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ABSTRACT 

The expansion of wind power comes with additional risks for bird populations, one of 

which is the collision with wind turbine components, mainly the rotating blades. In order 

to mitigate this risk, few systems on the market propose solutions with modules that 

deter the birds from the wind turbine or trigger the temporary shutdown of the turbines.  

The thesis seeks to obtain a common view from different stakeholders in order to create 

a list of requirements that the bird protection systems must have so as to be accepted by 

all the parties involved in the wind industry in Sweden. In order to meet this objective, 

interviews were conducted with interested stakeholders. Consequently, the interviews 

were summarized and common points were extracted to create a list of requirements and 

additional suggestions.  

Firstly, a comprehensive literature review was done that has pointed out issues like 

impacts of wind farms on bird species, especially raptors, causes of bird mortality, 

environmental legislation in European Union and Sweden, and current solutions on 

mitigating the risk of collisions with wind turbines onshore. Additionally, the author 

looked up into the most efficient ways to engage the stakeholders in constructive 

discussions and develop an easy framework for presenting the requirements.  

The primary data was collected through interviews with stakeholders representing 12 

organizations. In the next steps, the data was analyzed by summarizing each interview 

and identifying the common and differentiating points in respondents’ views and 

suggestions over automated bird mitigation systems. The identified points laid the basis 

for a list of requirements considered important for safe and efficient bird mitigation 

systems in Sweden. Among others, stakeholders identified that the most crucial issues 

regarding bird mitigation systems are the response time to shutdown of the turbine, 

distance from the birds’ species living areas, need of species identification in bad 

weather conditions and night time and overall financial feasibility of such technologies.  

 

Keywords: wind power, avifauna, collision risk, birds, raptors, golden eagles, white-

tailed eagles, bird mitigation systems.  
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CHAPTER 1. INTRODUCTION  

1.1. Background  

 

Due to the constant development of technology, the energy sector is one of the fastest 

growing industries and implies major economic opportunities and risks. Wind energy 

has become one of the main sources of renewable energy being harnessed widely in 

Sweden. On a national level, wind power accounts for over 10% of electricity production 

on Sweden (Johansson, 2015). The number of wind turbines accounted at the end of 

2015 is 3233 with a total capacity of 6029 MW (Svensk Vindenergi, 2016).  

The island of Gotland has a long tradition of wind power and the Master Plan of Gotland 

Municipality 2010-2025 targets an installed capacity of 1000 MW and total production 

of 2.5 MWh in the near future (Region Gotland, 2010).  

From an environmental perspective, the island also has a large habitat of different birds 

and animals, some of which are protected species. Some of these species are considered 

to be significantly more vulnerable to wind turbines.  Gotland holds one of the densest 

populations of Golden Eagles in the world. The Island holds 56 territory holding couples 

of Golden Eagles. Another species to be taken into account are white-eagles (sea eagles) 

with 40 breeding pairs living on the island (Ottvall & Green, 2016). 

However, most areas in the regional plan and areas appointed by the government as 

national Interest for Wind power are in conflict with the habitat of eagles. A known 

nesting site of a White-tailed or Golden Eagle, within 2-3 kilometers recommended area 

(Rydell et al., 2012) from a wind farm project, most likely will be reported and 

consequently, stop the planned activities for development. Aside from Gotland, several 

other municipalities are confronting the problem of having protected bird sites in the 

close vicinity with wind farms.  

In order to minimize the effect and mitigate the impact of wind turbines on birds, many 

solutions were proposed and systems developed. However, from developers’ 

perspective, only systems that can monitor and detect birds can be seen as a viable 
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solution for better co-existence between wind turbines and birds. There are a few 

developed and tested systems on the market today designed to monitor, warn or stop the 

turbines if a bird is standing the risk of being hit by a turbine. Even though countries like 

Spain, Greece, and France approved such systems, so far none of them has been 

accepted by Swedish authorities due to conflicting interpretations with the 

Environmental Code and Species Ordinance Act.  

1.2 Research question 

 

One solution to mitigate the collision of birds with wind turbines is the installation of 

automated bird mitigation systems within wind farms. Many stakeholders, however, do 

not have knowledge about its functionality and believe that the systems deliberately 

disturb the birds and fall under the prohibition of Species Ordinance Act. The main task 

of this study is to bring together relevant stakeholders, to collect and analyze their 

individual perspectives related to requirements of detection systems for birds in relation 

to wind turbines. Consequently, a common view is necessary from stakeholders in order 

to produce a set of requirements in the limits of present legislation that the protection 

system must cover. Given a view accepted by all the parties presented as a list of 

requirements to the bird detection system developers, a suitable device will ideally be 

created. This would lead to a better co –existence between birds and wind turbines. 

1.4 Methodology outline 

 

The requirements for the automated bird mitigation systems will be collected by 

conducting interviews with preliminarily selected and contacted people. Upon obtaining 

this information from the conducted interviews, the data will be condensed in order to 

summarize the most important and relevant aspects pertaining to the study. Finally, a 

common view will be elaborated based on the most suggested ideas on the requirements, 

carefully selected according to their level of accurateness, consistency and achievability.  



 3 

1.5 Outline of the report  

 

In the Chapter 2, the literature review presents the background of the research question 

and consequently lays out the basis for the methodology to be used in the research 

process in relation to the stakeholders. In Chapter 3, the authors develops the 

methodology which consists of semi-structured interviews and email asynchronous 

interviews that attempt to collect valuable data from the stakeholders, while in Chapter 4 

the methodology is applied by summarizing each conducted interview. In Chapter 5 the 

summaries are analyzed, and based on them the main findings and results are presented 

in form of a table, while the final conclusions are drawn out in the Chapter 6. 

CHAPTER 2. LITERATURE REVIEW 

 

This literature review will present an overview of the previous studies on the research 

topic. The author will attempt to create premises to move the current research forward 

towards designing a common view on the optimal requirements for bird mitigation 

systems from the perspectives of stakeholders.  

2.1. Impact of wind farms on avifauna 

 

Research on the impact of wind farms on birds have been going on since 70’s when it 

was discovered they also have a negative effect on bird populations. However, this topic 

became more discussed when the industry spread across countries and wind farm 

installation and operation were observed to affect bird populations and their habitats. In 

the analysis of all recorded fatality rates by 2012, Rydell et al. (2012) show that there is 

an uneven distribution of mortality in both large and small wind farms across Europe 

and North America, pointing out that in the European case, more deaths were recorded 

due to localization more prone to bird habitats and flying paths such as coastal areas and 

high elevations (Rydell et al., 2012). Conversely, it is claimed that the majority of 

reports recorded lower collision rates than actually occurring, due to wind farms being 
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located far from large concentrations of birds (Drewitt & Langston , 2006). Research on 

the link between species concentration and fatality rates shows that while some reports 

agree that mortality is caused by the density and presence rates of birds in the area 

(Kitano & Shiraki, 2013; Smallwood & Karas, 2009), others suggest that bird behavior, 

turbine perception and random flight activity are more correlated with mortality around 

wind turbines ( Smallwood et al., 2009; de Lucas et al., 2008). Based on collected data 

by Marques et al. (2014) , factors that cause bird collision with wind turbines are 

numerous and are too inter related to each other in order to be able to identify a main 

one:  

 Bird physical characteristics 

 Visional perception 

 Cyclic and seasonal events 

 Flight behavior and paths 

 Species abundance and areal density 

 Topography around wind turbines 

 Weather conditions 

 Wind farm configuration and number of turbines 

 Wind turbine size and construction 

 Wind park lights 

As it was demonstrated that wind energy has an impact on bird populations, regardless 

of their size (de Lucas et al., 2012), most vulnerable species would be characterized as 

follows: 

 Small populations and range sizes are more prone to extinction, even when there 

are no signs of decline (Gaston, 1994). 

 Species with slow rate of growth and sexual maturation have fewer possibilities 

to compensate a decline in the number of the population. Diurnal raptors, like 

eagles are part of this category (Hunt, 2002).  
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 Species whose existence, reproduction and defense depend on social 

relationships within their aggregation unit, rather than on individual level. The 

so-called Alee effect refers to the fact that if a population or social group 

decreases to a critical level, it is likely to go extinct (Courchamp et al., 1999).  

 Species, mostly raptors that require large areas of hunting and breeding and range 

beyond imaginary borders with human populated or technologized areas               

(Woodroffe & Ginsberg, 1998).  

 Species whose size is determinant for its existence and survival. They have a 

short life span and small densities and can hardly avoid large obstacles from 

short distance (Purvis et al., 2000). 

As suggested by Purvis et al. (2000), species that have any of the aforementioned 

biological attributes are associated with sharp extinction risk in declining species 

populations. The target species of this thesis are characterized by at least one of the traits 

mentioned, which also makes them vulnerable in areas exploited by wind farms.    

Sweden is home to a large number of endangered species and has a great responsibility 

in protection and conservation of the species in order to lower the EU biodiversity loss 

rates (del Carpio et al., 2013). The official number of bird species observed in Sweden is 

508 (end of 2014) and 561 if considering sub-species (Swedish Ornithological Society, 

2016). According to Rydell et al. (2012), there are about 140 million breeding pairs per 

breeding season, 92% of each individual being constituted of small sized birds, also 

referred as “passerines” (Rydell et al., 2012).  Remaining groups constitute about 1% or 

less of the breeding bird numbers. An important indicator of the fulfillment of 

biodiversity conservation and protection strategies is the Red List of species in each 

country (OECD, 2014). The Red List of Swedish species is revised and edited every five 

years and analyses the risk of certain species to go extinct (ArtDatabanken, 2015).  In the 

table below are compared the number of species presented in the Red List of Sweden 

editions of 2010 and 2015. The trend shows that several species moved from Near 

Threatened to Threatened (RE, CR, EN, VU) categories. The authors suggest that while 

one reason for the increase in threatened species is that more species were evaluated, 
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several species of birds were also affected and classified in higher risk categories 

(ArtDatabanken, 2015).  

 

 

Figure 1. Comparison between the numbers of bird species categorized in the Red List of Sweden in 2010 

and 2015 

 

There is no direct link between Red Listed species of Sweden and EU legislation, 

however most of the species officially protected by Swedish and European Union law 

are also included on the Red List (OECD, 2014). Also, the Birds Directive 2009/147/EC 

covers instructions for the control of all species of birds occurring in wild environment 

and maintaining their population to a level that corresponds to local environmental, 

academic and cultural levels (EUR-Lex, 2009). According to Rydell et al. (2012), there 

are 66 species of birds active in Sweden listed in Annex 1 of the Birds Directive.  

The existing literature on the collision of birds with wind turbines identified large 

soaring birds, like raptors as being the most vulnerable to the risk (Dahl, et al., 2012). 

This species have the biological traits that make them more prone to the risk as 

suggested by Purvis et al. (2000) and are affected by at least 3 factors listed above from 

the research of Marques (2014), like physical characteristics, flight behavior, location 

and weather conditions (Telleria, 2009; Kikuchi, 2008; Dahl et al., 2012).  Experiences 

from wind farms in California, USA, Great Britain, Spain, Belgium and Germany have 

led to large debate regarding the protection of raptor species (Bevanger et al., 2008). 
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Few studies were made in Sweden on bird collisions with wind turbines; however the 

results tend to confirm the predictions of researchers regarding the probability of raptors 

being killed by wind turbines.  In his study in Nassuden, Gotland, Hjernquist calculated 

fatality rates ranging from 9.3 to 33.7 for eagles on Gotland, while the Swedish median 

as reported by Rydell was 0.07 per turbine/year (Hjernquist, 2013).  The differences in 

eagle mortality statistics on Gotland might be explained by the island endemics factors 

which refer to species that have developed in an environment without many competitors, 

including humans which made them more vulnerable to radical changes in their foraging 

area (Purvis et al., 2000). Statistics however show that from 1980 - 2013 in parallel with 

the number of wind turbines increasing on Gotland, the number of nesting pairs of 

golden eagles also increased significantly (Näringsdepartementet, 2015).  

Out of 53 species found by Ahlen under wind turbines around Sweden, 7 species of 

raptors were identified (Rydell et al., 2012). Consulting the Red list of Swedish species, 

four of the listed species are placed in Not Threatened list. In Sweden, the bird 

populations are distributed unevenly throughout the country and while the impact on the 

bird populations is not high on a national level, it is important to target and prevent 

collisions on regional and local level. A study in Smola, Norway reveals that the 

breeding density of white-tailed eagles was higher before the construction of the wind 

farm, while in the post-construction period the number of the pairs decreased, possibly 

due to a combination of mortality from collision and disturbance caused during after the 

development of the wind farm, especially during the breeding season (Dahl et al., 2012). 

This study also confirms Hjernquist and Ahlen’s suggestion presented by Rydell et al. 

(2012) that collisions happened during breeding season.  

The population of raptor is less abundant; however it does not guarantee a lower 

probability of collision as diurnal raptors have a large area of activity. A Scottish study 

regarding foraging areas of golden eagles highlights that the core area from the nest is 

estimated to have 2-3 kilometers or less depending on prey distribution, while activities 

were recorded up to 6 kilometers from the nest (Mcgrady, 2002). While the eagles can 

extend their foraging areas it also depends on the reliability of prey and presence of other 
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raptor nests in the neighboring areas. Depending on species of raptors, flight activities 

decreased till 500 meters from wind turbine by about 50% (Pearce-Higgins et al., 2009), 

while other studies suggest that foraging increased when flying next to turbines 

(Smallwood, 2007; Smallwood & Karas, 2009; Barrios & Rodriguez, 2004). During the 

breeding season, the core range limits to the surroundings around the nest over which 

birds forage, however according to Dahl (2012) that nests will be abandoned due to 

disturbance or death of a breeding partner in the vicinity of wind turbines (BirdLife 

International, 2013). Also, he suggests that by building wind farms at least 1 kilometer 

from the nesting site will reduce the seasonal collisions of white eagles with wind 

turbines. According to another study from Smola, Dahl et al. (2012) affirm that adult sea 

eagles with their nesting territory of 5 kilometers died from collision with wind turbines. 

