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Abstract 

Over the last century, global warming has become a substantial threat to the Earth. Energy from fossil 

fuel sources needs to be reduced and replaced with renewable energy. Over the previous decade, offshore 

wind power installations have grown rapidly. However, the vast majority of the world’s wind resources 

are located in waters too deep for conventional bottom-fixed turbines. Thus, floating offshore wind 

turbines might be an attractive option for further growth. With the opening of the Utsira Nord site off 

the coast of Norway, a large-scale floating offshore wind project might become a reality. Therefore, this 

thesis aims to assess the financial attractiveness of a floating wind power project in Norway, consider 

the Project’s contributions to achieving the United Nations (UN) Sustainable Development Goals 

(SDGs), and the expansion of a Norwegian offshore wind industry. 

First, the thesis analyzes the Project’s financial attractiveness from a project developer’s viewpoint. This 

is done by estimating the costs and revenues for a potential 220 megawatt (MW) wind farm at Utsira 

Nord, with assumed commissioning in 2025. The financial assessment is conducted through a 

Discounted Cash Flow analysis in which the Project’s Adjusted Present Value (APV) and the Equity 

Internal Rate of Return are assessed. The financial study finds that the Project would not be profitable 

for a project developer on market terms, as it yields a negative APV of 1,980.8 million Norwegian Kroner 

(NOK). Thus, it is unlikely that the Project will be realized without subsidies. The study suggests that 

the minimum Contract for Difference strike price that would make the Project bankable is NOK 

610.27/MWh. Alternatively, the study also finds that an upfront cash subsidy of NOK 2,057.6 million 

would result in the Project covering its cost of capital, assuming full exposure to wholesale market prices. 

In addition to the financial assessment, the thesis explored how the Project would contribute to the UN 

SDGs. Potential synergies and tradeoffs between the Project and the goals were mapped with Castor et 

al.’s (2020) Sustainable Development Impact Assessment Framework for Energy Projects. The findings 

suggest that the Project has valuable contributions for reaching the SDGs but also tradeoffs that must 

be considered. Furthermore, the study found that the Norwegian offshore wind industry will benefit 

from an early project realization. Norwegian companies possess leading knowledge and capabilities 

within the offshore petroleum and maritime sectors. Leveraging this experience to develop a Norwegian 

floating wind industry can yield significant economic gains. Therefore, the authors suggest that despite 

the negative profitability of the Project, subsidies can contribute to early action, giving a head start 

within floating technology for the Norwegian offshore wind industry. 
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 Introduction 

The scope of this chapter is to elaborate on the background, relevance, and goal of the thesis. This 

includes a presentation of the research question and delimitations of the thesis. 

1.1 Background 

Humanity’s demands from nature have steadily been increasing in the last centuries. Since 1880, the 

planet’s temperature has risen 1.1°C, mainly driven by greenhouse gas emissions. Our ecological 

footprint now stands 60% higher than what the world’s ecosystems themselves can renew.  Hence, one-

third of consumption in 2020 came from depletion (Global Footprint Network, 2020). By adopting the 

United Nations Sustainable Development Goals (SDGs) as guiding principles for national policies and 

agendas in 2015, world leaders pledged their support towards sustainable development. The 17 SDGs 

aim to stimulate action in areas of critical importance for sustainability, the planet, and humanity  

(United Nations, 2015b). 

The world’s current production and energy consumption is not sustainable, with a trajectory of CO2 

emissions suggesting long-term global temperature increases of 2.5-4.0°C, making irreversible climate 

change a reality (IEA, 2020a). There is a need to transition away from fossil fuels as they account for 

almost two-thirds of global greenhouse gas emissions (IPCC, 2014a). The energy transition aims to 

transform the global energy sector from being fossil-based to zero-carbon by 2050. Renewable energy 

and measures for energy efficiency can achieve 90% of the required carbon reductions (IRENA, 2019a). 

The share of renewable energy in the total energy consumption is estimated to increase from 19% in 

2016 to 49% by 2050. Wind power, both onshore and offshore, is estimated to become the primary 

source of clean energy generation in the future, capable of satisfying 35% of global energy demand 

(IRENA, 2019c). This prediction requires that turbines are installed further out at sea and into deeper 

waters that offer superior wind resources. 

In Norway, there has been a rapid growth of onshore wind power installations during recent years. 

However, this growth might be short-lived as onshore wind farms have been criticized for destroying 

Norwegian nature, wildlife, and recreational areas. In the conflict between energy development, climate, 

and nature, offshore wind power may prove a win-win scenario.  

Offshore wind power has become cost-competitive with fossil fuels due to a cost reduction of 40% in the 

previous decade (IEA, 2020b). However, a vast majority of offshore wind farms utilize bottom-fixed 

technology, which is restricted to water depths down to 60 meters (IRENA, 2019c). Wind turbines 

mounted on a floating foundation allow for installation in deep waters and will open new market 
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potential. When moving further away from shore and into deeper waters, floating turbines could unlock 

enough potential to meet the world’s total electricity demand 11 times over by 2040 (IEA, 2019b). 

However, due to low maturity and no commercial-scale projects, floating technology remains costly. 

High capital requirements compared to bottom-fixed turbines is one of the most crucial challenges that 

must be overcome to make floating wind power commercially available. This is especially the case in the 

North Sea, as there are many potential sites for both technologies. Thus, there is a need for experience 

from large-scale projects as this will contribute to drive down costs and make floating wind farms 

bankable.  

In 2019, Enova approved Equinor’s application for a NOK 2.3 billion research grant to build Hywind 

Tampen, demonstrating the Norwegian government’s will to invest in floating wind and renewable 

energy in Norway (ENOVA, 2019). In 2020, the Norwegian Ministry of Petroleum and Energy opened 

two areas in the North Sea for potential offshore wind projects. One of these areas is Utsira Nord, which 

the Ministry states is well-suited for floating wind technology, being the most exciting technology from 

a Norwegian perspective (OED, 2020c). 

With extensive maritime resources and capabilities from the petroleum sector, Norway is well-

positioned for a leading role within floating offshore wind production (DNV, 2020a). Developing a 

project on the Norwegian continental shelf might create valuable capabilities for the domestic supply 

chain. The cost of floating wind technology is expected to decline substantially over the next decade. 

Thus, postponing investments until the technology is more cost-competitive could prove economically 

beneficial for a project developer. However, to achieve the SDGs and provide experience and capabilities 

within floating offshore wind, efforts are required now. Therefore, the thesis aims to assess the financial 

feasibility of a floating project in Utsira Nord (the “Project”) with commissioning in 2025 from a project 

developer’s perspective. Furthermore, the Project’s contribution to achieving the SDGs will be assessed. 

Given the extensive capabilities of the Norwegian petroleum sector, the analysis will give further 

attention to the Project’s contribution towards building capabilities within floating technology for the 

Norwegian offshore wind industry. 

1.2 Research question 

Provided the background and objective of the thesis, the study outlines the following research question: 

How does the investment case of a floating offshore wind farm at Utsira Nord with commissioning 

in 2025 look like for a project developer? Furthermore, how does the Project contribute to 

achieving the United Nations Sustainable Development Goals and expanding the Norwegian 

offshore wind industry? 
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1.3 Thesis structure 

This thesis has been structured to create the best foundation for answering the research question 

presented above. The overall structure is presented in Figure 1 below. 

 

Figure 1. Source: Own contribution 
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1.4 Delimitations 

In providing an answer to the research question, the authors have made the following significant 

delimitations. 

The first delimitation is related to the scope of the thesis. The study aims to assess a potential floating 

wind power project at the Utsira Nord site off the coast of Norway. Hence, other energy technologies, 

e.g., solar, hydro, or biomass, will not receive much attention and will not be considered alternatives for 

a floating wind project. Additionally, the chosen site at Utsira Nord will not be evaluated against other 

sites. Thus, the authors acknowledge that this reduces the information for a project developer regarding 

alternatives to deploy capital in similar projects. Furthermore, this delimits the generalization of the 

thesis as the findings might be specific to a floating wind project at Utsira Nord. 

The second delimitation relates to the study of the Norwegian industry. While certain aspects of the 

Norwegian industry are presented and discussed, the scope of the thesis does not cover a holistic analysis 

of the specific markets, supply chains, or industries related to the Norwegian offshore wind, maritime, 

or petroleum sector. A more thorough analysis on this topic could have resulted in more accurate 

estimates of synergies that can be realized by application in an offshore wind context. Implications from 

the Project on the Norwegian industry are integrated within the sustainable development analysis and 

assessed in relation to prosperity. 

Thirdly, the thesis’s scope regarding the SDGs is delimited to an analysis of those SDGs considered most 

relevant for the case within a Norwegian setting, namely SDG 3, 7, 8, 9, 12, 13, 14, 15, 16, and 17. The 

SDGs cover a comprehensive range of topics related to sustainable development, and therefore assessing 

all aspects would not be feasible. The assessed processes are those that are considered to have a 

significant positive or negative impact towards achieving one or more SDG sub-target. 

The fourth delimitation concerns the angle of the thesis. As the thesis is pursued by applying knowledge 

acquired through the MSc Finance & Strategic Management program at Copenhagen Business School, 

the thesis is written from a business viewpoint. Therefore, the assessment of the Project is on the 

financial and strategic aspects. However, wind farms are technologically advanced. A complete 

understanding of their cost and production drivers would require examining those more thoroughly 

using technical knowledge from an engineering viewpoint. However, this is out of the scope of the thesis. 

The final delimitation relates to risk quantification. The offshore wind industry, including this Project, 

is facing several risks. These risks are described in sections 5.5 and 6.9 and may substantially impact the 

Project. The aggregated risk level is assessed through the estimation of the Project’s beta value in section 
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6.7.3.2. However, these risks are not quantified individually, and quantification of these risks 

individually might have added valuable information for a project developer in assessing the financial 

attractiveness of the Project. However, this has been considered out of the scope of the thesis. 
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 Methodology 

This chapter aims to explain how the thesis is designed and how the design is methodologically 

followed to answer the research question. The authors’ research philosophy, approach, design, 

strategy, data collection methods, and the projects’ reliability and validity will be presented in the 

following sections.  

 

2.1 Research philosophy 

The term research philosophy refers to a system of assumptions and beliefs about how knowledge is 

developed (Saunders et al., 2019). Whether one is consciously aware of them or not, researchers make 

constant assumptions that shape one’s understanding of the research question, methods, and 

interpretation of findings (Saunders et al., 2019). Three central assumptions are considered to 

determine research philosophies. These are ontology, epistemology, and axiology. Ontology refers to 

assumptions about what is regarded as the nature of reality. Epistemology refers to assumptions about 

what is considered to be acceptable, valid, and legitimate knowledge. Finally, axiology refers to 

assumptions regarding the role of values and ethics (Saunders et al., 2019). Concerning the three 

research philosophies, the authors of the thesis lean on a positivist position. 

Regarding ontology, positivists consider the nature of reality to be external rather than socially 

constructed (Saunders et al., 2019). Reality is objective and exists independent from one’s thoughts and 

beliefs. The authors acknowledge that reality exists outside of their perception. Regarding epistemology, 

positivists consider scientific methods and observable and measurable facts to lead to acceptable 

knowledge (Saunders et al., 2019). The authors agree with this position, as the authors seek to answer 

the research question using well-established frameworks and scientific sources when applicable. E.g., 

the Project’s financial feasibility is analyzed using financial theories and the DCF framework. 

Concerning epistemology, the authors do however not agree with the positivist position seeking to make 

law-like generalizations but rather seek to analyze the research question within its context. Regarding 

axiology, positivists try to remain neutral and detached from the research and data to avoid influencing 

the findings (Saunders et al., 2019). The authors have, to their best efforts, remained neutral to the data 

and findings. However, the authors do not believe it is possible to stay completely objective. Researchers 

may be biased by world views, cultural experiences, and upbringings that may affect the research 

(Saunders et al., 2019). 
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2.2 Research approach 

The research approach to theory development considers the relation between data and theory and how 

it should be approached by researchers (Kennedy & Thornberg, 2018). The three main approaches to 

theory development are deductive, inductive, and abductive reasoning (Saunders et al., 2019). For the 

research question, the authors have applied a deductive and inductive research approach. The 

distinction between a deductive and inductive approach is whether to start at the theoretical or empirical 

level (Myers, 2013). Deductive research begins by choosing a theory or framework, and followingly data 

is collected (Kennedy & Thornberg, 2018). Conclusions based on deductive reasoning entail that one 

generalizes from the general to the specific case  (Saunders et al., 2019). Inductive reasoning starts at 

the empirical level by collecting data. Patterns in the data are detected, leading to a hypothesis that can 

be explored, resulting in theory building (Myers, 2013). Therefore, inductive reasoning generalizes from 

the specific to the general, deriving untested conclusions (Saunders et al., 2019). Due to the importance 

of subjective interpretations while using inductive reasoning, the authors are aware of the inductive 

conclusion’s hypothetical nature (Saunders et al., 2019). 

A deductive approach is used in the thesis as the Project’s financial feasibility is calculated by applying 

well-established financial theories and frameworks. Examples include the CAPM, used to calculate the 

WACC, and a DCF used to estimate the APV. Relevant data is followingly collected to make financial 

conclusions regarding the Project. This includes collecting required components to calculate the WACC 

and necessary cost and revenue input to estimate the APV. Furthermore, in line with current market 

trends for offshore wind projects, the authors consider a project finance approach appropriate for the 

financial analysis. The financial findings in the thesis are, as a result, sensitive to the chosen frameworks. 

Some sub-conclusions in the financial analysis are derived using an inductive research approach. This 

is due to the novelty of floating offshore wind and no prevalence of existing theories regarding some 

aspects of the Project. The authors further use an inductive research approach while measuring the 

Project’s impact on the Sustainable Development Goals (SDGs) and the Norwegian offshore wind 

industry. As there is no well-established framework to evaluate offshore wind power in relation to 

sustainable development, data is used to derive conclusions and generate theories.  

 

2.3 Research design 

The purpose of the research design is to provide a roadmap for the research project (Myers, 2013). The 

research design involves decisions regarding the components of the Project, such as philosophical 

assumptions, methods, data collection techniques, and data analysis (Myers, 2013). A mixed methods 
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research design integrating quantitative and qualitative data is considered appropriate (Saunders et al., 

2019). Quantitative data is necessary to estimate the Project’s financial feasibility through the financial 

analysis. Qualitative data is used to build understandings surrounding the offshore wind industry, e.g., 

industry development, public opinions, a wind farm’s lifecycle, and wind power’s impact on the SDG.  

The authors find a mixed methods research design appropriate for the research’s combined study 

purpose (Saunders et al., 2019). The financial analysis of the Project in Utsira Nord draws from both 

descriptive and exploratory purposes. A descriptive purpose is used to describe the Project’s 

characteristics and how they contribute to the financial findings. Exploratory studies are beneficial when 

clarifying and understanding phenomenon (Saunders et al., 2019). In light of the novelty of floating 

technology and offshore wind in Norway, seeking to investigate and understand the Project’s 

implications use an exploratory purpose. Finally, analyzing the relationship between the Project and its 

contribution to the SDGs uses an explanatory purpose.  

 

2.4 Research strategy: a case study 

The research strategy can be defined as a plan for how a research question is to be answered (Saunders 

et al., 2019). A case study is a research strategy well suited for explorations into a phenomenon or issue 

within its real-life setting (Yin, 2018). Case studies are especially appropriate when in-depth knowledge 

is necessary to answer the research question, and the phenomenon is bound by ambiguous context (Yin, 

2018). Yin (2018) distinguishes between case studies with single and multiple cases. A single case is 

generally used when it represents a unique case and may purposely be selected. It provides the 

opportunity to observe and analyze a phenomenon that few previously have considered. Because little 

research is previously conducted on floating offshore wind projects in Norway, a single case study 

research strategy is deemed appropriate by the authors. The “case” of the case study is a potential 

floating wind project in Utsira Nord. Therefore, the study’s boundaries are that the Project utilizes 

floating technology and is located in the newly opened site, Utsira Nord in Norway. The authors seek to 

understand the financial feasibility of the Project, its impacts on the SDGs, and the Norwegian offshore 

wind industry, within this context.   

