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Abstract

The world is transitioning towards a renewable energy system to combat climate change and the wind
power industry plays a key role in this shift. However, with the expansion of wind power concerns
about its impact on local biodiversity have been raised. This thesis investigates the incentives, reg-
ulations, and challenges that are influencing biodiversity management in the wind power industry.
Through a literature review, a biodiversity management survey, and a case study on a biodiversity pi-
lot project, the thesis explores emerging opportunities for synergies between wind power expansion
and biodiversity conservation and restoration. Key regulatory frameworks, such as the Convention
on Biological Diversity and the EU Biodiversity Strategy, which are shaping biodiversity policies
that are influencing the wind power industry are discussed. Furthermore, it examines the challenges
faced by companies in implementing biodiversity enhancement projects, including time constraints,
cost estimations, and regulatory uncertainties. By analysing these findings, this thesis presents infor-
mation and recommendations for wind power companies to integrate biodiversity management into
their operations to improve environmental sustainability and regulatory compliance.

Keywords: Biodiversity Management, Wind Power, Environmental Policy, Corporate Sustainability,
Infrastructure Habitats, Nature Positive
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1 Introduction

In the World Economic Forum Global Risks Perception Survey 2022-2023 the top four risks ranked
most severe, in the coming 10-year period, are all in the category of Environmental. The four long-
term risks ranked most severe are:

1. Failure to mitigate climate change

2. Failure of climate-change adaption

3. Natural disasters and extreme weather events

4. Biodiversity loss and ecosystem collapse

(World Economic Forum, 2023)

These four risks all influence each other and climate change and nature loss are highly interlinked.
Failure to mitigate climate change can accelerate the decline in biodiversity by changing living con-
ditions and ecosystem structures. To combat climate change, transitioning from fossil fuels to re-
newable energy is a key step. With the rapid increase in renewable energy infrastructure, questions
about the direct and indirect impact on nature have risen. The impact on nature differs depending on
the type of energy production and can be related to the production site or the value chain. Examples
of on-site impacts from wind power are changes in vegetation cover, noise and sound pollution, and
impacts on migration patterns. Examples of impacts originating from the value chain are the extrac-
tion of minerals in areas with high ecological values or the transportation of construction materials
(World Economic Forum, 2023).

Sweden is party to both the CBD (Convention on Biological Diversity) Kunming-Montreal Global
Biodiversity Framework and the UNFCCC Paris Agreement on climate change. The Kunming-
Montreal Global Biodiversity Framework contains several goals that aim to halt and reverse global
biodiversity loss and the ambitious target to protect 30 % of the Earth’s land and ocean area by
2030 (Naturvårdsverket, n.d.-a). The Paris Agreement’s goal is to keep the global average tempera-
ture increase well below 2 degrees Celsius compared to pre-industrial levels which requires a major
reduction in greenhouse gas emissions (UNFCCC, n.d.).

One of the Swedish goals in reaching the Paris Agreement is to reduce greenhouse gas emissions
by achieving 100 % fossil-free electricity production by 2040. Scenario analysis from the Swedish
Energy Agency estimates that there is a need for an additional 100 TWh from wind power whereas
80 of 100 TWh is estimated to come from onshore wind power. This corresponds to 70 % of the
electricity demand in 2021 (Energimyndigheten, 2021).

The expansion of onshore wind power comes with concerns about the area footprint. The majority
of land used for onshore wind power in Sweden is forestland with active forestry. With increased
demand for renewable energy, the area of Swedish forestland used for wind power is expected to
increase by 70 % until 2040. The area corresponds to 3,5 % of the total area used for forestry and
is comparable to the area of protected forest in productive forestland. The majority of the land is
owned by forest companies and it is possible to combine wood biomass production with wind power
(Svensson et al., 2023).
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With the increased focus on the need for biodiversity conservation and restoration of natural val-
ues, there is an increased interest in using the space between wind turbines for nature restoration or
conservation measures, instead of forestry or agriculture, to have a positive effect on the local bio-
diversity. That said, there are still many uncertainties on how to perform restoration or conservation
efforts in a wind farm and how to evaluate if the measures made an impact.

Furthermore, to mitigate climate change and halt and reverse biodiversity loss several new regulations
and voluntary incentives are in development. In addition, the business case for companies adapting
to new policies and engaging in becoming nature-positive is emphasised. Hence, investigating how
biodiversity policy impacts wind power companies, which are playing a key part in the transition to
a renewable energy system, is of interest.

1.1 Aim and Research Questions

The degree project investigates what part renewable energy companies play in halting and reversing
global biodiversity loss, with a deep dive into the wind power industry. The expansion of electricity
production from renewable sources, e.g. wind power, is necessary to mitigate climate change a direct
driver of biodiversity loss but with this expansion, deterioration of local biodiversity values should
be avoided. Therefore, it is of interest to further investigate possible measures for the wind power
industry to minimise negative impact and engage in restoration and protection of biodiversity values.

Halting and reversing biodiversity loss includes both strategies to mitigate biodiversity impact and
integrate measures to restore and enhance biodiversity. Hence difficulties and opportunities for the
wind power industry to engage in biodiversity regeneration will be investigated on both company
and project scale. Moreover, current practices, targets, incentives, barriers, and resources related to
biodiversity, relevant to the Swedish wind power industry, will be examined.

The initial part of the report addresses biodiversity policies, incentives, and regulations relevant to the
wind power industry at a higher level. The second part investigates the current level of biodiversity
management and biodiversity-related opportunities and challenges for wind power companies. The
last part will concentrate on project-specific biodiversity enhancement. The research questions are
presented below

Research questions

1. What incentives and regulations influence biodiversity management in the wind power
industry?

2. What opportunities and challenges do wind power companies encounter in biodiversity
management?

3. What are the key factors to consider when planning a biodiversity enhancement project
in an onshore wind farm?

1.2 Limitations

International biodiversity frameworks, regulations, and incentives relevant to the Swedish wind
power industry are included to gain a general understanding of the current policy status. A general
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description of the direct and indirect impact on biodiversity from wind power is included, but the as-
sessment is not covered in detail. Moreover, some incentives and regulations covered are still under
development. Wind power companies contributing with knowledge all have operations in Sweden
but can also have operations outside Sweden. The main focus of the report is onshore wind power,
but some companies answering the survey have both onshore and offshore wind power projects. Due
to the restricted time, it is not possible to determine if the pilot project will have a local positive
biodiversity impact. The project development process is observed to assess the responsibilities, op-
portunities, and challenges of the project. The interviews contribute qualitative perspectives on the
pilot project from different stakeholders. Impacts on reindeer husbandry and social impacts are not
included.
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1.3 Disposition

Chapter 1: Introduction

The first chapter includes an introduction to the subject and describes why it is important. Then
the aim of the degree project, research questions, limitations, and the disposition of the report are
presented.

Chapter 2: Background

The second chapter covers fundamental information on biodiversity, drivers of biodiversity loss, the
general impact of renewable energy on biodiversity, and research on onshore wind power’s impact
on biodiversity in Sweden.

Chapter 3: Method

The third chapter describes the methodology used in the degree project. The procedure of the litera-
ture review, survey, and case study is presented. Further details are found in the Appendix.

Chapter 4: Biodiversity policy influencing the wind power industry

Chapter four describes biodiversity policies, regulations, incentives, and frameworks relevant to the
wind power industry. The chapter starts with overarching conventions and moves on to EU policy,
national law and policy, market incentives, and guidelines on best practices.

Chapter 5: Biodiversity management in the wind power industry

The fifth chapter presents the results of the conducted survey on biodiversity management in the wind
power industry. The chapter includes results from the online questionnaire and conducted interviews.

Chapter 6: Biodiversity enhancement project in a Swedish wind farm

The sixth chapter presents results from the case study performed on a biodiversity pilot project aiming
to enhance biodiversity in a Swedish wind farm.

Chapter 7: Analysis and Discussion

In the seventh chapter, the results presented in chapters 4, 5, and 6 are analysed and discussed to
answer the research questions of the degree project.

Chapter 8: Conclusion

The eighth chapter is a conclusion presenting the key findings of the degree project.
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2 Background

This chapter covers the fundamentals of biodiversity, the drivers of biodiversity loss, the state of
knowledge on the general biodiversity impact of renewable energy, and research on biodiversity
impact from onshore wind power in Sweden.

2.1 What is biodiversity and why does it matter?

When searching for the term biodiversity in the IPBES (Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services) glossary the following definition appears:

”The variability among living organisms from all sources including terrestrial, marine, and other
aquatic ecosystems, and the ecological complexes of which they are a part. This includes variation
in genetic, phenotypic, phylogenetic, and functional attributes, as well as changes in abundance and
distribution over time and space within and among species, biological communities, and ecosys-
tems.”

(IPBES, n.d.)

The definition is complex and covers both the abundance and variation of species, ecosystems, and
genetics. A slightly more simple explanation is presented by WFF which describes biodiversity as
the variations of life existing in one area. The Biodiversity concept includes all types of species, e.g.,
plants, animals, and bacteria, and the ecosystems they form by interacting with each other. Human
vitality depends on the functionality of functioning ecosystems providing us with fresh water, soil,
food, and much more (WWF, n.d.).

Biodiversity is closely interlinked with the concepts of Ecosystem Services and Natural Capital
which refers to the services ecosystems provide that are beneficial for humans respectively the stock
of resources that are valuable for humans. Natural capital can be renewable or non-renewable e.g.,
timber respectively oil. Ecosystem services are categorised as provisioning, regulating, or cultural, an
example of regulating is pollination (United Nations, n.d.). The World Economic Forum estimates
that more than half of the world’s GDP is dependent on ecosystem services and natural capital.
Hence, biodiversity degradation and the collapse of ecosystems impose a high risk for companies
with direct or indirect dependency on nature (World Economic Forum, 2020). Integrating biodi-
versity into development plans on national, sectoral, local, and project levels is crucial to fulfilling
several of the UN Sustainable Development Goals (SDGs), specifically goals 14 and 15 (OECD,
2018).
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SDG 14 & 15

14. Conserve and sustainably use the oceans, seas, and marine resources for sustainable
development

15. Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss

Source: (United Nations, 2023)

In the Global Sustainable Development Report 2023, the trend of progress on the indicators for goals
14 and 15 are all labeled Limited or no progress or Deterioration (United Nations, 2023). Rapid
progress in nature conservation and restoration actions and transformation of business practice are
crucial to breaking the trend. A schematic illustration of the connection between global processes,
biodiversity, ecosystem service, and human well-being is presented in Figure 2.1.

Figure 2.1: Schematic illustrations of the relationship between global processes, biodiversity, ecosys-
tem services, and human well-being. Based on (Locke et al., 2021).

2.2 Drivers of Biodiversity Loss

In the global assessment report on Biodiversity and Ecosystem Services, IPBES estimates that 75%
percent of the land on earth has been changed by human activity, 25 % of all species are threatened,
and more than 1 million species risk extinction (IPBES, 2019). Moreover, WWF estimates a 70 %
decline in the bird, fish, and mammal population size since 1970 (WWF Svergie, 2022). To combat
the extensive degradation of nature and extinction of species the main drivers must be addressed.

According to IPBES, the main direct drivers of global biodiversity loss are changes in land and sea
use, direct exploitation of nature and species, climate change, pollution, and invasive species. The im-
pact of these drivers varies regionally and there are also indirect drivers impacting biodiversity, e.g.,
governance, conflicts, and economics. Land use change is the main driver of terrestrial biodiversity
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loss with the conversion of natural areas to agriculture as an important factor. Direct exploitation of
species, e.g., fishing is the main driver of negative impact on marine ecosystems but has also a large
impact on terrestrial ecosystems from e.g., logging.

Climate change is causing changes in structures and conditions that are vital for species and ecosys-
tems. Examples of changing conditions as a result of climate change are increasing mean temperature
and causing sea level rise. The magnitude of climate change as a direct driver is expected to increase
and have an amplifying effect on other direct drivers. (IPBES, 2019) Evaluations of current climate
change mitigation policies and NDCs in the latest IPCC Climate Change Synthesis report note that
the 1.5-degree target will likely be exceeded in the 21st century and that there is a risk of global
warming of approximately 3.2 degrees by 2100 without a major strengthening of policy and reduc-
tion of greenhouse gases (IPCC, 2023). This can have an immense impact on biodiversity as studies
estimate that the proportion of species that risk extinction due to climate change increases from 5
percent to 16 percent at a 2-degree respectively 4.3-degree warming (IPBES, 2019).

Additional direct drivers of biodiversity loss are pollution and invasive species. There are mixed
trends regarding terrestrial and marine pollution with differences regionally. Globally there has been
an increase in primarily plastic pollution. The risk of invasive species is continuously increasing
globally as a result of human activities, both through intentional and unintentional introduction,
e.g., transportation. The future negative impact of invasive species is hard to predict because of the
connection to other drivers. Climate change and land use change can amplify the risk of increased
spreading of invasive species (IPBES, 2023).

2.2.1 Human activities driving biodiversity loss in Sweden

According to the Swedish University of Agricultural Sciences, there are 2200 threatened species in
Sweden and approximately 45 % of these species are dependent on natural forest habitats. Forestry
and agriculture are the human activities that affect most red-listed species in Sweden. Intense forestry
with clear-cutting, land preparation, and plantations has resulted in a loss of natural old-growth forest
environments. Forest conservation measures and certifications have increased during the last 30 years
but over 90 % of the harvesting is still performed with clear-cutting. The main negative impacts on
the agricultural landscape come from the regrowth of pastures and the lack of variation in habitats.
In marine environments overfishing, eutrophication and pollution have harmed ecosystems. The
decrease in the natural freshwater environments is mainly caused by hydropower and the conversion
of wetlands to forestry of agricultural land through ditching. Lastly, the increasing emissions of
greenhouse gases globally will both pose a direct threat to ecosystems and amplify other drivers e.g.,
eutrophication. (WWF Svergie, 2022)

To combat the degradation of nature more land needs to be formally protected and degraded ecosys-
tems should be restored. The Swedish Environmental Protection Agency states that the Swedish envi-
ronmental quality goal to have A rich plant and animal life is far from reach with the current negative
development. The Environmental Protection Agency recommends that the Swedish Government in-
vestigate the possibility of increasing economic incentives for the conservation and restoration of
pastures and green infrastructure along roadsides, possible abolition of the reforestation requirement
to enhance biodiversity in edge zones and forest verges, and regulation changes on water operations
in the Swedish environmental law to facilitate restoration of drained land. (Naturvårdsverket, 2023e)
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2.3 Renewable energy production and biodiversity

All types of infrastructure and energy production have an impact on biodiversity and surrounding
nature. Looking at the bigger picture several steps in the value chain can cause negative impacts on
nature for example sourcing materials, building roads, clearance of vegetation, emissions of green-
house gases, and decommissioning of waste and materials. When comparing the impact on bio-
diversity from fossil fuels respectively renewable sources studies show that an energy system with
renewable sources will be significantly less harmful to biodiversity. These studies are based on life
cycle assessments of different energy sources with an evaluation of greenhouse gas emissions, pollu-
tion, ecotoxicity, freshwater impact, natural land transformation, etc. The studies include the impact
of extraction of material, development, construction, transportation, and waste management. (WWF,
The Biodiversity Consultancy, 2023).

An analysis made by Boston Consulting Group and WWF shows that a fast transition to a renewable
energy system would be better than the current energy system, with fossil fuels (business as usual), in
27 of 30 sustainability metrics. The metrics were based on the categories mining, air quality, water
quality, ecosystems and biodiversity, society and well-being, area footprint, water use, and free-
flowing rivers. The only categories that possibly could be negatively affected by a rapid transition to
a renewable energy system are the energy area footprint, water consumption, and free-flowing rivers.
The impact on area footprint and water consumption is mainly due to the increased production of
biofuels in the scenario analysis. The negative impact on free-flowing rivers is the result of possible
expansion of hydropower. (WWF, BCG, 2023)

Although there would be significantly less impact on nature and biodiversity from a renewable en-
ergy system than business as usual it is important to address possible impacts and mitigation options.
Transforming the energy system will demand an extensive development of renewable energy produc-
tion sites. It is estimated that 90% of worldwide electricity has to come from renewable sources by
2050 to reach the Paris Agreement. Today the share of electricity from renewable sources is approx-
imately 28 %. When comparing the environmental impact from different types of renewable sources
bioenergy and hydropower have a larger impact than wind and solar power. The impact of bioenergy
widely depends on the feedstock. The impacts are significantly higher if the bioenergy is produced
from crops or wood compared to organic waste. (WWF, The Biodiversity Consultancy, 2023)

Although wind and solar power are have shown to be the preferred energy production to mitigate
the impact on biodiversity there are geographical differences and local circumstances that should be
considered. The main areas of concern when developing wind and solar power are the conversion of
land, the impact on birds and bats, and the sourcing of metal and minerals. Offshore wind power can
have an additional impact on iconic species during construction e.g.,, whales, dolphins, and fish.