This fact makes him suggest that while the mortality in the 5 kilometers range increased, 

the population of the eagles in the Smola region remained stable as pairs outside the 

marked 5 kilometers area were not affected (Idun Haugan, 2014). It is important to point 

out that while nesting site are the central breeding areas, nesting territories are larger 

areas and may also include alternative nests (Hardey, 2006). Rydell et al. (2012), 

however, suggest that while it is clear that the risk of collision decreases with increasing 

distances from wind farms, it should not be assumed that outside the marked zones the 

risk is nonexistent.  In relation to the distances established by Swedish Ornithological 

Society, the established buffers zones have to be adjusted according to the local 

conditions of a site as birds do not follow always use the same routes to an extent. Also, 

Green (Vindval, 2015) refers to the same distances suggested by Swedish Ornithological 

Society, arguing that they should be used more like a precautionary principle as they 

have no scientific basis.  

Whereas, annual losses are accounted in populations of raptors which happen to be most 

vulnerable to wind turbines, the purpose of this thesis is to evaluate the possibilities of 

parallel functioning of wind turbine and safe flight activities of birds, regardless of their 

seasonal or instinctual behavior. 
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2.2 Legislation and guidance 

 

The species of naturally occurring birds in European Union are protected by the Birds 

Protection Directive (79/409/EC) and Habitats Directive (92/43/EEC). These two 

documents provide a base for the EU member countries to collaborate on restoring and 

protection of endangered and vulnerable species and their key habitats. The main 

objectives of the Directives are (European Union, 2011): 

 They protect species in their own right  across the EU (through species protection 

provisions); 

 They conserve the core areas for certain rare and endangered species (through 

habitat protection provisions leading to the establishment of the Natura 2000 

Network).  

Regarding wind power, the directives require that wind energy deployment does not 

affect in a negative way, by disturbing the species mentioned in Directives and their 

habitats.  Also, the wind farm development is not prohibited in or next to Natura 2000 

areas, but mainly it is recommended that every case is judged according to the specific 

case (European Union, 2011). The EU Guidance document on wind energy development 

also recognizes that different methods of mitigation during the development’s lifecycle 

from configuration to operation are an effective method of eliminating and reducing to a 

minimum the negative effects on Natura 2000 areas (European Union, 2011).   

As Article 288 of the Treaty of Functioning of European Union mentions that a 

directive’s task is to indicate the expected results while it is every EU country 

authorities’ mission to establish models on achieving the stipulated expectations and 

results. The Species Protection Act of Sweden, Artskyddsförordning (2007:845) 

(Rättsnätet, 2007), based on the aforementioned directives, in parallel with Article 5 of 

Bird Directive, states that it is illegal to deliberately kill or capture wild birds, 

particularly during their period of breeding, rearing, hibernation and migration periods. 

The term “deliberate” remains controversial as according to Article §4 of Species 

Ordinance, it infers that except killing and injuring on purpose, the act of knowing the 

possible consequences of an action, but still is being carried out, even if killing or 
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disturbance is not its objective. The case of Boge Vindbruk AB, Gotland is a clear 

example when application for exemption under the Article §14 of Species Ordinance 

was not accepted (Vindlov, n.d.). The developers claimed that the system used for 

mitigation is intended to prevent collisions and not to scare the birds, therefore it is not 

against the Article §4 of Species Protection Act. However, it was judged that DTBird 

and other similar systems imply deliberate disturbance of the species under Article §4 of 

Species Protection Ordinance and it was not sufficient to prove that any damage will not 

arise. For the manufacturer’s specification of the DTBird system, see Appendix C.  

Rydell et al. (2012) argue that a strict interpretation of this term might delay the 

development of wind energy, as it was demonstrated that wind turbines cause both 

disturbance and killing of birds, regardless of species. The representatives of 

Näringsdepartementet (2015) however, suggest the problem is in the absurd 

interpretation of legislation in courts, while more focus should be put on compensation 

measures, population assessment and introduction of new technologies. 

2.3 Technology acceptance  

 

The deployment of wind energy has major economic and environmental advantages; 

however it depends also on the acceptance of different stakeholders. Wustenhagen et al.  

(2007) recognize that social acceptance has been an obstacle in deploying renewable 

projects. Devine-Wright (2007) categorized possible explanations for public acceptance 

and opposition of renewable energy projects on three levels: personal (age, gender, class, 

income), social-psychological (knowledge and direct experience, perceived impacts, 

environmental and political beliefs, place attachment) and contextual (technology type 

and scale, institutional structure and spatial context). Schweizer – Reis (2008) identified 

that acceptance towards energy technologies can be identified in landscape change, 

economic issues, social justice, technology and RES for climate protection.  On the other 

way, Wustenhagen et al. (2007) comprise social, political, financial, and environmental 

aspects of acceptance in three categories, namely social-political acceptance, community 

acceptance and market acceptance. Additionally, they emphasize the role of cooperation 
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over technological innovation as a critical element in attaining global sustainable 

development. The social acceptance of technology depends on the appreciation of the 

advantages of the wind power against its negative impact, which often can be 

problematic due to its prejudices or lack of information (IEA Wind, 2015).  For example, 

in their study of technical systems in the municipality of Kil, Sweden, Assefa and 

Frostell (2007) assessed through a questionnaire three social indicators namely, 

knowledge, perception and fear associated with four chains of energy technologies. The 

obtained results showed that while the participants in the study were positive about new 

energy technologies, they couldn’t distinguish between specific technologies. As the 

authors observe, it might be due to the lack of information and knowledge of people, 

which in the end leads to low participation in decision-making or acceptance of the 

technologies in general, even if environmental and financial indicators are feasible. 

Devine-Wright (2007) also stresses that while individuals are aware of energy sources, 

they lack deep knowledge in the difference between them and technological terms used 

in the industry may be not well known by public. It is a problem that has to be 

considered, Zoellner et al. (2008) stressing that human, technological and environmental 

aspects of technologies have to be considered similarly. Mallett (2007) also notes that 

acceptance of renewable technologies will be greater in groups involving private sector, 

public authorities and academics between which exists mass level of networking and 

interaction.  

This research focuses on the acceptance of a specific technology concerning wind 

energy, namely view on automated bird mitigation systems from selected stakeholders in 

public, private sectors academic field. 

2.4 Mitigation systems 

 

Wind energy is becoming one of the primary sources of renewable energy being 

harnessed widely worldwide. The advantages of using this way of producing electricity 

are great and are mainly related to the lack of greenhouse gas emissions, pollutants, 

waste and also reduced costs for electricity production in the long term. Despite the 
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acknowledged advantages, wind turbines also have adverse impacts on birds. A series of 

potential effects of extensive development of wind farms is discussed in the literature. 

Fox (2006), Drewitt and Langston (2006) and Hansen (2012) identified that major 

factors that affect the birds either directly or subtly are displacement from habitat due to 

disturbance, avoidance of the fly zones populated with wind turbines (barrier effect), 

habitat change or destruction by wind farm erection and physical collision with wind 

turbine and their associated structures. Collision risks are receiving more attention in 

literature because they have a bigger demographic impact on bird populations than other 

factors (Fox et al., 2006; Hunt, 2002; Kingsley & Whittam, 2005). Dahl (2012), 

although, mentions that together with mortality caused from collisions, activities 

resulting during and after construction, had also effect on the breeding success of the 

white tailed eagle. In relation to raptors, Kingsley and Whittam (2005) stress that 

collision mortality was the main focus of research in wind farms. Though all the types of 

mitigation measure are important in preserving bird populations and their habitats, for 

the purpose of this research, the author looked into post mitigation measures, particularly 

into those that aim to mitigate collision risks. 

Drewitt et al. (2006) categorize the mitigation options into best practice measures that 

should be a standard model for any wind farm and additional measures to minimize 

collateral effects of specific projects. In the review of research reports and articles, 

Marques et al. (2014) made a list of research proposals in mitigation options that 

decrease the risk of bird collisions with wind turbines. The strategies were grouped in 

three categories according to practices and methods used: avoidance, minimization 

(operational modifications) and compensation. Based on evidence from research, 

Birdlife International (2013) and Marques et al. (2014) agree that out of all the 

operational modification methods, turbine shutdown has been described in literature as a 

successful method of reducing bird collision with wind turbines. In a separate research 

of turbine-specific mitigation options, May et al. evaluated the controlled decrease of the 

turbine speed and temporary shutdown as efficient mitigation solutions, simultaneously 

pointing out that these measures protect the birds from collisions only with rotor blades, 
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rather than all the parts of a wind turbine installation. Birdlife International (2013), 

however stresses that automated systems are not be considered a primary mitigation 

measure and do not substitute pre-screening activities or modification of design and 

layouts of wind farms.  

This technique implies that a turbine’s blades will be stopped from spinning manually or 

automatically when flying birds are detected in its vicinity during seasonal or site-

specific activities. Ronconi et al. (2004) and Cook et al. (2011) believe that turbine shut 

down systems have a high effectiveness in detecting birds however due to technical and 

economic feasibility issues there is further research to be conducted in order to prove its 

sustainability.  

De Lucas et al. (2008) bring into attention the selective turbine shutdown system applied 

at 10 out of 13 wind farms studied in Spain. The protocols used involved trained 

observers that were able to stop the turbines manually by contacting the wind farm 

central offices. The selective turbine shutdown was based on identification of flying 

trajectories of birds identified in the area of the wind farms or sign of birds’ mortality on 

the ground during searches throughout a year. His findings demonstrate that the 

mortality of raptors can be reduced up to 50% - if the surveillance and following turbine 

shutdown is observed during the daylight hours when raptors are more active. A similar 

selective manual turbine shutdown system was applied at St. Nikola wind farm in 

Bulgaria through combination of radar based system and hired observers. It was assumed 

that turbine shutdown will reduce the collision during peak migration by at least “an 

order of magnitude”  (RSK Environment Ltd. , 2008).  

Additionally, developers attempted to implement automated systems with radar and 

imaging technology that detect birds in real time and take appropriate actions based on 

preset algorithms. De Lucas et al. (2008) recognize that automated turbine shutdown 

systems might be more effective in terms of collision reduction and costs. Yoshihashi et 

al. (2015) also agree that automated systems both reduce the cost and risk of collision; 

however she adds that a proper system has to detect not only the flying birds, but also 

have the technical ability to recognize the species. Marques et al. (2014) add that the 
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above mentioned systems have advantages over human surveillance because they can be 

used both in remote areas and during night; however it is not clear if the night system 

would be cost efficient since eagles that are considered diurnal raptors as noted by de 

Lucas et al. (2008) and Berry et al. (1998).  

Systems currently developed and available on commercial scale are based on radar 

detection and video images. Radar systems have been in place for a long time since it 

was discovered that they can detect and record bird movements. The early technologies 

were used mostly in aircraft industry to avoid collision of birds with planes (Gauthreaux 

Jr., 2013). Collier et al. (2011) mention that radar systems are mostly used for detection 

of large numbers or densities of birds both in onshore and offshore wind farms, 

confirmed by studies done at AES Saint Nikola (RSK Environment Ltd. , 2008), Danish 

Nysted and Horns Rev (Petersen, et al., 2006), Egmond a Zee wind farms ( Krijgsveld et 

al., 2011). One of the current radar systems used nowadays for both detection and 

mitigation of bird collision with on shore and offshore wind farms is Merlin Avian 

Radar system with its functional SCADA Mortality Risk Mitigation System (DeTect 

Inc., 2015). The remote controllable system can detect migratory and local species, 

including raptors that fly above the wind turbines and consequently stop the turbine 

when activities related to collision risk are detected. However, Krijgsveld et al., (2011) 

and Collier et al., (2011) add that the system can malfunction during bad weather 

conditions as strong winds (radars had to be turned off), fog and rain while at the same 

time, it has limitations in making difference between species.  

Though a more recent technology, systems based on real time video recording also have 

begun to be tested and used in wind farms.  Few video imaging systems for recording the 

collision of birds or automated were developed (Collier et al., 2011; Yoshihashi et al., 

2015), few of them were actually upgraded to also initiate automated action when birds 

were detected in the collision risk zone of a wind turbine. One of the systems already 

installed in France, Spain, Greece, DTBird enables the reduction of bird mortality 

through real-time monitoring and decreases the risk of collision with deterrence by 

acoustic systems or the automatic stopping of the turbine via its SCADA system. In tests 
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conducted at Smola wind farm, Norway, it recorded between 76% and 90% of bird 

flights, on 150 m and 300 m radius from the turbine during daytime (May et al., 2012). 

At the same location, during 24h period, the system detected 59% to 80% of birds on a 

300 m distance to the turbine. As in the case of radars, DTBird video imaging system 

lack proper functionality during darkness and poor weather conditions (Collier , et al., 

2011). Also, it was shown, during the tests, that larger birds such as raptors are more 

recognizable by system. Another mitigation system that detects and tracks birds with 

imaging technology is Identiflight. It focuses on raptors with large wing span and 

developer tests claim that the systems can  identify the birds up to 1 kilometer from the 

system installation site, even in bad weather conditions. However, the system is still up 

to scientific validation and independent testing before early adopting of the technology 

among wind farms.   

