake of surrounding turbines may 

overperform the model. It is important to mention that the model does not seek to perfectly 

fit the real data. The operation of wind turbines is subjected to contingencies such as 

unforeseen downtime and grid disconnections that decouple the power production pattern 

from the pattern of the exploitable wind. For this reason, it was expected that on average 

the results were slightly higher than real data. 
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Fig. 49. Comparison between the model and real production data for the four zones. 
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 In the case of Storugns, it is possible to notice that the real monthly production 

often exceeds the estimated value. This can be attributed to losses lower than 10% as it is 

the first turbine in facing the winds from west and south, assuming that losses by other 

factors are small. In Klintehamn, the model seems to systematically overestimate the 

production creating a 14% difference between the real and estimated annual energy 

production. Losses within the wind farm could be greater or the forest in the area could be 

displacing the wind speed profile upwards which causes the wind speed at hub height to 

be lower than expected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

71 

6. CONCLUSIONS 

 

 In order to lead the nationwide energy transition, Gotland will certainly require to 

expand its wind power installed capacity. In that context, this study aims to make use of 

the New European Wind Atlas to assess the potential of the island to raise the local 

electricity production harnessing the available wind.    

 

 Mean wind speeds at 100 m above ground and the parameters of Weibull functions 

fitted to the wind speed distributions at the same height were mapped for the whole island. 

Maps of the interannual variation of those variables are also provided. According to the 

NEWA, mean wind speeds at 100 m vary between 6.9 m/s and 8.8 m/s on Gotland with 

an average of 7.4 m/s. The island’s average standard deviation of the annual mean wind 

speed is 0.3 m/s, which reflects the island’s average interannual variability. The Weibull 

scale parameters derived from the wind speed time series are proportional to the mean 

wind speeds and the shape parameter ranges from 2.1 to 2.4 over the island with an average 

of 2.3. When comparing mean wind speeds from the NEWA and the SWA over a sample 

of sites around Gotland, it was found that the SWA systematically gave higher values with 

an average surplus of 0.4 m/s.  

 

 The study estimated the island’s wind power potential under three technological 

scenarios. The first involves the most modern wind power technology existing on Gotland 

which yielded an AEP of 2190 GWh with 287 wind turbines and a total capacity of 631 

MW. In the second scenario, the technology is upgraded to the most modern technology 

in Sweden which translated into 164 units, 689 MW of total capacity and an AEP of 2460 

GWh, 12% higher than the first one. The third scenario uses the current state of the art of 

commercial wind power technology which decreased the required turbines to 120, 

increased the capacity to 720 MW and the AEP to 2717, 10% higher than the second 

scenario. 
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 It is clear that the wind power potential strongly depends on the assumptions made 

in the calculations. Apart from the wind turbine model, several relevant factors have to be 

taken into consideration and they can vary widely from one study to another, such as land 

use, wind farm design parameters and power losses. This study estimated the wind power 

potential of Gotland in 2.7 TWh/year but there is room to easily surpass 3 TWh making 

small changes in the assumptions.  

 

 The model employed to predict the wind power production of the areas on Gotland 

was contrasted to real production data. Comparisons were made with monthly production 

records of a few wind turbines in different locations around the island. It was found that 

the model captures the monthly production pattern well with R2 values around 0.9. A 

comparison was also made with hourly production data and the model showed a good 

correlation down to daily aggregated values, but it was not capable to follow the hourly 

pattern accurately. The main and most important component of the model is the wind 

speed information, so the merits and limitations of the model can be attributed to the wind 

data from the NEWA. Based on these comparisons it can be concluded that the NEWA 

proved to be useful to accurately predict wind power production with a time resolution of 

days or greater. This applies to Gotland and probably it could be extrapolated to other sites 

in Europe with simple topography. On the other hand, the accuracy of intra-day production 

profiles derived from the NEWA appears to be questionable. 
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