Following the mitigation hierarchy and choosing a suitable location for wind and solar power is key
to mitigating biodiversity impact. Production sites should be located on land that is already degraded
or converted to avoid the conversion of natural areas. Moreover, a landscape perspective in the
planning process can reduce the risk of fragmentation of natural value areas or landscape corridors.
Studies come to different conclusions on the area footprint and loss of habitats that an energy system
based on wind and solar would result in. The different results depend on different assumptions
on co-production and location of sites. The footprint and habitat loss is less if the space between
turbines and solar panels is used for ecological restoration, forestry, or agriculture. It is also possible
to use degraded land used for fossil fuel production as future sites for renewable energy. (WWF, The
Biodiversity Consultancy, 2023)

Additional impacts can emerge from the transition to a renewable energy system from the expansion
of transmission lines and the development of storage facilities e.g., large-scale batteries and hydrogen
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production sites. Hence, sustainable sourcing of metals and mineral mining and increased circularity
are important areas of development. Transitioning to a renewable energy system will increase the
demand for metals and minerals e.g., copper, lithium, cobalt, nickel, and aluminum. The demand
for copper is estimated to increase by 40 % in the coming 20 years with increased wind and solar
power development as one of the drivers. Copper is mined in countries that have large natural land
areas with key biodiversity values e.g., The democratic republic of Congo, Chile, and China. It is
important to ensure traceability in the supply chain to avoid harming natural value areas and conduct
risk evaluations of mineral and metal sourcing. (WWF, The Biodiversity Consultancy, 2023) With
this being said, estimations from WWF and BCG (2023) show that only 5 % of the metal production
in 2050 would be used for renewable energy in the rapid transition scenario, and the land area used
for mining would be 30 % less compared to the business as usual scenario. (WWF, BCG, 2023)

The main impacts of the expansion of transmission lines are fragmentation and risk for bird coali-
tion. These risks can be mitigated through the burying of transmission lines and maintenance of
surrounding nature. Green hydrogen production can cause habitat loss in site construction and im-
pact ecosystems through freshwater demand. The main impact of large-scale battery production is
the demand for metals and minerals, especially lithium, and the clearance of vegetation on site.

Still, the worst practice of wind and solar development is estimated to reduce biodiversity damage
by 80-99 % compared to fossil fuel-based energy. (WWF, The Biodiversity Consultancy, 2023)
Moreover, the loss of land because of climate change-induced coastal flooding, fires, and desertifi-
cation in the business-as-usual scenario would cause a larger area footprint than the footprint from
renewable energy in the rapid transition scenario. If the amount of bioenergy is decreased, the area
footprint in the rapid transition scenario is even less. (WWF, BCG, 2023) There are still knowledge
gaps and continuous knowledge sharing and research is needed to mitigate the impact on nature and
biodiversity in the transformation to an energy system based on renewable energy.

2.3.1 Biodiversity impact from onshore wind power in Sweden

Generalised biodiversity impacts from onshore wind power that are highlighted by IUCN apply to
Swedish conditions as well. As previously stated, the magnitude of the impacts depends on the
localisation of the wind farm and local conditions. The main impacts in construction to be aware
of are habitat loss and fragmentation through the clearance of vegetation, light and noise pollution,
and the introduction of invasive alien species. During operation, the main impacts are bird and bat
collations, change of routes for migratory birds, and barrier effects for terrestrial animals that avoid
the site. (IUCN, 2021)

To further investigate the environmental impact of wind power the Swedish Environmental Protection
Agency and Energy Agency have financed the research program Vindval from 2005 to 2023. The
research studies are mainly executed in Sweden but have also compiled international results. The
program includes, among others, studies on the wind power impact on mammals, the impact on birds
and bats, the attraction of insects, and conflict and synergies in the integration of wind power in the
Swedish landscape. (Naturvårdsverket, 2023f)

Mammals

Studies on the impact on Swedish mammals from wind power state that the limited amount of data
makes it hard to come to generalised conclusions. With that said the largest impact on ungulates from
wind power establishment is believed to be the increased human activity in previously isolated areas
and the risk of increased hunting. Moreover, theories on the negative impact of noise pollution have
not been confirmed. However, the impact of noise pollution is believed to depend on the previous
conditions and the intensity and frequency of the noise. Larger ungulates can benefit from gaps in the
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forest landscape which contributes to more pasture and forest edges. However, more knowledge on
cumulative effects is needed to understand possible barrier effects on the landscape level. (Helldin
et al., 2012)

Birds and Bats

Research on the impact on birds and bats from onshore wind power concludes that almost all types
of birds are at risk for turbine collision while only a few bat species are subject to the risk. However,
there is a larger risk on the population level for the bats that are hunting at high altitudes. (Rydell
et al., 2017)

The birds that are at the highest risk of collision with onshore wind turbines are the ones living all year
round in the area. The largest proportion of birds killed are small birds but larger birds seem to have
a larger negative impact on population level. The negative impact of a wind farm is highly dependent
on the localisation and different species avoid the site to varying extent. With the stated differences
and uncertainties the estimated fatality is 5-10 birds per wind turbine and year. If individual turbines
are considered the mortality increases with turbine size but if the bird mortality is compared to the
energy output the mortality decreases with increased turbine size. This is because the larger turbines
produce a larger amount of electricity, hence decreasing the number of turbines needed. It is hard to
adjust the operation of wind turbines to avoid bird collision, hence protection zones are used to avoid
locations close to threatened bird species. The Environmental Protection Agency suggests national
planning of areas suitable for wind power as a complement to avoid cumulative effects and facilitate
location choice for wind power companies. (Rydell et al., 2017)

Estimations show that the average bat mortality from collision with wind turbines is 5-15 per year and
wind turbine but it varies largely between south and north Sweden with less collision in the north.
There is a lack of data on bat population size, hence it is difficult to analyze the impact of these
collisions. Studies indicate that some bat species actively seek wind turbines, unlike birds. However,
it is possible to avoid bat collisions by turning off the turbine during high-risk conditions. It is difficult
to conclude how often this is but estimates show that stopping the turbine for 10 nights per year could
decrease the mortality by 60-90 %. To further understand the impact on bats national implementation
of structured monitoring protocols is suggested by the Environmental Protection Agency. (Rydell et
al., 2017) Studies indicate an increased abundance of insects around wind turbines which can attract
more bats hunting for food. Hence, studies on how to attract fewer insects to wind turbines have been
a part of Vindval. The study investigated the obstacle lights and the color of the turbines. The study
showed that it was possible to attract fewer insects by decreasing the frequency of the flashing lights.
However, this could cause less visibility for air traffic, which is a risk. (Victorsson et al., 2020)

Wind Power in the Swedish Landscape

Finally, a selection of conducted studies has been compiled in a report with recommendations for
sustainable integration of onshore wind power in Sweden. The report concludes that the establish-
ment of onshore wind power in Sweden is mainly located in environments that have been used by
humans over a long period, e.g., forestry or agricultural land. Additional infrastructure can induce
pressure on existing natural value areas but it is necessary to expand renewable energy production to
mitigate climate change. The main location area for the future development of onshore wind power
is forestry land. Wind power should be integrated as a part of multifunctional forest management.
To ensure sustainable use of the forest areas with high natural values and old-growth forests should
be protected, hence areas not suitable for exploitation should be mapped. Furthermore, examples
of positive integration of wind power in the landscape should be highlighted to inspire sustainable
practices. (Svensson et al., 2023)
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3 Methodology

This chapter describes the methodology used to collect the information required for addressing the
research questions. Initially, a literature review was performed to comprehend key concepts, current
policies, and regulations related to biodiversity and wind power. Thereafter, a survey with com-
plementary interviews was conducted to gain insights into the current practices, opportunities, and
challenges in biodiversity management within the wind power industry. Lastly, a case study was
conducted on a pilot project aiming to implement biodiversity enhancement measures in an onshore
wind farm. The case study relied on the observation of project planning and interviews with stake-
holders and experts on the subject. The design and procedure of the literature review, survey, and
case study were based on guidelines from the book Forskningsmetodik - För ingenjörer och andra
problemlösare (Säfsten and Gustavsson, 2019).

3.1 Literature review

To familiarise with key matters concerning biodiversity and wind power an initial literature search
was performed. Biodiversity management is a rather new subject in the industry with several policies
and guidelines in the development, hence both published scientific reports, government reports, and
investigations and reports from NGOs were considered relevant. The initial searches were performed
on Google, Google Scholar, and LUB Search. The search was performed in English and Swedish,
see Table 3.1.

Table 3.1: Keywords for initial literature review

From the initial search further relevant reports, research articles, websites, and laws were identified
by using the snowball methodology. Titles, dates, and abstracts were analysed to evaluate it the
source was relevant for answering the research questions in the degree project. From the initial
literature search biodiversity policies, incentives, regulations, and guidelines relevant to wind power
companies were further investigated to answer the first research question.

What incentives and regulations influence biodiversity management in the wind power industry?

Official webpages, legislative documents, and progress reports were mainly used for describing over-
arching policies and regulations on biodiversity originating from the UN, EU, and the Swedish gov-
ernment. Independent frameworks, guidelines on best practices, and market incentives were mainly
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based on reports from NGOs and published scientific articles. Policies, regulations, incentives, and
guidelines influencing the Swedish wind power industry were selected and analysed. Thereafter key
objectives of the policy and content meaningful for the wind power industry were compiled.

3.2 Biodiversity Management Survey

The methodology chosen to investigate biodiversity management in the wind power industry was a
descriptive survey. The survey was based on an online questionnaire and complementing interviews
with representatives from wind power companies with operations in Sweden. The aim of the ques-
tions in the online questionnaire and the interviews was to address the following research question.

What opportunities and challenges do wind power companies encounter in biodiversity manage-
ment?

To address this question the following themes were identified as relevant, see Box 3.2.

Themes for Biodiversity Management Survey

• The current level of biodiversity management and actions of the company

• Current or planned company biodiversity commitments and targets

• Current or planned use of biodiversity-related assessment tools and guidelines

• Evaluation of incentives for biodiversity engagement

• Evaluation of barriers to biodiversity engagement

• Evaluation of future incentives to increase biodiversity engagement

• Missing internal resources

• Missing external resources

From the identified themes an online questionnaire with a mix of close-ended and open-ended ques-
tions was made. The alternatives for the close-ended questions were based on the initial literature
review. After all close-ended questions, it was possible to add an explanation or missing alternative
in an open-ended question. The evaluation of incentives and barriers was designed as a Likert scale,
see Box 3.2

Likert Scale Example Statement

Do you agree with the claim? Example statement:

• Strongly Agree

• Agree

• Neither Agree nor Disagree

• Disagree

• Strongly Disagree

The target audience for the online questionnaire was companies that develop or/and own wind farms
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in Sweden. The online questionnaire was constructed in Microsoft Forms and distributed through
e-mail in collaboration with the Swedish Industry Association for Wind Power, Svensk Vindenergi.
The following advantages and disadvantages presented by Säfsten and Gustavsson (Säfsten and Gus-
tavsson, 2019) were considered when choosing to conduct a survey:

Survey: Advantages and Disadvantages

• Advantages:

– Effective data collection from a large number of companies

– Possibility for companies to contribute with knowledge despite time constraints
or geographic distance

– Close-ended questions facilitate the compilation and analysis of data

• Disadvantages:

– Non-response from uninterested companies or non-response on specific questions
can result in misleading results

– Difficulty in obtaining detailed information

– Misunderstanding of questions or alternatives can result in misleading results.

Due to uncertainty on the expected response rate and level of detail in questionnaire answers, com-
plementing interviews were scheduled with three energy companies with wind power operations in
Sweden. These three companies all answered the online questionnaire and a semi-structured in-
terview was conducted to obtain extensive answers to open-ended questions. The semi-structured
interviews were based on the same themes as the online questionnaire but without close-ended ques-
tions. The interviews were performed via video call or face-to-face and notes were taken during the
interview. Details on the questionnaire and the interviews can be found in section A.1 respectively
A.2.

The online questionnaire was open for responses during November and December 2023. The online
questionnaire was answered by 12 companies and out of these 12 companies additional interviews
were conducted with three companies. After the online questionnaire was closed and all comple-
menting interviews had been completed the responses were analysed. Relevant diagrams presenting
results on close-ended questions were created with Microsoft Forms and answers from open-ended
questions were analysed together with answers from the conducted interviews. Answers were the-
matically sorted according to themes in 3.2 and compiled into coherent sections. The sections chosen
were: Current policies and targets, Incentives and Barriers, Improvement areas and Resource gaps.

3.3 Case Study: Biodiversity pilot project

Targets and policies to halt and reverse global biodiversity loss have been defined and published
in international treaties and reports by NGOs but instructions on how companies can contribute by
implementing voluntary measures to enhance biodiversity on production sites are few and gener-
alised. Halting and reversing biodiversity loss requires mitigation, restoration, and additional mea-
sures. Mitigation and restoration are generally controlled by environmental law but enhancement or
compensation measures are rarely enforced in Sweden. Hence, there is a need for more experience
and knowledge on how this procedure should be performed.

Case studies are suitable for research on contemporary events in an undeveloped area of knowledge
(Säfsten and Gustavsson, 2019). Hence, a case study on a biodiversity pilot project in a Swedish
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wind farm was performed to address the second research question:

What are the key factors to consider when planning a biodiversity enhancement project in an onshore
wind farm?

The pilot project is performed by RWE, referred to as the Energy company in the case study, in
collaboration with a forest company and an energy investment company. The case study was based
on direct passive observation of the project development and semi-structured interviews with stake-
holders. The direct passive observation of the project development procedure consisted of access
to internal background documents on the project site, passive participation in project development
meetings with stakeholders, and a site visit. Enhancement measures were scheduled for implemen-
tation in October but due to delays and early winter, the implementation was postponed. Hence no
measures had been implemented when the site visit took place.

The following advantages and disadvantages presented by Säfsten and Gustavsson (Säfsten and Gus-
tavsson, 2019) were considered when choosing the method of passive observation:

Case study observation: Advantages and Disadvantages

• Advantages:

– Access to a detailed understanding of ongoing complex projects

– Insight into practical approach in a natural setting

• Disadvantages:

– Depends on the observer’s ability to identify and note key information in the
present time

– Difficulty in determining if results are applicable in other contexts

In the late stage of the project development, semi-structured interviews were conducted with all
project stakeholders except the Energy investment company, see Table 3.2. The interviews aimed
to complement the passive observation with thoughts from stakeholders and their different perspec-
tives. The semi-structured interviews were based on questions aiming to understand opportunities
and challenges in performing a biodiversity enhancement project. The questions are presented in
section B.1.

Table 3.2: Stakeholders in biodiversity pilot project
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Observation of the project development took place from September to December and interviews with
stakeholders were conducted from late November to late December. The interviews were performed
face to face or by video call and notes were taken during the interviews. In January information
obtained from the passive observation and interviews was analysed and compiled into coherent text
in sections. The sections cover: background and aim of the project, roles and responsibilities of
stakeholders, opportunities and challenges, and learnings and future undertakings.

Finally, semi-structured interviews were conducted with two experts working with nature-based so-
lutions, restoration ecology, and measurements of biodiversity. The experts are not stakeholders in
the pilot project. The interviews aimed to complement the stakeholder interviews by obtaining an ob-
jective perspective on key factors to consider when planning a project aiming to enhance biodiversity.
The semi-structured interviews were based on questions presented in section B.2.
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4 Biodiversity Policy Influencing the Wind
Power Industry

In this chapter biodiversity regulations and incentives relevant for wind power companies with op-
erations in Sweden are presented. The chapters start with the overarching international treaty on
biodiversity, followed by policy for EU member states, national Swedish policy, and lastly voluntary
market initiatives and guidelines on best practices. The overarching objective of the policies and
specifics assessed as relevant for biodiversity management in the wind power industry are included
in the descriptions.

4.1 The Convention on Biological Diversity (CBD)

In the 1980’s the UN Environment Programme (UNEP) called for the need to initiate an international
treaty with the aim of protecting biodiversity, and regulating fair distribution of natural resources and
ecosystem services. After years of research and preparation, the Convention of Biological Diversity
(CBD) was presented in Nairobi in 1992. The convention is part of the United Nations and has been
ratified by all countries except the United States and The Vatican State. (Ebenhard, 2021)

The convention created the working definition of Biological Diversity, presented below, which is
a common ground when integrating the concept into nations and sectors on different levels. The
working definition includes species diversity, ecosystem diversity, and genetic diversity.