Whilst an effective method,  the mitigation systems have to be cost effective in relation 

to the  investment and projected  payback time of the wind farm (Obermeyer et al., 

2011). One can add costs from turbine wear, when it is constantly idled and restarted by 

automated systems, to the initial costs of mitigation, a  point agreed by Martin Green 

(Vindval , 2015) and Angus Mackay (Mackay, 2013). Consequently, if the cost-benefit 

ratio of the automated system is negative, other measures of mitigation  must be applied.  

While new post-construction mitigation methods are being developed and tested, it is 

important that their technology is embraced both by the wind farm developers, and local 

authorities that follow the applicable law in a particular country or region. 

2.5 Stakeholders engagement  

 

In existing literature, various ways of defining stakeholders are described. It can be 

broadly summarized that stakeholders represent individuals, groups who can affect and 

also be affected positively or negatively during the course of attaining their company’s 

goals and objectives through different projects and portfolios (PMI Institute, 2000). 

Eliminating the concept of the company or corporate environment, the term of 

stakeholder can be defined as “any group of people organized, who share a common 
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interest or stake in a particular issue or system” (Grimble & Wellard, 1997). In 

renewable energy industry, stakeholders are the key part at winning arguments and 

turning odds in their favor. Phillips et al. (2003) notes that “attention to the interests and 

well-being of those who can assist or hinder the achievement of the organization's 

objectives is the central admonition of the stakeholder theory”. A policy or project’s 

success or failure depends on the ability to identify and manage a variety of stakeholders 

with different values and interests. As mentioned by the UN Environment Programme, 

the identification of stakeholders based on their skills and interest and their involvement 

in a project concerning environmental sustainability is a total necessity (UN 

Environment Programme, 1997). Åstrand et al. (2005) add that stakeholder analysis will 

help preliminarily understand the challenges during future discussions and 

implementation.  According to Grimble (1998), the steps for stakeholder analysis 

include: 

 Clarification of the issues to be addressed  

 Placement of the issues in a systems context 

 Identification of decision-makers and stakeholders 

 Study of the stakeholder interests or agendas 

 Identification of common patterns of interaction 

Grimble (1998) also points out that there is no fixed method for stakeholder analysis and 

flexibility in actions and steps followed are important aspects of the procedure. In order 

to advance with the analysis, the identification of stakeholders is crucial at an early 

stage. During the process of getting information and suggestion, it may be found that 

some stakeholders are less important than previously assumed or that previously not 

considered stakeholders might have to be involved in the participation. While the 

purpose of this thesis is not to evaluate all the literature on methods of identification of 

stakeholders, it is essential to present the models according to which they can be 

selected. As Bryson (2004) writes, the success of a company depends on the level of the 

satisfaction of the stakeholders, which creates a premise for analysis, at least in matter of 
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who they are and how fulfilling their needs will generate and sustain public interactions 

for a greater good.  

Luyet et al. (2012) collected in the literature the main sources of characterization of 

stakeholders, according to which one can identify them depending on the projects tasks 

and planned results: 

 Attitudes towards a project 

 Potential conflicts and coalitions between stakeholders and objectives 

 Interest in the project  

 Access to resources 

 Political influence over the project 

 Degree of implication 

 Power, stakeholder urgency, proximity and legitimacy 

 Scale of influence.  

While not a complete process, understanding each stakeholder is important for 

proceeding in the stakeholder analysis. In addition to the steps defined by Grimble 

(1998) and presented earlier in the chapter, identification of an approach for stakeholder 

participation is essential (Vivero & Martínez Alba, 2007), as “it enables interventions 

and technologies to be better adapted to local socio-cultural and environmental 

conditions” (Reed, 2008). Involvement of people with appropriate knowledge will 

contribute to better policy decisions and consequently more effective outcomes (Irvin & 

Stansbury, 2004). While there are benefits in stakeholder participation, Schnell et al., 

(2006) suggest that lack in pre-planning in terms of cultural differences, timing, and 

place cannot lead to a project’s delay or failure. Junker (2008) is also concerned that the 

participation does not involve all the possible interested parties due to lack of political 

power or less conflicting interest. Additionally, it is supposed that only stakeholders who 

hold more power and social resources are keener to participation than individuals or 

group with scarce time and financial resources (Newig, 2007). In order to distinguish 

between several types of participation processes it is important to know the degree that 

the stakeholders are required to participate. As Sheriff (2012) suggests, it is not 
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recommendable to involve all the stakeholders at the same time and intensity. Related to 

participation in biodiversity issues, Selman (2004) regrouped the typologies of 

participation defined earlier by Pimbert and Pretty (1997) into: 

 Minimal participation: is passive, based on information giving or involves 

consultation. 

 Participation for material incentives: participation by providing resources in 

return for food, cash or other incentives. 

 Interactive participation: participation by joint analysis. 

 Self- mobilization: participants take initiatives independent of external 

institutions.  

In his framework for participation in environmental projects, Luyet et al. (2012) defined 

a similar, but more general framework, which however is easier to interpret and apply: 

 Information: explanation of the project to stakeholders 

 Consultation: presentation of the project, collection of suggestions and decision-

making with or without the collected views. 

 Collaboration: presentation of the project, collection of suggestions and decision-

making with taking into account the collected suggestions.  

 Co-decision: cooperation with the participants towards reaching an agreement for 

solution and implementation. 

 Empowerment: delegation of decision-making over project development and 

implementation to the participants. 

Luyet et al. (2012) however, point out that it is essential to correctly implement the 

degree of involvement to the participants, otherwise it might lead to a stakeholder having 

more influence than others.  He also adds that while this process might be time-

consuming, suggesting that the project manager should be helped in his tasks of 

attributing degree levels of involvement for the stakeholders.  

Regardless of the type of participation chosen, it is important to ensure that a 

communication plan is applied in order to meet the projects’ objectives. As Schnell et 
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al., 2006 note precisely, “good communication requires clarity regarding the message; 

the audience; mechanisms for stakeholders to see how they can feed their views into 

policy options; and carefully designed products for different audiences”. A good 

communication plan will result in transparency, add value to the public trust and 

ultimately contribute at building an active society (Sherriff, 2012; Richards et al., 2004). 

2.6 Stakeholder requirements  

 

A requirement or a set of requirements stay at the basis of a functional feature included 

in a product or service that meets the expectations and needs of the stakeholders. 

According to International Institute for Business Analysis (IIBA, 2016), a more concise 

definition of a requirement is:  

1. A condition or capability needed by a stakeholder to solve a problem or achieve 

an objective. 

2. A condition or capability that must be met or possessed by a solution or solution 

component to satisfy a contract, standard, specification, or other formally 

imposed documents. 

3. A documented representation of a condition or capability as in (1) or (2). 

While mostly used in engineering, this definition applies to systems applied in any 

industry. It is not within the scope of this thesis to describe all the steps from 

identification of requirements to delivering a model or prototype of a product; however 

the general definitions and guidelines will help gather in depth knowledge of how the 

participation of stakeholders will produce expected results, in this case – a list of 

requirements for automated bird mitigation systems. Burek (2008) claims that the 

stakeholders should be involved in meetings in order to define technical requirements of 

a system. However, Gunasekaran and Shea (2010) write that stakeholder interviews can 

also be used in recording the requirements as long as the stakeholders have an idea about 

the system and know their expectations. Coughlan et al. (2003) point out that both 

traditional methods as interviews and questionnaires and group methods as focus groups 
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or brainstorming can be more effective than other techniques in identifying requirements 

from stakeholders. Quoting two business consultants in their work, Coughlan et al. 

(2003) add that one to one interviews are helping get more details, while workshops are 

more helpful in showing the stakeholder a bigger picture.  

Regardless of the techniques used to elicit the requirements of a system, it is important 

that the information gathered will be helpful in designing a concept for the system. 

According to Burek (2008), one of the reasons for project failure is the ambiguous 

presentation of requirements. As stated in ISO/IEC 15288:2008 standard (Hale, 2010), a 

well- defined requirement has to be:  

 Necessary  

 Implementation Independent   

 Attainable 

 Clear and concise  

 Solution-neutral  

 Consistent 

 Traceable  

 Verifiable  

 

The method used in this thesis will use the above-mentioned guides in order to identify 

the needs and expectations of each stakeholder, refine each valuable input and present a 

model or a document with requirements baseline for a bird mitigation system.  

CHAPTER 3. METHODOLOGY AND DATA 

3.1 Research strategy  

 

Research is important to the character of this thesis and its contribution to academic 

studies. For this matter, a clearly established research strategy will help in organizing 

sources, gathering in-depth knowledge and answers for the research question. 

Additionally, the quality of gathered primary and secondary data has to be proven 
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through careful selection of relevant sources that establish the legitimacy and authority 

of the paper.  

Firstly, the relevant background data was collected by completing a literature review on 

the factors that have an impact upon the discussed subjects in the research question. 

Also, the brochures of the main automated bird mitigation systems mentioned in the 

literature helped the author gather insight in the topic and understand the main 

similarities and differences between them. Consequently, after careful selection and 

review of the information, the questions for the interviews were established and 

structured according to the respondents’ interests and backgrounds. The collection of the 

primary data is fundamental to the thesis and will be analyzed in order to select the most 

discussed concerns and suggestions of the participants. It will help define a list of 

relevant solutions to the research questions and draw conclusions on the importance and 

perspectives of the presented results.   

3.2 Selected research method for data collection   

 

While there are two methods in the collection of data, quantitative and qualitative, it was 

decided that for purpose and relevance of research, only qualitative data will be used. 

Moreover, the research question of the thesis requires collection of primary data.  Hox 

and Boejie (2005) suggest that the qualitative research design implies large collection of 

data on a small selected sample through interviews, observation or focus groups, while 

the primary data collected will add value to the already existing knowledge in the topic 

discussed. Denzin and Lincoln (2007) also add that “qualitative investigators think they 

can get closer to the actor’s perspective through detailed interviewing and observation”. 

The research question seeks to identify the stakeholders’ views, suggestions and 

opinions on automated bird mitigation systems, therefore the qualitative method was 

found to be more suitable in analyzing this type of data. By categorizing each suggestion 

according to its characteristics and features, using a qualitative method, it will be 

possible to define a common view regarding the requirements needed to be met by the 

system developers.  
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The data is collected by means of face-to-face and phone based interviews and also 

questionnaires sent by email to the participants unable to hold an interview due to 

personal and work-related reasons.  

3.3 Semi-structured interviews  

 

The importance of research requires collecting as much information as possible from 

main representatives of the organizations having direct or indirect connection with 

automated bird mitigation systems. However, due to time, logistical and financial 

constraints of involving stakeholders in a more complex participatory process and also 

because of the varied background of each respondent, it was decided that as a qualitative 

research method, semi-structured interviews to be used. Comparing to a structured 

interview, the degree of the flexibility is higher and the interviewer can stick to different 

formats in order to obtain as much relevant information as possible (Walliman, 2006) 

(Sarantakos, 2013). Appendix A and B present the interviews’ checklist firstly verified 

with the supervisor and advisor and used later, by author to get answers from the 

respondents. Due to the lack of technical background, many respondents were allowed to 

elaborate their point of view and suggestions on requirements for automated bird 

mitigation systems in a comfortable way.  Moreover, due to the busy schedule, the 

environmental law interviewee was asked fewer and more general questions focused 

strictly on the legislation, as clearly stated in Appendix B.  

Furthermore, during the phone interviews, the author took notes of the answers of the 

respondents. Immediately after each phone call, the data reduction was performed in 

order to make it easier to read, analyze and draw out the main patterns and discussed 

points. During the face-to-face interviews the data was recorded on a voice recorder in 

order to maintain the eye contact and observe body language with the respondents.  

Later, it was transcribed using electronic text software for further data reduction during 

the analysis.   
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3.4 Online (email) Asynchronous Interviewing  

 

Due to time constraints and schedule, some stakeholders who were solicited to be 

interviewed face to face or by phone, asked to have the topic and the questions sent by 

email. In order to obtain as much important data as possible, it was decided to use the 

online asynchronous interviews. Compared to common email surveys, the asynchronous 

in-depth interviews are semi-structured and imply more email exchanges in order to 

clarify unclear issues and ask additional questions ( Meho, 2006).  It also allows both the 

interviewer and the respondents to engage in the communication at any pace, time, and 

location with access to internet (Bowker & Tuffin, 2004 ).  

 

3.5 Sources of data 

 

The primary sources of data are stakeholders selected according to guidelines presented 

in Chapter 2.5 who are involved or have indirect connection with the industry of wind 

power, environmental studies and in public policy. They were approached using email 

and phone calls and asked if they are available to hold an interview or answer the 

questions via email. This includes representatives of Municipality, County 

Administrative Board, Environmental Protection Agency, wind turbine manufacturer, 

consulting company, law firm, ornithological association, wind power developers and 

specialists in bird mitigation systems. The importance of interviewing the stakeholders 

with knowledge and experience in the research topic increases the chance of obtaining 

more accurate and relevant views and suggestions.   

3.6 Limitations and Ethics 

 

The method used in interviewing each participant comes with its limitations. Most of the 

participants involved, including the author, are non-native English speakers; therefore it 

is possible that some answers to the questions do not directly coincide with the wording 

and explanation in native language of the respondent. While the objective was to meet 
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all the participants face to face, in the end it was not possible. Due to time constraints, 

some of the respondents asked the questions to be sent on email. Also, because of the 

busy schedule, some interviewees had limited time for conversations and covered only 

the most important questions, while it is possible that the views or suggestions were also 

not completely stated. Also, other people targeted for the interview, who were contacted 

on phone or email were not able to participate in the process at all, due to busy 

schedules.  