Once the case study has been defined, the research seeks to understand the dynamics of the 

phenomenon within its context (Eisenhardt & Graebner, 2007). If properly conducted, case studies have 

the potential to lead to rich descriptions and the development of theory (Saunders et al., 2019). However, 

it is important to acknowledge that case studies have been subject to criticism. A common criticism is 

case studies’ lack of ability to generalize conclusions and theoretical contribution to knowledge as 
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findings are based on a single case exploration (Tellis, 1997). Case studies have further been criticized 

for having a lack of rigor and researchers’ tendency to conduct biased interpretation of data (Yin, 1984).  

 

2.5 Data collection 

The purpose of this section is to illustrate how primary and secondary data have been collected. The 

authors have collected primary data by conducting three semi-structured interviews with industry 

professionals. As the authors have not had access to confidential data, all secondary data is collected 

through desktop research.  

2.5.1 Primary data 

Primary data refers to data collected specifically for a research project (Saunders et al., 2019). For the 

thesis, three semi-structured interviews with industry professionals were conducted. 

2.5.1.1 Semi-structured interviews 

The rationale behind conducting interviews with industry professionals has been to gain a deeper 

understanding of essential aspects within the offshore wind industry. In total, three participants 

working in the industry have been interviewed in the data collection process. The interviews were 

conducted as video interviews on MS Teams, and the recordings are uploaded with the thesis along with 

the respective interview guides with consent from the participants. 

The first interview participant was Ann Myhrer Østenby, working as section manager for a team working 

with renewable resource and power production at NVE. The interview was held on 12 April 2021. 

Østenby was targeted to gain deeper insight into the process of receiving a license in the Norwegian wind 

power industry and the Norwegian government’s ambitions for the offshore wind industry in Norway. 

The interview recording can be found in Appendix A. The second interview participant was Emilie 

Schjøtt Brackman, working as senior consultant within renewable energy at DNV. This interview was 

conducted on 16 April 2021. Brackman has experience from working within technical advisory for 

Scandinavian wind farms and floating wind technology. This interview was conducted to gain deeper 

insight into the technical components of wind farms and the future of floating wind in Norway. The 

interview recording can be found in Appendix B. The third interview participant was Giovanni Battista 

Picotti, working as technical lead within early phase wind at Equinor. This interview was held on 19 April 

2021. The interview with Picotti was aimed at gaining deeper insight into a Norwegian project 

developer’s perspective and Equinor’s ambitions in the offshore wind industry. The interview recording 
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can be found in Appendix C. In terms of structure, the interviews were semi-structured with an interview 

guide made prior to each interview, allowing the conversation to take a natural form.  

2.5.2 Secondary data 

Secondary data refers to data that originally was collected for other purposes than the research project 

(Johnston, 2014). Using secondary data has allowed the authors to access knowledge that otherwise 

could not have been collected as primary data due to the scope of the research project. Through desktop 

research, the authors have collected quantitative and qualitative secondary data. The four main sources 

of data collection are governmental publications, academic literature and peer-reviewed articles, 

industry reports, and corporate publications.  

2.5.2.1 Governmental publications 

For the research project, a key data collection source has been publications by the Norwegian 

government. The authors have collected this data due to its relevance and specificity for the research 

question. These documents have been utilized to understand aspects related to industry regulation, the 

Norwegian energy market, electricity prices, and Utsira Nord. Governmental data has mainly been 

collected from the Norwegian Water Resources and Energy Directorate (NVE), the Ministry of 

Petroleum and Energy (OED), and Statnett and is considered to be credible. Intergovernmental data 

have been collected from United Nations about the SDGs.   

2.5.2.2 Academic literature and peer-reviewed articles 

The authors have collected literature from academic sources and peer-reviewed articles. Academic 

literature includes financial textbooks utilized for the financial literature review and the financial 

analysis. Examples include Brealey et al. (2019) and Petersen et al. (2017), which are textbooks used for 

teaching in Master’s level financial courses at Copenhagen Business School. Peer-reviewed articles have 

been collected for the sustainable development and financial literature reviews as well as the financial 

analysis. Scientific papers have been especially crucial in estimating the costs of floating technology, as 

there are few empirical sources on project costs. 

2.5.2.3 Industry reports 

Data from industry reports have been crucial to answer the research question. The authors have 

collected data from organizations and companies such as the International Energy Agency (IEA), 

International Renewable Energy Agency (IRENA), WindEurope, BVG Associates, and DNV. These 

sources have been collected to better understand the energy industry, developments within offshore 

wind, floating technology, costs, environmental aspects, and industry risks. The authors have strived to 

use reports from trustworthy and credible sources. For example, IEA consists of 30 member countries 
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and is today a policy advisor to its member states. DNV is an independent industry expert within 

assurance and risk management working with renewable energy. Some industry reports, e.g., the Global 

Wind Report by the Global Wind Energy Council, is partly sponsored by Vestas and other industry 

participants, and biases may be present. The authors have found it critical to read through reports 

multiple times and cross-check with other sources, ultimately choosing the most appropriate data for 

the research project. 

2.5.2.4 Corporate publications 

Data from publications by industry participants such as Vestas, Siemens Gamesa, Equinor, and Ørsted 

have been collected. These sources include presentations and facts regarding the companies’ existing 

projects and future ambitions. The purpose of collecting this data has been to gain empirical 

understandings of technology development and industry expertise. 

 

2.6 Reliability and validity  

While using quantitative and qualitative methods, researchers stress the importance of reliability and 

validity. Saunders et al. (2019) describe reliability and validity as central for judgments regarding the 

quality of research. Reliability is generally a condition for validity (Guba, 1981). If observations are not 

dependable and consistent, they are not likely to be accurate (Franklin et al., 2010). 

2.6.1 Reliability 

Reliability refers to the consistency of results over time and the extent to which one can reproduce the 

results of a study using similar methods (Saunders et al., 2019). A distinction can further be made 

between internal and external reliability. Internal reliability describes the act of ensuring consistency 

during research. External reliability refers to the extent to which data collection techniques and analytic 

procedures would produce consistent findings if conducted by other researchers (Saunders et al., 2019). 

To ensure the internal reliability of the research, the methodology, calculations, and inputs used in the 

research project are all explained in detail to allow for replication by other researchers. In terms of 

external reliability, much attention has been put into verifying data and ensuring its dependability. 

Secondary data has been collected from trusted sources, such as governmental publications, peer-revied 

papers, and quality industry reports. However, with the fast development in offshore wind technology, 

researchers may derive different conclusions in future research. To their best capabilities, the authors 

have used empirical data in the analysis that fellow researchers can access. However, as the Project is 
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set in the future, the authors have made predictions regarding the Project’s technology, costs, and 

revenues. 

2.6.2 Validity 

Validity refers to the appropriateness of the measures in the research, how accurate the analysis of 

results is, and if the findings can be generalized (Saunders et al., 2019). Internal validity refers to the 

research’s accuracy in representations of reality, and external validity relates to its generalizability 

(Franklin et al., 2010).  

To ensure the validity of the research, the authors have used triangulation as a validation technique. 

Triangulation involves using more than one data collection method and source of data to confirm the 

validity of the data, analysis, and interpretation (Saunders et al., 2019). This process has entailed many 

back-and-forth revisits of data and data comparison across sources to ensure that data is valid and 

correctly interpreted. As pointed out, case studies are commonly criticized for their inability to result in 

generalizable conclusions, as they are set within a specific context. Hence, the findings of the thesis may 

not be generalizable to projects using different technologies or localizations. Conclusions are especially 

sensitive to Norway being the host country of the Project.  
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 Sustainable Development Literature Review 

This chapter will provide a presentation of sustainable development and the United Nations 

Sustainable Development Goals. Theoretical suggestions on how to achieve the goals will be 

introduced. Additionally, the link between sustainable development and renewable energy, and how 

to measure the SDGs, will be presented.  

 

3.1 Sustainable development 

The term sustainable development was first addressed in the World Charter for Nature in 1982 (United 

Nations, 1982). At the time, the concept of sustainable development was directed towards 

environmental challenges, calling for a shift towards ecological policies. This conceptualization of 

sustainability was later defined as a one-pillar model of sustainable development (Griessler & Littig, 

2005). The most used definition of sustainable development comes from the Brundtland Commission’s 

report, Our Common Future, in 1987 (Sachs, 2015). In the report, sustainable development is defined 

as “development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs” (United Nations, 1987, p. 37). While the definition is still applied, 

it has been criticized for its simplicity being deceptive and obscuring underlying complexities, such as 

generational and cultural aspects (Redclift, 2005). However, the definition highlights the necessity for 

long-term commitments towards sustainable development. This commitment was confirmed at the Rio 

Earth Summit in 1992 when world leaders from more than 178 countries adapted Agenda 21, a 

comprehensive plan towards building a global partnership for sustainable development (United 

Nations, 1992). 

Furthermore, while sustainable development became an increasingly important topic of discussion, the 

importance of adding other pillars to the concept was stressed. During the 1995 World Summit in 

Denmark, a call for highlighting the socio-economic aspects was raised, resulting in the inclusion of 

social and economic dimensions (United Nations, 1995). The economic, social, and environmental 

dimensions of sustainable development are labeled a three-pillar model. As the dimensions initially were 

considered isolated, Littig & Grießler (2005) presented the need for developing stronger linkages 

between the dimensions. Since then, the scope of sustainable development has broadened, taking an 

inter-pillar model which emphasizes economic, social, and environmental challenges as interconnected 

dimensions (United Nations, 2015b). Additionally, other dimensions to sustainable development, such 

as culture, politics, and religion, have been addressed. (Paoli & Addeo, 2019). The evolution of 

sustainable development has led to the concept overreaching a broad specter of issues and agendas that 
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are familiar today. Following the Rio+20 conference in 2012, and more than a year of intergovernmental 

work by the Open Working Group, the United Nations (UN) proposed the Sustainable Development 

Goals (SDGs) as part of the 2030 Agenda in 2014 (le Blanc, 2015). 

 

3.2 United Nations Sustainable Development Goals 

The SDGs are at the heart of the UN’s 2030 Agenda for sustainable development, consisting of 17 goals 

and 169 associated sub-targets. The goals came into effect on 1 January 2016, shortly after being adopted 

by all UN member states in September 2015 (United Nations, 2015b). With the goals, the UN seeks to 

integrate and balance the economic, social, and environmental dimensions of sustainable development 

while maintaining the five Ps of People, Planet, Prosperity, Peace, and Partnership (United Nations, 

2015b). The five Ps are presented in Appendix 1. 

 

Figure 2. Source United Nations (2015b) 

Historically, the SDGs are viewed as successors to the Millennium Development Goals (MDGs) as 

guidelines for national and international agendas and policies promoting sustainable development (le 

Blanc, 2015). The MDGs were active from 2000 to 2015, and consisted of 8 goals targeted at 

sustainability and meeting the needs of the world’s poorest (United Nations, 2015a). However, scholars 

argue that the SDGs and MDGs differ in various ways (Langford, 2016). A common criticism of the 

MDGs is pointed towards their development behind closed doors. The process of developing the SDGs 
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was vastly different. Nearly all UN member states, agencies, NGOs, and various scholars were included 

(Langford, 2016). Furthermore, in contrast to the MDGs that were aimed only towards developing 

countries, the SDGs are far more universal, having a broader range of targets aimed at all countries in 

the world (le Blanc, 2015). Although certain criticism towards improvements was overlooked during the 

drafting process, the SDGs’ international reception has been overwhelmingly positive (Spangenberg, 

2016). Simultaneously, scholars have argued that seeking to cover such a broad range of issues with 

close to two hundred targets may result in the goals becoming more decorative than operational and 

communicative (Langford, 2016). However, the presence of targets referring to multiple sectors and 

goals may facilitate integration and coherence of policies across sectors. Hence, certain sustainable 

development dimensions might have benefited from mainstreaming targets (le Blanc, 2015). 

 

3.3 Achieving the Sustainable Development Goals  

An Independent Group of Scientists appointed by the UN Secretary-General (2019) concluded that there 

is limited success in achieving the SDGs, despite initial efforts. While the SDGs are adopted and serve 

as common aspirations for the member nations, they are not legally binding. Not being legally binding 

may limit substantial sustainable development as it leaves it to policymakers and independent 

businesses to act  (Spangenberg, 2016). Nunes (2016) argues that there is a need for new efforts to 

achieve the SDGs across all sectors of society, on a local, national, and global level. During the 2012 

Rio+20 summit, the UN called for establishing the SDGs and increased involvement from the private 

sector to create and deliver on the 2030 Agenda (United Nations, 2012). 

Scholars agree that companies within the private sector must recognize and act on sustainable 

development alongside governments (Sachs, 2012). By reviewing 26 nations’ implementation of the 

SDGs, Allen et al. (2018) found gaps between assessing interlinkages between targets and effective 

implementation of the SDGs. Recognizing that all 17 SDGs are connected, linked, and interdependent is 

vital for achieving the SDGs, but it also requires translation into policies and practice (Nunes et al., 

2016). Policymakers must do more than acknowledge the importance of the SDGs. They also need to 

mobilize resources and implement new laws, planning, and evaluation methodologies (McCollum et al., 

2018). Otherwise, there is a risk that nations will pursue the same linear approaches to sustainable 

development that have reached little success in the past, emphasizing the need for an evidence-based 

approach to implementing the SDGs (Allen et al., 2018). The cooperation between policymakers and 

corporations will get increasingly important for reaching desired targets, as regulations play a central 

role in encouraging private firms to transition towards sustainable development (Pizzi et al., 2021). 
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3.4 Linking renewable energy and sustainable development 

Human activity has in recent years led to excessive emissions of greenhouse gases (GHG) that negatively 

impact the environment (Razmjoo et al., 2020). According to Panwar et al. (2011), climate change is 

potentially the most critical environmental issue related to energy generation. The SDGs call for a shift 

towards affordable and clean energy access for all in SDG 7. In their sustainable development scenario, 

(IEA, 2020b) presents universal access to modern energy (SDG 7), reducing negative impacts on air 

pollution (SDG 3), and combating climate change to be closely related to energy challenges. An earlier 

analysis of future energy pathways shows that achieving improved energy access, energy security, and 

air quality while simultaneously avoiding climate change is possible (Riahi et al., 2012). To achieve these 

goals, a need to transition away from fossil fuels is evident, as global energy-related carbon dioxide (CO2) 

emissions stand for two-thirds of all GHG emissions (IPCC, 2014a). 

Achieving sustainable development requires a sustainable supply of energy. While fossil fuels and 

nuclear power generally are considered finite, renewable energy sources are sustainable over the long 

term (Dincer, 2000). The term renewable energy relates to energy derived from self-renewing energy 

sources such as water, sunlight, wind, and biomass (Bull, 2001). However, renewable energy has 

historically been far more expensive than fossil fuels (Bull, 2001). According to Lund (2007), strategies 

for sustainable energy development include three necessary changes. These are energy savings on the 

demand side, efficiency in energy production, and replacing fossil fuels with renewable energy (Lund, 

2007). Razmjoo & Davarpanah (2018) further argue that one of the most efficient ways to control GHG 

emissions is increased renewable energy usage. Renewable energy sources that meet domestic 

requirements can deliver energy with zero or close to zero emissions (Panwar et al., 2011). Among 

renewable technologies, Evans et al. (2009) found wind power to be the most sustainable based on 

several critical sustainability indicators, including price, emissions, efficiency, resource requirements, 

and social impacts. While renewable energy prices historically have been high, the transition from fossil 

fuels towards renewable energy will be enabled by increased competitiveness. This is due to 

technological improvements and falling costs, notably for solar and wind power (Gielen et al., 2019). 

However, despite its potential to contribute to sustainable development, renewable energy is not yet 

fully appreciated by decision and policymakers worldwide (Gielen et al., 2019). 