Definition

Biological diversity:

“Biological diversity is the variability among living organisms from all sources
including, inter alia, terrestrial, marine, and other aquatic ecosystems and
the ecological complexes of which they are part; this includes diversity within
species, between species, and of ecosystems.”

(The Convention on Biological Diversity, 2006)

CBD has created protocols for handling genetic resources, created a global environment fund, and
is working to integrate knowledge from indigenous peoples with science. CBD is a framework
convention which means that it is a legally binding treaty with broad regulations and objectives.
Targets and actions are decided in detail at the recurring conference of the parties (COP) every two
years. Furthermore, 10-year period strategies are decided on in the COP meetings. (Ebenhard, 2021)

The strategic plan 2011-2020 involved 20 biodiversity targets called the Aichi targets. The evaluation
of the Aichi targets 2020 stated that none of the 20 targets were fully achieved. Six out of twenty
were partially achieved, 13 showed no progress or moved away from the target and two targets
were not possible to assess. The targets were perceived as ambitious but difficult to meet and the
assessment showed that nationally implemented strategies during the period were not sufficient to be
aligned with the CBD strategic plan. Although the targets were not fully met progress in economic
valuation of biodiversity, increasing area of protected areas, and a decrease in deforestation and a
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decrease in species extinction rate are identified as results of the measures taken. (Secretariat of the
Convention on Biological Diversity, 2020) The strategic plans decided at the COPs are implemented
on a national level by the Swedish Government. The proposition En svensk strategi för biologisk
mångfald och ekosystemtjänster (Prop.2013/14:141) presented measures to achieve the Aichi targets
and the Swedish environmental quality objectives. Suggested measures were for instance changes in
the Swedish Environmental Law and the Forest Protection Act. The period for the Aichi targets has
now expired and a new strategic 10-year plan has taken place called The Kunming-Montreal Global
Biodiversity Framework or the Post-2020 Global Biodiversity Framework.

4.1.1 The Global Biodiversity Framework

The Kunming-Montreal Global Biodiversity Framework (GBF) was adopted at COP 15 in December
2022. As a result, a 2050 vision and 2030 mission to protect and restore biodiversity was agreed upon.

GBF 2050 Vision and 2030 Mission

2050 Vision:
The vision of the Kunming-Montreal Global Biodiversity Framework is a world of living in
harmony with nature where by 2050, biodiversity is valued, conserved, restored and wisely
used, maintaining ecosystem services, sustaining a healthy planet and delivering benefits
essential for all people.

2030 Mission:
To take urgent action to halt and reverse biodiversity loss to put nature on a path to recovery
for the benefit of people and planet by conserving and sustainably using biodiversity and by
ensuring the fair and equitable sharing of benefits from the use of genetic resources, while
providing the necessary means of implementation.

Source: (CBD Secreteriat, 2023)

To attain the 2050 vision and 2030 mission the framework contains four overarching goals for 2050
and 23 targets for 2030. The framework has been compared to the Paris Agreement because of
the similar structure with ambitious goals and enhanced monitoring framework. The four goals
include increasing the areas of natural ecosystems, sustainable use, and management of biodiversity,
sharing benefits of genetic resources fairly with local and indigenous communities, and aligning
financial, technical, and scientific resources with the 2050 vision for biodiversity. The 23 targets for
2030 include the ambition to protect 30 % of terrestrial, inland water, and marine environments and
restore at least 30 % of degraded environments. Moreover, the role of non-governmental financing
and the responsibilities of companies are included in the framework. Targets 15 and 19 aim to
reduce negative biodiversity impact and promote positive impact from companies. (Convention on
Biological Diveristy, 2022)
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Target 15

Take legal, administrative or policy measures to encourage and enable business, and in par-
ticular to ensure that large and transnational companies and financial institutions:

(a) Regularly monitor, assess, and transparently disclose their risks, dependencies and im-
pacts on biodiversity, including with requirements for all large as well as transnational
companies and financial institutions along their operations, supply and value chains,
and portfolios;

(b) Provide information needed to consumers to promote sustainable consumption pat-
terns;

(c) Report on compliance with access and benefit-sharing regulations and measures, as
applicable;

in order to progressively reduce negative impacts on biodiversity, increase positive impacts,
reduce biodiversity-related risks to business and financial institutions, and promote actions
to ensure sustainable patterns of production.

Source: (Convention on Biological Diveristy, 2022)
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Target 19

Substantially and progressively increase the level of financial resources from all sources, in an
effective, timely and easily accessible manner, including domestic, international, public and
private resources, in accordance with Article 20 of the Convention, to implement national
biodiversity strategies and action plans, by 2030 mobilizing at least 200 billion United States
dollars per year, including by:

(a) Increasing total biodiversity-related international financial resources from developed
countries, including official development assistance, and from countries that voluntarily
assume obligations of developed country Parties, to developing countries, in particular
the least developed countries and small island developing States, as well as countries
with economies in transition, to at least US$ 20 billion per year by 2025, and to at least
US$ 30 billion per year by 2030;

(b) Significantly increasing domestic resource mobilization, facilitated by the preparation
and implementation of national biodiversity finance plans or similar instruments ac-
cording to national needs, priorities, and circumstances;

(c) Leveraging private finance, promoting blended finance, implementing strategies for
raising new and additional resources, and encouraging the private sector to invest in
biodiversity, including through impact funds and other instruments;

(d) Stimulating innovative schemes such as payment for ecosystem services, green bonds,
biodiversity offsets and credits, benefit-sharing mechanisms, with environmental and
social safeguards;

(e) Optimizing co-benefits and synergies of finance targeting the biodiversity and climate
crises;

(f) Enhancing the role of collective actions, including by indigenous peoples and local
communities, Mother Earth centric actions and non-market-based approaches includ-
ing community-based natural resource management and civil society cooperation and
solidarity aimed at the conservation of biodiversity;

(g) Enhancing the effectiveness, efficiency, and transparency of resource provision and use.

Source: (Convention on Biological Diveristy, 2022)

Furthermore, a monitoring framework to review national strategies, targets, and implementations re-
lated to GBF was adopted at COP15. The monitoring framework consists of mandatory and voluntary
indicators related to targets. In addition, national strategies for biodiversity have to be updated and
enhanced to match the new framework. The national follow-up of the indicators should be reported
in a standardised format that is reviewed in the coming COP meetings. (Naturvårdsverket, 2023d)

The Swedish Environmental Protection Agency published a proposal for a national strategy and ac-
tion plan on CBD in November 2023 (Naturvårdsverket, 2023d). The suggested overarching goal
aligned with GBF is that Sweden have halted and reversed biodiversity loss by 2030. To reach the
target the Environmental Protection Agency has identified 21 fields of action within three categories.
The fields of action include: The protection and restoration of land and water, sustainable practices
within forestry, agriculture, and fishing. Integrating biodiversity impact into financial decisions and
strategies. Increased incentives for all actors in society to engage in the conservation and enhance-
ment of biodiversity. Along with that, the Sami people’s rights and knowledge should be taken into
account in decisions and actions related to biodiversity. (Naturvårdsverket, 2023d)
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Assessment of the biodiversity status and results of implemented strategies will be reviewed on COP
17 (2027) and COP19 (2030). The assessments will be based on the national reports and scientific
articles compiled by IPBES. (Naturvårdsverket, 2023d) IPBES, is an intergovernmental platform
where research on biodiversity and ecosystem services is compiled and connected to policy. The
IPBES working process is similar to the IPCC climate panel. IPBES conducts assessments on knowl-
edge gaps identified by member states. The global biodiversity assessment reports are extensive and
take two to four years to produce, undergo an open review, and the main conclusions are compiled in
a summary for policymakers. (Stenseke, 2021)

Influence of CBD and GBF on Wind Power Companies

The CBD and GBF have a mandatory but indirect influence on wind power companies. The
policies decided on in the COP meetings will affect the industry through the implementation
of regulations on the EU and national levels. The 2030 mission of GBF emphasises the im-
portance of halting and reversing biodiversity loss, making it a key sustainability topic for
companies. Target 15 drives legislation on increased monitoring and assessment of biodi-
versity impact, and target 19 will increase financial resources targeted towards biodiversity,
especially business activities finding synergies in climate change mitigation and biodiversity
enhancement.

4.2 EU Biodiversity Policy

As a strategy to transition the European Union to a sustainable and competitive economy, the EU
Green Deal was launched in 2020. The Green Deal is a selection of sustainability initiatives and
environmental policies to reach climate neutrality in the EU by 2050. The Green Deal consists of
several fields of action including The European Climate Law, an action plan for a circular econ-
omy, binding targets to increase renewable energy, and a strategy to protect and increase biodiversity
(European Commission, n.d.-b).

The 8th Environment Action Plan entered into force in May 2022 and is a legally adopted envi-
ronmental policy that applies to EU countries until 2030. The policy is an instrument to deliver
on international treaties and policies, e.g. the UN Sustainable Development Goals and The Global
Biodiversity Framework. The targets in the action plan include greenhouse gas emission reduction
by 55%, enhancing climate adaptation, increasing circular economy, aiming for zero pollution, pro-
tecting and restoring biodiversity, and reducing pressure on climate and nature from production and
consumption (European Commission, n.d.-c).

As a part of the Green Deal, the European Commission has established a Biodiversity Strategy for
2030 (European Commission, Directorate-General for Environment, 2021). The strategy is based
on the visions and targets from The Global Biodiversity Framework and the actions are divided
into four categories. These four categories are protection of nature, restoration of nature, enabling
transformative change, and supporting biodiversity globally. The main actions regarding the first
two categories are increasing nature protection through extended Natura2000 areas, national nature
reserves, and the Nature Restoration Law which is currently being reviewed. The strategy states that
so-called win-win projects, that contribute with renewable energy and aim to increase biodiversity,
will be prioritised. This could be offshore wind power that benefits local fish stock or onshore wind
or solar power with vegetation beneficial for local biodiversity.

The main action to enable transformative change is the integration of biodiversity aspects into the
financial system, unlocking sustainable investments, and, ensuring environmental and social sustain-
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ability in business strategies. To support biodiversity globally EU will integrate biodiversity aspects
into trade agreements, phase out subsidies harmful to biodiversity, and take the lead in international
forums (European Commission, Directorate-General for Environment, 2021).

4.2.1 EU birds and habitats directives

Key parts of the EU’s nature protection policy are the birds and habitats directives. The Birds Di-
rective went into force in 1979 aiming to protect all wild birds and their habitats in the EU. The
habitat directive was adopted in 1992 and aims to protect threatened species, both plants and ani-
mals, and rare habitats to ensure a lasting conservation status. The directives consist of two main
parts, firstly to protect the species on the list of threatened species and secondly to select sites with
habitats important to the species that need conservation or restoration (European Commission et al.,
2015).

To ensure the protection of threatened species member countries are prohibited from capturing or
killing the species in the wild, intentional disturbance, degradation or destruction of nesting or rest-
ing sites, and transport or sell species. The sites with key habitats that are selected for conservation
or restoration together make the Natura2000 network. All Natura2000 sites have an individual man-
agement plan to accomplish the ecological objective of the area. It is prohibited to perform activities
that can disturb or degrade species or habitats on the site. While some Natura2000 sites have a strict
protection status the general intention is not to exclude socio-economic activities from the areas but
to ensure sustainable management of the surrounding nature and dialog with local stakeholders.

Development in or near a Natura2000 site requires additional assessments to ensure that the conser-
vation objectives are not harmed. The national authorities make the decision and have the right to
approve the project if there is an overriding public interest. In this case, compensation measures can
be imposed. Member states monitor the status of the species and habitats and report to the EU every
sixth year for review (European Commission et al., 2015).

4.2.2 EU Sustainable finance framework

To meet the objectives of the Green Deal the European Commission has launched a selection of
measures to increase financial investments, from private and public actors, in sustainable business
activities. The aim is to increase the transparency and credibility of companies’ sustainability ratings
by creating common reporting and classification standards (Directorate-General for Financial Sta-
bility, Financial Services and Capital Markets Union, 2023). Important tools and standards adopted
are the EU taxonomy, the Corporate Sustainability Reporting Directive (CSRD), and the regulation
on sustainability-related disclosures in the financial services sector (SFDR). The EU taxonomy is
a classification tool that states if an economic activity is sustainable. The classification system is
intended to reduce the risk of greenwashing and facilitate investments in sustainable business activ-
ities. The taxonomy is used in the reporting of CSRD and SFDR. The CSRD regulates the quality
and scope of companies’ sustainability reporting and SFDR requires financial advisors and financial
market participators to disclose funds level of sustainability based on data from CSRD (European
Commission, n.d.-d). The latest addition to the sustainable finance framework is the Regulation on
European Green Bonds which was adopted in October 2023. The European Green Bond Standard
is a voluntary tool that will align bonds with the EU taxonomy to increase the credibility of bonds
marketed as sustainable (Council of the EU, 2023). The new regulations require lots of data which
can be challenging for companies initially but will also contribute to opportunities for companies
with sustainable business activities.
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Figure 4.1: Schematic example of a wind power company and policy instruments in EU sustainable
finance framework. Based on (European Commission, n.d.-d).

EU Taxonomy on Biodiversity and Ecosystems

The EU taxonomy is an important part of the sustainable finance framework as it serves as a common
foundation for other corporate sustainability reporting standards in the EU. The taxonomy classifies
business activities and not whole companies to create opportunities for companies to gradually tran-
sition. Activities in sectors not yet covered by the taxonomy are not by default unsustainable but
have not been prioritised. (European Comission, 2023) The taxonomy covers six key environmental
categories presented in the Box below.

EU Taxonomy Information

The taxonomy covers six key environmental categories:

· Climate change mitigation
· Climate change adaption
· Sustainable protection of water and marine sources
· Transition to a circular economy
· Pollution prevention and control
· Protection and restoration of biodiversity and ecosystem services

To qualify as a sustainable activity according to the taxonomy the activity must substantially
contribute to at least one of the mentioned categories, not have any damaging impact on any
of the other categories, and be socially just.

Source: (European Comission, 2023)

Not having a damaging impact is referred to as DNSH (Do no significant harm) and being socially
just is regulated by minimun safeguards. Each category is covered in a delegated act where technical
screening criteria describe under which conditions the activity qualifies as a substantial contribution
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and DNSH (European Comission, 2023). Although biodiversity is indirectly affected by all six
categories there are two situations where companies have to consider a direct impact on biodiversity
and ecosystems in the taxonomy. The first case is to ensure that your business activity does not do any
significant harm to biodiversity according to DNSH. The second case is when your business activity
substantially contributes to supporting biodiversity and ecosystems (Schrems and Bär, 2021).

The generation of electricity from wind power is classified as a substantial contribution in the Cli-
mate Change and Mitigation Act (European Commission, Directorate-General for Financial Stability,
Financial Services and Capital Markets Union, 2021). However, the activity must comply with the
DNSH criteria for biodiversity and ecosystems. For wind power electricity generation criteria include
a completed environmental impacts assessment, appropriate mitigation and compensation measures,
and additional assessment for sites located in or near key biodiversity areas, e.g. Natura2000. If the
wind power site is located offshore there are additional requirements regarding marine environments
and the seabed.

If the business activity substantially contributes to the protection or restoration of biodiversity and
ecosystems the criteria are covered in the Environmental Delegated Act (European Commission,
Directorate-General for Financial Stability, Financial Services and Capital Markets Union, 2023).
Environmental protection and restoration activities include in situ conservation or restoration of
species, habitats, or ecosystems to a satisfactory level.

The conservation or restoration activity can be performed by any operator but the management plan
must be approved by a qualified third-party environmental authority. The management plan requires
detailed descriptions of current site conditions, the aim of performing the measures in a particular
site, which species or ecosystems will benefit from the measures, a time plan, and a discussion on
possible social conflicts. In addition and monitoring scheme with relevant indicators is required. The
duration of the measure must be confirmed by official protected status or public or private arrange-
ment where the site owner and operator guarantee the measures’ permanency. Moreover, offsetting
is not classified as a sustainable activity, only ecological net gain.