It is important to point out that all the respondents were informed that they are 

interviewed and the information provided by them will be used for the thesis purpose. 

Prior to each interview, information on the topic and the main questions to be discussed 

were sent on email so the respondent has time to prepare his answers. Each respondent 

was asked the permission to have his name and role/position held in their organization 

mentioned in the research. Moreover, the views and suggestions of some of the 

respondents might not coincide with the overall view of the public or private institution 

they are part of at the moment of interview.  

CHAPTER 4.  APPLICATION OF THE METHODOLOGY AND RESULTS  

 

In this chapter, the author presents the results of primary data collected with the use of 

qualitative semi-structured and email asynchronous interviews. Firstly, the participants 

and their current roles and positions are presented according to the method used to 

interview. In the second part, the summaries of the interviews are presented based in the 

order of the level of technical background or experience of the selected respondents.  

4.1. Semi-Structured Interview 

 

As described in previous chapters, the primary data collection was made by interviewing 

the selected stakeholders with open-ended questions. The public and private 

organizations and their representatives are listed in the table below in the order of their 

availability for interview: 
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Table 1. Stakeholders interviewed face to face or by phone 

 

Participant Role/Position in the Public/Private Organization 

 

  

Alan Derrick 

 

 

Technology Expert on Identiflight at Renewable Energy 

Systems, United Kingdom 

 

Fredrik Litsgard 

 

Technology Consultant on DTBird at Ecocom AB, Sweden 

  

 

Henri Engström 

Ingrid Johansson Horner 

 

Desk Officers at Swedish Environmental Protection Agency 

  

 

Enrico Fischer 

 

Back-office Technical Manager Scandinavia at Nordex 

Sverige AB, Sweden 

  

 

Gunnar Gustafsson 

 

Special Planner for Wind Power at Gotland Municipality, 

Sweden 

  

 

 

Josefin Knudsen 

 

 

Regional Wind Coordinator of Region Gotland, Chairman of 

Board at GVP, Sweden 

  

 

Markus Fröberg 

 

Partner and Lawyer specializing in Land and Environmental 

Law at Fröberg and Lundhold Advokatbyrå, Sweden 

  

 

Anna Lena Fritz 

 

Head of Nature Protection Unit at County Administrative 

Board (Lansstyrelsen), Gotland Municipality, Sweden 

  

 

 

Pavel Zehtindjiev 

 

Associate Professor in Institute of Biodiversity and 

Ecosystem Research at Bulgarian Academy of Sciences, 

council member of European Ornithologist Union 

  



 26 

 

 

Andreas Smith 

Edward Zakrajsek 

Karen Voltura 

 

 

Technology Experts on Merlin Avian Radar System at 

DeTect Inc., United States of America, United Kingdom 

  

  

4.2 Email Asynchronous Interviews  

 

 
Table 2. Stakeholders interviewed on email 

 

Participant Role/Position in the Public/Private Organization 

  

Andreas Wickman Project Developer at Wickman Wind AB, Vice Chairman at 

GVP, Sweden 

  

Marcos de la Puente 

Nilsson 

Technology Expert on DTBird at Liquen Consultoria 

Ambiental S.L, Spain 

 

  

 

4.3 Interview empirical findings  

 

Participants with technical experience or background 

4.3.1. Alan Derrick – RES Group 

  

Alan Derrick is the Head of Technical Sales at the RES Group (Renewable Energy 

Systems), company which has been active in the global renewable energy industry for 30 

years. One of its subsidiaries, Identiflight LLC develops the Identiflight automated bird 

mitigation system based on visual detection technology.  
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Alan Derrick mentioned two systems when discussing his view on current bird 

mitigation systems. To his knowledge, DTBird doesn’t have sufficient range and cannot 

detect species, while also relying on acoustic deterrents. The second system, Merlin 

Avian Radar system is not able to identify individual species. However, he adds that for 

certain offshore sites or a less complex terrain it can work, but would not be really 

suitable for eagle detection on Gotland. He is convinced that more innovation is needed 

and money invested for developing better systems than the ones available today on the 

market.  

Alan Derrick describes that a perfect bird mitigation system has to be able to identify the 

species of birds and track their positions with sufficient accuracy and range. 

Consequently, it has to allow the target wind turbines to be curtailed or shut down in a 

controlled manner. He adds that within the company, they do not support any system 

that relies on acoustic deterrents. This kind of systems is unlikely to give confidence to 

developers that they will obtain permit according to the current Swedish legislation.  

He suggests that any legislation or framework that seeks to regulate the bird mitigation 

systems should not mention numbers, as first of all, the primary components of the wind 

farm – the wind turbines, are different in terms of time and frequency of shutting down. 

Any framework or list of requirements should be general and mention that a detection 

system should be able detect, identify the species, track birds and emit a warning signal 

to the wind farm in sufficient time to allow specific wind turbines to be shut down 

safely.  

The shutdown should be performed in as little time as possible, according to 

characteristics and recommendations of the wind turbine manufacturer. In his opinion 

and according to Identiflight system features, a 1 kilometer scanned area is sufficient for 

detecting the birds. When dealing with the presence of environmental sensors for 

monitoring the system during bad weather conditions and daytime/nighttime, Alan 

Derrick suggests that raptor’s main task is hunting, so they will not fly during night or in 

bad weather conditions with low visibility of the ground. In this respect, a system 

targeting raptors should not have additional sensors.  A bird mitigation system should be 
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able to identify only species described as protected or endangered. Usually it is few 

species in a region that are barrier to wind farm development, such as Gotland. 

Practically, it is impossible to target all the types of birds. A camera is recommendable 

for a bird mitigation system in order to allow sufficient coverage to identify target 

species in the surrounding area. Its position in relation to the wind farm and wind turbine 

is site specific depending on the landscape of the site. In general, the system has to 

provide a total coverage around the wind farm, regardless if it has to be installed on 

every turbine or separated. He mentions that Identiflight requires one system for every 2-

3 wind turbines depending on the design of the wind farm. Every system is developed in 

its way; therefore no specific guidance is needed whether it has to be installed on every 

turbine or a mast in the middle of the farm.  

While it is unfeasible to develop every system according to every wind turbine 

manufacturer, it should be required that the system complies with the wind farm control 

system and is able to send and receive external system commands. However, he adds, 

every wind farm has already established and standardized universal control systems 

which allows the connection of trusted external sources of data. Due to the fact that the 

Identiflight system is still in process of testing, it is difficult to suggest a recommended 

time for testing a system in order to validate it. More importantly, time must be 

considered and the statistical observations incorporated in a significant database. It 

depends on the presence and density of the birds in the testing area rather than the time 

employed for tests. It can start with a few months to years, depending on the site. Alan 

Derrick adds that a system has to be validated and certified by independent trials, while 

it is expensive and time consuming to validate it at every wind farm.  

In conclusion, he stresses out that legislation or proposed framework that it is too 

detailed can make different assumptions. The legislation has to be general, but still 

provide protection. There is no way any authority can have knowledge on other systems, 

just basic requirements to what system has to do – bird to be detected at sufficient range 

to allow the wind farm to shut down. A framework of requirements doesn’t have to 

restrict innovation and design. With too many regulations and specifics, it would restrict 
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the companies’ motivation to developed innovative products, especially in our days 

when the bird mitigation systems are in the early stages of development.   

4.3.2. Fredrik Litsgard – Ecocom AB 

 

Fredrik Litsgard is a biologist and project manager at Ecocom, company that specializes 

in ecology consulting, including in the area of wind power. Ecocom is the only company 

in Sweden that works with DTBird, however it is not conjoined in any other ways with 

the developer of the DTBird mitigation system which is based on both visual and 

acoustic technology.  

 

Fredrik Litsgard mentions that he is aware only of one system available on the market, 

which is DTBird. He has heard of Identiflight, however to his knowledge the system is a 

subject to be released in the future, so it cannot be considered in present. Also, he has 

heard of radar systems, however he does not hold any relevant knowledge regarding 

them. In his opinion, an effective and efficient system has to decrease the risk of 

collision to a large extent. He does not think that any kind of system including DTBird, 

Identiflight or radar based systems can cope with the effect of surrounding disturbance, 

nor do they specifically have an effect on habitat loss. He adds that what these systems 

would do for the industry is minimize the energy losses due to curtailment. To his 

information, currently only DTBird is able to do that due to its acoustic deterrent that 

scares the birds from the surrounding obstacles and does not affect the functioning of the 

wind turbines.  

Regarding the presence of other sensors, he mentions that no camera is able to detect 

species during the night, however he questions its need as long as raptors do not hunt at 

night or fly in bad weather. Although it might possible to mitigate with infrared or other 

military technology, the system will become increasingly expensive. While marine 

radars are cheaper, onshore they will not be effective due to the inability of 

differentiating the obstacles in complex terrains. Also, during daytime, the camera does 

not guarantee minimizing the risk of collision to 0%, mostly because of unexpected bird 
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flying behaviors. Moreover, Fredrik Litsgard says that areas which are very close to 

eagle nests will not be suitable as a wind resource area due to the impossibility of 

mitigating the risk at the current time and the high cost of combined mitigation systems. 

Fredrik Litsgard claims that a system must be able to identify large flying birds.  If 

targeting, for example, only endangered or protected birds, like in case of Gotland where 

the main issues are eagles, the risk of misidentifying the bird’s species is too high in 

order to accept it. In his opinion, a project developer who claims in front of a court or 

public authority, that the bird mitigation system used targets only eagles will raise 

questions and lower the trust of the evaluating authorities. On the other hand, if a 

developer suggests that the used mitigation system identifies birds larger than a given 

limit, the view towards the system will be more positive. Overall, the main goal of a bird 

mitigation system has to be the minimization of collision risk with birds. DTBird, in first 

place, does not gamble with the issue of specific targeted birds, by making acoustic 

sounds to scare the birds away from the wind farm, at the same time maximizing the 

energy production of the wind turbine.   

In his opinion, it should be required that a bird mitigation system has visual technology 

able to cover at least 300 meters, however it is the system developers choice and site 

features on how the systems are installed. According to some statistical calculations 

made by Ecocom, the identification of a bird from 600 meters away the wind turbine is 

sufficient for stopping the turbine in a safe way.  

In his opinion, the requirements should not mention that a system should have any type 

of deterrents as it might stop the innovation of the systems. It is the project owner or the 

wind power company to decide which system to use. If the chosen system has proper 

documentation, handles all the main issues and does not affect the economics of the 

project, then it should be installed. Fredrik Litsgard does not think that the acoustic 

system of DTBird will save the whole wind power industry as the system can function 

with flaws in certain cases. However he is sure that in addition to decreasing collision 

risk, the sound sensors resolve the problem of turbine downtime. The downside is that 

DTBird, maybe, is not the most efficient system in areas with high abundance of birds 
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because it will be often triggered and the level of sounds in the area, theoretically and 

speculatively, can cause disturbance. He adds that a system with audio deterrents 

installed in a bird dense area might not be effective if it triggers 1-2 minutes per hour. It 

would basically demonstrate that the area is not feasible for wind power. Also, he says 

that while a system has to comply with all the turbine types and manufacturers, it is 

dangerous to mention as a requirement that the system has to work with all the turbines, 

especially because new types of turbines will be developed in near future.  

One possible way of testing and validating a bird mitigation system after, is gaining 

statistical significance from the observations. While the number of observations can be 

huge, it has to be demonstrated by mathematicians that the data represented in them is 

not of chaotic nature. Therefore, the number of observations is not important in relations 

to results that prove to be statistically significant.  

The respondent added that it is not financially feasible to test the system on every site; 

however calibration to the local conditions is important. While it depends on every 

system, DTBird for example, needs 1.5 – 2 months to be adjusted to each angle of the 

wind farm when installed on the SCADA system.  

Overall he thinks that while a list of specific requirements is not wrong, it would be a 

bad idea to regulate the systems to an excessive degree. The authorities should be more 

concerned on a system that can combat and mitigate the issue of bird collision, rather 

than focus on technological terms and conditions. He adds that a bird mitigation system 

should be required to permanently monitor, record video sequences and generate 

accurate reports. It will contribute both to knowledge regarding birds’ behavior close to 

wind farms and also evaluate the safety of the system in different periods of the year.  

4.3.3. Marcos de la Puente Nilsson – Liquen Ambiental SL 

 

Marcos de la Puente Nilsson is a technical expert at Liquen Ambiental SL, the company 

developer of DTBird system.  
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In opinion of Marcos de la Puente Nilson, the major objective of a requirement from an 

automated bird mitigation system has to be related to the system performance. In relation 

to bird mitigation, technical solutions are various and prone to change due to future 

trends. He believes that regardless of technical characteristics, the system developer 

should be required to set his technology to a specific performance in reducing the 

collision risk of targeted bird species with wind turbines. While the respondent provided 

answers to the checklist of questions and issues, he asked that the answers are published 

without any changes to text.  

In this regard, the complete view of Marcos de la Puente Nilsson can be found in 

Appendix C. For the purpose of analysis the author will use the information provided in 

the most suitable way for the research, as the objective of the current thesis is neither to 

evaluate the technical characteristics of mitigation systems available on the market, nor 

it seeks to favor one of the developers.  

4.3.4. Enrico Fischer – Nordex Sverige AB 

 

Enrico Fischer is the Back office technical manager Scandinavia at Nordex, company 

that has more than 15 years of experience in delivering wind turbines for onshore and 

offshore projects.  