 

3.5 Measuring impact on the SDGs 

The SDGs have an indicator framework consisting of 231 unique indicators to measure target 

achievement (United Nations, 2021). However, Hák et al. (2016) argue that users often cannot be sure 



 

20 
 

how adequately the indicators measure the monitored phenomena in practice. The challenge of 

measuring sustainable development has been at the core of concerns related to sustainability 

frameworks such as the SDGs (Landerretche et al., 2017). If the relevance of the measurements for 

sustainable development is underdeveloped, it could even lead to false assessment of target achievement 

and decrease the credibility of the SDGs (Hák et al., 2016). There still is no tool or framework related to 

renewable energy that considers all aspects of sustainable development as presented in the 2030 

Agenda. While there are tools such as environmental impact assessments for renewable energy projects, 

Castor et al. (2020) argue that these are limited to solely evaluating environmental impacts. Scholars 

are making an effort to develop frameworks that incorporate the effects of renewable energy on the 

SDGs. An analysis conducted by Nerini et al. (2018) mapped the SDGs’ synergies with energy 

development and found that 143 and 65 targets respectively have synergies and tradeoffs with energy 

development decisions. Furthermore, efforts are made to measure energy projects’ impact on the SDGs 

beyond energy-related aspects. 

In 2020, Castor et al. (2020) presented the Sustainable Development Goals Impact Assessment 

Framework for Energy Projects (SDGs-IAE). The SDGs-IAE is a questionnaire-based framework built 

on a database of interlinkages between the SDGs and energy projects. The framework consists of 94 

questions, in which those relevant to the project are to be filled out by decision-makers, project 

developers, or other stakeholders. Resultingly, the framework presents possible synergies and tradeoffs 

between the project and the SDGs after filling out the questionnaire with project-specific information. 

Identified potential synergies and tradeoffs can be evaluated and given prioritization based on their 

relevance to the project. The results can be a valuable tool as it highlights the project’s impact on the 

SDGs in an easy-to-understand way, even for those unfamiliar with the SDGs (Castor et al., 2020). For 

this study, the SDGs-IAE framework will be utilized to map potential synergies and tradeoffs with the 

floating offshore wind project in Utsira Nord. 

 

  



 

21 
 

 Financial Literature Review 

This chapter will provide a theoretical presentation of frameworks applied in the financial analysis of 

the Project. The financial valuation methods applied in the financial analysis will be introduced and 

elaborated on, followed by theory on project financing and alternative asset investments. 

 

4.1 Financial valuation models 

According to Damodaran (2006), valuation lies at the heart of finance, as understanding what 

determines the value of a firm and how to estimate that value is vital to making sensible decisions. Thus, 

the essence of valuation models is to extract and define the “true value” of a firm or an investment 

(Petersen et al., 2017). As a result, qualified business decisions can only be executed after defining this 

value and its drivers (Damodaran, 2006). Analysts use a broad spectrum of models that use very 

different assumptions about the fundamentals that determine value. Hence, it is crucial to determine 

the benefits and disadvantages of the framework that best fits the study. Petersen et al. (2017) classify 

the models into four distinct categories. The first approach is the present value approach, in which 

analysis of future cash flow is the central item of the method. A second method, known as the relative 

valuation approach, proposes estimating the value by referencing specific financial metrics of 

comparable firms. Thirdly, Petersen et al. suggest methods based on market values or book values of a 

firm’s existing assets. Lastly, the contingent claim valuation models estimate asset values on real 

options theory (Petersen et al., 2017). 

The first step in determining the best fit for the case is understanding the nature of the investment. As 

mentioned in the methodology section, this thesis has a project finance approach. Specifically, the 

Project will be developed through a standalone project company called a special purpose vehicle (SPV), 

owned by the project developer (Esty, 2004). Under this configuration, the Project holds the liabilities 

at its own balance sheet, and accrued liabilities do not hold claims on the owner’s balance sheet. This is 

defined as non-recourse debt (Esty, 2004). Hence, the free cash flow generated by the SPV is effectively 

the only source for repayment of debt and distribution to equity holders (Esty, 2004). Because of the 

vital role that cash flows constitute within a project, the authors believe that cash-flow-based 

approaches, such as present value, are the most relevant for this study. 
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4.2 Discounted cash flows 

The traditional corporate finance approach to assess the value of an asset is based on the discounted 

cash flow (DCF) valuation. According to this technique, the intrinsic asset value is the present value of 

the expectations of its future cash flows on the asset, which are discounted back at a rate that reflects 

the riskiness of the cash flows (Damodaran, 2006). The DCF model is the most widely recognized 

valuation model in practice. The theory behind the model allows it to be applied to evaluate a multitude 

of assets within finance, including fixed income instruments, equity, projects, and entire companies 

(Petersen et al., 2017). 

In turn, the cash flow-based models differ according to the cash flow being analyzed. An analysis of the 

value of the equity is usually provided through the dividend discount model. A basic premise of the 

present value approaches is that they are derived from the dividend discount model. This implies that 

different present value approaches are theoretically equivalent and will yield identical value estimates if 

they are based on the same inputs (Petersen et al., 2017). However, within project finance, it is assumed 

that leftover cash generated by the project is distributed to the SPV owners. As a result of this 

assumption, the dividend discount model can be modified to the Free Cash Flow to Equity (FCFE) 

analysis. 

𝑁𝑃𝑉𝐸𝑞𝑢𝑖𝑡𝑦 = −𝐼0 + ∑
𝐹𝐶𝐹𝐸𝑡

(1 + 𝑟𝐸)𝑡

𝑛

𝑡=1

+
𝐹𝐶𝐹𝐸𝑛+1

𝑟𝐸 − 𝑔
∗

1

(1 + 𝑟𝐸)𝑛
 

Where: 
𝑁𝑃𝑉 = net present value 
𝐼0 = starting investment 
𝑡 = time period 
𝑛 = number of periods in forecast 
𝐹𝐶𝐹𝐸 = free cash flow to equity 
𝑟𝐸 = cost of equity 
𝑔 = perpetuity growth rate 

Table 1. Source: Own contribution based on Petersen et al. (2017) 

The formula in Table 1 calculates the excess return value for the equity holders of the assets where the 

future cash flows to equity are tested against the initial investment. These cash flows are distinguished 

between cash flows earned during the forecast period (first term) from the ones predicted in the terminal 

period (second term), which are expected to grow at a constant rate in perpetuity. Hence, this approach 

assumes an infinite cash flow stream (Petersen et al., 2017). 

An alternative method is to calculate the value of the project directly. The Enterprise Value approach 

considers all cash flows to all parties holding claims on the asset, including debt holders. More 

specifically, this approach considers the entire array of free cash flows to the firm extracted under the 

assumption of a fully leveraged capital structure. The effects of debt are factored into the calculation by 

estimating the Free Cash to Firm (FCFF), the after-tax cash flows generated by the firm’s operations, 
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net of capital investments and net working capital. Thus, it includes cash flows available to both debt- 

and equity holders (Bodie et al., 2018). Hence, the only difference between FCFE and FCFF is the 

transactions with debt holders. 

Furthermore, debt effects are also factored into the calculation by discounting these cash flows at the 

after-tax weighted average cost of capital. Hence, this approach estimates the value of the enterprise as 

opposed to the market value of equity. The Enterprise Value approach is shown in Table 2 below. 

𝑁𝑃𝑉𝐹𝑖𝑟𝑚 = −𝐼0 + ∑
𝐹𝐶𝐹𝐹𝑡

(1 + 𝑊𝐴𝐶𝐶)𝑡

𝑛

𝑡=1

+
𝐹𝐶𝐹𝐹𝑛+1

𝑊𝐴𝐶𝐶 − 𝑔
∗

1

(1 + 𝑊𝐴𝐶𝐶)𝑛
 

Where: 
𝑁𝑃𝑉 = net present value 
𝐼0 = starting investment 
𝑡 = time period 
𝑛 = number of periods in forecast 
𝐹𝐶𝐹𝐸 = free cash flow to equity 
𝑊𝐴𝐶𝐶 = weighted average cost of capital 
𝑔 = perpetuity growth rate 

Table 2. Source: Own contribution based on Petersen et al. (2017) 

Like the previous equation, the expected future cash flows are tested against the project’s initial 

investment. The benefit of the Enterprise Value approach is that it is possible to assess the value on a 

pre-debt basis (Damodaran, 2006). By deducting the net interest-bearing liabilities from the estimated 

enterprise value, the Equity Value can be estimated. 

4.2.1 Cost of capital 

As an essential element in calculating present values, the cost of capital requires a thorough 

understanding. While various definitions exist, Pratt & Grabowski (2008) suggest that the cost of capital 

is “the expected rate of return that market participants require in order to attract funds to a particular 

investment” (p. 3). This rate is expressed as a percentage value. As it is a forward-looking measure 

compromising the time value of money and a premium for risk (and potentially further factor such as 

taxes and transaction costs), the metric describes expected returns. Thus, the cost of capital is equal to 

the discount rate used in investment appraisals (Steffen, 2020). The cost of capital is never directly 

observed and needs to be estimated based on investors’ expectations (Pratt & Grabowski, 2008). For 

investments that use more than one type of capital (e.g., equity and debt), the overall cost of capital is a 

combination of the returns of the different components. Hence, the next section will present the steps 

required for estimating the appropriate cost of equity. 

4.2.1.1 Cost of equity 

Several methods have been developed to estimate the cost of equity, and all models translate the risk of 

the investment into expected returns, but with slightly different approaches (Kolouchová & Novák, 

2010). 
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The first approach is the dividend discount model, commonly represented by Gordon’s Dividend Growth 

model (Kolouchová & Novák, 2010). This theory states that the investor’s required rate of return is 

defined by the dividend payouts and the price of the underlying stock. However, as the Project 

considered in this thesis does not represent a perpetual stream of dividends, this theory has limited 

applications in this context. 

The second approach is described by the Capital Asset Pricing Model (CAPM) of Sharpe (1966) and 

Lintner (1965). The CAPM is a set of predictions concerning equilibrium expected return on risky assets, 

built on the portfolio choice model developed by Markowitz (1952). Under this model, investors are 

assumed to be risk-averse and choose “mean-variance efficient” portfolios that 1) minimize the variance 

of portfolio returns, given expected return, and 2) maximize expected return, given variance (Markowitz, 

1959). The CAPM is based on two sets of assumptions, namely individual behavior and market 

structure. These assumptions are stated in Table 3. 

1) Individual behavior 
a) Investors are rational, mean-variance optimizers 
b) Their common planning horizon is a single period 
c) All investors have homogenous expectations (all investors use identical inputs lists). This is consistent with the 

assumption that all relevant information is publicly available 

2) Market structure 
a) All assets are publicly held and trade on public exchanges 
b) Investors can borrow or lend unlimited amounts at a common risk-free rate, and they can take short positions on 

traded securities 
c) Individuals cannot affect the prices of stocks by their buying or selling action. 
d) No taxes 
e) No transaction costs 

Table 3. Key assumptions of the CAPM. Source: Own contribution based on Bodie et al. (2018) and Elton et al. (2013) 

The CAPM describes a linear relationship between the expected return from the investment and its 

inherent risk. This relationship is called the Security Market Line (Bodie et al., 2018) and is described 

in the formula below: 

𝑟𝐸 = 𝑟𝐹 + 𝛽(𝑟𝑀 − 𝑟𝐹) 

𝑟𝐸 = required return on equity 
𝑟𝑓 = risk-free rate 

𝑟𝑀 = market return 
𝛽 = beta coefficient (systematic risk) 

Table 4. Source: Own contribution based on Bodie et al. (2018) 

As the formula shows, the cost of equity is obtained by adding to the risk-free rate the market risk 

premium adjusted by the risk of the asset identified by the beta coefficient (𝛽). It should be noted that 

the beta value is a measure of the systematic risk of an asset. Contrary to systematic risk, the 

unsystematic risk can be eliminated through diversification. Consequently, investors are only 

compensated for being exposed to the non-diversifiable systematic risk of the market. This relationship 
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implies that any security with the same beta values makes the same balanced contribution to both risk 

and return (Bodie et al., 2018). Under the CAPM methodology, the cost of equity is estimated from 

historical data under the assumption that these will correctly indicate future performance. The 

attraction of the CAPM is that it offers powerful and intuitively pleasing predictions about how to 

measure risk and the relation between expected return and risk (Fama & French, 2004). 

However, the CAPM is not without its criticism. Elton (1999) argues that using realized returns as a 

proxy for expected returns is misplaced, as historical mean returns are substantially affected by asset-

specific information surprises. The information surprises are difficult to remove from the asset pricing 

tests. Information surprises affect individual securities on firm-level and market level. Securities are 

even affected by information surprises that should influence price but, in fact, does not. Hence, using 

realized returns for estimating expected returns is not recommended (Elton, 1999). 

Another question about the model is the degree of sophistication. Nagel et al. (2007)  found that the 

higher precision gained by including more risk factors was offset by the higher forecast error in 

estimating risk factors and expected risk premia. Overall, researchers have not reached a consensus 

regarding the “best” approach (Pratt & Grabowski, 2008). Indeed, all models have flaws that can be 

identified in all methodologies. Nevertheless, Elton et al. (2014) suggest that the CAPM, despite the 

stringent assumptions and the simplicity of the model, does “an amazingly good job of describing prices 

in the capital markets” (p. 290). Therefore, most finance textbooks suggest using the CAPM, which is 

also the most used approach by practitioners (Petersen et al., 2017). Accordingly, this study will employ 

the CAPM approach. 

4.2.1.2 Risk-free rate 

The risk-free rate expresses how much an investor can earn without incurring any risk. Theoretically, 

the best estimate of the risk-free rate would be the expected return on a zero-beta portfolio. However, 

due to costs and problems in constructing a zero-beta portfolio, government bonds are typically used as 

a proxy for the risk-free rate (Petersen et al., 2017). The underlying assumption is that a government 

bond is a risk-free investment. Most analysts apply a single yield to maturity from a government bond 

that best matches the analyzed cash flows. To handle issues such as inflation and different currencies, 

Petersen et al. (2017) underlines that the government bond must be denominated in the same currency 

as the underlying cash flows, implying that a local government bond should be applied. Consequently, 

to keep consistency with the location, currency, and time horizon of the wind project located in Norway, 

a Norwegian government bond with a 10-year maturity, the longest maturity currently available, is 

considered appropriate for the study (Norges Bank, 2021b). 



 

26 
 

4.2.1.3 Market risk premium 

The market risk premium is defined as the expected market return, 𝐸(𝑟𝑀), minus the risk-free rate, 𝑟𝐹 

(Fama & French, 2004). Hence, it is the excess return for the stock market above the risk-free rate. The 

metric is a vital parameter to the CAPM, and there are multiple approaches for estimating the metric. 

The risk premium could be derived from historical data on stock returns. This approach assumes a 

normalized, stable risk premium on the market portfolio so that the average past risk premium can 

measure the expected future risk premium (Damodaran, 2017). However, Mayfield (2004) suggests that 

there is evidence of a structural shift in the underlying volatility process, indicating that the historical 

average of excess returns may substantially overstate the market risk premium. Secondly, the risk 

premium can be derived through the implied approach. A forward-looking estimate of the premium is 

estimated using either current equity prices or risk premiums in non-equity markets (Damodaran, 

2017). A third approach is proposed in which the metric is estimated by surveying investor expectations 

(Damodaran, 2017). For the scope of the evaluation of the Project, the authors of this thesis believe that 

a survey-based approach is best suited to account for the current expectations of market premiums that 

investors in fact use, combined with a comparison with Damodaran’s (2021a) estimate of the current 

implied market risk premium. 

4.2.1.4 Beta 

According to the CAPM formula stated above, the beta coefficient (𝛽) measures the covariance of an 

asset’s return to variation with the market return divided by the variance of the market return (Fama & 

French, 2004). The beta coefficient provides an estimate of the systematic risk of an asset (Levy, 1984). 

Additionally, beta is commonly used for sensitivity for market risk and is used in the financial literate as 

a more general term meaning the sensitivity of an investment to the market factor (Pratt & Grabowski, 

2008). A beta value of 1 is identified with the risk of the market portfolio itself. Consequently, assets 

with beta values greater than 1 are regarded as more volatile than the market (Levy, 1984). Conversely, 

assets with beta values lower than 1 are less volatile than the market. Predictably, risk-free investments 

have beta values equal to zero (Petersen et al., 2017). 

Beta values can be estimated in several ways.  A survey by Fernandez & Acín (2016) conducted on 2,500 

professors suggested that it does not seem to be a homogenous way. One common way is to extract beta 

values from historical data through statistical regression. The beta value is estimated by regression of 

the asset returns on an index representing the market portfolio over a period of time (Damodaran, 2017). 