DNSH criteria that should be considered are the possible introduction of alien species, use of pes-
ticides, and change of land with high carbon stock. Altering land with continuous forest cover or
wetlands could result in significant harm to climate change mitigation and adaptation. (European
Commission, Directorate-General for Financial Stability, Financial Services and Capital Markets
Union, 2021)

CSRD and ESRS on Biodiversity and Ecosystems

The Corporate Sustainability Reporting Directive (CSRD) replaced the non-financial Reporting Di-
rective (NFRD) in January 2023 intending to make companies’ sustainability performance accessible
and comparable for society. The amount of companies mandated to report has been quintupled and
common reporting standards called the European sustainability reporting standards (ESRS) have
been applied. The reporting requirements build on international policy, e.g. GBF, and are connected
to the EU biodiversity strategy and EU taxonomy. (European Commission, n.d.-a).

The scope of the reporting is based on a double materiality assessment determining key sustainability
issues relevant to the company. EFRAG has established 12 ESRS categories covering environmental
and social sustainability. ESRS 1 describes general requirements and ESRS 2 covers disclosures
mandatory for all companies required to do CSRD reporting. There are five environmental cate-
gories with additional requirements depending on the result of the double materiality assessment,
climate(E1), pollution(E2), water and marine resources(E3), biodiversity and ecosystems(E4), and
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resource use and circular economy(E5) (European Commission, 2023).

This means that the scope of the reporting on ESRS E4 - Biodiversity and Ecosystems will vary
depending on the business activities of a company. However, reporting requirements on biodiversity
included in ESRS 2 apply to all companies. A transition plan for biodiversity (E4-1) is included in
ESRS 2 and energy production and utilities are named as one of the prioritised sectors by TNFD.
This means that all companies with energy production must describe how they will integrate a tran-
sition plan for biodiversity into their business strategy, and how business development is connected
to the transition plan. The transition plan should include how the company impacts drivers of bio-
diversity loss and possible mitigation measures. In addition actions and measures related to the
mitigation hierarchy should be described and metrics and tools to monitor the outcome presented.
Additional requirements in ESRS 2 are an assessment of possible business impact from biodiversity
and ecosystem-related risks (SBM-3) and a description of the methodology used to assess impact,
risks, and opportunities related to biodiversity and ecosystems (IRO-1). (EFRAG, 2023)

Additional parts of ESRS E4 are reported depending on the double materiality impact and include
policies, actions and resources, targets, impact metrics, and financial effects related to biodiversity
and ecosystems. Explanations on how policies and targets align with the mitigation hierarchy and
international policies, e.g. GBF, are required. Descriptions of actions should include method, scope,
geography, metrics, and monitoring plans. Furthermore, a description of metrics used to track targets
and an assessment of the potential financial loss from identified risks and opportunities should be
included. (EFRAG, 2023)

SFDR on Biodiversity and Ecosystems

The SFDR technical standard applies from January 2023 and requires market participants and finan-
cial advisers to inform investors about products and firms’ sustainability performance. SFDR does
not mandate investors to choose green funds but regulates the disclosure requirements from market
participants to facilitate sustainable choices. Moreover, funds can be classified depending on their
level of sustainability as dark green, light green, or grey. Sustainability is the main objective of dark
green funds while light green funds contribute to environmental or social objectives as a sub-goal.
Grey funds have no sustainability objective. The EU taxonomy is a tool used to assess the business
activities in the funds. (European Commission, n.d.-e)

The SFDR contains mandatory and voluntary indicators for Principal Adverse Impact (PAIs) to in-
crease transparency on investments with significant sustainability risks. There is one mandatory PAI
covering activities that negatively affect key biodiversity areas.

SFDR: Biodiversity PAI and Metric

PAI: Activities negatively affecting biodiversity-sensitive areas (e.g., Natura2000 or Unesco
World Heritage).

Metric: Share of investments in investee companies with sites/operations located in or
near to biodiversity-sensitive areas where activities of those companies negatively affect
those areas.

Source: (European Commission, 2022)

However, activities which are following EU and national regulations on EIA are not characterised
as ”..activities negatively affecting biodiversity”. Additional voluntary PAIs related to biodiversity
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are investments in companies that lack biodiversity protection policies and companies with business
activities causing land degradation or desertification. (European Commission, 2022) Examples of
how the presented EU policies can influence wind power companies are presented below.

Influence of EU Policy on wind power companies

EU Birds and Habitat Directives
Direct Mandatory
EU Birds and Habitat and the Natura2000 network directives regulate where wind farms can
be built, putting pressure on wind power companies to avoid harming conservation areas. This
requires extensive assessment and awareness of biodiversity impact.
EU Taxonomy
Direct Mandatory (Voluntary for companies not obligated to report to CSRD)
For wind power companies to substantially contribute to the environmental objective of cli-
mate change mitigation, they must prove that no significant harm has been done to biodiversity
and ecosystem services.
CSRD and ESRS
Direct Mandatory
Wind power companies within the scope of CSRD must, at a minimum, publish a Transition
Plan on Biodiversity and Ecosystems and show the integration of the transition plan into the
company strategy and business model.
SFDR
Indirect Mandatory/Voluntary
Financial advisors must report to investors if wind power companies have business activities
that negatively affect key biodiversity sites without eligible mitigation measures and permits.
Additional indicators that financial advisors can choose to report on are whether the wind
power company does not have a biodiversity protection policy or has operations that affect
threatened species.
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4.3 Swedish Environmental Law and Biodiversity

Protecting biodiversity to secure a sustainable environment for future generations is one of the main
objectives of the Swedish Environmental Code (SFS 1998:808). Policies from international treaties
and EU directives are implemented in the Environmental Code to obtain objectives set to protect and
restore biodiversity. Biodiversity is covered in other Swedish laws, e.g. the Hunting Act, the Fishing
Act, and the Forestry Act, but the Environmental Code covers the main instruments to protect biodi-
versity. The Environmental Code regulates nature reserves, the species protection regulation, and the
implementation of the birds and habitats directives. The Environmental Code covers extensive pro-
tection for threatened species and habitats but has been criticised for lack of regulation on non-linear
and cumulative impact on biodiversity, e.g. climate change. Moreover, nature lacks its own rights
and must be identified as worthy of protection depending on the situation. (Christiernsson, 2021)

One of the regulations in the Environmental Code that highly affects wind power companies is Chap-
ter 6 on Environmental Assessments. The objective of environmental assessments is to understand
the possible environmental impact of the construction to avoid damage and ensure a sustainable fu-
ture (SFS 1998:808, 1998).

4.3.1 Biodiversity in Environmental Impact Assessments

When a development project is classified as an environmentally hazardous activity according to the
Environmental code, a specific environmental assessment is required before applying for a permit.
The process starts with a consultation phase where the suitability of the chosen area is investigated
by the operator, thereafter the plan is discussed with the county board, municipality, and local pop-
ulation. After consultation and possible modifications, a detailed environmental impact assessment
is conducted as a part of the permit process. The main goal of the environmental impact assessment
(EIA) is to identify possible environmental impacts from the development and present mitigation
measures to avoid negative impacts. (Naturvårdsverket, 2022) The assessment is based on regula-
tions in Chapter 6 of the Environmental Code where the second point in Paragraph 2 specifically
touches on biodiversity (SFS 1998:808, 1998).

Swedish Environmental Code: Sixth chapter, second paragraph

In this chapter, environmental effects mean direct or indirect effects that are positive or
negative, that are temporary or permanent, that are cumulative or not cumulative, and that
occur in the short, medium, or long term on:

.. 2. animal or plant species that are protected according to Chapter 8, and biologi-
cal diversity in general.

Source: (SFS 1998:808)

The chapter is based on the EU directive on Environmental Impact Assessments and is connected
to regulations on the Birds and Habitat Directives (Naturvårdsverket, 2023b). The term biological
diversity in the sixth chapter and second paragraph includes species, ecosystems, and genetic diver-
sity, however, explicitly protected species require special attention in the EIA. Ideally, the chosen site
should not impact any protected species, and if it does measures to mitigate impact are required. The
EIA shall explain if any of the regulations in The Species Protection Regulation concern the site, how
the site was chosen to avoid impact on protected species, and if the site development requires any
type of exemption. It is crucial to investigate the site early in the project process as some protected
species prohibit activities in the area (Naturvårdsverket, 2023a).

26



The inventory of natural values, species, and ecosystems is evaluated according to a Swedish stan-
dard. The standard is called Biodiversity assessment – Survey and mapping of habitats and species
– Requirements and guidelines and was updated in 2023 (Svenska Institutet för Standarder, 2023).
The inventory is based on geographical mapping of habitats, species, and areas that are valuable for
biodiversity. Different levels of detail are required depending on the aim of the inventory, e.g. pre-
liminary study, natural value inventory, or in-depth inventory. The performer will classify areas in
the project site based on their importance for biodiversity. The updated standard consists of 7 classes
where number 1 has the highest value and 7 is the lowest, with mapping of areas with classifica-
tions 5-7 as voluntary, see Table 4.1. The requirements for assessments of impacts on ecosystem
services and cumulative impact in the landscape are not as detailed but are covered by Chapter 6 and
requirements on landscape planning at national and regional levels are increasing (Naturvårdsverket,
2023b).

Table 4.1: Natural value classification in Swedish standard biodiversity assessment, based on
199000:2023 (Svenska Institutet för Standarder, 2023).

4.3.2 Legal challenges for sustainable wind power development in Sweden

The pace and size of wind power development have a big impact on the mitigation of greenhouse gas
emissions from the Swedish energy system. Since climate change is a direct driver of biodiversity
loss the transition to a renewable energy system is an important factor as well as the protection of
local species. The aggregated development time from start to finish is estimated to take between 10-
12 years for an onshore wind farm in Sweden. Moreover, 31 % of the onshore wind power projects
that applied for permits from 2014 to 2022 were rejected. The main reason for rejection was that
the municipality stopped it (47%), but 21% were stopped due to conflicts of interest with species
and habitat protection. The wind power industry has criticised the long lead times and experienced
a negative trend in the share of granted projects despite increased demand for renewable energy.
(Svenskt Näringsliv, 2023)

The Environmental Protection Agency and the Energy Agency have analysed legal requirements that
affect the permit processes to meet industry demands. The industry has been asking for less stringent
application of the species and habitat directive, more benefits for businesses that reduce climate
impact, and increased possibility for permits with ecological compensation (Energimyndigheten,
Naturvårdsverket, 2021).
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The Swedish implementation of the birds and habitats directives has been considered to be more
stringent compared to other countries, according to developers in the industry. The industry claims
that the focus in Sweden is on an individual level and not the population level of the species (En-
ergimyndigheten, Naturvårdsverket, 2021). Swedish court practice takes into account the impact
on the population at both national and local levels. As examples the agencies present cases where
wind farms are approved even though it exists bats in the area with the analysis that it will not affect
the local population. Furthermore, there are cases where single turbines have been rejected from a
project to increase flight paths for local and migratory birds but the wind farm still obtained a per-
mit for remaining turbines (Energimyndigheten, Naturvårdsverket, 2021). According to the analysis
of the agencies, the approach is similar in many other EU countries and not wrongly interpreted.
Although, The Netherlands has made it possible for renewable energy projects to get exemptions
more easily. The agencies concluded that it would be hard to give exemptions based on climate
mitigation impact because of the difficulty quantifying the difference it would make. (Energimyn-
digheten, Naturvårdsverket, 2021) However, in December 2022 the EU regulation To Accelerate the
Deployment of Renewable Energy was adopted and became directly applicable in all member states.
The regulation is valid between 30th December 2022 and 30th June 2024. The regulation states
that renewable energy is a public interest that can receive an exemption from regulation on species
protection and Natura2000 (Naturvårdsverket, n.d.-b).

Furthermore, the industry has presented to possibility of using ecological compensation in the permit
process with the argument that there could be a positive net effect on biodiversity if more wind power
is built together with additional conservation or restoration measures for biodiversity (Energimyn-
digheten, Naturvårdsverket, 2021). It is possible to impose ecological compensation by Swedish law
in special cases, e.g. development in Natura2000 sites. However, in Swedish court practice ecolog-
ical compensation is evaluated after the decision on whether the project should be granted has been
made. This means that ecological compensation can be used to mitigate the impact of a project that
is deemed to have the right to be built but not as a tool to increase the possibility of obtaining a
permit. The contemporary Swedish regulations lack support for ecological compensation aiming to
facilitate permits in such a way(Energimyndigheten, Naturvårdsverket, 2021). But since it is used
more frequently in other European countries it may change in the future. With that said, the EU
strategy for no net loss in biodiversity also states that compensation is a last resort in the mitigation
hierarchy (Energimyndigheten, Naturvårdsverket, 2021).

Influence of Swedish Environmental Law on wind power companies

Wind farms (multiple turbines over 50 meters), are classified as an environmentally hazardous
activity according to the Environmental Code. This means that wind power companies must
conduct an EIA where they show that the site location is well chosen with consideration for
protected species and habitats to obtain a permit.

4.4 The Mitigation Hierarchy

The Mitigation Hierarchy is a guiding framework on which approaches and actions should be con-
sidered to have a minimal negative impact on biodiversity. The framework is not legislative and does
not come with indicators but it serves as a foundation for many policies, national regulations, and
reporting frameworks, e.g. EU Biodiversity Strategy, CSRD, and EIAs. Following the mitigation
hierarchy in project development could help the developer avoid physical, financial, and reputation
risks related to biodiversity and ecosystems (Ekstrom et al., 2015). The Mitigation Hierarchy consists
of four steps including: Avoidance, Minimisation, Restoration, and Offsetting, see Figure 4.2.
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Mitigation Hierarchy

Figure 4.2: Schematic illustration of the Mitigation Hierarchy, NNL and NG. Based on (Ten Kate
et al., 2018) and (Ekstrom et al., 2015).

Avoidance and minimisation measures are categorised as preventative while restoration and offsetting
are remediative. The most important step of the Mitigation Hierarchy is to avoid harming biodiversity
and ecosystems. Avoiding negative impact is often the most effective measure in both ecological and
economic aspects. Efforts to restore or offset natural values can be difficult, time-demanding, and
require monitoring and evaluation. Certain natural values are irreplaceable and can kill the project if
they are not considered in the project planning. Moreover, avoiding negative impacts can facilitate
the permit processing time. Key steps to avoid harm are to engage environmental professionals
early, carefully choose site locations, and communicate with local stakeholders. When preventative
measures to avoid harm have been taken actions to minimise unavoidable impacts should be taken.
Actions to minimise impact include reduction of intensity and duration of disturbances during both
the construction and operational phases. Key steps are the integration of environmental competence
in construction and technical mitigation measures (Ekstrom et al., 2015).

When possible avoidance and minimisation measures have been taken restoration measures to re-
pair damage or reestablish values should be taken. Restoration measures are aiming for no net loss
(NNL) of biodiversity values on site. However, the feasibility of the restoration object should be
examined early in the process to avoid the responsibility and cost of trying to restore values that are
too complex. It is difficult to predict the cost of a restoration project as the result is highly depen-
dent on surrounding ecological structures and the state of the initial condition. A restoration project
comes with monitoring and assessment demands. The last step to consider in the planning process
is possible compensation for lost values with offsetting. Offsetting, also referred to as ecological
compensation, is defined as conservation measures outside the project areas aiming to compensate
for lost natural values on site. Offsetting can be controversial as it indicates that a project harms
biodiversity to an extent beyond recovery. Sometimes companies choose to do additional conser-
vation actions (ACAs) to contribute with additional value aiming to reach biodiversity net gain or
nature-positive targets. ACA projects have many practical similarities to offsets with the main differ-
ence being that ACAs should contribute with additional ecological value but do not implicate initial
damage (Ekstrom et al., 2015).

When choosing an offset it is important to understand the scope of the harm, and the actions re-
quired to fairly compensate. There are two types of offsets; restoration offsets and protection offsets.
Restoration offsets aim to enhance or reestablish biodiversity by applying conservation measures to
degraded nature. Protection offsets aim to protect areas with key biodiversity values from exploita-
tion or degradation. Restoration offsets require careful design of implementation measures with a
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monitoring plan and assessment of results. Protection offsets require an assessment of additionality,
longevity, and social impact on the local community (Ekstrom et al., 2015). Examples of measures
taken to minimise biodiversity impact from a wind farm, aligned with the mitigation hierarchy, are
presented below.

Example of Mitigation Measures in Onshore Wind Power Projects

• Avoidance

– Micro-siting: Careful selection of turbine locations to minimise impact on sensitive areas.

– Spatial planning: Utilising planning strategies to avoid high-value ecological zones dur-
ing wind farm development.

• Minimisation

– Scheduled construction: Implementing construction schedules to minimize disruption to
wildlife and ecosystems.

– Bat-friendly operations (e.g., batmode): Using operation techniques that are less harmful
to bat populations.