 

Enrico Fischer is not aware of any bird mitigation systems as none was used in 

Scandinavia in wind farms operated with Nordex wind turbines. From his experience, no 

major issues on bird collision with Nordex wind turbines. According to him, no signs of 

collision were found in 8 years in a wind farm neighboring protected bird species. While 

he does not directly see the necessity of such systems, it is worthwhile if it only relates 

to protected or endangered species’ protection. He regards it as an additional advantage 

into obtaining permit to build a wind farm in more sensitive areas. 

The tear and wear of a turbine depends on the distance from which the bird is detected. 

Detection and shutting down of a turbine from 100 meters will activate emergency 

breaking, therefore having an impact on the lifetime of the turbine. A system that detects 
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birds from a distance of 500-1000 meters is optimal, in his opinion. In order to stop a 

turbine slowly and safely a time span of 45 – 60 seconds is needed, while restarting a 

turbine in average, require 2 to 3 minutes.  In this respect, a bird mitigation system 

should provide a theoretical model with detailed information on how many hours per 

year the turbine will be stopped and also a database of types of identified birds. While no 

specific authorization with wind turbine manufacturer is needed, an ideal bird mitigation 

system has to integrate easily with the control system of the turbines. He adds that fast 

accurate reaction time for sending the signal to the turbine to stop is a basic requirement. 

Fiber glass cables, for example, transmit the signals faster than copper made ones.  

If the system requires to be installed on the turbines, the engineers have to be aware and 

evaluate if the wind turbine can carry additional loads of external systems. It will also 

involve more time spent on paperwork.  

In conclusion, Enrico Fischer says that an ideal bird mitigation system needs an accurate 

calculation model and a large scanned radius of at least 500-1000 meters to have the 

wind turbine stop safely. There are no other major issues as the wind turbine 

manufacturer deals mostly with signal reception from the system and turbine shut down.  

 

4.3.5. Andreas Wickman – Wickman Wind AB, Gotlands Vindelproducenter 

 

Andreas Wickman is an experienced project developer on the island of Gotland, Sweden 

and also vice-chairman on the board of Gotlands Vindel Producenter (GVP).  

 

According to him, the currently available post-construction bird mitigation systems are 

not commercially mature enough to be perceived as complete solutions. When it comes 

about the response time for the turbine to idle when a bird flight path is detected, he 

mentions that a detection system should be able to identify a bird at least 30 seconds 

before the birds reaches the rotor swept area.  At the same, the time for the turbine to 

restart after a collision is avoided is about 3 minutes. It is fundamental also that the time 
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of turbine curtailment is short enough that it doesn’t increase impact on the wear of the 

turbine.  

In relation to the scanned area around the facility and referring to raptors, Andreas 

Wickman suggests that it has to be standardized according to at least the distance that an 

eagle will fly in 30 seconds.  Model bird mitigation systems should target only specific 

birds, according to the biodiversity of the area in which it is planned to be installed. 

While a camera is important for identification of birds, it depends on the systems 

technical properties on how it is installed and directed in relation to birds and wind 

turbines.  

Additional deterrents to the system are left for the choice of system developer, however 

Andreas Wickman also thinks that audio warning system will not be accepted in 

Sweden, possibly due to disturbance caused.  While he does not have knowledge and 

suggestions about the period of testing or number of observations that a system should 

be required, Andreas Wickman mentions the requirement of having an already proposed 

and permitted system calibrated according to local conditions is an interesting idea with 

a final approval after verified tests.  

4.3.6. Josefin Knudsen – Gotlands Vindelproducenter 

 

Josefin Knudsen is the Regional Wind coordinator on Gotland, Sweden and Head of 

Board at Gotlands Vindel Producenter 

 

Josefin Knudsen acknowledges that while there are some bird mitigation systems on the 

global market, they are not fully analyzed and proven in Sweden. She adds that in 

Sweden habitat protection is an important issue and many systems are not adapted to this 

environment. It relates to the legal system and the environmentalists who don’t 

recognize the system as validated which leads to a delay in bird mitigation systems 

implementation in local in wind farms. She concludes that it is good that such concepts 

and systems are developed, however their existence does not automatically guarantee 

approval.  
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Having experience in wind industry, Josefin is aware that from a developers’ point of 

view, it is important that energy production is not lost due to constant automatic 

curtailment of the turbines  year-round and that the turbine’s technical components are 

not affected by any actions of the bird mitigation system. From a manufacturer’s point of 

view though, the model bird mitigation system should be integrated as smooth as 

possible with the components of the wind turbine and the infrastructure of the wind 

farm.  

Josefin is sure that as long as a system developer can prove by different means that their 

technology works efficiently, it cannot be required in any way to have specific technical 

features or add-ins. On the other way, she argues that all the features of the proposed 

systems have to be in compliance with the legal system.  

While Josefin is not aware of specific numbers and characteristics, she prefers that a 

model bird mitigation system covers a large area, so financial resources are not spent on 

additional technologies. In case of large wind farms, it depends on the cost if such a 

system has to target each turbine. However, she believes that having a system that covers 

at least 3-5 turbines is financially feasible. In this respect, it is important that they cover 

most open and risky wind turbines to bird flight paths.   

A system must be able to work with additional sensors, however it should not be a 

mandatory requirement as sensors can be also species specific. Raptors do not hunt at 

night or in bad weather conditions, so these sensors will add extra cost for the system, 

without added benefit. She does not exclude the need for specific sensors, so testing for 

this matter has to be required from the technology developer during all the seasons with 

their corresponding weather conditions. Regarding the overall testing of the system for 

validation, she believes that it should be required from systems to be tested at least 1 

year in an area or areas with the most complex weather and terrain conditions and also 

with high bird density. Josefin thinks it will be difficult for the opponents of the system 

to prove that it does not work in a specific area as long as a technology has been tested 

successfully in difficult conditions and landscape.  
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While site specific tests are not important as long as the system has been approved by 

the relevant authorities, calibration is needed. However the time and resources required 

for this action fully depends on the technology used.  

At the moment, Josefin is concerned of the species of endangered raptors on Gotland. In 

her view, the system has to target and monitor primarily the key species. Also, she thinks 

that the algorithms for large birds are easier to program and control. As long as they can 

easily identify raptors, it is the developers choice to add other species if the technology 

allows it.  

From a developers point of view, Josefin Knudsen thinks that they system should be 

separated from wind turbines, as it saves more time and requires less paperwork with the 

wind turbine manufacturer. While a guide for system developers is preferred, in her 

opinion overly specific requirements will stall the innovation.  

In conclusion, the chairman of board at GVP thinks that for an ideal system the time it 

can detect a bird is crucial as one will have more time to prevent the collision, 

independent in which ways it is performed. If a system uses acoustic deterrents, then it 

should be as quiet as possible so disturbance is not invoked by the public authorities or 

courts. Also, the system should be required to detect in all the possible angles and tested 

in complex terrains and weather conditions.  

4.3.7. Dr. Pavel Zehtindjiev – Academic Ornithologist 

 

Dr. Pavel Zehtindjiev is currently an Associate Professor in Institute of Biodiversity and 

Ecosystem Research at Bulgarian Academy of Sciences, member of numerous academic 

organizations including European Ornithologist’s Union and Bulgarian Society for 

Protection of Birds, Bird Life partner.  

 

Dr. Pavel Zehtindjiev has over 8 years’ experience in the area of collision risk reduction 

in the largest wind parks in Bulgaria. Apart from visual observation in the period of bird 

migration, he worked with an automated ROBIN radar system and also with a 

combination of it with BirdScan 1 radar. As a general view, judging by his experiences, 



 37 

he considers that the best mitigation measure is a combination of visual observations 

performed by experienced field ornithologists and tracking radar system. Any additional 

information collected by the bird mitigation system in respect to bird identification is 

important. 

While the response time of a turbine to automatically shut down when a bird is identified 

and restart is a matter of the type of the wind turbine type and manufacturer, he 

considers that the above mentioned issues are not important as the reaction time is 

mostly related to the distance of the bird and its visibility/detectability. According to 

him, the scanned area by the system has to be at least 10 kilometers. The minimum 

distance from the turbine to a nest is difficult to estimate as raptors can constantly 

change territories. Also, it should be assumed that a short distance would automatically 

mean a damaging risk for birds. In case of raptors, he mentions, the species get used to 

the surrounding environment in about 2 years. According to research known to him, 

eagles of 2
nd

 or 3
rd

 generation have had fewer collisions with obstacles than their 1
st
 

generation peers, mostly due to adaptation to environment.  

Additional sensors for monitoring during night time and bad weather conditions are 

important for the evaluation of the risk, as in specific periods the risk is increasing 

during bad conditions. He considers that the ability of accurate specific species 

identification is the most crucial feature that automated bird mitigation must have. 

Therefore, the presence of visual technologies would be an advantage.  From his 

experience with ROBIN radar system which has similar features with Merlin Avian 

Radar system, he says it cannot identify from a multitude of bird species. In case of 

eagles, it might suitable, however if other species of similar size are not foraging the area 

of wind farms. Also, the system he has worked with has limitations in 3D terrain 

measurement terrain and was not covering 360 degrees, monitoring only specific sectors.  

In relation to deterrents, Dr. Pavel Zehtindjiev adds they are useless because of 

conflicting cohabitation of birds with strange noises, colors and lights. A deterrent will 

only contribute to additional disturbance in the area and may increase the negative 

impact of the wind park. He suggests that the legislation should not specify any technical 



 38 

parameters that should be met by a system. Variable solutions can be applied according 

to bird species and site location. However, in order to be validated a system has to be 

tested minimum 1 breeding season for eagles, but the period should not exceed 3 years. 

The reason for accurate testing is that the behavior of long living species is not studied 

for the moment. Any system validated in Sweden can be used on any other site with 

similar conditions, so tests do not have to be site specific. Moreover, any additional 

regulation legislation or requirement will leave space for interpretations and might be 

used in favor of authorities. Also he thinks that nobody will work on a framework or 

specific requirements as few will take responsibility if bird collisions or other threats to 

bird in relation with wind farms happen. Firstly, the impact of bird mitigation systems 

has to be studied, and after – regulated, not the other way. An additional requirement to 

any model of bird mitigation system is mandatory presence of experienced field 

ornithologists as controlling measure for monitoring and correction of the automated 

system.  

4.3.8. Andreas Smith, Edward Zakrajsek, Karen Voltura – DeTect Inc.  

 

Andreas Smith, Edward Zakrajsek and Karen Voltura are technical experts at DeTect 

Inc, company that specializes in developing the Merlin Avian Radar System. 

 

DeTect Inc. representatives are aware of other bird mitigation systems on the market as 

they have been participating in a series of workshops and exhibitions over time. They 

claim that while people look at the disadvantages of the radar system, the primary goal 

for a risk mitigation system is to maximize the advantages of the system. For example, 

comparing to visual technology, radar is better at detecting birds at longer distances. 

Radar does not tell species information, but it works efficiently during night time and 

bad visibility weather conditions. Also, the radar system give an idea of the movement 

and risk related to each turbine. On the other hand, cameras can detect different species, 

but require more equipment to cover turbines, which in the case of a large wind farm 

will become expensive. Radar is able to narrow down the target to only a specific type of 
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eagle and if no other common birds of that size are foraging in the area. If the overlap in 

the bird species is big, and some of them are not required to be protected by law, then a 

radar system will likely spend the time and financial resources of the wind farm 

developer. 

They suggest that ideally, a system can have a combination of radar and camera for large 

range detection and identification on species. However, it will have an impact on the 

financial output on the wind farm. If a combination gives the developer and operator 

more production time, then an investment would justify itself. However, a wind farm of 

4-7 turbines will not substantiate the cost and systems based on visual technology will be 

more suitable. 

The respondents are pessimistic about audio deterrents as they are not sure that when a 

bird is scared away from a wind turbine, it does not change its course into another 

turbine. The installation of other types of environmental sensors depends on the 

landscape conditions and targeted species. They add that both radar and camera detect 

birds in light rain, while they have no knowledge of the possibility to monitor birds 

during heavy rains. 

The layout of the wind farm will also contribute to this risk, though. While curtailment 

command time depends on the wind turbine type, performance and manufacturer, Karen 

Voltura suggests that in general, 30 seconds after the wind turbine rotor starts shutting 

down, the risk of collision decreases significantly, while in 60 seconds the risk will be 

low and the bird flight path safe. The speed of the bird in this case is also an important 

factor, however it is clear that the slower a rotor moves, the lower is the risk of collision. 

Quoting the Spanish environmental law, the representatives of Detect Inc. say at 500 

meters range the raptor is considered to be at risk, while starting with 250 meters, the 

turbine has to be curtailed. So a starting point for an ideal mitigation system is that it 

should identify and trigger the automatic mechanism from at least 250 metres without 

having a wear impact on the wind turbine. They argue that the scanned area can be 

bigger or smaller depending on the speed of the bird, position of the turbine and the time 

of system reaction that would take to initiate the curtailment. 



 40 

Statistical observations are important for validation of a system, and a well-designed test 

has to be done in an area with eagles flying close to the wind turbine on a frequent basis. 