Based on a backward-looking approach, the methodology can be claimed defective in terms of future 

explanation power. Nevertheless, this approach is widely used by practitioners (Damodaran, 2017). 
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However, the direct applicability of this methodology will not be possible for this study. This is because 

typical renewable energy projects are unlisted entities, and thus their beta values cannot be estimated 

directly from the prices of traded securities (Steffen, 2020). Therefore, a statistical regression will not 

be possible. The alternative approach will be based on the “pure-play method” that considers the beta 

of a comparable company or a group of companies with similar risk structures (Brealey et al., 2019). 

More specifically, this study will calculate the Beta values of selected companies operating in the offshore 

wind industry in Europe and consider the average of these values as the beta value of the Project. Finally, 

it should be noted that the CAPM methodology requires the levered beta of the project, which takes into 

account the adjusted after-tax risk of leverage. Under this consideration, the beta values estimated from 

the proposed analysis will first need to be unlevered according to the debt structure of each company. 

The unlevered beta values entail the pure business risk of the companies, excluding the effects of 

financial leverage. The average of these values will be applied. As a final step, the gained unlevered beta 

will be adjusted for the leverage of the Project (Brealey et al., 2019). The formula used is presented in 

Table 5. 

Unlevering to get asset beta: 

𝛽𝐴,𝐶𝑜𝑚𝑝 =
𝛽𝐸,𝐶𝑜𝑚𝑝

(1 + (
𝐷
𝐸

)
𝐶𝑜𝑚𝑝

)
 

Relever the asset beta to get project beta 

𝛽𝐸,𝑃𝑟𝑜𝑗𝑒𝑐𝑡 = 𝛽𝐴,𝐶𝑜𝑚𝑝 × (1 + (
𝐷

𝐸
)

𝑃𝑟𝑜𝑗𝑒𝑐𝑡
) 

Table 5. Unlevering and relevering according to the Pure-play method. Source: Own contribution based on Brealey et al. 
(2019) 

4.2.1.5 Cost of debt 

The cost of debt is the opportunity cost of capital for the investors who hold the company’s debt. Because 

debt is safer than the assets, the cost of debt is lower than the company cost of capital and, consequently, 

lower than the cost of equity (Brealey et al., 2019). Following the same logic as for equity, the cost of 

debt is the interest rate demanded by lenders for taking on the risk of lending to a project or company. 

Van Binsbergen et al. (2010) suggest that the cost of debt depends on firm characteristics such as 

collateral, size, book-to-market, intangibles, cash flows, and whether the firm pays dividends. The cost 

of debt includes financial distress, personal taxes, debt overhangs, and agency costs between managers 

and investors or among different groups of investors (van Binsbergen et al., 2010). Furthermore, the 

default cost of debt (i.e., bankruptcy costs) amounts to approximately half of the total cost of debt, 

implying that other nondefault costs and agency costs contribute to the other half of the total cost of 

debt (van Binsbergen et al., 2010). Moreover, van Binsbergen et al. found that the cost of being 

overlevered is greater than the cost of being underlevered, suggesting that a too high debt ratio can harm 

a company.  
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Some company cash flows are fixed, while others vary with factors such as the price of commodities and 

the level of interest rates. These characteristics may not always result in the desired risk profile. 

Therefore, interest rate swaps can be a useful tool for hedging against the variable interest rate risk 

(Brealey et al., 2011). Ultimately, an interest rate swap turns the interest on a variable rate loan into a 

fixed cost based upon an interest rate benchmark such as LIBOR (London Interbank Offered Rate). An 

interest swap agreement is based on exchanges of payments between the borrower and the lender.  The 

borrower first pays a variable interest payment according to the benchmark, in addition to a credit 

spread. Then, the borrower makes an additional payment to the lender based on the swap rate, which 

remains constant. Finally, the lender rebates the variable-rate amount so that ultimately the borrower 

pays a fixed rate (Commerce Bank, 2020).  

Interest rate swaps are a widely applied tool for risk management, and it is a substantial component of 

the derivates market. These contracts provide a means for fixed income managers to hedge the risk of 

interest rate movements by switching back and forth between a fixed- or floating-rate profile quickly 

and cheaply as the forecast for interest rates changes (Bodie et al., 2018). Furthermore, interest swap 

contracts can have very long horizons, up to 20 years (Brealey et al., 2011). For borrowers, interest rate 

swaps effectively enable fixed-rate borrowing, thereby reducing the uncertainty of future cash flows. 

4.2.1.6 Weighted average cost of capital 

When the levered cost of equity and cost of debt has been estimated, the weighted average cost of capital 

(WACC) can be calculated. The WACC considers all funding sources for the projects and their share of 

the value. The calculation is shown in Table 6 below. 

𝑊𝐴𝐶𝐶 =
Debt

Debt + Equity
∗ 𝑟𝐷 ∗ (1 − 𝑇) +

Equity

Debt + Equity
∗ 𝑟𝐸 

𝑊𝐴𝐶𝐶 = weighted average cost of capital 

𝑟𝐸 = levered cost of equity 

𝑟𝐷 = cost of debt 

𝑇 = tax rate    

Table 6. Source: Own contribution based on Brealey et al. (2019) 

 

4.3 Adjusted present value 

The financial methods previously described are extensively applied in finance, both in theory and 

practice. However, to assess the tax effects, a few considerations should be made regarding the levered 

cost of capital estimated using the CAPM model. As CAPM and the use of WACC assumes constant 

leverage, the static nature of these models does not fit with the characteristics of the project finance 

approach of this paper. More specifically, the leverage of the Project varies substantially over its lifetime. 

Debt levels are high at the beginning before declining towards zero as the loan is paid off. As a result, 
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calculating the levered cost of equity and WACC using the previously stated formula might not accurately 

estimate the Project’s true cost of capital. Therefore, following an approach based on the Adjusted 

Present Value (APV), introduced by Myers (1974), is recommended for more accurately capturing the 

effects of the varying degree of leverage (Brealey et al., 2019). 

The APV approach takes an alternative approach to financing decisions. Instead of capturing the effects 

of financing by adjusting the discount rate, APV makes multiple independent present value calculations, 

as shown in Table 7. Hence, the APV separates the business and financing risks. 

𝐴𝑃𝑉 = base-case NPV + sum of PVs of financing effects 

𝐴𝑃𝑉 = −𝐼0 + ∑
𝐹𝐶𝐹𝐸𝑡

(1 + 𝑟)𝑡
+

𝑇𝑆𝑡

(1 + 𝑟𝐷)𝑡
 

𝑛

𝑡=1

 

𝐴𝑃𝑉 = Adjusted Present Value 

𝐼0 = initial investment outlay 

𝑡 = time period 

𝑛 = number of periods 

𝐹𝐶𝐹𝐸 = free cash flow to equity 

𝑇𝑆 = tax shield 

𝑟𝐷 = cost of debt 

𝑟 = opportunity cost of capital (cost of 

unlevered equity) 
Table 7. Source: Own contribution based on Brealey et al. (2019) 

The first calculation of Table 7 establishes a base-case value for the project: its value as a separate, all-

equity financed venture. The appropriate discount rate is the opportunity cost of capital, which is the 

expected return offered in capital markets by equivalent-risk assets. The opportunity cost of capital 

reflects the project’s business risk if the project is all-equity financed, i.e., the project’s unlevered cost of 

equity (Myers, 1974). The second term yields the net present value of the financing side effects, 

measured through future tax shields. These are discounted using the cost of debt. This assumes that tax 

shields carry the same risk as debt because the debt ratio is not held constant, and thus there is no 

refinancing risk (Brealey et al., 2019). Finally, added together, the model estimates the project’s total 

value. Thus, the model provides a clear advantage in evaluating a project with a variable leverage ratio. 

While the WACC assumes a static debt ratio through a fixed discount rate, the APV accounts for the 

effects of debt only when those are accrued. 

4.3.1 Tax shields 

The previous paragraph noted the necessity to calculate tax shields to apply the adjusted present value 

method. The simplified approach to calculating tax shields identifies the estimate of the multiplication 

of interest expenses for a given year with the current corporate tax rate. However, as tax shields can 

significantly affect a firm’s cash flow, this study believes that the procedure needs further elaboration. 

Specifically, under certain situations, the firm cannot fully enjoy the benefits of tax shields (Vélez-Pareja, 

2016). 
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𝐸𝐵𝐼𝑇𝑎𝑑𝑗 ≥ 𝐹𝐸 

𝑇𝑆 = 𝑇 ∗ 𝐹𝐸 

0 < 𝐸𝐵𝐼𝑇𝑎𝑑𝑗 < 𝐹𝐸 

𝑇𝑆 = 𝑇 ∗ 𝐸𝐵𝐼𝑇𝑎𝑑𝑗 

𝐸𝐵𝐼𝑇 < 0 

 

𝑇𝑆 = 0 

𝐸𝐵𝐼𝑇𝑎𝑑𝑗 = 𝐸𝐵𝐼𝑇 + other net income 

𝐹𝐸 = financial expenses 

𝑇𝑆 = tax shield 

𝑇 = tax rate 

Table 8. Source: Own contribution based on Vélez-Pareja (2016) 

Table 8 above describes three scenarios leading to different calculations of tax shields. The first scenario 

describes the case with positive adjusted EBIT greater than the financial expenses, resulting in a fully 

earned tax shield. However, the adjusted EBIT can be lower than the financial expenses. Under this 

scenario, the tax shield is found by multiplying the adjusted EBIT by the tax rate. In this case, no taxes 

are ultimately paid by the firm. However, it would be incorrect to assume no tax shields are earned in 

this situation. Finally, when EBIT is negative, no tax shield is earned (Vélez-Pareja, 2016). 

The described equations provide a useful approach to the calculation of tax shields. However, this 

approach rests on assumptions that rarely hold in practice. Some of these are breached when payment 

of taxes is advanced or delayed (Vélez-Pareja, 2016). In fact, the financial model applied in the analysis 

of this thesis allows for carrying tax losses forward. Each year’s tax shields have been calculated as the 

difference in tax payments between the actual leveraged Project and the unlevered Project to account 

for tax loss carry forwards. This methodology rests on the assumption that no interest income is 

applicable (Vélez-Pareja, 2016). 

4.4 Internal rate of return 

As the analysis aims to assess the financial attractiveness of the Project, a valid proxy for the 

investment’s annual expected return needs to be identified. This research believes that the Internal Rate 

of Return (IRR) offers valuable information for that purpose. The IRR is defined as “the discount rate 

that gives a zero NPV” (Brealey et al., 2019, p. 115). It shows what return investors can expect to earn on 

average each year during the lifetime of a project (Petersen et al., 2017). The calculation of the IRR is 

presented in Table 9. Furthermore, the internal rate of return rule states that the firm should accept an 

investment project if the opportunity cost of capital is lower than the IRR (Brealey et al., 2019, p. 116). 

𝑁𝑃𝑉 = ∑
𝐶𝐹1

(1 + 𝐼𝑅𝑅)1

𝑛

𝑡=0

= 0 

𝑁𝑃𝑉 = Net Present Value 

𝐶𝐹 = cash flow 

𝑡 = time period 

𝑛 = number of periods 

𝐼𝑅𝑅 = Internal rate of return 

Table 9. Source: Own contribution based on Brealey et al. (2019) 

While the IRR is the preferred capital budgeting method among many practitioners and financial 

theorists, the method implies limitations of using the IRR as a selection criterion among investment 
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projects. Among the most critical pitfalls is that the IRR approach can yield multiple rates of return in 

the case of multiple changes of signs, such as is the case for decommissioning costs. Furthermore, 

projects can yield no IRR at all. The method might also be misleading in ranking mutually exclusive 

projects and considering the scale of investments (Brealey et al., 2019). Due to the method’s limitations, 

many theorists have sought to improve the IRR method by creating alternative yield-based methods. 

However, none of these have resulted in fewer flaws (Volkman, 1997). As the IRR is still widely used in 

practice, the study of the Project will utilize the metric to supplement the APV approach in order to 

assess the attractiveness of the Project while being aware of the limitations the metric implies. 

 

4.5 Liquidity 

The liquidity of an asset is the ease and speed with which it can be sold at a fair market value (Bodie et 

al., 2018). Liquidity consists of several aspects. The first aspect of liquidity is the cost of engaging in a 

transaction. The second aspect is the price impact, meaning the adverse movement in price one would 

encounter when executing a larger trade. Finally, liquidity also concerns immediacy, which is the ability 

to sell an asset quickly without reverting to fire-sale prices. Conversely, illiquidity can be measured in 

part by the discount from the fair market value a seller must accept if the asset is sold quickly (Bodie et 

al., 2018). 

Consequently, liquidity, or the lack of it, is an important characteristic that affects asset values. Investors 

demand a return premium to compensate for asset illiquidity. This effect is known as the illiquidity 

premium. The existence of this effect is supported by evidence throughout global markets, implying that 

illiquid assets have higher expected returns than liquid assets (Amihud et al., 2015). Additionally, Ortiz-

Molina & Phillips (2014) have shown that firms with more illiquid real assets have a higher cost of 

capital, supporting their hypothesis that real asset illiquidity is associated with less operational 

flexibility. Hence, large investment in real (or physical assets) can lead to less operational flexibility due 

to high fixed costs. Sales of real assets in illiquid markets can fetch significant price discounts to the 

fundamental values. Illiquid markets increase firms’ cost of selling real assets and thus reduces the 

ability to raise cash with asset sales. Therefore, through reduced operational flexibility, the cost of equity 

increases (Ortiz-Molina & Phillips, 2014). 
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4.6 Project finance 

Since the early 1980s, infrastructure projects have increasingly been financed by the private sector, and 

private funding has commonly taken the form of project finance (Brealey et al., 1996). Esty (2004) 

defines project finance as “the creation of a legally independent project company with equity from one 

or more sponsoring firms and non-recourse debt for the purpose of investing in a capital asset” (p. 213). 

The structure of a project company is called a Special Purpose Vehicle (SPV). The main parties of an 

SPV include the company’s sponsors and investors, the lenders, the government, contractors, suppliers, 

and customers. The sponsors take a controlling stake in the equity of the SPV, and they are typically 

involved in the construction and the management of the project (Brealey et al., 1996). The simplified 

structure of an SPV is shown in Figure 3 below. 

 

Figure 3. Source: Green Giraffe (2019a, p. 4) 

According to Brealey et al. (1996), there are four distinct features of such project financing compared to 

conventional financing agreements. First, the projects are incorporated as separate companies. 

Consequently, assets are financed separately rather than jointly (Esty, 2004). Secondly, a significant 

portion of the project company’s equity is provided by the project manager or sponsor, in contrast to 

hundreds or thousands of shareholders in public companies, effectively giving more control to the 

management of the SPV. Thirdly, the project company enters into comprehensive contractual 

agreements with suppliers and customers (Brealey et al., 1996). Lastly, the project company is usually 

highly leveraged, and the use of non-recourse debt gives the lenders no recourse beyond the right to the 

collateral of the SPV (Bodie et al., 2018). 

At first, many of these structural features appear counter-intuitive. For example, creating a standalone 

company takes much time, and the SPV structure entails higher transaction costs, which can equal 5-

10% of the project’s total costs. However, the individual components fit together in a convenient way 

that reduces the net financing costs associated with large capital investments (Esty, 2004) Furthermore, 

a fundamental reason for the importance of project finance in funding infrastructure investments is that 

it addresses agency problems in a way that other forms of financing do not through high-powered 

incentives (Brealey et al., 1996). Firstly, the high leverage might not be optimal in a corporate setting 
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but plays a critical disciplinary role by preventing managers from wasting or misallocating free cash 

flows and deters parties from trying to appropriate it. Thus, high leverage support agency-based theories 

for capital structure in the presence of incomplete contracts (Esty, 2004; Jensen, 1986). Secondly, 

project-specific compensation provides stronger incentives for managers than compensation linked to 

performance. As managers are reluctant to invest in large, risky assets even when they expect positive 

net present value, segregating the risky assets in a project company can prevent a failing project from 

dragging the parent company into default. Hence, project finance allows the firm to isolate asset risk in 

a separate entity with limited liability to inflict collateral damage on the sponsoring firm (Esty, 2004). 