• Restoration

– Revegetation of temporary construction surfaces: Planting vegetation on temporary con-
struction areas to restore natural habitats.

• Offset

– Protecting habitats important for birds and bats: Establishing protected areas to offset
potential negative impacts on bird and bat populations.

Source: (Bennun et al., 2021)

The Mitigation Hierarchy has been applied to development projects frequently but the applicability
on a global scale or direct exploitation of species, e.g. agriculture or fisheries, is less understood.
With an increase of national och corporate net-gain and NNL biodiversity targets there is a need
to understand and apply the Mitigation Hierarchy on different levels. Key factors when using the
Mitigation Hierarchy is to define the scope, targets, and indicators to evaluate if the implementation
of the framework was successful. When deciding on the target the SMART abbreviation can be used
to ensure that the target is Specific, Measurable, Ambitious, Realistic, and Timebound. Moreover,
there is a need to decide on a baseline to be able to measure the positive or negative impact and then
follow up with frequent monitoring and independent assessments (Arlidge et al., 2018).

There are differences in the policies related to the Mitigation Hierarchy depending on the scope e.g.
local, national, or global scale. Likewise, there are differences in metrics, strategies, and scope be-
tween sectors but also between levels within sectors, e.g. project level, company level, and industry
level. Several uncertainties should be addressed to ensure transparency and credibility decisions
taken in alignment with the Mitigation Hierarchy. See table 4.2 below (Arlidge et al., 2018). Ac-
tions to minimise negative impact on biodiversity do not have to be limited to site-specific projects.
Collaboration within the industry, between sectors, and with governments and research programs is
important to address indirect and cumulative impact. Examples of mitigation actions on different
levels are presented below.
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Examples of Mitigation Hierarchy Measures in the Wind Power Industry

Project

• Implementing measures to avoid impact on local natural values

• Minimising the construction of roads and temporary construction surfaces within the
project area

• Initiating restoration projects for affected ecosystems

• Enhancing the local biodiversity through specific conservation projects

Company

• Developing strategic plans and standards for environmental protection

• Assess and minimise biodiversity impact in the value chain

• Allocating project funding for dedicated restoration and enhancement efforts

Industry

• Forming joint commitments among industry stakeholders for collective mitigation

• Cooperating between sectors involved in the value chain to implement comprehensive
mitigation strategies

• Providing common funding for research projects to advance industry-wide knowledge
and best practices
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Table 4.2: Key factors to address when applying the Mitigation Hierarchy, based on (Arlidge et al.,
2018).

4.4.1 Biodiversity Net-gain and Nature-positive

Companies wanting to go above and beyond the last step of the mitigation hierarchy are to do ad-
ditional measures (ACAs) aiming to attain a net gain in biodiversity. With increasing focus on the
environmental impact of business, ambitions to reach net gain can result in a competitive advantage,
improved reputation, and good relations with stakeholders (NPI Alliance, 2015). Distinguishing no
net loss from net gain is not an easy task. The main difference is visible in the company’s ambition
to contribute with significantly greater natural value than that which was negatively impacted. To
demonstrate Net-gain the project scope and baseline need to be defined and a management plan with
monitoring and assessment is necessary (IUCN Business and Biodiversity Programme, 2017).

No net loss and Net positive targets for biodiversity in business are not new but have increased during
the last two decades. One of the first No Net Loss targets was found in 2001 and by 2014 32 similar
targets were found mainly among mining and energy companies. Back then, these targets were
voluntary extra commitments from leading companies and the definitions of the goals to achieve
net loss or net positive varied greatly (Rainey et al., 2015). In the last five years, the subject has
received more focus and also received more attention in laws and policy. The United Kingdom, for
example, has implemented a Biodiversity net-gain law where a minimum of 10 % net-gain, based on
the mitigation hierarchy, in biodiversity is required by developers and should be maintained for the
coming 30 years (GOV.UK, 2023).

In addition, the need for an overarching international goal for nature, similar to the net-zero ambitions
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in the Paris Agreement, was advocated for by several NGOs and companies at the end of the last
decade, which resulted in the nature-positive goal called The Global Goal for Nature. The vision for
the Global Goal for Nature is illustrated in Figure 4.3 and the definition is to:

”Halt and Reverse Nature Loss by 2030 on a 2020 baseline, and achieve full recovery by 2050”

(Locke et al., 2021)

Figure 4.3: Illustration of The Global Goal for Nature. Source: (Locke et al., 2021)

The definition of Nature Positive includes the abundance, distribution, and quality of species, ecosys-
tems, and genetics. The goal was adopted in the GBF at COP15 and the mainstreaming of Nature
Positive is currently in progress. To achieve this goal, the protection of natural ecosystems, restora-
tion of land degraded by human activity, and mitigating drivers of biodiversity loss have been identi-
fied as key factors. Moreover, the carbon-neutral and nature-positive goals are highly interlinked as
success in one objective cannot be achieved without success in the other. (Locke et al., 2021)

To achieve these goals there is a need to shift the perception of sustainability. Since the Brundtland
Report 1987, sustainability has been perceived as the compromise between sufficient standards in the
society, economy, and environment. The problem emerging from this perspective is the misconcep-
tion that the economy and society are disconnected from the environment. Degradation of nature will
cause devastating impacts on society and the economy hence the environment has to be treated as the
foundation for a sustainable society and functioning economy. Nature contributes to human health
by providing clean air, water, and fertile soil, and the economy is derived from natural resources, see
Figure 4.4 (Locke et al., 2021)

This shift in hierarchy requires a transformation of business where companies mitigate negative im-
pacts on nature and engage in the conservation and restoration of natural values. This transformation
will demand collaboration between and within sectors and governments. Companies and financial
institutions play a major role in achieving nature positivity by 2030. With that said, demonstrating
nature positivity as an individual company is difficult as it requires assessment across value chains
and mitigation, conservation, and regeneration measures that outweigh negative impacts. Claiming
to be a nature-positive company without sufficient assessments could be counterproductive resulting
in a lack of trust from stakeholders. Yet, uncertainties are not a reason to refrain from acting. To
contribute to the Global Goal for Nature companies are encouraged to assess their impact, make
realistic science-based targets, transform the business to achieve targets, and transparently disclose
progress. Increasing amounts of public data, technical aids, and collaboration across the value chain
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Figure 4.4: Schematic illustration of the shift in hierarchical relation between the biosphere, society,
and economy. Based on (Folke et al., 2016).

could facilitate the transformation (Business for Nature, 2022).

Recent studies on the use of Nature Positive show that the use of the term is increasing but there is still
some confusion about the meaning and lack of standards and common assessment tools. Moreover,
there is a difference depending on the scope of the term used, e.g. project level or company level
(Hallgren, 2023). Applying Nature Positive targets on the company level includes the assessment
of biodiversity impact from the value chain and own operations. Additional differences between
biodiversity no net loss or net gain and nature positive, highlighted by (zu Ermgassen et al., 2022),
can be seen in Table 4.3.

Table 4.3: Differences between No Net Loss and Net positive vs. Nature Positive targets in corporate
sustainability strategy. Based on (zu Ermgassen et al., 2022).

When companies on the GF100 2021 were reviewed, 70 % mentioned biodiversity in their sus-
tainability reports but commitments mostly covered their own operations. Consistent with previous
studies the energy sector had a comparatively high share of biodiversity commitments. Despite the
increase in biodiversity commitments, the rate is not as impressive as the net-zero carbon commit-
ments.(zu Ermgassen et al., 2022) This is not a surprise since there is a lack of consensus on how
to make time-bound and measurable targets without universal metric systems for nature. Several
assessment tools and metrics for biodiversity exist, however different metrics are suitable for differ-
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ent levels and locations. A selection challenges hindering companies’ Nature Positive commitments
identified by (zu Ermgassen et al., 2022) is presented below.

Challenges in implementing Nature Positive business strategies

• Metrics: Improved methodologies are needed to assess both positive and negative im-
pacts on biodiversity throughout the production process.

• Transparency: Many corporations lack sufficient transparency regarding the environ-
mental impacts of their operations. Furthermore, available data may be incomplete or
inadequately informative.

• Financial and political challenges: Ensuring environmentally beneficial practices of-
ten entails resource reduction, which may encounter resistance from entities prioritis-
ing financial gains. Additionally, political disagreement may arise from industries with
substantial ecological impact.

• Skills and training: Lack of expertise regarding biodiversity conservation and sustain-
able practices can decrease ambition levels.

• Cooperation and coordination: Collaborative efforts among stakeholders are impor-
tant to ensure fair distribution of responsibility for environmental impact.

• Social fairness: Decision-making processes concerning biodiversity must address con-
siderations of social equity.

Source: (zu Ermgassen et al., 2022)

With the increased use of the term Nature Positive critical voices about the meaning of the term
have risen. Criticism especially concerns the worry of diluting the meaning of being Nature Positive
if measures to reach net gain are underestimated. As an example, an assessment of biodiversity
impact from Oxford University stated that mitigation measures could decrease impact by 33%, and
compensate by 4 % through restoration measures on own land, resulting in a need to offset 32 %
(Milner-Gulland, 2022). Moreover, previous reviews of no net loss targets in environmental policy
show that alternative scenarios rarely are described making it difficult to understand the impact of
action(Maron et al., 2018). Lastly, the great differences in remaining natural ecosystems between
countries raise questions on how to reach no net loss targets in a socially fair way as nature protection
can result in less opportunity for the local population to use the raw material for economic growth
(Maron et al., 2020).

4.5 Assessment tools and market incentives

Beyond regulations and legal requirements, there are several economic incentives and voluntary re-
porting and assessment tools that can be used by companies to take action in mitigating impact and
engaging in biodiversity regeneration. Despite the perception of biodiversity as a challenging issue
to assess, there are several voluntary tools and reporting platforms available and in development. The
usability of these resources varies depending on the scope and aim of the assessment.

4.5.1 Disclosure frameworks and reporting standards

One of the most known platforms encouraging companies to set sustainability targets is The Science
Based Targets Network (SBTN). SBTN initially encouraged companies to set science-based climate
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targets that aligned company actions with the Paris Agreement. In addition, the first part of The
Science Based Targets for Nature was launched in 2023 and covers targets related to freshwater, land
use, biodiversity, and oceans as a complement to climate. The SBT for Nature consists of 5 steps,
see Box below, whereas technical guidance on steps 1-3 has been published (SBTN, n.d.). Specific
guidance on how to apply the procedure to biodiversity exists for steps 1-3, and additional resources
for 4-5 are expected in 2024 (Hawkins et al., 2023).

Science Based Targets for Nature Framework

Steps for setting Science Based Biodiversity Targets:

1. Assess: Assessing impact through materiality screening and value chain assessment.

2. Interpret: Interpret and prioritize by analyzing pressure intensity and the biodiversity
value of sites to rank areas for targeting.

3. Measure, Set, Disclose: Set targets based on difficulty, working on target-setting meth-
ods focused on pressures, species, and ecosystem indicators.

4. Act: Act to avoid, reduce, regenerate, restore, and transform.

5. Monitor, Report, and Verify: Monitor, report, and verify the actions taken.

Source: (Hawkins et al., 2023)

Another voluntary reporting platform that has expanded from climate (TFCD) to other sustainabil-
ity topics is the market-led disclosure platform TNFD (The Taskforce on Nature-related Financial
Disclosures). TNFD provides a framework for companies to assess risks and opportunities related to
nature. The aim is to shift investments to sustainable companies by making impacts and dependencies
related to natural values visible to society(TNFD, 2023b). To assess the impact and dependencies
companies can use the LEAP framework, see Box below.

TNFD LEAP Framework

• Locate interface with nature

• Evaluate dependencies and impacts

• Assess nature-related risks and opportunities

• Prepare to report and disclose

Source: (TNFD, 2023b)

Moreover, TNFD is developing sector-specific recommendations to guide companies through the
LEAP process. The sector-specific guidelines for Wind Power are still in development and exam-
ples from a draft with suggestions on assessment tools, disclosure indicators, and risk categories
are presented below (TNFD, 2023a). Companies are encouraged to integrate SBTN and TNFD by
using SBTN for target setting and TNFD for assessment and disclosure recommendations (TNFD
and SBTN, 2023). Additional voluntary sustainability platforms are the non-profit disclosure plat-
form CDP where companies publicly publish sustainability performance data (CDP, 2023) and GRI
which provides common standards for sustainability reporting (GRI, 2021). UNEP and WWF re-
cently published the report Accountability for Nature: Comparison of Nature-Related Assessment
and Disclosure Frameworks and Standards, where content of CDP, ESRS, GRI, ISSB, NCP, SBTN
and TNFD is reviewed (Tin et al., 2024).
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TNFD Sector Specific Guidelines: Electrical Utilities and Power Generators

Special tools recommended for electrical utilities and power generators sector:

• AVISTEP: the avian sensitivity tool for energy planning

• TNC Paris to Practice and Energy Sprawl tools

• World Bank energy sector management assistance program rezoning tool

• Important Marine Mammal Areas e-Atlas and database

Risk assessment:
Physical:

• Damage to sites through extreme weather

• Change in wind patterns

• Risk of landslides

Policy and legal:

• Changes in legislation increasing cost of development and operation

Reputation:

• Opposing society if operations are causing a negative impact on surrounding nature

Proposed core sector disclosure indicators:

• Species casualties (number of birds and bats that die)

Source: (TNFD, 2023a), Draft.

4.5.2 Assessment tools

The difficulty in finding a common metric for measuring biodiversity and natural values is frequently
identified as a challenge for corporate engagement in biodiversity. As previously stated there are sev-
eral indicators for examining biodiversity and ecosystems. For example, The Biodiversity Indicators
Partnership presents over 25 different indicators relevant to Goal 15: Life on Land (Biodiversity In-
dicators Partnership, n.d.). Moreover, there are attempts to create a Product Biodiversity Footprint by
integrating drivers of biodiversity loss and ecological aspects with LCA (Asselin et al., 2020). How-
ever, the choice of a biodiversity assessment tool or indicator highly depends on the scope (WWF
and BAIN, 2023). Examples of tools for sector-level assessment, value chain assessment, and site
assessment are Encore, IBAT, respectively CLIMB.

Encore is a tool developed to help companies gain a sector-wide understanding of their risk related
to natural capital. IBAT, Integrated Biodiversity Assessment Tool, contributes with data on key bio-
diversity areas and red list species (European Comission, 2022). IBAT is also connected to STAR,
Species Threat Abatement, and Restoration metric, which is a quantitative metric aiming to show
how restoration or conservation actions will reduce extinction risks for local species. The STAR
metric shows that key biodiversity areas hold a high biodiversity value even though they do not cover
a large land area. Moreover, actions within sustainable agriculture and forestry are identified as the
actions with the largest potential for species threat abatement ( Mair et al., 2021). IUCN is currently
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developing guidelines for companies to measure Nature Positivity, which will be aligned with SBTN
and TNFD, and the draft recommends IBAT and STAR as assessment tool and indicator (IUCN,
2023).

Lastly, there are national and site-specific biodiversity assessment tools in development. The model
CLIMB, Changing Land Use Impact on Biodiversity, is a Swedish biodiversity assessment tool in-
spired by the Defra Biodiversity Metric 3.0 from the UK. CLIMB was developed to assess the local
impact of land use change in Nordic conditions (CLIMB, n.d.-a). CLIMB is a tool that can be used to
show how the mitigation hierarchy is applied within a specific site, e.g. an onshore wind farm. The
first part of CLIMB is to calculate the biodiversity within the impact area by mapping and document-
ing habitats and value cores based on the standard presented in Table 4.1. Secondly, a present value
calculation is conducted, factoring in considerations based on the landscape’s characteristics. If the
aim is to obtain biodiversity net gain, areas where interventions can be implemented to elevate the
nature conservation status should be identified. Factors such as the size of the biotope, conservation
status, landscape value, and the distance between the impact area and enhancement measures are
taken into account. Lastly, a change assessment to determine whether the biodiversity in the area is
improving, being lost, or experiencing deterioration is performed (CLIMB, n.d.-b).

4.5.3 Market incentives

Public economic incentives, such as taxes, fees, subsidies, and tradeable schemes related to biodiver-
sity drastically increased between 1980 and 2010 but since then the increase has slowed down. The
potential to increase economic incentives aimed at biodiversity is great. For example, biodiversity-
related taxes only make up 0.92 % of the total amount generated from environmental taxes (OECD,
2022). However, the assessed gap in financing needed to protect and restore biodiversity to desired
levels is believed to be too big to be covered by public funding. There is a need to generate private
investments in biodiversity protection and restoration. Currently, public capital is generally aimed
at the protection of biodiversity while private capital goes into sustainable supply chains and offsets
(Karolyi and Tobin-de la Puente, 2023).