In the opinion of Edward Zakrajsek, a collision risk model of the raptors in Spain might 

be different from the one in Sweden, not because of the habitat, but mostly behavior. It 

works best if the tests are done in real time where specialists come up with the types of 

behaviors and species considered at risk, evaluate the risk based on those and then the 

wind farm developer and the wildlife enforcement agency agree to cooperate and move 

forward so everybody can learn. In his mind, if the regulatory agency says that no eagles 

can be killed, then basically no cooperation will be started and no wind turbines will be 

built in the discussed area. Edward brings into example the case of state of Texas, USA 

where the national and state wildlife agencies agreed to a project moving forward based 

on what was decided to be a good design of the curtailment system and continuous 

monitoring activities.  

He claims that nowadays, there is almost no knowledge on what environmental factors 

put birds at risk, even raptors. It is not clear if the behavior results from hunting, fighting 

with other birds or because of territorial guarding instincts. Without understanding the 

behaviors, it is hard to break them in variables and interpret. In conclusion, the Detect 

Inc. experts agree that first a bird mitigation system with an optimal ability to scan large 

and stop the turbines in time, has to be tested in real life to monitor what behaviors of 

raptors are causing the risk to collision, then establish parameters, have sensors to 

measure them and finally decide a threshold for that to be mentioned as specific 

requirements. Also, rather than define goals on how a system should be installed in 

relation to a wind turbine or a wind farm, the developer should be allowed to use it 

according to the initially designed features in his research and development center.  
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Participants with limited technical background or experience 

4.3.9. Magnus Froberg – Fröberg and Lundholm Advokatbyrå 

 

Magnus Froberg is a partner and lawyer at Froberg and Lundholm Advokatbyro, 

company that specializes in land and environmental law 

 

Magnus Froberg initiated the discussion that in order to get a permit for building a wind 

farm, one must demonstrate that the requirements in Chapter 2 of the Environmental 

code are met.  However, he adds that the requirements in the Environmental code of 

Sweden are quite vague, comparing to Germany where specific requirements are 

indicated. By representing Boge Vindbruk AB company, they have tried to convince the 

authorities and the environmental courts that in their case, the DTBird system is 

sufficient to protect the birds. Apart from that, they also followed the recommendations 

for buffer zones and recommended distance (2 kilometers). However, he adds, that a 

new nesting place of eagles was found this year about 1.8 kilometers from the projected 

wind farm, while the suggestions. Magnus said that he argued that it is safe to use 

DTBird within the area, especially because the wind turbines are not in the direction of 

risk collision. As a lawyer, he presented the court all the documents provided by DTBird 

and he also referred to the tests conducted by the company in Lundsbrunn, Sweden. 

Now, he waits for a decision in the beginning of June from the Environmental Court, 

which will be followed by a review from the Supreme Environmental Court. Only after 

that, it will be possible to see what they think of the bird mitigation system, in this case 

DTBird. Markus Froberg adds that while the decision is welcomed, it is seldom 

occurring in Sweden that a decision from the Supreme Environmental Court will be clear 

enough in order to be applied successfully for other wind farm projects as they also will 

have to be evaluated according to Chapter 2 of the Environmental Code which again 

makes the procedure complicated and lengthy.  

Magnus Froberg believes that specific rules should be established, for example regarding 

the distance of wind turbines from the eagle nests which he mentions might be 1.5 



 42 

kilometers. If due to unexpected circumstances the wind turbine is closer, then the use of 

bird mitigation systems should be required to be used. In his opinion, it would be more 

efficient, both in terms of birds’ protection and wind power development. He also adds 

that the possibility to deviate from the previously established regulations should exist 

and treated according to each case. According to him, on Gotland a wind farm will 

unlikely threaten the eagle population which is already dense and does not require 

special care and strict attention.  

He also acknowledges in Sweden, too much focus is put on existing and future wind 

farms, while other problems regarding bird mortality persists, in particular roads and 

cables. In his opinion, Environmental Protection Agency is very reluctant to wind energy 

companies and do not look at the advantages of harnessing wind power.  

Regarding, bird mitigation systems, Magnus Froberg says that legislation cannot point 

one specific protection system. However, it should be mentioned from a certain distance 

bird protection system must be used, regardless of the technology. Consequently, when 

implemented, more information on the efficiency and existing risks will be revealed. 

Early report from bird mitigation systems will help evaluate them before the wind farm 

becomes a real threat to the birds. A model mitigation system must be required to offer 

accurate reports and follow up with information regarding the bird activity around the 

wind farm.  

In conclusion, Magnus says that the risk of installing a bird mitigation system should be 

taken, comparing to other bigger threats, for example climate change. At present, it is 

difficult to set more specific requirements, buy maybe in future, when such systems are 

implemented and more information on their operations and performance is gathered. 

Using bird mitigation systems, one can discover flaws and improve them in time.  Same 

should be mentioned for systems that use acoustic deterrents which might be used and 

then properly evaluated.  
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4.3.10.  Henri Engström and Ingrid Johansson Horner – SEPA  

 

Henri Engström and Ingrid Johansson Horner are desk officers at Swedish 

Environmental Agency (SEPA) which deals with assignments relating to environment in 

Sweden, European Union and worldwide.   

 

According to Henri Engström and Ingrid Johansson Horner, there may be a need for 

measures to reduce the risk of bird collision with wind turbine in cases when the threat 

of collisions was not be foreseen at initial stage of the permit issue process. While they 

are not aware of specific systems for bird risk mitigation, they have knowledge about 

similar techniques used for bats (but not directly linked to observations of bats) where 

some wind turbines are shut down during periods of high risk. However, they are trying 

to keep updated on research and development in this area.  

They believe the starting point should be avoidance of wind power deployment in high-

risk areas and conditions in order to both avoid collisions and risks of habitat loss and 

displacement of species. It is important that wind power is planned from a holistic 

perspective where the impact on the whole biodiversity is assessed and given 

consideration. 

SEPA has not taken a position on the technical details that would be appropriate for 

automated bird mitigation systems. It is likely that the technical design needs to be 

adjusted to the species and local conditions. The statistical requirements and methods of 

testing have to be decided with researchers and experts. In their opinion, carrying out 

tests for validation would probably require very large sample sizes, given the large 

variations in several variables. Experiences should also be sought from other countries 

where the system has been tested over longer periods of time.  

4.3.11. Anna Lena Fritz – County Administrative Board 

 

Anna Lena Fritz is the head of Environmental Protection Unit at the County 

Administrative Board (Lansstyrelsen) of Gotland County, Sweden.  
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Anna Lena Fritz claims that one of her role at the County Administrative Board is to 

present opinions and suggestions regarding wind farm applications. She is aware of DT 

Bird and Identiflight systems, from attending a workshop in 2015 at Uppsala University, 

Campus Gotland Sweden and from the case of Boge Vindbruk AB on Gotland. Also, she 

mentioned that two colleagues from the County Administrative board attended a 

presentation of DTBird in Sweden, being invited by the GVP and Boge Vindbruk AB. 

As far as she knows about DTBird tests carried out in Norway, it emits frightening 

signals for the birds which change their flight direction. She sees it as a disturbance of 

behavior of birds, which contradicts with the articles of Species Ordinance. In her 

opinion, a system that does not make any sounds or noise enough to disturb the birds 

might be a better solution. In relation to Boge Vindruk AB and DTBird, she does not 

think it is a suitable place for testing the system because of the landscape close to the 

water and the distance of wind turbines from the nests, which is about 600 meters.  

Her suggestion is to test the system in an already existing wind farm, in similar 

conditions. While testing has been done in Sweden, she holds information that the 

closest nest to the testing place was 20 kilometers far, which is not relevant and leaves 

place for speculations on how the system would work in more rough conditions.  

A system that would claim to detect birds from 600 meters, for example, would be 

considered, however the lack of tests in this regard is a major obstacle. While she found 

the noise as a major problem at DTBird, she adds that the technology experts claimed 

that in Boge Vindruk AB case a corridor for birds was made to the water and studied 

only for three days. While eagles have different types of nests and behaviors, the 

corridor is too small. She adds that it also should be studied and evaluated at least one 

season. Anna Lena Fritz holds similar opinion regarding the time of testing of a model 

bird mitigation system, while statistical significance of the observations is also important 

to her.   

The most optimal option is to have a technology that detects birds at a safe distance in 

order to allow the turbine to slowly stop. Additional sensors should be installed only if 
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targeted species fly during nighttime or low visibility weather conditions. In her opinion, 

it is more relevant that at least in case of Gotland, to look into endangered and protected 

large species of birds as raptors which are more sensitive to wind turbines and have long 

reproductive time.  

On the question if the legislation should be more specific about bird mitigation systems, 

she thinks that in future a guide should be implemented. However, for now, the County 

Administrative Board is guided to use the 2 kilometers buffer zone. She does not 

necessarily think that one should be stuck with this particular distance; it can be bigger 

or smaller depending on the case. However, as long as there is no scientific data and the 

court does not approve a suitable system, these buffer zones will be used. 

Anna Lena Fritz also considers that a bird mitigation system should be also financially 

feasible, especially in the current time when energy prices in Sweden are low. Energy 

losses due to shut down of the turbines must be known and further evaluated according 

to what one loses as energy production and gains in species protection, for example. In 

conclusion, she argues that while Boge Vindruk AB project is too close to the nests, 

perhaps the proposal of other validated bird mitigation system would make the members 

of County Administrative Board reconsider the wind farm application. Anna Lena Fritz 

stresses out that the system has to be carefully tested and evaluated on any relevant site, 

especially if wind turbine stops at short notice and distance from the nests.  

4.3.12. Gunnar Gustafsson – Gotland Municipality 

 

Gunnar Gustafsson is the Spatial Planner for Wind Power at Gotland Municipality, 

Sweden 

 

Gunnar Gustafsson is aware about automated bird mitigation systems. In 2015, he 

participated in a workshop organized at Uppsala University, Campus Gotland, Sweden 

where DTBird and Identiflight bird mitigation systems were discussed. In his opinion, 

such technologies are necessary and if working efficiently, they will allow more space 

be planned for construction of wind farms.  
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According to him, authorities should be more permissive and the systems have to be 

allowed to be tested in real life cases and various environments. It will allow more 

knowledge to be collected on how birds react and cohabitate with wind farms. The 

gained knowledge will be used to improve the systems and apply them in future projects. 

Gunnar Gustafsson, however also points out that the area selection is also important and 

densest area with eagles are not suitable for any wind power projects. 

A model system has to be as passive as possible regarding birds, preferably only 

stopping the turbines if risk of collision is detected. If visual technology is mandatory for 

a system to be passive, then it should be included. While acoustic deterrents are also 

possible, current Swedish legislation and the term of disturbance have to be taken into 

account.  It also should have an accurate reaction, and emit less noise, if acoustic 

deterrents are included in technical characteristics. Both the eagles and wind farms are 

important for the island, so he mentions that bird mitigation systems should be 

economically reasonable for wind farm developers, while the energy losses from 

automatically shutting down the turbine should be as small as possible.  

In Gunnar’s opinion, relevant knowledge comes from generated reports, so efficient bird 

mitigation systems should also be able to generate frequent observation sheets until a 

database of solid knowledge for that specific site is enough to not require it. Nowadays, 

he thinks, individuals and organizations know little about how nature works, while at the 

same time disapproving technologies that might help increase the knowledge base. 

Focus in research should be both in technology and environmental sciences, and at the 

same more discussions and compromises between environmental responsible 

organizations and technical system developers will foster development in wind power 

development.  

4.4. Results  

The author has identified several common issues pointed by the participants in the 

qualitative interviews in relation to automated bird mitigation systems:  
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 Wind turbine response to identified risk  

 Scanned radius area  

 Installation of additional sensors, deterrents, visual technologies  

 Species identification 

 Position of the system in relation to the wind farms and wind turbines 

 Testing and calibration period  

 Legislation framework  

The aforementioned issues will be discussed and matched with respondents’ answers in 

the following chapter. 

 

CHAPTER 5. ANALYSIS 

 

In this chapter, the individual perspectives of the respondents in relation to the research 

question are analyzed. Consequently, the author will attempt to aggregate the main ideas 

and recommendations and present a common view related to requirements of detection 

systems for birds in relation to wind turbines.  

5.1. Wind turbine response to identified risk  

The conducted primary research revealed that wind turbine shutdown response is a 

primary concern for avoiding collision with birds. Many stakeholders pointed out that 

while an automated bird mitigation system needs to have an accurate and fast reaction 

and trigger activation, the signal reception and shutdown process depends on the 

manufacturer, turbine type and used technology. According to Liquen Ambiental SL 

expert, the initiation of shutdown system should have values close to the 2-10 seconds 

after the stop signal trigger and a complete rotor stop (below 3 pm) should occur in the 

next 10-25 seconds.  Karen Voltura from DeTect Inc. suggested that in general, the risk 

of collision decreases significantly in 30 seconds after the wind turbine rotor starts 
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shutting down, while in 60 seconds the risk will be low and the bird flight path safe. The 

Nordex wind turbine manufacturer representative also agrees that in order to stop a wind 

turbine slowly and safely a time span of 45 – 60 seconds is needed. Overall, the 

participants who had an opinion on this topic agreed that while the response time is 

important, the bird mitigation system has to send the trigger signal as soon as possible, 

so the shutdown system is operated smoothly without wear and tear of wind turbine 

components.  

5.2. Scanned radius area 

 

The academic ornithologist considers that the wind turbine response to the identified risk 

is not as important because the reaction time depends on distance of the bird from the 

turbine, its speed and its visibility/detectability. He suggests that the scanned area has to 

be at least 10 kilometers, while the minimum distance from turbine is not fixed, because 

birds can change their nesting areas constantly. According to the project developer, the 

distance has to be standardized according to at least the distance that, in case of Gotland, 

an eagle will fly in 30 seconds.  The representatives of Identiflight, Merlin, Nordex and 

DTBird agree in the answers that distances from 500 meters to 1000 meters are 

sufficient for detection of birds and trigger the appropriate actions of the system.  If 

lower than 100 meters, according to Nordex, the emergency breaking system of the wind 

turbine will be activated, thus having a negative impact on the wind turbine technical 

system. It is important to point out, that according to the recommendations of Swedish 

authorities the buffer zone from the wind turbines to possible nests has to be 2 

kilometers as mentioned by the environmental lawyer.  