From a theoretical perspective, project financing is noteworthy as it challenges Modigliani & Miller’s 

(1958) ‘irrelevance’ proposition, which suggests that corporate financing decisions do not affect firm 

value. When this assumption holds, various financing decisions such as capital and ownership structures 

do not affect asset values of investment decisions. However, empirical studies of the corporate finance 

field have suggested that financing structures do, indeed, matter (Esty, 2004). In addition to the 

structural attributes discussed above, project financing can help underinvestment due to asymmetric 

information. Myers & Majluf (1984) show that underinvestment occurs only when the value of both 

assets-in-place and investment opportunities are uncertain. Myers & Majluf recommend two solutions: 

holding financial slack and financing assets separately. According to Esty (2004), separately financing 

assets improves information flow. Furthermore, the idea that financing assets separately (project 

finance) can be more valuable than financing them jointly (corporate finance) challenges the idea that 

diversification is beneficial (Esty, 2004). Although project financing challenges some of the most 

incorporated theories of corporate finance, empirical research has shown that the structure can be the 

optimal choice for sizeable infrastructure investments. Hence, this study will assume a project finance 

approach. 

 

4.7 Alternative investments 

This thesis concerns the study of an infrastructure asset in the form of a wind power project from the 

project developer’s perspective. Infrastructure investments can be categorized as alternative 

investments, as it is not traded daily on a stock exchange. However, the field of real asset investments 

has gained considerable traction also from financial investors, partly explained by evidence that some 

alternative investment managers have been able to beat the market and offer superior returns to their 

investors (Liang, 1999). 
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There are four types of alternative investments: private equity, private credit, hedge funds, and real 

assets (APPG, 2019). In private equity, alternative investment managers purchase entire companies or 

significant minority stakes in them. Second, in private credit, also known as non-bank lending, 

alternative investment managers lend capital directly to companies, real estate, and infrastructure 

projects. Third, hedge fund managers invest in both traditional and alternative investments. However, 

unlike traditional investment managers, the hedge funds managers do not seek to outperform a 

benchmark of market performance but absolute returns. Finally, in real asset strategies, alternative 

investment managers typically invest in physical assets such as real estate, infrastructure, and 

commodities (APPG, 2019). Thus, offshore wind projects can be categorized as real assets.  

Real assets investments are characterized by being long-term in nature, as they take time to generate 

profits and be liquidated (APPG, 2019). A peculiar characteristic of real assets that investors appreciate 

is that they are weakly correlated to the equity and bond markets, as the underlying cash flows of the 

assets are not linked to factors of the broader financial markets (APPG, 2019). Hence, real assets can 

offer valuable diversification benefits to other asset classes.  
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 Offshore Wind Industry Analysis 

The purpose of this chapter is to give the reader an understanding of the offshore wind market and the 

dynamics within it. Current trends and technologies will be discussed, along with the status and 

outlook of the European and Norwegian markets. 

5.1 Introduction to offshore wind 

The offshore wind industry has its offset in the onshore wind industry. Onshore wind still makes up the 

vast majority of wind power capacity and annual installations in Europe, as its Levelized Cost of 

Electricity (LCOE) often is lower than for offshore wind farms. Onshore wind power made up 80% of 

new European installations in 2020 and is now 88% of the total installed wind power capacity 

(WindEurope, 2021b). However, in certain countries such as the Netherlands and Denmark, offshore 

installations make up most new wind capacity additions as grid constraints, land rights, and public 

opposition challenge onshore wind deployment (GWEC, 2021). Furthermore, suitable on-land sites are 

limited in number. Besides, offshore wind resources are better than onshore due to higher average wind 

speeds and more wind stability (Morthorst & Kitzing, 2016). As a result, the average capacity factors for 

offshore wind farms in Europe at 42% are substantially higher than for onshore at 25% (WindEurope, 

2021b). 

 

Figure 4. Source: Own contribution based on WindEurope (2021b) 

The strong growth in wind power installations is driven by technology improvements and low-cost 

financing, contributing to a 40% decline in LCOE globally in the last decade (IEA, 2020b). As shown in 

Figure 4, onshore wind still makes up most installed capacity and new installations in Europe. The global 

offshore wind market grew ~30% per year between 2010 and 2018, benefitting from rapid technology 

improvements described in Section 5.3. 
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5.1.1 History 

The offshore wind industry first started with a project in Vindeby, Denmark, in 1991. The project was a 

5 MW wind farm consisting of 11 turbines. The first large-scale offshore wind farm, Middelgrunden, was 

installed off the coast of Copenhagen in 2000, with 20 turbines of 2 MW each. Today, offshore wind has 

emerged as one of the most dynamic technologies in the energy system. For the first time, in 2010, global 

capacity additions of offshore wind surpassed 1 GW. The growth of the offshore wind industry has been 

fostered in Europe, particularly around the North Sea, where high-quality wind resources and relatively 

shallow water have provided good conditions to develop offshore wind technologies and bring them to 

the market (IEA, 2019b). Stable policies were also vital to the growth, as subsidies and favorable policies 

supported nearly 17 GW offshore wind capacity. As a result, in 2018, more than 80% of global installed 

offshore wind capacity was located in Europe (IEA, 2019b). Offshore wind power accounted for only 

0.3% of the global electricity supply in 2018. However, in countries with higher penetration of installed 

offshore wind, such as Denmark and the UK, the share was 8% and 15%, respectively (IEA, 2019b). 

5.2 Market size and players 

Today, the offshore wind industry is a multi-billion-dollar business, with developed supply chains that 

span over development, project construction and installation, operation and maintenance, and 

decommissioning activities. Investments in offshore wind in 2018 accounted for ~25% of global 

investments in the wind sector and 6% of all investments in renewable energy (IEA, 2019b). 2020 was 

a record year for investments in offshore wind in Europe, as €26.3 billion was invested for building 7.1 

GW capacity despite the challenges of COVID-19 (WindEurope, 2021c). 

5.2.1 Installations 

At the end of 2020, there were 5,402 offshore turbines connected to the grid in Europe, with a total 

capacity of 25 GW. In 2020, 356 turbines were connected for a total new capacity of 2,918 MW, in which 

the Netherlands (1,493 MW), Belgium (706 MW), and the UK (483 MW) installed the most capacity to 

the grid. As of 2020, the UK had the most installed capacity, with a cumulative offshore capacity of 10.4 

GW. Germany had the second most cumulatively installed capacity, at 7.7 GW, while the Netherlands 

had the third most at 2.6 GW. The vast majority (79%) of the installed capacity in Europe was sited in 

the North Sea (WindEurope, 2021a). 

5.2.2 Developers 

Offshore wind can be considered a highly capital-intensive technology. Large investments are required 

to face the engineering and logistics challenges of development and installations at sea (Morthorst & 

Kitzing, 2016). Early offshore wind farms were small enough to be taken forward by independent 
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developers, who sold consented projects to larger companies, but the current scale makes this 

challenging (ORE Catapult, 2018). Hence, investments in offshore wind are mainly conducted by large 

utilities and investment funds because the projects have relatively high upfront capital costs compared 

to other sources of renewable energy. European companies develop and own most global offshore wind 

assets (IEA, 2019b). The largest European developer in terms of offshore wind power is Ørsted, which 

had a market share of 26% and 17% for 2020 new installations and cumulative installed capacity at the 

end of 2020, respectively. Despite not connecting any turbines to the grid in 2020, RWE remained the 

second largest with 10% of the installed capacity (WindEurope, 2021a). Ørsted and RWE are the first 

and second leading market players globally, and China Longyuan with the third most installed offshore 

capacity as of 2018. Chinese companies account for a growing share of the market. Two Chinese state-

owned companies rank among the top ten developers globally, with a combined share of ~7% of the 

cumulative installed capacity globally (IEA, 2019b). In Europe, the seven largest companies combined 

owned 51% of the installed capacity by the end of 2020 (WindEurope, 2021a). 

5.2.3 Wind turbine manufacturers 

The ten largest manufacturers of wind turbines, of which five are based in Europe, cover 88% of the 

global demand. The total number of manufacturers has decreased in the last ten years, partly due to 

price pressure from auctions, and uncertainty of volumes in key markets, namely Spain and Germany. 

The European wind turbine manufacturers are globally diversified and lead in most markets, including 

an 85% market share of the European market. For the moment, European manufacturers retain their 

competitive edge through technological leadership, geographical diversification, service capabilities, 

and broad product portfolios. In addition, they create value for customers beyond the manufacturing, 

assembly, and supply of equipment as they can take on project management and other services for the 

developer (WindEurope, 2020b). The most significant source of global competition for the European 

wind industry is Chinese manufactures, which have benefited from a remarkable expansion of wind 

power in China in the last five years. The Chinese manufacturers control more than 90% of their home 

market (WindEurope, 2020b). 

There are fewer suppliers for offshore wind turbines than for onshore. Wind turbine suppliers are system 

integrators, and blades are typically produced in-house, along with a few other components, depending 

on the industrial strength and breadth of the supplier. The higher investment costs, larger project sizes, 

but relatively low overall sales volume of the offshore market make it difficult for new suppliers to 

challenge the incumbents (IEA, 2019b). As a result, the two most prominent producers, Siemens 

Gamesa and Vestas, had a market share of new offshore installations in 2020 and a total cumulative 
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capacity of ~97% and ~91%, respectively (Table 10) (WindEurope, 2021a). Due to high entry barriers 

and the substantial market share of the two largest producers, the European offshore wind turbine 

market is effectively a duopoly. However, as more producers enter the offshore turbine market, the 

market might become more competitive. GE Renewables is an example of the growing competition in 

the offshore wind industry. The company did not connect any turbines in 2020 but will supply turbines 

for the upcoming 3.6 GW Dogger Bank wind farm in the UK (GE Renewable Energy, 2020). The 

substantial market power of the largest suppliers leads to strong profit margins. If the competition 

among offshore wind turbine manufacturers increases, their market power might decrease. In turn, 

lower turbine prices might follow. 

 

Table 10. Source. Own contribution based on WindEurope (2021a). 

5.3 Offshore wind technology and performance 

5.3.1 Turbine size 

Offshore wind turbines are continuing to grow in size and power.  In 2010, the newly installed turbines 

had an average rated capacity of 3 MW (WindEurope, 2021a). In 2020, the average rated power of newly 

installed offshore turbines in Europe was 8.2 MW, and two-thirds of turbines under installation were 

even more powerful (Golroodbari et al., 2021). The increase in power output for turbines is expected to 

continue. Vestas, GE, and Siemens Gamesa have introduced turbines with 14 and 15 MW capacities 

ready for serial production in 2024 (Figure 5). Dogger Bank, which will become the world’s largest 

offshore wind farm when completed in 2026, plans to use a 14 GW turbine from GE in one of the project 

phases, in which 13 MW turbines will supply the two other phases (GE Renewable Energy, 2020). 

Cumulative capacity 2020 installations

GW

% of 

capacity

# of 

Turbines MW

% of 

capacity

# of 

Turbines

Siemens Gamesa 16.9 68.0% 3,674 1,840 63.1% 237

Vestas 5.7 22.9% 1,290 976 33.5% 103

Senvion 1.4 5.6% 238 101 3.5% 16

Bard Engineering 0.4 1.6% 80 -         - -         

GE Renewable Energy 0.4 1.6% 74 -         - -         

Others 0.07 0.3% 46 -         - -         
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Figure 5. Source: GWEC (2020) 

Larger turbines tend to be slightly more expensive per MW. However, large turbines create savings when 

it comes to installation and foundations, reduced overall O&M costs, and increased capacity factors due 

to higher hub heights and larger swept areas (IRENA, 2020). Addition 

ally, bigger turbines can raise wind farm electricity production by reaching a wider range of wind speeds, 

ultimately generating more electricity (IEA, 2019b). Hence, larger turbines enable economies of scale 

by increasing electricity production and reducing overall costs in other aspects of wind farm 

construction and operations. 

5.3.2 Wind farm size 

Offshore wind farms have grown steadily over the last six years. The average wind farm capacity 

commissioned during 2020 was 788 MW, compared to just above 300 MW in 2014. From 2019 to 2020, 

the average wind farm size increased 26% (WindEurope, 2020a). The single largest project currently in 

operation is Hornsea 1 in the UK, with a total capacity of 1.2 GW (Ørsted, 2020a). In addition, several 

projects above 1 GW are under construction, e.g., Hornsea 2 (1.4 GW) with planned commissioning in 
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2022 (Ørsted, 2020b). The large scale of the projects enables economies of scale and, in turn, lower 

LCOE (WindEurope, 2020a). 

5.3.3 Performance 

Investments in wind projects are characterized by large upfront capital expenditures and long lifetimes. 

Therefore, assessing the level of average CAPEX per MW in new wind farm investments is vital to 

understand the industry’s cost-level trends. Since 2015, the average CAPEX has declined from 

€4.5m/MW to ~€3.5m/MW, and two wind farms in the Netherlands achieved €2.2m/MW 

(WindEurope, 2021c). Because of the novelty of the technology, floating offshore wind farms are 

expected to have higher CAPEX than the more mature bottom-fixed foundations. In the coming years, 

maturing technology, established supply chains, and economies of scale are expected to provide similar 

reductions in CAPEX as witnessed in bottom-fixed offshore wind (WindEurope, 2021c). 

5.3.3.1 Capacity factor: 

The effectiveness of wind farms is measured in a ratio known as the capacity factor. WindEurope 

(2020b) describes the capacity factor as “the average output over a year relative to the maximum power 

capacity.” A higher capacity factor means lower intermittency and higher electricity output. The capacity 

factor is given by the following equation (IEA, 2019b). 

Capacity factor =
actual output (MWh)

nominal power (MW) × 365 × 24
× 100 (%) 

The capacity factor is an important metric, as incremental improvements in capacity factors yield 

additional revenue for the wind farm. The marginal cost of electricity production is low, as there are no 

fuel costs (Krohn et al., 2009). Hence, incremental improvements in the capacity factor lead to an 

increased EBITDA due to the low marginal costs, all else equal. The cost reduction in LCOE from 2010 

to 2019 can partly be attributed to higher capacity factors. The global weighted average capacity factors 

increased by about one-fifth, from 37% in 2010 to 44% in 2019 (DNV, 2020c). Although some farms 

may have lower average wind speeds, new turbine types will allow better performance under varying 

wind conditions because of increases in the turbine, blade, and tower sizes (Shrestha, 2021). Capacity 

factors for wind farms vary between seasons due to seasonal wind patterns, as shown in Figure 6 below. 

Therefore, electricity production is higher during winter than during the summer (WindEurope, 2017). 

However, this study is delimited to estimates on an annual basis, and thus the Project’s capacity factor 

will be estimated as an annual average. 
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Figure 6. Capacity factor seasonality for onshore wind turbines in Germany. Source: WindEurope (2017) 

New turbines can achieve capacity factors well over 50%, and larger turbines can achieve capacity factor 

increases of 2-7 percentage points above those of smaller units, given the same conditions (Mora et al., 

2019). Equinor’s floating offshore wind farm Hywind Scotland set a record in the UK as the farm had a 

capacity factor of 57.1% in the 12 months prior to March 2021. During its first two years of operations, 

Hywind Scotland achieved an average capacity factor of 54%, compared to an average of 40% for UK 

offshore wind farms (Morthorst & Kitzing, 2016). 

5.3.3.2 Levelized cost of energy 

The metric Levelized Cost of Energy (LCOE) is often used to compare different energy technologies and 

projects. The LCOE combines the present value of all costs during a project’s lifetime, divided by its 

expected energy production. Hence, the LCOE represents the average generation cost for a technology 

or a project (IEA, 2019b). Alternatively, the LCOE can be thought of as the average minimum price at 

which the electricity generated is required to be sold to offset the total costs of production over its 

lifetime. The LCOE is aggregated into a simple per-unit measure such as EUR/MWh (IRENA, 2020). 

The formula is provided below. 