Business case

The economic benefits for companies to engage protection of biodiversity and ecosystem services are
more than avoiding taxes and generating subsidies but the indirect benefits can be difficult to quantify.
Examples of direct financial values are minimised environmental risk, increasing financial value of
land, and competitive advantage on the market. Examples of indirect financial values are increased
brand reputation, social acceptance for development, and improved staff satisfaction. The gener-
ated value from direct and indirect benefits compete with the cost of land management, employee
resources, and avoiding maximum extraction of natural resources (Spurgeon, 2008). Moreover, the
fossil fuel industry has experienced deinvestments and lawsuits due to the fact that they have under-
stated the environmental consequences of greenhouse gas emissions. It is possible that companies
with a large negative impact on biodiversity can expect similar consequences, hence facing a signifi-
cant economic long-term risk (Karolyi and Tobin-de la Puente, 2023). Examples of different types of
business risks and opportunities related to changes in the quality of ecosystem services are presented
below (Finisdore et al., 2012).
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Risk and Opportunities emerging from changing trends in ecosystem services

Operational
Risk: Disturbance of operations or shortage of raw material
Opportunity: Developing low-impact process facilities

Regulatory and Legal
Risk: Permit denial or lawsuits
Opportunity: License to expand operations

Reputational
Risk: Loss of ”social license to operate”
Opportunity: Improved brand reputation

Market and Product
Risk: Changing consumption patterns
Opportunity: Market for certified products, new revenue streams

Financing
Risk: Stricter lending agreements
Opportunity: Access to sustainable funds and investors

Source: (Finisdore et al., 2012)

ESG

The increased competitive value of sustainable business practices on the market has been shown
by the fast-growing interest in ESG investing. ESG stands for Environmental Social Governance
and the ESG score is supposed to show the company’s level of sustainability performance in these
categories. However, the ESG score has been criticised for being inconsistent with differences in
metrics, subjective evaluators, and lack of transparency. Analyses show that there is a market bias
where companies with larger market capitalisation and higher revenue often receive higher ESG
scores than those with lower market capitalisation although their sustainability performance is at the
same level (Boffo and Patalano, 2020). The new regulations on sustainability reporting and common
standards in the EU e.g., CSRD and ESRS are a response to combat the shortcomings of the system.

Certifications

Other market instruments to prove sustainable practices are third-party certifications. Certifications
for sustainable forest and fishery practices are well-established and in the energy sector, it is often
possible to choose 100 % renewable energy sources in Swedish electricity agreements. Recently,
certification for environmentally sustainable electricity was launched by the Swedish organisation
Bra Miljöval (Bra Miljöval, n.d.). This certification has environmental requirements going beyond
renewable energy sources. The requirements for onshore wind power are presented below.
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Bra Miljöval: Criteria for Wind Power

• Wind Power Restricted Areas: Wind turbines with the ”Good Environmental Choice”
label must avoid protected areas, as defined by local laws, international conventions,
and Annex 5 Restricted Areas.

• Software for Shutdown Regulation: Wind turbines must have and disclose ”bat
mode” software for bat protection. Exceptions may be considered after individual as-
sessment by the Naturskyddsföreningen.

• Residual Product Plan: To qualify as ”Good Environmental Choice,” a wind power
project must have a documented residual product plan.

• Wind Power Outside Sweden: Assessment for wind turbines outside Sweden involves
collaboration with an independent local environmental organization. Unsuitable facili-
ties, based on environmental considerations, won’t be approved as ”Good Environmen-
tal Choice” electricity.

Source: (Naturskyddsföreningen and BraMiljöval, 2021)

Biocredits

Similar to the voluntary market for Carbon Credits a market for Biocredits (Biodiversity Credits) is
expected to rise as a financial instrument to fund protection and restoration of biodiversity. Purchas-
ing Biocredits is expected to be an additional action for companies following the mitigation hierarchy
or companies with little direct interaction with natural capital (Hurd et al., 2023). The future use of
Biocredits in the financial system is also discussed by the Swedish Environmental Protection Agency
since it is a possibility mentioned in the GBF. However, there is still no uniform definition of a Bio-
credit, and resources are required to design verification systems (Naturvårdsverket, 2023c). The
credibility of the voluntary Carbon Credit market has been questioned and accused of greenwashing
and defining a scope for Biocredits without a uniform metric system is even more difficult (Karolyi
and Tobin-de la Puente, 2023). Key issues to overcome significantly overlap with challenges related
to offsets presented in Table 4.2 .

IIED (International Institute for Environment and Development) and UNDP (United Nations Devel-
opment Programme) have analyzed three different voluntary Biocredits systems to find opportunities
and challenges (Ducros and Steele, 2022). Diffrenenting Biocredits from Biodiversity offsets is
mentioned as critical with the main difference being that a Biocredit is not designed to ecologically
equalise or compensate for harm done. A Biocredit should be an instrument to fund the protection
and restoration of nature. Three different types of Biocredits are presented below.
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Different types of Biocredits

• Avoided Loss credits:

– Preservation of ecosystems at risk, requires funding for protection.

– Maintaining values to prevent degradation.

• Restoration credits:

– Restoration of degraded ecosystems, requiring investments.

– Aim to increase values relative to previous levels.

• Supporting Values credits:

– Continued preservation of high-value ecosystems, requiring funding for sustain-
able land management.

– Rewarding those who manage or own land to maintain ecological values.

Source: (Ducros and Steele, 2022)

Defining and quantifying a Biocredit is frequently identified as a difficult challenge. In the case stud-
ies, the credits were based on several different metrics aggregated. Examples of criteria taken into
account are the reduced extinction risk for a species, the creation of connectivity in the surrounding
landscape, and carbon sequestration. Additional challenges are proving additionally and preventing
leakage. Proving additionally requires a baseline and choosing a baseline depends on the site objec-
tive. An Avoided loss Credit will not add additional ecological values but protect the current while
a Restoration Credit aims to contribute with new ecological values to a degraded land. However, if
external factors, e.g. extreme weather, affect the site it can be difficult to evaluate the results of the
restoration actions compared to the baseline.

Leakage in the Biocredit market means that the protection of natural values in one site can cause
increased resource exploitation in nearby sites to fulfill resource demands. Lastly, it is challenging to
put an accurate price on Biocredits in a new market. A minimum credit value can be used to reduce
the risk of companies using Biocredits as justification for harmful business activities. Addition-
ally, verification of purchasing companies’ alignment with the mitigation hierarchy is recommended
(Ducros and Steele, 2022).

The role of the wind power company could be either the Investor purchasing Biocredits as a part of
the company’s sustainability strategy in addition to following the mitigation hierarchy for its oper-
ations. Or, the wind power company could differentiate business activities by becoming the biodi-
versity custodian, creating new revenue streams by performing restoration measures in combination
with renewable energy production on degraded land. With that said, being the biodiversity custodian
would require resources and competence to perform long-lasting restoration measures suitable for
the local environment and which do not create conflict with energy production. An illustration of the
roles in a possible Biocredit market is presented in Figure 4.5.
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Figure 4.5: Example of wind power company position in voluntary Biocredit market. Based on
(Ducros and Steele, 2022).
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5 Biodiversity Management in the Wind
Power Industry

In this chapter, the results of the survey on Biodiversity Management in the Wind Power industry
are presented. The results are based on an online questionnaire distributed in collaboration with the
Swedish Wind Energy Association (Svensk Vindenergi) and in-depth interviews with three energy
companies with wind power operations in Sweden. The degree project is conducted in association
with the energy company RWE. Interviews at RWE were conducted with representatives on a project
level, company level, and holding company level to obtain a nuanced understanding of biodiversity
management within the company. The results from close-ended and open-ended questions are com-
piled with open ended answers from interviews and divided in three sections. Section one covers
current biodiversity practice, policies and targets. Section two presents incentives and barriers in
biodiversity management for wind power companies. The third section presents possible improve-
ment areas and missing resources in biodiversity management. Details on online questionnaire and
interview questions are found in Appendix, A.1 and A.2 .

The online questionnaire was answered by 12 companies, including the companies that participated
in additional interviews. In the invitation e-mail, the person responsible for biodiversity-related ques-
tions in the company was asked to conduct the survey. The role that is responsible for biodiversity-
related questions in the wind power industry varies and the roles of the respondents are presented
in Table 5.1. Three out of twelve companies solely operated in Sweden whereas the rest of the
companies had operations globally.

Table 5.1: Roles of respondents in the biodiversity online questionnaire.
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5.1 Current policies and targets

Current biodiversity engagement in the Swedish wind power industry mainly consists of policies to
reduce negative impact by following the mitigation hierarchy, engaging in enhancement or conser-
vation measures, and participating in research programs and sustainability networks, see Figure 5.1.
Only one-third of the companies answered that their company worked with an assessment of bio-
diversity impact in the value chain. Other ways that the companies worked with biodiversity were
mainstreaming biodiversity and building up staff competence. Some respondents also expressed that
they were unsure if strategies related to biodiversity were in place at headquarters.

In which ways does your company work with biodiversity?

Figure 5.1: Survey question. In which ways does your company work with biodiversity?

Several companies stated that they were in the early stages of implementing policies and targets re-
lated to biodiversity. The target that was most common among the responding companies was to
have a”Net-positive biodiversity impact on wind power project sites” (58%), see Figure 5.2. More-
over, the majority of these targets were set for 2030 or before. Targets related to the company value
chain were less ambitious with 45.5% having no plans to implement it. With that said, one-third of
the respondents already have site-specific targets and plans to implement targets related to the value
chain within five years. No company had targets set for after 2050.

To set targets and assess biodiversity impact several novel biodiversity-related tools and guidelines
have been launched. SBT for Nature, CLIMB, and TNFD are the most popular out of the presented
upcoming tools and resources related to biodiversity. Out of the respondents, 67% are using or plan
to use SBT for Nature, and 58% plan to use CLIMB, see Figure 5.3. IBAT, Encore, and STAR were
not commonly used, e.g. 91.6 % have no plans of using STAR or have not heard about it. Additional
resources mentioned were WBCSD guidelines and the BBCI model (Biotope Biodiversity Capacity
Indicator). Moreover, respondents expressed the need for biodiversity guidelines adapted to Nordic
conditions. Lastly, some respondents answered that they found competent staff more useful than
generalised guidelines and tools or that they wanted to wait until the tools and guidelines were more
mature.
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Does your company have commitments or targets related to biodiversity?

Figure 5.2: Survey question: Does your company have commitments or targets related to biodiver-
sity?

Does your company use any of these biodiversity-related tools and guidelines?

Figure 5.3: Survey question. Does your company use any of these biodiversity-related tools and
guidelines?
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5.2 Incentives and Barriers

When asked what the main incentives for biodiversity engagement in the wind power industry are, in-
creased acceptance for wind power projects and compliance with current legislation for permits was
most frequently answered. Moreover, having a green brand reputation, attracting staff, and showing
that the industry cares about several environmental factors were mentioned as reasons to work engage
in biodiversity management. Out of the suggestions presented in Figure 5.4 all claims were consid-
ered incentives. The strongest incentives were connected to brand reputation and local acceptance
while the incentives related to economic benefits were weaker. Incentives related to international
policy and regulation, e.g. CBD and CSRD, were also considered a strong incentive but not as strong
as increasing acceptance and reputation.

Do you agree with the claim?
This is an incentive for biodiversity engagement for your company:

Figure 5.4: Survey question. Do you agree with the claim: This is an incentive for biodiversity
engagement for your company?
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When asked what barriers inhibited wind power companies’ biodiversity engagement most respon-
dents agreed with immature metrics, legal uncertainties, and difficulty in showing impact. However,
most respondents did not consider biodiversity as a low-priority sustainability subject internally or to
stakeholders, see Figure 5.5. Uncertainties regarding communication and cost were also considered
barriers.

Discussing communication challenges, respondents found it difficult to communicate an interna-
tional company’s impact when many assessment tools or standards are adapted to local conditions
or national legislation. Being forced to use different models in different countries could be resource-
demanding for project developers and difficult to report to stakeholders. International companies are
unsure whether they should aggregate different metrics to overall company score or not. Moreover,
there are many uncertainties on when net positivity is achieved in a site, which results in a scare of
green-washing accusations if communicated poorly. Moreover, offsets can be a controversial subject
to include in biodiversity strategy, although it might be necessary to reach net positivity, if opportu-
nities to perform restoration measures on-site are lacking.

When discussing cost and financing as a barrier to biodiversity engagement there was uncertainty
about which unit that were responsible for financing implementation and maintenance of measures.
Moreover, respondents found it challenging to receive financing from management when there are
uncertainties on when results from the measures will be obtained. Furthermore, the risk of sustain-
ability measures going beyond legislation being removed when external factors, e.g. war or pan-
demics, cause economic recession was mentioned as barrier. In addition, lack of transparency in the
supply chain was mentioned as a barrier to performing a value chain impact assessment.
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Do you agree with the claim?
This is a barrier to your company’s biodiversity engagement:

Figure 5.5: Survey question. Do you agree with the claim: This is a barrier to your company’s
biodiversity engagement?
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5.3 Improvement areas and Resource gaps

When discussing future incentives that would increase biodiversity engagement in the wind power
industry increasing the likelihood of getting a wind power permit was the strongest incentive. As
mentioned before obtaining a social license to operate and general acceptance for the industry is an
important factor, but several respondents also mentioned that they want the licensing authority to
acknowledge biodiversity engagement in the permitting process. Whether or not stricter biodiversity
reporting demands would increase biodiversity engagement in the company differs among respon-
dents, see Figure 5.6. However, several respondents mentioned that regulations and legislation on
biodiversity would even out the playing field and facilitate long-term economic financing for biodi-
versity management. Joint industry commitments and access to standardised guidelines would also
facilitate biodiversity engagement. The possibility of generating additional income from Biodiversity
credits could be a future incentive but not as strong as the other mentioned.

Do you agree with the claim?
This would increase biodiversity engagement in your company:

Figure 5.6: Survey question. Do you agree with the claim: This would increase biodiversity engage-
ment in your company?

Suggestions on future internal resources that would facilitate biodiversity management in wind power
companies mostly concerned hiring more employees with competence in biodiversity and creating
clear roles of responsibility to reduce additional pressure on project developers. Moreover, internal
learning material to increase general biodiversity knowledge in the company was desired.

Desired external resources that would facilitate management were clear guidelines from governments
on best practices, desired reporting formats, and common definitions of nature-positive. Moreover,
several respondents requested more involvement from landowners, investors, and collaboration with
upstream companies in the value chain. Biodiversity requirements from investors are still consid-
ered low compared to requirements related to climate change. However, respondents have seen an
increased interest in biodiversity from investors and believe that the requirements will rise in the
coming decade. Additional topics that need further investigation are how to align environmental and
social sustainability to ensure that increased measures to protect and restore nature don’t harm local
communities.
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6 Biodiversity Enhancement Project in a
Swedish Wind Farm

In this chapter, the results from the case study on the development of a biodiversity pilot project
are presented. The results are based on observations in project planning meetings, interviews with
stakeholders, documents with background material, and a site visit. Furthermore, results from in-
terviews with experts on biodiversity projects and restoration ecology are presented. In the first
section, the background and purpose of performing a biodiversity pilot project are presented. This
section is based on company policy, internal desk studies, and conversations with project developers.
Next, the findings from observations of the project development process and interviews with involved
stakeholders are compiled and presented. Lastly, expert perceptions on key factors to consider in bio-
diversity enhancement projects are presented.

A summary of the biodiversity pilot project process and the scope of the case study for the degree
project is illustrated in Figure 6.1. The scope of the case study includes phases 1 and 2. The enhance-
ment measures have not been implemented yet due to delays, but are planned for spring/summer
2024. It was not possible to conduct an interview with the energy investment company, but key
opinions from the project development meetings are included.

Figure 6.1: Schematic illustration of biodiversity pilot project process.
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6.1 Background

RWE AG is a global energy company founded in Germany in 1889. RWE produces energy from a
wide range of sources including gas, hard coal, hydrogen, hydropower, biomass, wind, and solar. The
company is now in a transition to become climate neutral by 2040 and the subsidiaries RWE Renew-
ables Europe and Australia GmbH and RWE Offshore Wind GmbH are key business areas (RWE,
2021). RWE is now one of the largest operators in renewable electricity production and is largely
investing in the expansion of onshore wind power in Europe, America, and Australia (RWE, n.d.).
In addition to becoming climate neutral, RWE aims to have a net-positive impact on biodiversity at
new assets from 2030 (RWE, 2021).