5.3. Installation of additional sensors, deterrents, visual technologies  

 

The participants in the interview had different opinions regarding the installation of 

additional sensors. Most of the respondents agreed that visual technologies like high end 

cameras, for example, are needed for accurate identification of species. However, many 
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disapprove the acoustic deterrents. According to DTBird system developers, the acoustic 

deterrents should not be considered as disturbance for birds. The warning signals 

decrease the chance of the collision of birds with wind turbines and at the same time, 

save the energy production of the wind turbine by avoiding automatic curtailment. The 

experts of DeTect Inc. think that it is not excluded that the warning signals will redirect 

the birds to another wind turbine, thus exposing them to another risk. It was added by the 

ornithologist that birds should not be exposed to any acoustic or lights due to their 

inability of birds to cohabitate with such technologies. Participants who are aware of the 

Species Ordinance Act, including the representative of the County Administrative Board 

argued that the acoustic deterrents developed by current developers will be hard or 

impossible to be considered feasible according to Swedish authorities; therefore other 

solutions should be proposed.  

Also, most of the participants added that while night time and bad weather conditions 

sensors and detectors are welcome, it is species specific if there is need of their 

installation. In the case of raptors who do not hunt at night or bad visibility weather 

condition, the sensors will add only to the overall cost of the system. Detect Inc. also 

claimed that while cameras and radar can detect birds in light rain, it is hard to imagine a 

system that detects flying objects in hard weather conditions. The Chairman of GVP and 

the academic added that anyway, a bird mitigation system has to be tested during all the 

weather conditions in order to study the reaction of systems towards birds and evaluate 

the risks.  

5.4. Species identification 

 

According to the ornithology expert, the most important feature of a bird mitigation 

system is the ability to identify and differentiate the species. While most of the 

participants have a similar opinion on this, some of the also pointed out that species 

identification has to target the endangered and protected birds in the area where the bird 

mitigation system is installed. Specialists from DTBird point out that while the targeting 

of specific bird species is important, the request of accurate species identification can 
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lead to an actual higher collision risk for the target species as there are risks to identify 

from long distances and in certain environmental conditions. Moreover, targeting more 

types of birds, not only golden or white-tailed eagles, for example, would result in a 

more positive view from environmental authorities. While practically it is impossible to 

target all the birds, the constant addition of new species to the detection algorithm is an 

advantage.  

5.5. Position of the system in relation to the wind farms and wind turbines 

Regardless of the technology used, an efficient bird mitigation system has to provide a 

total coverage of the wind farm and view angle of 360 degrees. Systems like Identiflight 

require one system to cover 2-3 turbines for example,  while DTBird adds the location of 

camera one every wind turbine has advantages of higher detection rates in high risk 

areas and sites with complex weather conditions. Due to its high range rate, the radar 

technology does not require many systems to be installed around the wind farm, 

however, for detection of close targets a combination with additional visual technology 

might be needed, even if there is possibility of estimating the bird’s flying path to a wind 

farm from a long detection distance. The representative of Nordex pointed out that any 

systems that require having components installed on the wind turbine will require 

evaluation from engineers, activity that will add to time spent and paperwork. Otherwise, 

all the participants agreed that it is the developer’s choice how to install the system as 

long as it has no conflicts with surrounding infrastructure or authorities.  

5.6. Testing and calibration period  

 

All of the respondents agreed that as long as a system was tested successfully on a site, 

in Sweden for example, it can be applied on any other site in the borders of the same 

country or region with similar conditions. SEPA representatives added that one must 

look into the experience of bird mitigation systems implemented over long periods of 

time in other countries.  They also thought that carrying out tests for validation would 
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probably require very large sample sizes, given the large variations in several variables. 

Detect Inc. added also that works best if tests are done in real time and species specific 

locations, while the chairman of GVP also added that testing should be done in complex 

terrains at least 1 year. Moreover, some participants suggested different methods of 

testing either based on a time sessions or statistical significance. According to the 

ornithologist, a system has to be tested at least one breeding season in order to be 

validated, but no more than three years, while DTBird developers think at 1 year of 

testing in active site is sufficient, however more time of testing will possibly provide 

more accurate data. The Ecocom consultant and Identiflight representative view the 

testing concept from other angles, meaning that statistical significant data is more 

important than time spent on tests. They claim that there is a chance that during a 

specific time period much chaotic and statistically insignificant data might be collected. 

Strictly from the view of system developers the calibration of systems is dependent on 

the technology used and the site and it is hard to estimate a specific period required for 

that.  

5.7. Legislation framework  

 

Most of the respondents involved in the conversations agreed that while legislation that 

should specify specific mitigation measures for bird sensitive areas; it should not 

regulate the technical requirements of the systems or set specific standards. They agreed 

that it would demotivate the developers and delay the innovation in such an industry 

niche. Rather than specify requirements, a legislative framework should focus on the 

protection of birds and set objectives for protection. The academic ornithologist and 

Identiflight representative added that a detailed legislation might leave space for 

interpretation and assumptions, while the representative of the municipality suggested 

that first, the systems should be allowed to be tested in real life projects and then, 

evaluate their impact and draw frameworks based on that. Both he and the 

environmental lawyer and the county administrative board added that without current 
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knowledge on the impact of the bird mitigation systems, the industry will not move 

forward if it will be based on current interpretations of the Species Ordinance.   

Moreover, the interviewees added that while not requiring specific features and details, 

the ability of a bird mitigation system to generate frequent accurate reports is a must 

have option. It will help evaluate the system performance, its impact on the environment 

and generate knowledge for future reference and updates.  

5.8. Financial feasibility  

 

Due to the fact that the energy price in Sweden is low, while the construction costs are 

high, it is important that any third party system can return the investment in its projected 

time. Detect Inc. for example, argues that while possible, a combination of radar and 

camera based systems will be expensive and possible to justify its price only in large 

wind farms. Also, many agreed that from the point of view of a project developer and 

wind farm operator, it is important that the system accurately targets birds and stops the 

turbine with as much energy losses as possible, at the same time keeping safe the 

technical components of the turbine which are subject to warranty and insurance. The 

wind turbine representative suggested that the system developers present a model with 

estimated down time of a turbine during a year, so it can be used for additional costs 

budgeting by the wind farm operator.  The representative of County Board also added 

that the energy losses have to be at least balanced with gains with level of protected 

species.  

5.9. List of recommended requirements  

 

After the review of relevant literature and analysis of interviews with parties interested 

in wind power development with direct or indirect connection to bird mitigation systems,  

the author proposes a list of recommended requirements for the system developers:  
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Table 3. List of recommended requirements from stakeholders’ perspective 

  

  

 

System reaction time 

 

Technical ability to trigger the turbine shutdown system 

module at least 35-45 seconds before birds reach the rotor 

swept area of the turbine 

 

 

Minimum distance from 

the wind turbine 

 

 

Detection of birds from at least distance of 500- 1000 

meters 

 

 

Additional sensors and 

deterrents 

 

 

No acoustic deterrent systems, unless development of 

current used system will be carried out.  Additional 

environmental sensors are species specific, but however 

considered as an advantage for permit approval 

 

 

 

Species Identification 

 

Regardless of technology used, the option of species 

identification and categorization is mandatory at least for 

protected and endangered species 

 

 

 

 

Testing for validation of 

the system and follow-up  

 

 

Regardless of time period, from one breeding season to 

three years, the validation tests have to carried out in areas 

with high density of birds and carry statistically significant 

observations. A model bird mitigation system should 

include a monitoring and reporting tool that generates 

detailed reports on the bird activities and behaviors in 

relation to wind farm 

 

 

 

 

 

Financial justification 

 

 

The bird mitigation systems are still a niche in the wind 

power industry, therefore price sensitive. The costs of the 

system components have to be economically feasible for 

both small and large wind farms, including the impact on 

energy losses and wear of turbine components.  

Additionally, the landscape should be studied in advance 

for need of installing optional environmental modules, that 

add up to the costs of the whole system 
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The author attempted to find out as much clear and concise views on the perspectives of 

the stakeholders, however due to different interests and backgrounds, a list of 

requirements with characteristics described in Chapter 2.5 was not possible.  

On the other hand, the overall experience of having conversations with different parties 

demonstrated that an interest exists and the stakeholders are open to discuss solutions 

and problems regarding them. It was also highlighted that the environmental watchdogs 

have to be more permissive with the testing and use of systems in real life. A common 

thing found in the discussions with the representatives of the environmental agency, 

municipality and county administrative board is that they suggested and agreed that 

automated bird mitigation systems have to be installed also on existing wind farms in 

sensitive areas and in situations where additional threats were not foreseen during the 

permit process as raptors tend to change their nesting areas in time.  

Moreover, no framework or legislative act should regulate and dictate strict requirements 

and standards to the system developers. It should rather focus on the performance 

delivered by the systems, for example, number of collisions avoided versus energy 

losses. Other set objectives by the interested parties would foster the interest of the 

system developers to innovate continuously the product.  
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CHAPTER 6. CONCLUSIONS 

 

The main objective of the research was to bring together various stakeholders, to collect 

and analyze their individual perspectives related to requirements of automated bird 

detection systems in relation to wind turbines and based on their common views create a 

list of requirements that should be met by system developers in order to be accepted by 

all the parties.  

Initially a literature review was conducted on the impact of wind farms on avifauna, 

environmental legislation, current bird collision mitigations options as well the 

acceptance of new technology by stakeholders and the methods to engage them in a 

constructive participatory process. The methodology that was developed afterwards 

required the engagement of stakeholders through individual interviews either face to 

face, phone or by email. It has to be pointed out that while the author was looking into 

more ways to engage the selected respondents, their availability for activities that take 

more time and financial resources was limited. Consequently, after primary data was 

collected and analyzed through summarizing every conducted interview, a list of 

expectations, suggestions and requirements of the respondents was aggregated. Overall, 

the obtained results show that there is a common interest of stakeholders into supporting 

both the development of wind power and also the preservation of bird species. Secondly, 

most of stakeholders were interested in the reaction time of the bird mitigation system in 

relation to birds and turbines, the coverage area of the systems, presence of acoustic 

deterrents and the best options for species identification. In relation to previous named 

interests of stakeholders, the financial feasibility of the systems was also primary 

concern. Last but not least, stakeholders suggested that while implementing bird 

mitigation systems, more knowledge on the co-existence of wind turbines with birds has 

to be collected in time by generating reports from monitoring and visual technology 

observations.  
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Recommendations  

 

All the interviews were individually collected and none of the interviewees knew about 

the views or suggestions of other respondents. However, in all the conversations the 

author discovered common views that can be exploited further by engaging them in 

other participatory process, such as focus groups, for example. In this way, the 

respondents will be able to generate together more ideas on their views and arrive to 

more concise and fast applicable solutions. . In addition, it will be a chance to involve 

stakeholders from various backgrounds that previously were not able to meet due to 

conflicting interests or views.  

 

Further research    

 

This thesis opens the gate for further discussions and implications of interested parties in 

the development of bird mitigation systems. It would be interesting if one would look 

into the impact of the systems of energy production losses on a specific site.  

Furthermore, an independent study of monitoring reports generated by such a system 

will create more knowledge on how this system works in relation with wind farms and 

birds.  

Another interesting topic for the continuation and extension of this work would be 

carrying out a risk assessment study by quantifying the risk of bird deaths resulting from 

collision with wind turbines. On one hand, it will help compare the above described 

issue with previously measured collision risks resulted from similar cases and events, 

while on the other – it will make possible to compare the impact before and after 

installation of a bird mitigation system.  
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APPENDIX A. Questions and checklist for the interviews 

 

1. What is your overall view on the automated post-construction bird mitigation 

systems available today? 

 

2. Do you have experience in testing or evaluation of automated post-construction 

bird mitigation systems? 

 

 

3. According to you, what should be the optimal requirements to the below pre-

defined technical characteristics for a system to be accepted and standardized 

according to Swedish legislation in order to prevent collisions? Discuss. 

 

- Response time for the turbine to idle when bird flight path towards rotor 

sweeping area is detected.  

- Time for the turbine to restart after collision is avoided.  

- Scanned radius in area and altitude around the facility. 

- Presence of environmental sensors for monitoring during different weather 

conditions (rain, fog) and 24 h period.   

- Species identification (all common species or specific targeted birds) 

- Presence of a camera, its direction and view coverage. 

- Placement of the system in relation to the wind farm and wind turbine.  

- Should the legislation mention that additional deterrents have to be added by 

the system developer? 

- Specific technical details that should be met by the wind turbine for the 

installation of the system. (should the legislation mention that a system must 

work on all wind turbines or should be customized according to each type of 

turbine) 

 

4. How much time or number of statistical observations should be required from the 

developer of an automated bird mitigation system for testing and assessment in 

order to obtain accurate data on collision avoidance, turbine idle time, reduction 

in energy production, etc.?   

 

5. What should be the testing and calibration period (setting up according to local 

conditions) of a bird mitigation system on a specific site before the wind farm is 

activated/started? 