 

𝐿𝐶𝑂𝐸 =
∑

𝐶𝐴𝑃𝐸𝑋𝑡 + 𝑂𝑃𝐸𝑋𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

∑
𝐴𝐸𝑃𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

 

Where: 
𝐿𝐶𝑂𝐸 = levelized cost of energy; 
𝐶𝐴𝑃𝐸𝑋𝑡 = capital expenditures in year t; 
𝑂𝑃𝐸𝑋𝑡 = operations and maintenance expenditures in year t; 
𝐴𝐸𝑃𝑡 =  annual expected production in year t; 
𝑟 = discount rate; and 
𝑛 = lifetime of the project (years) 

Table 11. Own contribution based on WindEurope & BVG Associates (2017) 
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The cost of energy for offshore wind has declined considerably over the last years as technology has 

enabled more efficient projects. From 2010 to 2019, the global weighted-average LCOE of newly 

commissioned facilities fell from USD 161/MWh to USD 115/MWh, and total installed costs declined 

~18%. From 2018 to 2019, the global LCOE for newly commissioned utility-scale projects declined 9% 

(GWEC, 2021). Figure 7 shows the LCOE for other renewable energy sources and their cost development 

from 2010 to 2019, together with the cost range for fossil fuels (GWEC, 2021). Offshore wind can now 

be competitive with the cost of fossil fuels, as some offshore projects had LCOE of USD 88M/MWh, on 

the level with onshore wind, biomass, and even hydropower plants (DNV, 2020c). The cost reduction is 

driven by the industry achieving critical mass and innovations in wind turbine technology, installation, 

and logistics. Economies of scale in O&M from larger turbines and offshore wind farm clustering, 

improved capacity factors from higher hub heights, better wind resources, and large rotor diameters 

have contributed to the fall in levelized costs (DNV, 2020c). 

 

Figure 7. Source: Own contribution based on GWEC (2021) 

 

5.4 Floating offshore wind 

5.4.1 Introduction to floating offshore wind 

Most offshore wind turbines in Europe are placed in shallow water, at an average depth of 27.5 meters 

(Lerch et al., 2018). Water depth is a critical constraint for building offshore wind farms. Bottom-fixed 

offshore wind turbines can only be sited in relatively shallow water, and there is a limited range of 

suitable sites (DNV, 2020d). Furthermore, the most suitable offshore wind sites located near-shore, 

with shallow water, are gradually becoming less available as offshore wind developers have already taken 

advantage of these “low-hanging fruits” (Carbon Trust, 2015). As of 2019, the deepest bottom-fixed wind 

farm in Europe was at 45 meters depth (WindEurope, 2021a). Bottom-fixed foundations are currently 

76 66 49 73
37 47

378

68

346

182

86 53

161
115

0

100

200

300

400

500

600

700

800

2010 2019 2010 2019 2010 2019 2010 2019 2010 2019 2010 2019 2010 2019

2
0

19
 U

S
D

/M
W

h

Geothermal Hydro Solar PV Offshore 
wind

Biomass Thermal solar Onshore 
wind

Fossil fuel cost range



 

43 
 

restricted to waters less than 60 meters deep (IRENA, 2019c). 66% of the North Sea has a water depth 

between 50 and 220 meters (WindEurope, 2020a), and hence the potential for deep-water sites is vast. 

According to Carbon Trust (2015), Europe has a potential floating offshore wind capacity of 4,000 GW. 

In contrast, Europe currently has 197 GW of wind capacity, of which 23 GW is offshore, implying a 

potential for floating wind in Europe up to 20 times the existing total wind capacity. 

5.4.2 Advantages of floating wind power 

Floating wind power’s core advantage is that it enables the capture of wind resources located in waters 

too deep to be considered cost-effective for bottom-fixed technology (Hannon et al., 2019). Second, 

deeper, more remote waters can offer higher average wind speeds, in turn improving capacity and 

potentially reducing the LCOE of offshore wind (Hannon et al., 2019). Installation costs can also be 

reduced, as turbines can be mounted onto their foundations dockside and floated to the site by tugboats, 

meaning that tugboats can be employed rather than expensive heavy-lift jack-up vessels (Hannon et al., 

2019). This can increase the flexibility of the process. Plugging and unplugging methods can allow the 

structure to be towed back to port for O&M, also helping to reduce costs as no specialized vessels are 

needed (Carbon Trust, 2015). As less work is performed offshore, the health and safety risk is reduced 

(Hannon et al., 2019). Finally, floating wind can also reduce the impact on the marine environment, as 

the seabed is less affected. This is due to the use of moorings and anchors instead of a fixed structure, 

which requires less seabed penetration (Bailey et al., 2014). Also, conventional mooring and anchor 

systems are suitable for all soil conditions (Green Giraffe, 2019b). Furthermore, floating wind 

technology can reduce the risk of bird strikes since floating wind farms can be sited further offshore 

away from bird habitats. Therefore, floating wind can capture wind resources inaccessible with bottom-

fixed foundations as it has the flexibility to choose sites with the greatest and steadiest winds (Green 

Giraffe, 2019b). 

5.4.3 Disadvantages 

Floating wind technology is not without its drawbacks. The single most crucial challenge is the higher 

capital expenditures in comparison to bottom-fixed offshore wind. This is especially true in the North 

Sea, which has many appropriate sites for offshore wind in water depths less than 60 meters (Hannon 

et al., 2019). Second, installing and operating wind farms further offshore entail harsher environments 

with more intensive wind and waves, which can cause extensive damages (Butterfield et al., 2007). 

Third, the mechanical and electrical design, construction, and installation of power cables in deep waters 

can entail major expenses (Hannon et al., 2019). 
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Furthermore, coupling cables, connections, and implementing an unplugging system that allows O&M 

procedures to occur onshore is a challenge with floating, and thus moving, foundations (Hannon et al., 

2019). Finally, a limited number of suitable ports are available for the construction, assembly, and 

floating of foundations, potentially creating a bottleneck if the industry expands vastly. Specifically, the 

width and depth available at ports limit the maximum width and draft of the foundations to be 

assembled (Hannon et al., 2019). 

5.4.4 Technologies 

Floating wind turbines are still in the development phase, and the largest planned projects are still 

relatively small compared to recently built bottom-fixed wind farms. However, there is an enormous 

interest and technology development in the field. The choice of technology depends on water depth, soil 

conditions, nacelle weight, and rotor speed. Organizational and economic factors such as competencies 

and experience will also be essential. 

The leading technologies are spar buoy, tension-leg platform, and semi-submersible platform. The 

concepts differ in achieving static stability to ensure the turbine remains in an upright position while 

floating (Hannon et al., 2019). These technologies are shown in Figure 8 and are briefly presented below. 

 

Figure 8. Common fixed and floating offshore wind structure designs. From left to right: driven monopile; steel jacket 
tower; tension leg platform; spar buoy; semi-submersible. Source: Hannon et al. (2019). 

5.4.4.1 Spar buoy 

Spar-buoy is the simplest concept and has attractive dynamics. It achieves stability through ballast 

installed below its main buoyancy tank and is kept in position by tight spread mooring lines (IRENA, 
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2016). The foundation requires a minimum depth of 80 meters during the whole installation process. 

Its benefits include inherent stability, suitability for harsh sea conditions, cheap and simple mooring, 

and anchor systems. Furthermore, the spar buoy has a simple fabrication process and low operational 

risk. The design challenges are high costs at €5-8m/MW, long mooring lines, and a long and heavy 

structure (GWEC, 2020). Besides, offshore operations require heavy-lift vessels and currently can be 

done only in relatively sheltered, deep water (IRENA, 2016). 

Spar buoys account for two-thirds of installed floating capacity (Hannon et al., 2019). Projects using the 

spar buoy design include Equinor’s Hywind, which has been applied for three projects at 1 x 2.3 MW, 5 

x 6 MW, and 11 x 8 MW for Hywind Demo, Scotland, and Tampen, respectively (Equinor, 2021c). 

According to Picotti (interview, 19 April 2021), steel was used for the structures of Hywind Demo and 

Scotland. However, for Hywind Tampen, concrete will be the primary material, allowing for more local 

manufacturing processes and lowering material costs. 

5.4.4.2 Tension-leg platform 

A Tension-Leg Platform (TLP) is a semi-submerged buoyant structure anchored to the seabed with 

tensioned mooring lines, which provide stability. The benefits of the structure are a shallow draft and 

tension stability, allowing for a smaller and lighter structure (Carbon Trust, 2015). Furthermore, the 

foundation can be assembled onshore or in a dry dock, and it can be used at depths deeper than 50-60 

meters (IRENA, 2016). However, the design increases stress on the cables and anchor systems, and 

there are challenges with the installation process and increased operational risks if a cable fails 

(Carbon Trust, 2015). In addition, a special purpose vessel may be required, implying higher 

installation costs (IRENA, 2016). 

German GICON-SOG has demonstrated the TLP concept on a 1:50 scale model (GICON-SOF, 2018). 

Additionally, a Japanese trio of MODEC, Toyo Construction, and Furukawa Electric are jointly 

developing a TLP to support a large-capacity wind turbine over 10 MW, due to be completed in 2022 

(Offshore, 2020). 

5.4.4.3 Semi-submersible 

The semi-submersible platform floats semi-submerged on the surface of the ocean while anchored to 

the seabed with catenary mooring lines (Carbon Trust, 2015). The columns provide stability, while 

submerged pontoons provide additional buoyancy (IRENA, 2016). This structure can be constructed 

onshore or in a dry dock, and its fully equipped platform, including turbines, can float with drafts below 

10 m during transport with conventional tugs to the site. It can be used on water depths from 40 meters 

and incurs lower installed mooring costs (IRENA, 2016). Furthermore, they have excellent adaptability 
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to a wide range of seabed geologies, implying a low site dependency (Carbon Trust, 2015). Its challenges 

are higher critical wave-induced motions, the tendency to use more materials, larger structures than 

other concepts, and a more complex fabrication process (IRENA, 2016). 

According to Hannon et al. (2019), semi-submersible foundations are expected to dominate the market 

going forward. An example of a player for this technology is Principal Power, which is owned 47% by 

Aker Offshore Wind. Principle Power’s Windfloat is currently the floating structure with the biggest 

installed wind turbine to date, as the company has installed a 9.5 MW turbine in the Kincardine project 

off the coast of Scotland. In addition, Principle Power installed three 8.4 MW turbines off the coast of 

Portugal during the spring of 2020 (Principle Power, 2020). 

5.5 Industry risks 

The offshore wind industry involves significant risks. As floating wind is a less mature technology, there 

are added risks in addition to the inherent risks of bottom-fixed offshore wind power. These are 

described below. 

5.5.1 Construction risk 

Among the most natural risks for the industry is the construction risk faced by investors and lenders. 

As the construction of a wind farm involves several completely different industries, such as turbine 

manufacturers, foundation suppliers, cabling, and marine construction work, there is no apparent 

general contractor. There are risks of construction delays during the construction stage, leading to 

knock-on effects on other activities. Furthermore, cost overruns can occur due to, e.g., shifting 

component prices or exchange rates. Also, component damages or excessive wear are prevalent risks 

(Green Giraffe, 2019a). 

5.5.2 Technology risk 

Using floating wind technology implies more risks than for bottom-fixed due to its lack of maturity at 

the current stage. Therefore, the technology risks can be reduced by picking proven technologies with 

prototypes already in the water, developed by solid counterparties. This relates to all aspects of the 

integrated systems and supply chain (e.g., mooring, cables, vessels) and not just the floating foundation 

(Green Giraffe, 2020a). 

Brackman (interview, 16 April 2021) states that achieving design standards certified by a classification 

society is critical for reducing the technology risk. Doing so will lower the perceived risk as technology 

can get standardized and verified by a reputable third party. 
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Furthermore, there is a risk of damages or operational underperformance to both the floating 

foundation and the turbine. Therefore, the floating technology provider should design the foundation to 

keep the turbine within its operational and extremes boundaries. Hence, early and full involvement from 

the turbine supplier is vital for achieving a set of turbines and foundations that will work optimally 

(Green Giraffe, 2019b).  

The chosen floating structure and its materials should be tested in extreme conditions and preferably 

have a significant track record in other appliances such as the petroleum industry. Steel, for example, 

fulfills this criterion as a widely used material in offshore operations. Further de-risking of the 

foundations can be achieved through serial production of the structures (Green Giraffe, 2019b). 

5.5.3 Performance risk 

The performance risk relates to the wind farm’s performance during its operational life. During the 

operational life of the wind farms, there are risks for lower-than-expected availabilities for turbines, and 

adverse weather resulting in damage, wear, or corrosion. Furthermore, less wind than estimated results 

in less electricity produced, and in turn, lower revenue. As a result, negative performance variabilities 

reduce the profitability of a wind farm. However, these risks can be partly mitigated with long-term 

service agreements, including spare parts and wind farm access control to protect the installations 

(Green Giraffe, 2019b). 

5.5.4 Operational risk 

Floating offshore wind farms can operate even further away from shore than BFOW at sites with high 

wind speeds and large waves. Hence, the operational environment is harsh, and there are operational 

risks related to component damage, excessive wear, or even system deficiency, implying lower 

availability, higher O&M costs, and lower revenues. Furthermore, this applies to other components of 

the floating structure, such as mooring lines. However, these risks can be reduced by choosing an 

experienced turbine supplier with a solid track record of high availability and using off-the-shelf 

components with a proven track record from the maritime and petroleum industry (Green Giraffe, 

2019b). 

5.5.5 Political risk 

The offshore wind industry has grown quickly during the previous decade, partly due to a favorable 

political climate that provides incentives to project developers. Phasing out government incentives or a 

shift in political priorities towards other solutions would harm investments. Government incentives do 

include not only financial incentives but also valuable non-cash inducements such as grid connections. 
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Thus, government incentives remain crucial to the development of offshore wind farms despite reduced 

costs in recent years (Grant Thornton, 2018). 

5.5.6 Contractual structuring 

The current model for offshore wind development implies a preference for a low number of contracts, 

enabling pricing based on lump-sum contracts. The scope of contracts can be built on experience from 

bottom-fixed offshore wind, with additional technology-specific adjustments for floating wind (Green 

Giraffe, 2019b). Green Giraffe (2019b) suggests that floating wind projects can acquire a license from 

the floating wind technology provider, implying that the fabricator takes responsibility for its realization. 

Furthermore, Green Giraffe suggests having long-term turbine and foundation service agreements and 

that the turbine supplier warrants the availability of turbines and the power curve. Overall, a large share 

of the added risks involved with a floating wind farm can be managed through well-written contracts 

with suppliers as well as having long-term service agreements. Such a contract structure for the value 

chain is shown in Figure 9 below. For reference, a typical contract structure for bottom-fixed offshore 

wind is shown in Appendix 2. 

 

Figure 9. Source: Green Giraffe (2019b, p. 12) 

 

5.6 The Norwegian wind market 

The wind power market in Norway has so far mainly involved onshore installations. With a shift towards 

offshore projects, public opinions, development processes, and required capabilities may change.  
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5.6.1 Public opposition to onshore wind power  

In recent years, there has been an increasing number of debates and articles regarding wind power, its 

impact, and its future in Norway. So far, the discussion has primarily concerned onshore installations. 

Onshore wind farms are criticized for destroying Norwegian nature, wildlife, and recreational areas as 

the structures cause visual impacts, noise, flickering, and shadows (Hågvar, 2016). People living close 

to potential projects are concerned about significant negative effects on their local environment due to 

new installations (Kjelstad, 2021). The public debate is growing as wind power becomes increasingly 

noticeable in Norwegian nature. During 2020, the installed capacity in Norway increased by 1,405 MW, 

leading to 53 wind farms with a combined capacity of 3,977 MW at the beginning of 2021 (Energy Facts 

Norway, 2021). 

Norwegian interest organizations are also active in the debate. Among these are Friends of the Earth 

Norway (FEN), with more than 35,000 members (FEN, 2021). The organization is firmly against the 

construction of wind power in vulnerable areas on land. FEN states that intervention in nature is the 

most significant threat against biodiversity nationally and globally. Not only is the impact on nature 

large when the turbines are operating, but construction, necessary roads, and powerlines also divide and 

destroy nature (FEN, 2021). The Norwegian Trekking Association (DNT), with more than 300,000 

members, states that they are against all onshore wind power that damages nature (DNT, 2020).  

Furthermore, some ask whether developing more wind power is necessary at all, considering Norway’s 

surplus of climate-friendly hydropower production of 5 TWh in 2019 (CICERO, 2019b). An argument 

for continued installations of wind power is the possibility to export electricity and wind power 

capabilities. Because of the existing large hydropower capacity, many projects in the future will likely 

export the generated power (Østenby, interview, 12 April 2021). However, opponents are skeptical of 

export subsidized by Norwegian taxpayers (Heidenreich, 2016). This is especially the case for onshore 

wind power, which remains controversial as many fears its negative impact on local environments, 

nature, and wildlife.  