RWE has a biodiversity policy that consists of a set of principles including following the mitigation
hierarchy, aiming for a net-positive impact on biodiversity on new assets from 2030, aligning targets
with SBT for Nature, and contributing to SDG 14 and 15, among others, see Box below (RWE,
2022).

RWE Biodiversity Principles

• For newly established assets, RWE’s goal is to achieve a net-positive impact on biodi-
versity by 2030, unless local regulations mandate an earlier deadline.

• RWE strictly follows the mitigation hierarchy principles, prioritising avoidance, min-
imisation, regeneration/restoration, and compensation when necessary to address po-
tential impacts on biodiversity.

• RWE actively gathers knowledge regarding the effects of the energy sector on biodiver-
sity and wildlife.

• RWE aligns with best practices for setting science-based targets, with guidance from
initiatives like Science-Based Targets for Nature (SBTN).

• RWE makes efforts to contribute to the UN Sustainable Development Goals, specifi-
cally Goal 14 and Goal 15.

Source: (RWE, 2022)

As a part of the strategy to contribute to net-positive biodiversity impact on new assets the possibility
of increasing biodiversity in an onshore wind farm, by following the mitigation hierarchy and imple-
menting enhancement measures, was examined in two desk studies by RWE interns. The scope of
the studies was wind farms in Nordic forest environment. The desk studies resulted in the generic
biodiversity enhancement measures, presented in Figure 6.2.

To understand the practical feasibility of implementing these biodiversity measures in a wind farm,
a biodiversity pilot project was initiated by the onshore development team at RWE Renewables in
Sweden. The aim of performing a pilot project was to attain knowledge on how to contribute to a
net-positive biodiversity impact in a wind farm. The knowledge gaps the pilot project was aimed to
fill are outlined in the Box below.
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Figure 6.2: Examples of biodiversity biodiversity enhancement measures adapted for a wind farm in
a forest environment. Source: RWE

Biodiversity pilot project: Knowledge gaps

• Biodiversity enhancement measures suitable to Nordic conditions

• Legal requirements for implementing biodiversity enhancement measures

• Suitable format for maintenance and monitoring plans

• Suitable KPIs and assessment models for evaluation of measures

• Cost of implementation, maintenance, and monitoring

• Content of Land lease agreement

Source: (RWE, 2023)

From this, a suitable wind farm for testing these measures in a pilot project was identified. When one
of the landowners expressed interest in performing forest conservation measures in connection to the
project site a collaboration was initiated and the location for the pilot project was decided. The site
is located in the middle part of Sweden, and the wind farm has been in operation since a few years
back. The landscape is characterised by hilly forests, primarily owned by large forest companies and
private landowners. The Environmental Impact Assessment (EIA) indicated that the majority of the
forest in the area has been utilised for forestry, featuring prepared production land with spruce and
coniferous forest, along with some deciduous forest. About 18% of the area was classified as having
ecological values in the natural value inventory conducted before the construction of the wind farm.
The nature reserves in the surrounding area are primarily protected for their spruce and coniferous
forest hosting red-listed lichens. (RWE, 2023)

In addition to RWE and the forest company owning the land, an energy investment company owning
shares of the wind farm and an environmental consultant company were involved in the pilot project.
The stakeholders that have been a part of the project development process are two project developers
and a site manager from RWE (referred to as the energy company), the landowner representative from
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the forest company, the investor representative from the energy investment firm, and a biodiversity
specialist from the environmental consultant company, see Table 6.1. The roles and responsibilities
of stakeholders are further explained in 6.2.2.

Table 6.1: Stakeholders in biodiversity pilot project

6.2 Developing the pilot project

6.2.1 Opportunities and objectives of the pilot project

The involved parties saw several positive impacts and opportunities emerging from the pilot project.
The energy company saw an opportunity to gather the knowledge necessary to reach company targets
related to biodiversity, contribute to the local environment, and improve the relationship with the
landowner. Moreover, the project developers and site manager expressed that the project contributed
to a rewarding work environment as they share a personal interest in ecology. Possible economic
benefits emerging from the pilot project were mentioned as a future opportunity. Since the forest
company is a foundation, and participating in research projects is a key business activity, they saw
an opportunity to contribute with knowledge to increase natural values in the area and create shared
value with the energy company. In addition, they experience an increased interest in sustainable
forest management from stakeholders and the project can contribute to increased brand value. The
biodiversity specialist from the consultant company stated that there is an opportunity to increase
the biodiversity in the landscape if feasible ACAs are integrated as a standard and implemented in
multiple projects.

6.2.2 Roles and Responsibilities in the pilot project

Energy company

The main driver of the pilot project is the energy company. The project developers from the energy
company work in onshore development of wind power and both have a background in environmental
engineering and a personal interest in biodiversity. The project developers have been responsible for
desk studies, coordinating involved stakeholders, financing measures, and managing the development
of the project. In addition, the site manager of the wind farm was involved in the project. The site
manager has responsibility for local contact, procurement of contracts, and control of daily operations
related to the wind farm. In the pilot project, the site manager has had contact with the landowner
and enabled site visits.

Forest Company

The landowner representative from the forest company has great experience working with forest
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management in the local areas and is an educated forester. The forest company is a foundation with
support for research and knowledge development as a main part of their business. The forest company
has extensive experience with forest conservation measures and managing forests in alignment with
sustainability certifications. In the pilot project, the landowner representative has contributed with
knowledge of suitable enhancement measures in the local environment, provided the expected cost
for implementation, and has responsibility for hiring contractors to perform measures. The forest
company showed an early interest in using the area for conservation purposes and is co-funding the
project.

Environmental consultant firm

The environmental consultant company was hired to involve biodiversity specialists in designing
the pilot project. The consultant has an education in biology and experience in biodiversity, and
forestry and has worked with biodiversity enhancement in previous projects. In the pilot project,
the consultant have been responsible for suggesting and locating suitable enhancement measures,
making maintenance and monitoring instructions, presenting suitable KPIs to follow up results, and
documenting key information of the project in a report.

Energy Investment Company

The energy investment company owns a large share of the wind farm and has joined the pilot project
as a co-funder. The representative has a background in environmental sciences and knowledge of
biodiversity. The representative has been a part of the planning process contributing with thoughts
on best practices and legislative risks.

6.2.3 Choosing biodiversity enhancement measures

The biodiversity specialist from the environmental consulting company was hired to recommend
suitable site-specific enhancement measures, maintenance, and monitoring methods for the biodiver-
sity pilot project. The biodiversity specialist performed an overarching field inventory on the site
summer of 2023 together with the landowner representative and one of the project developers. With
site-specific knowledge and access to previously performed desk studies, a selection of enhancement
measures suitable for the site was presented by the biodiversity specialist.

The choice of enhancement measures to proceed with was discussed in the project development
meetings. Key aspects that were discussed were possible regulations coming with measures, the size
of the area required, possible conflicts with wind farm operations, the cost of implementation and
maintenance, and the risk of attracting unwanted species to the site. It was decided to implement
several enhancement measures with control areas instead of implementing one measure on a larger
surface. This decision was made to gain knowledge on the feasibility of several suggestions for im-
plementation in future projects. The enhancement measures chosen for the pilot project are presented
below.
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Biodiversity Enhancement Measures and Favored Species

• Dead wood: Favors insects, lichens, wood fungi, and mosses.

• Shading water: Favors aquatic organisms.

• Sand beds: Attracts birds and pollinators.

• Forest edges: Beneficial for birds and insects.

• Flowering road sides: Supports flora and insect fauna.

• Willows: Attracts pollinating insects and birds.

• Favor deciduous trees: Increase heterogeneity in the landscape.

• Bird lumberjacks: Habitats for small birds.

Source: (RWE, 2023)

6.2.4 Challenges in the pilot project

When discussing which parts of the project the stakeholders found challenging, the first trial con-
cerned setting a common objective and ambition with multiple stakeholders involved and many un-
certainties in expected outcomes. The project developers found it difficult to estimate the economic
resources needed to implement and maintain the measures to attain objectives. In addition, specify-
ing procurement agreements was difficult due to the novelty of this kind of project in the industry.
Moreover, the involved parties expressed that the project development process was time demanding
and this additional workload is not specified in their area of responsibility. However, involved parts
found the work rewarding and stated that an additional project would require less time as this was a
pilot project.

Further challenges that were discussed in the project planning were defining the scope of impact,
baseline, and choosing KPIs to follow up results. When choosing the scope of the biodiversity impact
there were discussions on how to choose the baseline, e.g. before or after the construction of the wind
farm and how surrounding forestry practice could impact the pilot project. The energy investment
representative stressed the importance of having science-based KPIs and follow-up measures to be
able to show the impact of the pilot project.

Moreover, the legislative and ecological risks of implementing enhancement measures on the site
were discussed. Legislative risks discussed were possible additional permit requirements according
to the Swedish environmental law, e.g. implementing measures that could affect the hydrology of
the area. Ecological aspects that were discussed concerned the risk of attracting animals, that could
be negatively impacted by the operations, to the site. Lastly, the definition of net-positive impact
and how to communicate the expected outcomes of the project was discussed. The communication
challenge is highly connected to the scope and baseline of the project and without metrics tied to
definitions of no net loss and net positive the interpretation becomes a challenge.

6.2.5 Takeaways and future undertakings

When discussing learnings from the project development process and possibilities for future projects
the project developers stated that a clear objective of the scope, ambition, and baseline outlined early
on facilitates the project’s efficiency.
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Moreover, having a clear time plan early on with regard to season-dependent activities would min-
imise the risk of delaying the project. The landowner representative also emphasised that early
planning of suitable enhancement measures would create opportunities for finding synergies in the
construction phase. Examples are, using machinery brought to the site for vegetation clearance for
enhancement measures, using dead wood from removed trees, and being able to favour desired veg-
etation growing on newly cleared land.

Additional possibilities for future projects highlighted by the biodiversity specialist were finding
synergies in the initial field inventories conducted for the EIA of the wind farm. The main focus in
the field inventory is to avoid damaging natural values in the area but as an addition enhancement
measures to support or connect existing values could be identified.

Lastly, expanding cooperation with more landowners to be able to perform actions over a larger
surface would increase the opportunity the have a positive impact. All parties agreed that the en-
hancement measures should be covered in an agreement between the landowners and the energy
company but not be included in the wind farm permit as it might delay the permit process which al-
ready is a critical issue. When discussing whether or not off-site conservation would be an alternative
the project developers stated that it could be an option in second hand. An off-set project would lose
the benefits of local connection and finding synergies in the early inventory and construction phase.

The next steps in the project include the physical implementation of the measures, procurement
of maintenance and monitoring services, and communication plan. The involved parties without
enforced future responsibilities expressed that they will continue to follow the project because of
personal interest in the subject and the results. The landowner representative expressed interest in
expanding the area if the measures show positive results.

6.3 Expert perceptions on biodiversity enhancement projects

To gain external perspectives on important factors to consider when planning a biodiversity project
two experts on the subject were interviewed. The first interviewee is a senior lecturer at a Swedish
University with competence areas in biodiversity impact from land use, mostly forestry and mining,
and the complexity of defining and measuring biodiversity. The second interviewee is a landscape ar-
chitect working as an environmental consultant with expertise in nature-based solutions, biodiversity
projects, and biodiversity assessment models.

When discussing key factors to consider when a company is planning a biodiversity enhancement
project having a clear understanding of the overall impact and baseline is mentioned as an important
start. Are the measures supposed to compensate for the negative impacts on the site or contribute
with additional value compared to pre-development? The definition of the objective is important, is
the aim to increase the number of species, favor a specific habitat, or increase connectivity between
value cores? Aiming to increase biodiversity is not a clear definition in itself. Moreover, there should
be a plan to monitor and measure the impact of the project with science-based methods. Involving
an ecologist early in the project planning can facilitate the planning process.

When choosing which measures to implement and if the project should be on-site or off-site there are
several aspects to consider. One of the experts emphasised that financing the protection of threatened
areas with high biodiversity values could have a greater positive impact than performing restoration
measures on-site. It is important to assess site conditions and evaluate the possibilities of successfully
creating long-lasting natural values suitable for the landscape. If this is not possible, financing the
protection of biodiversity off-site through e.g. biocredits could be preferable. However, the second
interviewee stated that mitigating impacts and performing enhancement measures onsite is a good
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start for biodiversity engagement and that restoration and enhancement measures can have great
value due to the large areas of land that have been degraded due to human activity.

If the company chooses to implement on-site measures it is important to create a management plan
including maintenance, monitoring, and measuring methods. Key factors emphasised by experts are
performing detailed field studies before and after implementation, using control areas, and choosing
indicator species. Examples of monitoring methods are transecting or using E-DNA. Fixed species,
e.g. fungi can be easier to follow up on if the project area is small. Moreover, using established
standards (Table 4.1) for evaluation and the CLIMB model is recommended if measures to improve
habitats on a large surface of the project area are implemented.

The fact that companies are engaging in protection and restoration of biodiversity is very positive
according to the interviewees. There are opportunities for companies to collaborate with research
programs and universities to contribute to science and make a positive impact. Moreover, performing
a thorough assessment of biodiversity impact can facilitate communication with stakeholders on
environmental performance and support material for project alignment with the mitigation hierarchy.

However, companies must be transparent in their communication showing both negative and positive
impacts and being clear with assumptions, uncertainties, and improvement areas. Many of the as-
sessment tools and guidelines of biodiversity assessment are rather novel and case studies are needed
to evaluate if the objectives are met with these methods. Moreover, co-developing a biodiversity
project with an infrastructure project is an iterative process. The project layout can change during
the planning process due to several interests competing.
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7 Analysis and Discussion

In this chapter, the results presented in chapters 4, 5, and 6 are analysed and discussed to answer the
research questions of the report. Results from the literature review, survey, and case study are all
taken into account to discuss different perspectives related to the research questions.

Research questions

1. What incentives and regulations influence biodiversity management in the wind power
industry?

2. What opportunities and challenges do wind power companies encounter in biodiversity
management?

3. What are the key factors to consider when planning a biodiversity enhancement project
in an onshore wind farm?

7.1 Incentives and Regulations

The alarming rate of biodiversity loss has triggered the urgent need for action globally and aligning
companies and financial institutions with the vision and mission of the Global Biodiversity Frame-
work. There has been a notable shift in regulatory approaches, moving from traditional prohibition-
based measures to more information-based engagement with corporations. This shift can be seen in
the targets outlined in the Global Biodiversity Framework, particularly Targets 15 and 19.

The mainstreaming and implementation of biodiversity policies in both the public and private sectors
are increasing. Recently adopted policies concern increasing requirements on monitoring, reporting,
transparency, and risk awareness, aiming to facilitate investments in biodiversity and promote sus-
tainable consumption patterns. These regulatory changes are taking shape in both EU regulations,
e.g., EU Taxonomy and CSRD, and voluntary market initiatives, such as the Science Based Targets
for Nature and the Task Force on Nature-related Financial Disclosures. With that said, many policies
and tools are still in development, with implementation at the national level not yet in place. More-
over, economic instruments to finance protection and restoration, e.g. Biocredits and sustainability
certifications, will likely play a big part in future biodiversity management. However, the launch
of public Biocredits can take a long time to develop because of the difficulties in creating common
metrics and guidelines for when a biodiversity enhancement measure has fulfilled the worth of a
Biocredit. A compiled analysis of biodiversity policy influencing wind power companies in Sweden
is presented in Table 7.1.

Furthermore, the trade-off between the expansion of renewable energy and the protection of local
biodiversity is a complex dilemma. The use of nature-positive goals is increasing and wind power
being a key factor in mitigating climate change complicates the equation as climate change is a direct
driver of biodiversity loss. Whether or not the use of net-positive or no-net-loss biodiversity impact
should be used to provide the industry with exemptions on regulations which are protecting local
species is not clear. If the mitigation hierarchy is correctly followed avoidance of negative impact is
best practice. However, if this would result in a global loss of natural values due to failure in climate
change mitigation is it still the preferred choice? It is important to support the expansion of wind

58



power to be able to phase out fossil fuels but with this expansion negative impact on ecological values
that are non-replaceable, such as primeval forest, should be avoided at all costs. Looking at the larger
picture wind power has a low environmental impact compared to many other energy sources, mean-
ing that the environmental impact from an alternative energy production scenario should be taken
into consideration when rejecting a wind power project. With that said, it is difficult to calculate the
indirect and cumulative impact on biodiversity from wind power, and moving away from following
the mitigation hierarchy on-site could be a risk.