 

6. Do you have other suggestions for additional key technical details and 

requirements to be reflected in the legislation? 
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APPENDIX B. Questions and checklist for the interview with Magnus Fröberg -   

lawyer 

 

1. According to you, and from law point of view, what should be the optimal 

requirements met by the system developers in order to have an automated bird 

mitigation system accepted and standardized according to Swedish legislation in 

order to prevent collisions? Discuss. 

 

2. Should the legislation state basic or specific requirements that should be met by a 

technology system developer? 

 

3. Do you have any other concerns or suggestions regarding the co-existence of 

birds and wind turbines and installation of bird mitigation system in wind farms?  
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APPENDIX C. Answers from DTBird developers to questions and topics covered in 

the checklist (no content changes made by the author)  

 

 

            General observations to the questions, by DTBird Team: 

 

Questions submitted are related with technical details of the system itself, but they are 

not related with the System performance, that in our opinion should be the major 

objective. 

Technical solutions to the same problem can be very different, and can change in the 

future. We believe that it would be better to request a System with a specific 

performance for the objective (to reduce the collision risk of Target Species to a 

specified degree), instead of specific technical features/hardware elements of the system, 

for example: 

 To detect more than X % of the actual Target Species flights at the rotor swept 

area height and < X m to the WTG, in the following environmental conditions: X. 

 To reach a 50% reduction on the blades speed for more than X % of Target 

Species flights at the time of crossing the Rotor Swept Area, and a complete Stop of the 

blades for X % of the Target flights at the time of crossing the Rotor Swept Area. 

o In addition or Alternatively: To produce automatic Stops linked to real-time 

Target Species flight detection, and to have less than X Rotor Swept Area crosses per 

year with blades moving (as RSA crosses are related directly with the collision risk). 

 To emit Warning sounds for more than X% of the actual Target Species flights at 

the rotor swept area height and < X m to the WTG, with a Sound power below X dB at 

more than X m to the WTG, and an associated reduction of X% on the flights that cross 

the Rotor Swept Area, or less than X Rotor Swept Area crosses per year (as RSA crosses 

are related directly with the collision risk). 

o In addition or Alternatively: To emit Warning sounds to Target Species flights at 

the rotor swept area height and < X m to the WTG, with a Sound power below X dB at 

more than X m to the WTG, and to have less than X Rotor Swept Area crosses per year 

with blades moving (as RSA crosses are related directly with the collision risk). 

 To emit Discouraging sound for more than X% of actual Target Species flights at 

the rotor swept area height and < X m to the WTG, with a Sound power below X dB at 

more than X m to the WTG, and an associated reduction of X% on the flights that cross 

the Rotor Swept Area. 

o In addition or Alternatively: To emit Discouraging sounds to Target Species 

flights at the rotor swept area height and < X m to the WTG, with a Sound power below 

X dB at more than X m to the WTG, and to have less than X Rotor Swept Area crosses 

per year with blades moving (as RSA crosses are related directly with the collision risk). 

 To record and detect  more than X% of actual Target Species flights crossing the 

rotor swept area, and environmental conditions (at least: X), in order to analyze high 

collision risk flights, collision event, and the environmental conditions associated. 
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 To provide access through Internet to flight video and sound recordings. 

 Videos and data storage in Internet Server for at least X years. 

 

1. What is you view on the post-construction bird mitigation systems available 

today? 

 

Regarding DTBird System, it has 4 Modules available useful to monitor and to 

mitigate potential post-construction impacts of wind turbines on birds, and particularly 

on Golden and White Tailed Eagles: 

 

 DTBird Detection Module: Survey with HD Cameras 360º around Wind 

Turbines, detecting birds up to a Maximum Distance of 600 m. Installation and 

operational settings are adapted to any target Species and installation site. As a stand-

alone technique can be used to give scientific knowledge about Target Species activity 

and behavior in the proximity of the WTG, including number of flights crossing the 

Rotor Swept Area and the environmental conditions associated to high collision risk 

flights. 

 

 DTBird Collision Avoidance Module: Emits Warning/Discouraging sounds from 

the WTG to birds flying in collision risk areas. Installation and operational settings are 

adapted to any target Species and installation site. There are already published reports 

that have proved its efficiency (review the attached documents). A specific report of an 

installation in Sweden will be published shortly, and also demonstrate its efficiency. The 

rotor swept area is a high collision risk where target birds should not fly when the blades 

are moving, so to avoid flights in this area with the emission of Warning/Discouraging 

sounds should not be considered a deliberated disturbance, but an action reduce the 

collision risk. In other case, for example, diverters installed in power lines could be 

classified as deliberated disturbance for birds, because they avoid that birds fly close to 

the power line, or car horns should be classified deliberate disturbance of people, when 

they are activated only to avoid an accident. 

 

 DTBird Stop Control Module: Automatically Stop and restart Wind turbines 

according to real-time collision risk of bird flights detected. Installation and operational 

settings are adapted to any target Species and installation site. Depending on WTG 

manufacturer, the rotor speed start to decrease 2 to 10 seconds after Stop trigger, and 

complete rotor Stop is achieved 10 to 25 s after this. Therefore, depending on WTG 

manufacturer, the collision risk starts to decrease 2 to 10 s after Stop Trigger, and 

disappears 12 to 35 s after Stop trigger. 
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 DTBird Collision Control Module: Surveys the airspace with HD Cameras, 

detecting and recording accidental bird collisions of medium to big size birds, that can 

be checked in video and audio records. Installation and operational settings are adapted 

to any target Species and installation site. As a stand-alone technique can be used to give 

scientific knowledge about actual number of collision of target Species, and the 

environmental conditions when the collisions actually occurs. The knowledge will allow 

taking additional measures to avoid collisions, and to know which are the actual 

requirements of any bird mortality mitigation system to reduce the collision risk (for 

example, time required to Stop the WTG efficiently). In addition to collision detection, 

DBird System gives 10 days of continuous gross video recordings, to review any 

potential bird collided found in the field, and not detected automatically by the System. 

 

 

2. According to you, what should be the requirements to the below pre-defined 

technical characteristics for a system to be accepted and standardized according to 

Swedish legislation? 

 

- Response time for the turbine to idle when bird flight path towards rotor 

sweeping area is detected:  

o This depends on WTG manufacturer, and should have values as close as possible 

to the minimum of the following ranges: 

 Rotor speed init of decreasing: 2 – 10 s after Stop signal trigger from the Bird 

protection System. 

 Complete rotor Stop (below 3 rpm): 10 – 25 s after rotor speed decrease init time. 

- Time for the turbine to restart after collision is avoided: 

o The WTG has to wait to the right wind speed to restart, and depends on the WTG 

manufacturer, so may be cannot be predefined. We believe that this time has a minor 

impact in energy production. 

- Scanned radius in area and altitude around the facility: 

o Any radius and altitude has to be related with bird Detectability (birds detected of 

total target birds actually flying in the area) and WTG dimensions. DTBird Detection 

Module Surveillance Area can reach a maximum detection radius of 500 - 600 m in all 

directions around the WTG for Golden and White-Tailed Eagles (DTBirdV8 model), that 

we consider good to reduce the collision risk with DTBird Stop Control Module. For 

DTBird Collision Avoidance Module shorter detection distances are enough to produce 

on time Collision avoidance behavior, DTBirdV4 model can reach 300 – 350 m in all 

directions around the WTG for Golden and White-Tailed Eagles and bird detectability 

values >80% for Eagles have been published (review the attached documents). We 



 76 

consider that 1,5 times de blade length could be considered the minimum distance to 

trigger a Discouraging Sound, and longer distances can be set to trigger Warning 

Sounds.  

- Presence of environmental sensors for monitoring during different weather 

conditions (rain, fog) and during 24 h period.  

o Sensors for monitoring should cover all the environmental conditions with major 

bird activity. The inability to monitor in particular environmental conditions with low 

expected activity of the Target Species, will have minor impact on bird protection. 

Therefore, major concern should be mitigation on major activity periods, instead of 

potential faults in periods of low expected activity. 

o DTBird System incorporates environmental sensors (temperature, humidity, rain, 

wind speed, wind direction), that can be useful to relate with Target Species high activity 

periods, and no activity periods. 

o DTBird System allows monitoring with rain and fog, up to the distance where the 

bird is visible. With heavy rain and fog the detection distance can be short, but also 

Eagles will fly close to the ground level in order to have a reference and do not get lost, 

so the activity and collision risk will be low at the Rotor Swept area height. 

o For Golden and White Tailed Eagles monitoring during night does not seem 

necessary. Monitoring at dusk and sunset can be useful if the target species are active at 

these time, and DTBird System allows monitoring during this periods of very low light 

levels (>50 lux, but lower values can be set if necessary).  

- Species identification (target all the species or specific birds) 

o For Environmental Authorities and Bird Protection NGOs the aim is to protect all 

birds, independently of the species, but clearly endanger species should be protected in a 

higher grade. Protecting more birds than the endanger target species should never be an 

inconvenience for Environmental Authorities, but a positive result. If the bird collision 

mitigation measures to protect Golden and White-Tailed Eagles allow to protect other 

endanger birds like seabirds or smaller raptors, this is a clearly positive effect, because 

many endanger species can fly around the wind turbines temporally (migration, young 

birds looking for new areas, etc).  

o Accurate Species identification can lead to a high rate of False Negatives (Target 

Species erroneously rejected, or delay in actions due to extra time needed for the species 

identification), and can be impossible at long distance and certain environmental 

circumstances (low visibility, sun, Species coloration variability, etc.) leading to a high 

proportion of actual Target Species collision risk flights without any action trigger (no 

Stop trigger, or Collision Avoidance Sound emission). Therefore, to request an accurate 

Species identification can lead to an actual higher collision risk for the Target Species.  

Therefore, we recommend to adjust the Stop trigger Criteria to the Target Species, but to 
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keep False Negatives low in all environmental conditions and range of Detection 

Distances (<20% FN), so flights of Target Species impossible to identify will be also 

protected by an action (Stop trigger, or Collision Avoidance Sound emission).   

- Direction of the camera and view coverage. 

o We believe that this cannot be pre-defined or regulated. There are solutions 

already available as DTBird System, but other technical solutions could be developed or 

discovered. Obviously, to monitor 100% collisions area is necessary to cover the whole 

Rotor Swept Area, as DTBird System covers, without any interception of the mast or 

other WTGs in the field of view of the HD Cameras. Location of cameras in every wind 

turbine have the advantage of higher detectability in the higher collision risk area, the 

closer to the wind turbine, and lower detectability limitations in bad weather conditions 

(cloudy, low light, foggy, rainy, snowy, etc.) that can be very frequent in countries like 

Sweden. 

- Placement of the system in relation to the wind farm and wind turbine. 

o We believe that this cannot be pre-defined or regulated. There are solutions 

already available as DTBird System with a placement that assures to survey the whole 

rotor swept area of every WTG, without the interception of the tower or other wind 

turbines of the same wine farm, but other technical solutions could be developed or 

discovered. See previous answer. 

- Should the system mention that additional deterrents have to be added by the 

system developer? 

o This question presupposes that “deterrents” are additional (may be erroneous 

name, because warning sounds as DTBird System produce, are not deterrents), but in fact 

they can be the principal System to reduce the Collision risk. In some situations Eagles 

fly at very low height and will reach the wind turbine at short distance without any 

option to detect them at long distance and trigger a Stop on time, and “deterrents“ (see 

previous observation) will be the only efficient method to reduce the collision risk. The 

same situation happens with low visibility conditions when detection distance is limited. 

The rotor swept area (with blades moving) is a high collision risk area where target birds 

should not fly, so to avoid flights in this area with the emission of Warning/Discouraging 

sounds should not be considered a deliberated disturb, but an action to reduce the 

collision risk. Any method reducing the collision risk with proved efficiency can be 

requested. There are solutions already available as DTBird System, but other technical 

solutions could be developed or discovered, and requested. 

 

- Specific technical details that should be met by the wind turbine for the 

installation of the system (should the legislation mention that a system must work on all 

wind turbines or should be customized according to each type of turbine) 
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o We believe that this cannot be pre-defined or regulated. There are solutions 

already available as DTBird System that works in all wind turbines, but other technical 

solutions could be developed or discovered for specific wind turbine models. DTBird 

System have several models depending on WTG dimensions and Target Species. These 

models should be checked individually by Environmental Authorities for each wind farm 

project. 

 

3. How much time or number of statistical observations should be required from the 

developer of an automated bird mitigation system for testing and assessment in order to 

obtain accurate data on collision avoidance, turbine idle time, reduction in energy 

production, etc.?   

- We believe that this cannot be pre-defined or regulated. At least 1 year of bird 

activity has to be studied in most cases. May be, if Target Species activity in the area is 

above 1 flight/day, 1 year can be enough to prove efficiency (365 flights in 1 year 

available for the study). Longer study periods will give more accurate data, and year 

variations. 

 

4. What should be the testing period and the calibration period on a specific site 

before the wind farm is activated? 

- We believe that this cannot be pre-defined or regulated. DTBird System requires 

1-2 months testing and calibration period. 

 

5. Do you have other suggestions for additional key technical details and 

requirements to be implemented for them? 

- Simultaneous detection of multiple bird flights.  

- Low False Positive rate.  

- High Bird detectability under different environmental conditions, including 

typical Swedish partly cloudy or completely cloudy sky, rainy days. Especially higher 

detectability in higher collision risk area, about 300 m around every WTG. 

- Bird flight traceability: Ability to verify bird flight location, time and 

Species/Group identification by means or recorded video and data. 

- Video and data records with public access for the Environmental Agencies of 

other nonprofit organizations.  

 

 