While the topic is highly divisive, many are remaining in favor of wind power. A survey by CICERO 

shows that most of the Norwegian population was in favor of building new wind power in Norway in 

2018 (CICERO, 2019a). However, there has been a shift towards a negative opinion on onshore projects. 

According to CICERO, support for wind power on land has decreased from 64.5% in 2018 to 51% in 

2019. This negative trend may be a result of the ongoing debate concerning wind turbines ruining 

Norwegian nature. In comparison, support for offshore wind power remains stable over the two years 

from 2018 to 2019, at above 70% in favor, which is considerably higher than the support for onshore 
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wind energy (CICERO, 2019a). By analyzing the Norwegian media coverage on wind power, Heidenreich 

(2016) discovers that many of those that show opposition towards onshore wind installations consider 

offshore wind power to be a positive alternative. The positive attitude may be due to offshore wind farms 

being out of sight and out of mind (Heidenreich, 2016). FEN (2021) also argues that offshore wind 

power, to a large extent, can reduce the negative impacts associated with onshore installations. 

As will be further elaborated in Section 5.6.2, NVE and OED conduct public consultations several times 

along the preliminary stage of projects. During consultations, stakeholders such as municipalities, local 

communities, private persons, interest organizations, and industry players may raise their concerns and 

opinions regarding projects (OED, 2020a). According to Østenby (interview, 12 April 2021), NVE and 

OED take concerns that are raised into consideration with great importance during the process of giving 

concessions and licenses. If the concerns are legitimate, NVE and OED may change their concession or 

even revoke licenses (NVE, 2019a). Hence, stakeholders’ opinions are vital for project developers and 

the future direction of wind power. Optimism may speed up project development as the Norwegian 

government can open sites with public support. Resistance in the population may, on the other hand, 

limit and slow down the potential for project development. Thus, for project developers and 

policymakers to realize future offshore projects in Norway, maintaining stakeholder’s positive attitudes 

towards offshore wind power is desirable. Bertsch et al. (2016) find that age and education are among 

the socio-demographic variables driving the most change in renewable energy acceptance. Hence, 

higher acceptance levels can be achieved by educating the population regarding renewable energy and 

renewable energy technology. With transparent communication regarding renewable energy plans and 

strategies, it is likely to reach higher acceptance levels (Amundsen, 2019). 

5.6.2 Development of a wind farm in Norway 

The lifecycle and development process of wind projects are highly complex. With a lifespan of up to three 

decades, wind farms are long-term investments for project developers and the local environment. The 

energy industry in Norway is governed by The Norwegian Water Resource and Energy Directorate 

(NVE) and The Ministry of Petroleum and Energy (OED). 

Due to wind farm’s environmental impacts and electricity’s significance to society, the industry is under 

strict regulation by the Norwegian government. Hence, both NVE and OED are involved in the entire 

lifecycle of wind farms and decides which projects receive licenses to operate (OED, 2020a). 

For onshore wind power, project developers are the ones to initiate projects by locating and evaluating 

geographic areas suitable for wind farms. Conversely, in the offshore wind sector, the Norwegian 

government begins the first step of the process. Offshore wind projects are regulated by the Offshore 
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Energy Act (Havenergiloven), which states that the government must open dedicated areas that may be 

suitable for wind power. The opening of Utsira Nord and Sørlige Nordsjø II was announced on 12 June 

2020 and was opened for applications as of 1 January 2021 (OED, 2020c). As of yet, no applications are 

sent due to a gap in the application process. The identified gap is that there currently is no sufficient 

guide for project developers that highlights necessary criteria for an application. A guide is currently 

under development by OED and will be ready during the spring of 2021 (Østenby, interview, 12 April 

2021).  

5.6.2.1  Stages of a wind farm lifecycle 

The lifecycle of a wind farm is divided into four stages. These are the preliminary, construction, 

operational, and decommissioning stages, shown in Figure 10 below. 

 

Figure 10. Source: Own contribution 

Preliminary 

Once the government opens a geographic area, the first step for a project developer is to send a 

notification to OED. The notification is a statement of a business intention, and the information it must 

include is stated in the Offshore Energy Act (Østenby, interview, 12 April 2021). A project developer 

must include a description of the project, preliminary plans for a project-specific impact assessment, 

construction plans, and expected costs. OED followingly determines whether the notification is 

sufficient to grant the project developer a concession while NVE assists with professional advice (NVE, 

2021b).  

Receiving a notification approval is the first of three necessary approvals a project developer must 

receive during the preliminary stage to be granted an operating license. Before every decision made by 

OED and NVE, applications are opened for public consultations where everyone interested in the project 

may raise their concerns regarding its development. This implies that stakeholders such as 
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municipalities, local communities, private persons, industry experts, and interest organizations are 

involved in the licensing process. Østenby (interview, 12 April 2021) notes that input during official 

consultations has a significantly higher impact than input raised in media outlets, making it the most 

efficient channel to raise concerns. If valid concerns are presented, OED and NVE may require changes 

to the project or decline licenses (NVE, 2019a).  

If the developer’s notification is approved with permission to start an impact assessment, the second 

step is conducting the assessment. The preliminary studies have to be adapted to the wind farm’s scope 

and be based on relevant information. The study has to include an environmental impact assessment 

and technical, legal, cultural, and economic assessments, including impacts on other industries (OED, 

2020b). The assessment period usually must be at least one year for sufficient time to observe seasonal 

activities of wildlife such as migration by fish and birds (Østenby, interview, 12 April 2021).  

The preliminary studies are approved if results are positive and show negligible negative impacts on the 

abovementioned factors. Within two years of receiving approval, the third step is to apply for a license 

to operate. The decision is based on the impact assessments and presented plans regarding the project. 

If a license is granted, the fourth and final major step in the preliminary stage is developing a detailed 

project plan and an environment, transport, and construction plan (ETCP). These plans must include 

construction plans and account for economic, resource, technical, environmental, and safety concerns 

regarding the wind farm’s construction (OED, 2020a). In Norway, project developers are not required 

to decide on specific technology and installations until submitting detailed plans. Hence, project 

developers typically use the time between being granted a concession and submitting detailed plans to 

decide on the technology, negotiate with suppliers and get contracts in order (Østenby, interview, 12 

April 2021). 

Construction 

When licenses are in order, the project developer can start the construction stage of the wind farm. The 

construction must be conducted according to the license terms, and NVE will inspect the process 

multiple times along the way (NVE, 2019b). As the wind farm must be operational within three years of 

the approval of the detailed plan and ETCP, construction typically begins almost immediately. The 

construction stage generally takes two years to complete, and the wind farm is considered operational 

when electricity is produced and transported out of the project area (OED, 2020b). This stage is by far 

the most resource-intensive in the wind farm’s lifecycle, as high costs related to manufacturing and 

installation of turbines, substations, and necessary technology occur (BVG Associates, 2019). During 

construction, the project developer must cooperate with multiple companies across society and 
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industries such as governments, component manufactures, installation vessel operators, and financial 

institutions. Hence, the construction stage involves many complex processes. 

Operation 

The wind farm first starts to generate revenues when it has been commissioned. During the operational 

stage, the project developer is responsible for following the license agreement. It is required that internal 

control of the wind farm and its external impacts must be monitored continuously (OED, 2020a). With 

an expected operational lifetime of 25 years for modern wind farms, continuous O&M and surveillance 

are required during the operational stage.  

Decommissioning 

At the end of a project’s lifetime, the wind farm must be decommissioned. All operational licenses 

include an agreement stating that the project developer must bring the geographic area back to its state 

as before the project. That entails bringing all installations above and below water back to land to recover 

the environment surrounding the wind farm (NVE, 2019b). The decommissioning stage is crucial to 

secure environmental concerns, and the process starts early in the project. A financial guarantee and 

decommissioning plan must be presented to NVE by the project developer during the twelfth operational 

year. A final permission from NVE to end operations and start the decommissioning is required before 

the decommissioning can begin (NVE, 2019b).  

A project’s risk and return levels change considerably throughout the four project stages. In the 

preliminary stage, risks are high due to uncertainty concerning if a license to operate will be granted. 

However, costs required for impact assessments and planning remain moderate through the preliminary 

stage (BVG Associates, 2019). Much of the project’s risk declines as the project reaches certain 

milestones, such as being granted an operational license (Green Giraffe, 2019a). Most investors have a 

higher appetite for projects that have reached the construction or operational stages, as they typically 

are not willing to take on the financing risks related to the preliminary stage. However, most value is 

created during contracting and financing phases in the preliminary stage as these parameters will largely 

determine project economics later (Green Giraffe, 2019a). The risk level during a wind project’s lifecycle 

is shown in Figure 11 below. 
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Figure 11. Source: Green Giraffe (2019a, p. 11) 

For onshore wind power in Norway, it typically has been dedicated development companies that sell 

projects before submitting a detailed plan. At that stage, the project is nearly ready for construction with 

almost negotiated contracts with suppliers. Project investors usually come in at this timing, and 

potential Power Purchase Agreements (PPA) and service agreements are locked and finalized (Østenby, 

interview, 12 April 2021). For the scope of this thesis, the project developer is assumed to have ownership 

over the Project throughout its entire lifecycle, as it allows for a lifecycle assessment of its financial 

feasibility.  

 

5.6.3 Offshore competencies in Norway 

The Norwegian offshore competencies have historically come from the fishing, shipping, and petroleum 

industry (Tenold, 2019). For the offshore wind industry, synergies from petroleum-related activities are 

the most relevant. Since discovering oil on the Norwegian continental shelf in the 1960s, the petroleum 

sector has contributed to significant economic growth in Norway (OED, 2020e). In 2017, 225,000 

people were either directly or indirectly employed in the petroleum supply chain, making it the largest 

industrial sector in the country (OED, 2020d). Furthermore, the petroleum industry significantly 

impacts the Norwegian economy and is expected to contribute 12% of GDP in 2021 (OED, 2021). 

Technologies and elements of the supply chain in the petroleum sector have synergies with the offshore 

wind sector that may be exploited (IEA, 2019b). Therefore, growth in offshore wind projects represents 
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a considerable diversification opportunity for petroleum companies (Scottish Enterprise, 2017). Nine 

areas that represent the greatest opportunity for petroleum companies to leverage their capabilities have 

been identified. These are project management, array cables, substation structures, turbine foundations, 

secondary steelwork, cable installation, installation equipment, installation services, and O&M (Scottish 

Enterprise, 2017). The economic incentives to diversify into wind power projects are large. IEA (2019b) 

estimated that around 40% of the total lifetime costs related to offshore wind projects have synergies 

with capabilities within the petroleum sector. That translates into a $400-550 billion market over the 

next two decades in Europe and China combined. 

5.6.3.1 Interest from Norwegian companies 

Equinor, Norway’s leading petroleum company, has already entered the offshore wind industry and 

taken a project developer position. Their current projects under development include Empire Wind, off 

the coast of New York, and Dogger Bank in the UK, which will be the world’s largest offshore wind farm 

when complete (Equinor, 2021d). These projects are conducted on a joint venture basis, with Equinor 

having the operator role (Equinor, 2021a). 

Equinor has developed world-leading capabilities within floating offshore wind. In 2001, some 

engineers first came up with the idea to put an onshore wind turbine on top of a spar-buoy floater, which 

materialized in the Hywind Demo, installed in 2009 (Picotti, interview, 19 April 2021). The spar-buoy 

technology was utilized because it already was well-known from oil and gas activities (Picotti, interview, 

19 April 2021). Since installing the floating Hywind Demo in 2009, Equinor has expanded its renewable 

energy outlook beyond Norway. In 2017, Equinor commissioned the world’s first floating wind farm, 

proving the company’s capabilities in the offshore wind industry. For the future, Equinor’s strategy is to 

develop major clusters in the North Sea, the US, the Baltics, and South-East Asia in the long term 

(Picotti, interview, 19 April 2021). In 2026, Equinor expects to have a production capacity from offshore 

wind energy projects at 4-6GW, based on their current project portfolio (Equinor, 2021d).  

Furthermore, Equinor stated that they have teamed up with Vårgrønn to jointly apply for acreage for 

the Utsira Nord area. This underlines that Equinor wants to develop a home market for floating offshore 

wind (Equinor, 2021e). Vårgrønn was established in 2020 by Eni, an Italy-based global energy company, 

and Hitecvision, a Norway-based private equity investor focused on Europe’s offshore energy industry 

(Vårgrønn, 2020). 

Leveraging the skills and experience built up through the petroleum sector, several other Norwegian 

companies are implementing new business strategies contributing to the energy transition towards 

offshore wind. Aker Offshore Wind, a spin-off of the industrial conglomerate Aker, has a strategic 
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partnership through its 47% ownership stake in the floating technology provider Principle Power (Aker 

Offshore Wind, 2021b). Their floating foundation design is a semi-submersible platform (Section 

5.4.4.3). In addition, Aker Offshore Wind has shown interest in developing a wind farm at Utsira Nord 

(Aker Offshore Wind, 2021a). Another example of companies exploring opportunities of developing 

offshore wind in Norway includes Norseman Wind, a consortium of companies planning to participate 

in upcoming tenders in Norway. Norseman Wind aims to obtain enough offshore wind energy capacity 

to provide the total energy consumption of Norgesgruppen, the largest grocery retail company in 

Norway. Thus, the company aims to build a wind project to serve its own energy requirements with 

renewable energy (Norgesgruppen, 2020). 

Companies in other parts of the supply chain, such as Aibel and Aker Solutions, have entered the market 

to enhance their well-suited capabilities for substation platforms and substructure segments. During 

construction and installation, many companies with roots in petroleum have established key positions. 

These include companies such as Fred. Olsen Windcarrier, which has specialized in the installation of 

turbines. Additionally, Solstad Offshore and Offshore Heavy Transport have announced significant 

contracts to serve the international market within the engineering, procurement, construction, and 

installation (EPCI) segment (THEMA, 2020). 

Furthermore, the authors note that offshore wind projects in Norway will likely attract the interests of 

international project developers presented in Section 5.2.2. The presence of international companies 

will likely increase the competitiveness through the application mechanisms in the preliminary stage. 

 

5.7 The Norwegian power market  

In order to provide an answer to the research question, the thesis needs to elaborate on the dynamics of 

the Norwegian power market, as power prices will be a primary determinant of project revenues. 

Therefore, a thorough understanding of the Norwegian power market is a prerequisite for the 

subsequent project evaluation. 

Electricity transfers from producers to consumers are composed of transactions in two different 

markets: the wholesale and retail markets.  The wholesale markets consist of power generators selling 

power to suppliers, which supply the demanded electricity to the consumers through the retail market 

(ELEXON, 2019). Thus, wind farms sell the power at the wholesale market, and hence the analysis of 

the wind power market will focus on that. 
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5.7.1 Wholesale spot market 

Electricity is a unique commodity as it cannot be stored economically in large quantities once produced. 

Therefore, supply and demand must be matched, or balanced, at all times (Ofgem, 2021). Wind and 

solar power are non-dispatchable, meaning that the energy cannot be stored and must therefore be 

instantly consumed when generated. Conversely, conventional electricity production such as coal or gas 

can be regulated to match the demand, thus acting as stabilizers to ensure a reliable electricity supply. 

Hydropower also has this benefit, as water is stored in reservoirs and electricity production can 

somewhat be adjusted according to the current demand. However, hydropower is subject to varying 

levels of water inflow. 

As a result of the non-dispatchable nature of electricity, the electricity market is highly affected by 

changes in supply and demand. The electricity system operator, Statnett in Norway, ensures that the 

transmission system is always balanced (ELEXON, 2019). However, the main push for maintaining the 

power balance comes from the dynamic pricing of electricity.  

Wind power affects the prices because it has zero marginal costs (no fuel costs) and therefore enters 

near the bottom of the supply curve, resulting in lower prices when the wind power supply enters the 

market. In general, the price of power is expected to be lower during periods with more wind than in 

periods with low wind, called the ‘merit order effect’ (Pöyry, 2010). This is shown in Figure 12. 

 

Figure 12. The effect of wind power at different times of the day. Source: Pöyry (2010) 

The differences in both production and demand lead to price volatility both in the short- and long term. 