Table 7.1: Biodiversity policy instruments influencing the wind power industry, non-extensive.
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7.2 Opportunities and Challenges

The challenge of balancing renewable energy expansion with biodiversity protection is novel with
lots of new rules and laws to navigate. Net positive project goals are becoming more popular being
fairly easy to scope compared to value chain impact and addressing the direct impacts of operations
is a solid first step. In the future, the wind power industry could benefit from biodiversity manage-
ment collaboration with stakeholders in the supply chain as the demand for environmental impact
awareness throughout the value chain is increasing.

There are lots of opportunities emerging from biodiversity management connected to wind power
development, on both industry, company, and project levels. For the industry as a whole, wind power
is already a competitive energy choice to mitigate climate change, especially when it is located to
minimise environmental impact. Improved biodiversity management would address concerns re-
garding large area footprint from wind power expansion and could facilitate political support. On
a company level, improved biodiversity management could attract investments, create new revenue
streams, and improve brand reputation. Moreover, with an increase in mandatory sustainability re-
porting regulations including criteria on biodiversity impact, this would ensure that the company
stays ahead of the regulatory curve. At the project level, obtaining local acceptance and contributing
to local value is important. Proving that biodiversity management is a key matter of the company
and project could facilitate regulatory permits and gaining a social license to operate. Although bio-
diversity enhancement measures going beyond Swedish legislation are not taken into consideration
by the public permitting authorities, the initiative could improve relationships with landowners facil-
itating the project. Successful application of the mitigation hierarchy and ACAs could also enhance
attractiveness to investors with requirements related to biodiversity protection and restoration.

Engaging in biodiversity management presents many opportunities, but it also brings challenges that
must be addressed. The complexity varies depending on the scope, whether it involves direct drivers
of biodiversity loss or solely the direct impact on local species. It is a critical task for wind power
companies to streamline the permit process and maintain competitive prices while also minimising
negative biodiversity impacts. Moreover, there is a lack of common metrics and definitions in the field
and high competition for employees with expertise in biodiversity management. A compiled analysis
of opportunities emerging from successful biodiversity management in the wind power industry is
presented in Table 7.2. Further, a compiled analysis of challenges to address concerning biodiversity
management in the wind power industry is presented in Table 7.3. The analysis is based on categories
highlighted by (Finisdore et al., 2012) and split into industry, company, and project-specific matters
for clarity.
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Table 7.2: Possible opportunities emerging from successful Biodiversity Management in the Wind
Power industry.

Table 7.3: Challenges to address concerning Biodiversity Management in the Wind Power industry
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7.3 Project takeaways

With increasing amounts of corporate targets aiming to have a net-positive biodiversity impact on-
site key factors to consider in the planning process have been examined. The analysis of possible
challenges and recommendations are based on results from the case study and recommendations on
best practices from the literature review. Factors and recommendations to consider when planning a
biodiversity enhancement project in an onshore wind farm are presented in Table 7.4.

When planning a biodiversity enhancement project on an onshore wind farm it is possible to find
synergies in the development and construction phases. Even if the enhancement measures are not
included in the EIA and permit process there is a possibility to integrate enhancement measures in
the development process as experts on local ecology, environmental law are involved. Moreover,
machinery brought to the site for construction can be used for enhancement measures e.g., creating
dead wood or thinning to favour natural value trees.

Defining project goals and objectives with a baseline is important as aiming to increase biodiversity
has many different meanings, e.g., increasing the abundance of a threatened species or favouring spe-
cific habitats. Moreover, estimating the costs of the project involves not only implementation costs
but also planning long-term financing of maintenance and monitoring in collaboration with landown-
ers. Conservation and restoration measures require different levels of maintenance and have individ-
ual monitoring methods which impacts the long-term financing need. Depending on the budget of
the project choosing enhancement measures suited to the local environment and deciding between
on-site and off-site actions are important quality considerations. On-site measures enable synergies
with the development process and create value for the local environment. However, in some cases,
off-site protection of threatened key biodiversity areas could contribute to a greater biodiversity value
as nature is complex, and the ability to perform successful restoration measures depends on the site
condition. When enhancement measures are chosen a risk assessment is needed to address ecologi-
cal and legal uncertainties with expert input. Lastly, clear roles of responsibility, transparent external
communication, and clear long-term management and monitoring plans are important for project
success. Choosing a measurement method to evaluate the result of the project can be difficult, the
choice of measurement methods depends on the ecological conditions and the scope of the project,
consult experts, and stay up to date with recommendations on best practices. As there are many
biodiversity indicators to choose from, the most important part is to be able to motivate why the
methodology was the preferred one for this specific project.

In the future collaboration in biodiversity management between sectors could increase as the sites
for renewable energy production often co-exist with other business activities, e.g. forestry or agri-
culture. Land use and biodiversity impact are important topics for these companies too and there
are opportunities for collaboration between sectors to perform larger actions to promote biodiversity.
Additional future aspects to consider are increasing pressure on companies to take responsibility
for historic emissions, stricter regulations on green claims, and social justice aspects. This pressure
would require investments in technical carbon removal techniques or investments in natural carbon
sequestration, such as wetland restoration or mangrove protections. While this report primarily fo-
cuses on biodiversity, it’s important to also consider social justice aspects and minimise disturbances
to local communities.
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Table 7.4: Factors to consider when planning a biodiversity enhancement project in an onshore wind
farm.
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8 Conclusion

There are several incentives and regulations that are influencing biodiversity management in the wind
power industry and they have different objectives and exist at global, regional, and national levels.
Globally, the main regulation influencing the development of regional and national biodiversity pol-
icy and market initiatives is the Convention on Biological Diversity and the Global Biodiversity
Framework. The 2030 Mission in the Global Biodiversity Framework, to halt and reverse biodiver-
sity loss, encourages companies to aim for a nature-positive business strategy and engage in both
mitigation and regeneration of biodiversity. Moreover, Target 15 and 19 in the Global Biodiversity
Framework have developed biodiversity policy from traditional protection of natural values to inte-
grating biodiversity considerations into the financial system, improving transparency and information
sharing, and facilitating greater biodiversity risk awareness among stakeholders. TNFD, SBTN, and
ESG are global voluntary instruments facilitating sustainability information sharing and environmen-
tal risk awareness.

At the regional level, regulations on biodiversity play a significant role for wind power companies,
particularly in the EU. Directives such as the Birds and Habitats Directives mandate whether or
not a wind farm will obtain permission to operate depending on the risk of harming conservation
species and habitats of the directives. Additionally, EU regulations like the CSRD and SFDR pro-
mote transparency and common reporting standards, encouraging wind power companies to disclose
their environmental impacts and biodiversity management practices. Moreover, the EU Taxonomy
facilitates credible communication on sustainable activities. Companies that are aligning their opera-
tions with the EU Taxonomy must address the six sustainability objectives including, climate change
mitigation and biodiversity and ecosystems. Nationally, regulations like the EIA in the Environmen-
tal Code mandate wind power companies to perform comprehensive evaluations of localisation with
regard to local biodiversity, ensuring that wind power projects undergo environmental assessments to
mitigate their impacts on natural values. Lastly, the development of voluntary economic incentives
like Biocredits and sustainability certifications is increasing, and there is a possibility of generating
direct revenue from biodiversity conservation and restoration measures in the future.

Through a combination of surveys and interviews with wind power companies having operations in
Sweden, key insights into the state of biodiversity management were obtained. Current biodiver-
sity management in the wind power industry primarily focuses on mitigation strategies, conservation
measures onsite, and research participation. However, a shift towards setting targets going beyond
legislation, e.g. achieving a net-positive biodiversity impact on project sites by 2030 was noted.
This shows a growing recognition of the importance of integrating biodiversity considerations into
business operations. Key incentives for biodiversity management concerned enhancing acceptance of
wind power projects, complying with regulations for permits, and obtaining a green brand reputation.
However, several barriers hinder progress in biodiversity management, including immature metrics
and guidelines, legal uncertainties on measures going beyond permit requirements, and communica-
tion challenges connected to net positive biodiversity impact. Addressing these barriers is important
for advancing biodiversity management efforts within the industry. Looking ahead, there is a de-
mand for clearer guidelines related to enhancement measures and biodiversity metrics, increased
recognition from public authorities, and alignment with social sustainability to improve biodiversity
management.

Wind power companies encounter both opportunities and challenges in biodiversity management.
Opportunities include improved area footprint with successful coexistence with conservation efforts,
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political support for climate-biodiversity initiatives, and access to green financing. Moreover, align-
ing business strategy with international treaties, regional incentives, and national regulations related
to biodiversity offers regulatory advantages and increases the brand value. Market-wise, combining
renewables with the restoration of degraded land and offering certified products could result in new
revenue streams. However, operational challenges like collaboration within the supply chain and
increased project maintenance costs are obstacles. Moreover, regulatory challenges involve aligning
industry standards with differences in national laws. Barriers related to reputation and brand value
concern balancing a fast transition to a renewable energy system with local environmental protec-
tion. Lastly, lack of internal knowledge on the subject and difficulty demonstrating when a positive
biodiversity impact is obtained are obstacles that should be addressed.

To contribute to the 2030 mission to halt and reverse global biodiversity loss several wind power
companies have targets to obtain a net positive biodiversity impact onsite. When planning a biodi-
versity enhancement project in an onshore wind farm, several factors should be addressed to obtain
a successful implementation. Time management is important due to the risk of project delays and
seasonal dependencies. Synergies from natural inventories and construction are easier to make use
of with early planning and the implementation of nature conservation measures is dependent on
seasons and weather. When making cost estimations long-term financing should be assessed with
regard to maintenance, monitoring, and possible compensations for landowners. A risk assessment
should be performed to address ecological and legislative uncertainties related to enhancement mea-
sures, requiring expert involvement. Defining the project scope and objectives, including baseline
measurements, is essential for progress tracking and clear communication on results. Furthermore,
considerations regarding the quality of the project involve identifying enhancement measures that are
suitable for the local environment and deciding whether onsite or offsite measures would contribute
to the largest positive impact. Moreover, detailed procurement instructions and collaboration with ex-
perienced partners could facilitate the implementation of enhancement measures. Lastly, clear roles
of responsibility, transparent communication, and long-term management plans for the enhancement
measures are essential for a successful project.

Finally, it is important the keep in mind that climate change is a direct driver of biodiversity loss.
The transition to a renewable energy system with an expansion of wind power is in itself mitigating
biodiversity loss. Wind power companies that are engaging in biodiversity conservation and restora-
tion going beyond legislation are leading actors. Although there are uncertainties and challenges
to navigate, these shouldn’t discourage companies from engaging in biodiversity management ef-
forts. Transparency and collaborative action within and between sectors and governments are vital
in mitigating biodiversity loss and addressing climate change collectively.
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naturskyddsforeningen.se/uploads/2021/09/29162948/bmv-elenergi-kriterier-2021-1.pdf

Naturvårdsverket. (n.d.-a). Konventionen om biologisk mångfald (cbd). https : / / www .
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vagledning-och-stod/miljobalken/miljobedomningar/specifik-miljobedomning/biologisk-
mangfald-i-miljobedomning/artskydd-i-specifik-miljobedomning/ (accessed: 28.12.2023).
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om biologisk mångfald (cbd). https://www.cbd.int/article/cop15-cbd-press-release-final-
19dec2022

Naturvårdsverket. (2023e). Förslag till regeringen - underlag till den fördjupade utvärderingen av
sveriges miljömål 2023.
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på vindkraftverk - slutrapport. Naturvårdsverket.

World Economic Forum. (2020). Nature risk rising: Why the crisis engulfing nature matters for
business and the economy. https://www3.weforum.org/docs/WEF New Nature Economy
Report 2020.pdf

World Economic Forum. (2023). Global risks report 2023, 18th edition. https://www3.weforum.org/
docs/WEF Global Risks Report 2023.pdf

WWF. (n.d.). What is biodiversity? https : / / www. worldwildlife . org / pages / what - is - biodiversity
(accessed: 20.11.2023).

WWF and BAIN. (2023). Swedish businesses the biodiversity crisis opportunities risks associated
with biodiversity loss. WWF. https://media.wwf.se/uploads/2023/02/swedish-businesses-
and-the-biodiversity-crisis final-1.pdf

WWF, BCG. (2023). Building a nature-positive energy transformation: Why a low-carbon economy
is better for people and nature. WWF, Washington, DC.

WWF Svergie. (2022). Living planet report 2022, vägen ut naturkrisen - en svensk sammanfattning.
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Appendix A

Survey

A.1 Online questionnaire: Biodiversity engagement in the wind power
industry

• Title of respondent (e.g. sustainability manager)

• In which ways does your company work with biodiversity?

• In which regions does your company operate?

– Sweden

– EU

– Globally

• In which ways does your company work with biodiversity?

– Internal policy to reduce biodiversity impact aligned with the mitigation hierarchy

– Engaging in biodiversity enhancement/conservation on-site

– Engaging in biodiversity enhancement/conservation off-site

– Assessment of biodiversity impact throughout the value chain

– Funding of biodiversity research

– Other

• Does your company have commitments or targets related to biodiversity?

– Net-zero impact on biodiversity from company value chain

– Net-positive impact on biodiversity from company value chain

– Net-positive biodiversity impact on wind power project sites

– Other biodiversity-related targets

• Do you want to explain your company’s biodiversity engagement or target further?
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• Does your company use any of these biodiversity-related tools and guidelines?

– Science-based Targets for Nature

– Taskforce on Nature-related Financial Disclosures

– WWF Biodiversity Risk Filter

– IBAT

– CLIMB

– ENCORE

– STAR

• Do you want to add or elaborate on which type of tools or guidelines that would be helpful in
your biodiversity engagement?

• Do you agree with the claim: This is an incentive for biodiversity engagement for your com-
pany:

– Achieving high ESG-score

– Qualifying for green bonds

– Qualifying for green loans

– Qualifying for environmentally certified electricity

– Aligning company values with CBD - Global Biodiversity Framework

– Increasing local acceptance of projects

– Increasing brand reputation

– Being an attractive employer

– Being prepared for mandatory reporting on biodiversity (e.g. CSRD)

– Creating shared value with landowner

• Do you want to add or elaborate on which incentives you find most encouraging and why?

• Do you agree with the claim: This is a barrier to your company’s biodiversity engagement

– Low internal priority compared to other sustainability topics

– Lack of competence on the subject

– Lack of internal economic allocated resources

– Lack of interest from stakeholders

– Difficulty showing dependence and impact

– Immature metrics and standards

– International differences in legislation
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– Scare of greenwashing accusations

– Lack of public guidance

– Uncertainty on legislation that comes with physical measures

– Difficulty selling the wind farm with long-term nature commitments

• Do you want to add or elaborate on which barriers you find most discouraging and why?

• Do you agree with the claim: This would increase biodiversity engagement in your company:

– Joint industry biodiversity commitments

– Stricter national and international biodiversity reporting demands

– Being able to sell biodiversity credits

– Increased likelihood of getting wind power permits

– Access to standardised biodiversity monitoring and measurement guidelines

• What future internal resources would facilitate increased biodiversity engagement in your
company?

• What future external resources would facilitate increased biodiversity engagement in your
company?

• Is there anything on the subject you would like to add?

A.2 Complementing interview questions: Biodiversity engagement in
the wind power industry

1. What is your role and responsibilities?

2. In which ways is your company working with biodiversity?

3. Does your company have a biodiversity-related target or commitment?

4. What type of biodiversity-related tools or guidelines does your company use?

5. Which incentives motivate and facilitate your company’s biodiversity engagement?

6. What barriers inhibit your company’s biodiversity engagement?

7. What external resources could increase or improve your company’s biodiversity engagement?

8. What internal resources could increase or improve your company’s biodiversity engagement?

9. Is there anything on the subject that you would like to add?
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Appendix B

Case study

B.1 Interview questions: Stakeholders in biodiversity pilot project

1. What is your role and responsibilities?

2. In which ways are you and your company working with the biodiversity pilot project?

3. What opportunities and positive impacts do you see in the biodiversity pilot project?

4. What challenges have you encountered in the biodiversity pilot project?

5. What have you learned from the project this far and what would you do different in a new
project?

6. How will you and your company be involved in the project in the coming years?

B.2 Interview questions: Experts on implementation and measurements
of biodiversity

1. What is your professional background, and what is your current role?

2. What factors should a company take into account when planning a biodiversity enhancement
project?

3. When is it preferable to choose an onsite or offsite project?

4. How should biodiversity measures be monitored, measured, and evaluated?

5. In your perspective, what opportunities arise from corporate engagement in biodiversity?

6. From your standpoint, what challenges are associated with corporate engagement in biodiver-
sity
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