The historical volatility in Norway has been relatively low because of the ~98% share of hydropower in 

the electricity generation mix, which is more dependent on the inflow of water into reservoirs than short-

term weather conditions. In Continental Europe, prices change more over short-term periods as it, to a 
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greater extent, depends on production from wind power, solar power, and changes in demand during 

the day. An example of the weekly volatility is shown in Figure 13 and Figure 14. It should be noted that 

2020 saw the lowest average annual prices on record in Norway and even noted negative hourly prices 

for the first time in history due to large amounts of snow and precipitation, resulting in record-setting 

water levels in reservoirs (NVE, 2021a).  

 

Figure 13 (left). Monthly average Day-Ahead prices for Southern Norway (NOK/MWh). Source: Own contributed based on 
Nordpool (2021). 

Figure 14 (right). Hourly power prices in Southern Norway from 12-18 April 2021 (NOK/MWh). Source: Own contribution 
based on Nordpool (2021) 

The short-term volatility in Norway is expected to increase going forward, both on short-term and 

seasonal volatility (Statnett, 2020). This is shown in Figure 15 and Figure 16 below. Furthermore, Figure 

17 shows the expected average weekly prices in 2022 and 2040, respectively. Consequently, a project 

developer must be comfortable with the increased volatility during the project’s lifetime or should 

consider less volatile revenue options such as Power Purchase Agreements or Contracts for Difference, 

as will be described below. 

 

Figure 15 (left). Source: Statnett (2020, p. 60) 

Figure 16 (middle). Source: Statnett (2020, p. 60) 

Figure 17 (right). Source: NVE (2020a, p. 26) 
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According to Green Giraffe (2020b), the Nordic region stands apart from most other European 

renewables markets with its remuneration structure. Renewable energy projects in most other markets 

sell all their electricity under various government-sponsored fixed-price revenue schemes, at least 

during the first 10-20 years of operation. In the Nordics, such fixed-price revenue schemes do not exist. 

Instead, a large portion of a project’s revenue comes from the sale of electricity on the spot market, 

leaving projects heavily exposed to fluctuations in merchant power prices.  

In addition to the wholesale market prices, renewable electricity generators in Norway and Sweden 

receive a top-up payment, known as an Elcert, on top of merchant prices. The Elcert payments are driven 

by supply and demand. In recent years, the Elcert prices were averaging €15-20/MWh but have fallen 

to ~€5/MWh and are expected to further decrease to €1-2/MWh due to increasing supply of renewable 

capacity and stagnated energy demand (Green Giraffe, 2020b). Hence, renewable energy producers in 

the Nordics are heavily exposed to the merchant price. 

5.7.2 Power purchase agreements 

Because of a significant decrease in the level of non-merchant revenue available to projects in the Nordic 

region, project developers and investors have turned to private entities to mitigate their exposure to 

merchant prices. Most new projects being developed in the Nordics now seek to secure stable revenues 

for at least a portion of their electricity production by entering into fixed-price power purchase 

agreements (PPA) directly with large end customers (Green Giraffe, 2020b). 

The PPAs typically cover a large portion of the project’s electricity production (up to 80%) for a period 

of 10-30 years. Typical counterparties are large corporates with local footprints and high electricity 

needs, such as IT companies (e.g., Amazon, Google) or commodity producers (e.g., Norsk Hydro). These 

companies are looking to get long-term certainty for the supply of green energy and electricity costs 

(Green Giraffe, 2020b). 

The market for PPAs in the Nordics is relatively new. In Europe, only 8.6 GW of renewables capacity 

was contracted under long-term corporate PPAs over the past decade, and the majority was in the 

Nordics. The scarcity of financially robust corporate off-takers in Europe has led to a buyer’s market 

where off-takers have high negotiation power concerning the PPA price, reflected in significant 

discounts compared to market prices. Corporate PPAs are traditionally seen as beneficial to projects by 

enabling debt funding and limiting price volatility. However, they can also potentially destroy value if 

the price discount is too high. Notably, even projects with PPAs in place remain significantly exposed to 

merchant prices as most stable cash flows generated by PPAs are used to service the debt raised by the 

project (Green Giraffe, 2020b). 
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5.7.3 Subsidies 

 

Figure 18. Operation of CfD (left) and FiT (right). Source: UK Department of Energy and Climate Change (2011) 

5.7.3.1 Contract for Difference 

The global offshore wind industry has historically benefitted from government subsidies, usually 

provided per unit of electricity generated, known as Feed-in Tariffs (FiT). While some countries still 

offer FiTs, many European countries have switched to Contract for Difference (CfD) (ORE Catapult, 

2018). A CfD is a long-term contract between an electricity generator and the government. In auctions, 

companies that want to build a wind project bid the price at which they will sell the electricity they 

produce to the government. This price is known as the strike price. If the strike price is above the market 

price, the wind farm owner receives a top-up payment from the government. In contrast, if the strike 

price is below the market price, the wind farm owner will pay the government back the difference (UK 

Department of Energy and Climate Change, 2011). This mechanism is shown in Figure 18 above. 

CfDs incentivize investments in renewable energy by providing project developers with direct protection 

from volatile wholesale prices. Additionally, CfDs protect consumers from paying increased support 

costs when electricity prices are high (UK Department for Business, 2020). Furthermore, CfDs forces 

project developers to be more competitive rather than follow a price set by a subsidy provider who may 

not have a full view of project-specific economic factors (ORE Catapult, 2018). The diminished risk of 

exposure to volatile wholesale prices implies a reduction in the cost of capital through reduced risk, thus 

lowering a project’s LCOE. 

Prices for CfD auctions are trending downwards. Furthermore, more than 2.5 GW of zero-subsidy 

capacity has now been bid into European offshore markets, namely in the Netherlands and Germany 

(DNV, 2020b). In the UK, CfD strike prices have fallen from £142/MWh for projects commissioned in 

2017/18 to £40/MWh for projects commissioned in 2023/24 (2012 prices) (UK Department for 
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Business, 2020). The reduced need for subsidies proves the offshore wind industry’s cost reductions in 

the previous decade. 

5.7.3.2 Feed-in Tariff 

A Feed-in-Tarif (FiT) is a static payment that electricity generators receive in addition to their revenues 

from selling electricity in the wholesale market (UK Department of Energy and Climate Change, 2011). 

FiTs were common until many European countries switched to CfD mechanisms (ORE Catapult, 2018). 

5.7.3.3 Research grant 

Equinor’s floating project Hywind Tampen has received NOK 2.3 billion in funding from ENOVA to 

support the project (Equinor, 2021b). ENOVA is an organization owned by the Norwegian Ministry of 

Climate and Environment and contributes to reduced GHG emissions, development of energy and 

climate technology, and strengthened security of energy supply. Each year, ENOVA invests more than 

NOK 2 billion of public resources (ENOVA, 2018). ENOVA supports Hywind Tampen because it 

contributes to a significant reduction of GHG emissions every year and brings floating wind one step 

closer to commercialization. As a state-owned entity, the positive external effects for the Norwegian 

industry are also a vital reason for the funding. Even though this was ENOVA’s largest grant ever, equal 

to the total amount of grants paid out in 2018, the large amount of funding for this single project was 

appropriate from their viewpoint, as the project would not be realized without the grant (ENOVA, 2019). 

  

5.8 COVID-19 and the outlook for offshore wind in Europe 

5.8.1 COVID-19 effects 

The COVID-19 pandemic has led to a slowdown in economic activity and disruptions in supply chains. 

As a result, the world’s total energy demand declined 8% in 2020. The cumulative impact of the 

pandemic is estimated to be a reduction of 7.5% by 2025, compared to pre-COVID levels (DNV, 2020c). 

Despite the reduction in energy demand, investments in renewable energy have not been significantly 

affected by the pandemic, in sharp contrast to all other energy sources. While the total energy demand 

declined in 2020, renewables used for generating electricity grew ~7% (IEA, 2020c). Compared to the 

first half of 2019, global wind capacity expansion was down ~8%, impacted by governments’ lockdown 

and movement restrictions. However, IEA (2020c) suggests that developers accelerated the installation 

activities once restrictions were eased. Thus, the pandemic did not delay financing activities within 

renewable energy. Provided by data from final investment decisions (FID), developers in the 

Netherlands, France, and the UK closed deals for 5 GW. As a result, offshore wind had the most FIDs of 

all renewable energy technologies (GWEC, 2021). 
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5.8.2 Outlook for offshore wind in Europe 

5.8.2.1 Developments in capacities 

Offshore wind is set to continue its growth, driven by developments in cost reductions and increased 

demand for renewable energy. The EU Green Deal envisions a significant expansion of wind energy over 

the next 30 years, taking it from 15% of Europe’s electricity today to ~50% by 2050 (WindEurope, 

2020b). This is anchored in the EU target of 450 GW offshore wind power by 2050 (IRENA, 2019c). IEA 

(2019b) estimates that the EU will have ~130 GW of offshore capacity by 2040, and DNV (2020c) is 

even more optimistic, expecting a total offshore wind capacity of 59 GW by 2030 and 279 GW by 2050. 

In Europe, 80% of the offshore wind resources are located at sites deeper than 60 meters, implying a 

technical potential for floating wind of 4,000 GW (Carbon Trust, 2015). Floating wind is expected to be 

deployed massively after 2030 to meet the EU target (IRENA, 2019c). Based on the pace of 

developments across regions, IRENA (2019c) estimates that floating wind farms could cover 5-15% of 

the global offshore wind installed capacity by 2050.  

According to DNV (2020d), the global installed floating wind capacity will have grown to 255 GW by 

2050, making up more than 20% of the offshore wind market and ~2% of the world’s power supply. In 

Europe, floating wind is forecasted to make up 39 GW, equaling 14% of the European offshore wind 

capacity. For comparison, the currently installed bottom-fixed offshore wind capacity is 25 GW in 

Europe and 39 GW globally. Another region with high expected growth in offshore wind capacity is 

China, which is expected to surpass Europe’s installed capacity for both bottom-fixed and floating 

offshore wind power. It is estimated that China will reach a floating wind capacity of 87 GW, making up 

20% of its offshore wind capacity (DNV, 2020d). Thus, floating wind installations are expected to grow 

vastly after 2030, when cost levels become more competitive.  
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5.8.2.2 Costs 

 

Figure 19. Source: DNV (2020b, p. 109) 

According to DNV (2020c), the levelized costs for floating wind will be reduced by 69% from 2020 to 

2050 (Figure 19 above). The reduction in cost levels is due to high learning rates for the novel 

technology, shown in Figure 20 below. DNV (2020c) suggests that costs tend to decline at a constant 

rate with each doubling of accumulated capacity additions, shown in Appendix 3. Cost learning arises 

from technology improvements, such as R&D and innovation around material choices. In addition, more 

effective production leads to lower costs through experience from deployment, economies of scale, and 

broader supply chain efficiencies (DNV, 2020c). Furthermore, cost learnings tend to be self-reinforcing, 

as cost declines both causes and is caused by the growing number of unit installations (DNV, 2020c). 
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Figure 20. Source: DNV (2020b, p. 280) 

The majority of cost savings will be from ‘other fixed costs’ and O&M costs, as the experience of installing 

and operating offshore wind turbines builds up (DNV, 2020c). Global average upfront capital costs for 

offshore wind, including transmission, are projected to decline below $2.5m/MW by 2030 and below 

$1.9m/MW by 2040 (IEA, 2019b). In Europe, costs will be pushed even lower, as upfront capital 

expenditures are projected to decline from ~$4m/MW in 2018 to below $2m/MW by 2030 and to 

~1.5m/MW in 2040 (IEA, 2019b). Also, as Europe is the largest offshore wind market in terms of 

installed capacity, factors that exploit competitive forces such as auctions are putting pressure on costs 

downwards and making cost information more transparent (IEA, 2019b). 

Cost reductions are also expected to occur in the O&M of wind farms. The global average O&M costs for 

offshore wind was ~$90,000/MW in 2018 and are expected to decline by one-third by 2030 and towards 

$50,000/MW by 2040 (IEA, 2019b). Digitalization is one of the drivers of reducing O&M costs through 

monitoring that proactively identifies failures in turbines, structures, and connections. Also, offshore 

wind projects have drawn on the expertise of the petroleum industry in offshore structures and planning 

and carrying out maintenance work (IEA, 2019b). Synergies between the industries with improvements 

in technology and maintenance procedures can help prolong the expected lifetime of wind farms, 

improve their economics, and reduce the LCOE for offshore wind. The cost reduction will be a result of 

increased deployment, as it enables industry learnings about offshore wind development and 

management and provides opportunities to establish efficient supply chains. Wind farm operators learn 

how to reduce costs, and equipment manufacturers learn how to bring bigger and more efficient 

components to the market (IEA, 2019b). Hence, continued industry learning propels offshore wind 

down the cost curve. 
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5.9 Summary of market dynamics 

Onshore wind has historically made up the vast majority of wind installations and capacity, both in 

Europe and Norway. Additionally, the LCOE for onshore wind is lower than for offshore. As a result, 

offshore wind has been a niche market with few suppliers through the value chain. However, due to a 

limited number of suitable on-land sites and increased public opposition, onshore wind is not expected 

to grow in Norway. Nevertheless, offshore wind power can offer superior wind resources to onshore 

turbines and allow for economies of scale, yielding competitive cost levels. Therefore, offshore wind 

installations are expected to continue to grow rapidly.  

Historically, offshore wind has relied on subsidies to turn bankable. One common subsidy scheme is 

CfDs, which secures long-term revenue certainty for the projects. As a result, projects can lower their 

exposure to volatile wholesale prices and, in turn, lower the cost of capital through lower project risk. 

Additionally, a few zero-subsidy projects are under construction. This highlights that the cost level of 

offshore wind has become competitive. 

Nearly all offshore wind farms today employ bottom-fixed foundations. However, these are only suitable 

for water depths less than 60 meters. Floating turbines can thus enable capturing the vast amount of 

wind resources not accessible by bottom-fixed turbines. The novel technology currently has a higher cost 

level than bottom-fixed foundations. However, it is only realized in a few demonstration projects and 

small-scale commercial projects. The low deployment is, among other factors, related to the higher 

technology risks and less developed supply chains. As the technology moves along the learning curve, 

cost reductions are expected. Floating wind power can potentially yield higher capacity factors and 

savings in both CAPEX and OPEX. Therefore, floating wind power is expected to make up a sizeable 

share of global offshore wind installations and is considered a suitable way to increase Norway’s 

renewable energy capacity. 
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 Introduction to the Utsira Nord Project  

The scope of this chapter is to provide a clear delimitation of the assumptions and inputs applied in 

the financial model. After a brief overview of the Project follows a review of the costs incurred during 

the wind farm’s lifetime. Second, the factors affecting the wind farm’s electricity production are 

portrayed, following a forecast of the electricity prices. Thirdly, the Project’s financing and capital 

structure are proposed. Finally, the chapter concludes by estimating the LCOE of the Project and 

underlining its major risks. 

6.1 Main characteristics of the Project 

 

Table 12. Source: Own contribution based on NVE (2012) 

Table 12 outlines the main characteristics of Utsira Nord and technologies used for the Project. NVE is 

the authority responsible for impact assessments for the Norwegian government. Hence, certain 

assumptions regarding the Project are based on NVE’s (2012) strategic impact assessment of the site, 

such as distance to shore, average depth, and average annual wind speed. Other assumptions, such as 

turbine size and capacity factor, are discussed below. 

The water depth at Utsira Nord varies between 180 and 280 meters, with an average depth of 267 meters 

(NVE, 2012). This is too deep for bottom-fixed foundations, and thus floating foundations are assumed 

for the Project. Assuming the wind farm will consist of 20 wind turbines of 11 MW power capacity each, 

the total wind farm capacity is 220 MW. Furthermore, the reference currency is the Norwegian Krone 

(NOK). It is assumed that the Project has a lifetime of 27 years, including two years of construction. 

Thus, when construction is complete, the wind farm will generate electricity for 25 years. Because 

offshore wind technology is still in its early stages, it is not clear when the turbines will complete their 

technical life. However, if a wind farm owner wants to extend the operations beyond the original lifetime, 

old turbines will likely be decommissioned and repowered by new turbines (DNV, 2020c). However, 

OVERVIEW PROJECT ASSUMPTIONS

Wind farm type Offshore Turbine producer Siemens Gamesa

Technology Floating Turbine type SG 11.0-200 DD

Country Norway Rotor diameter 200 m

Currency NOK Turbine capacity 11 MW/turbine

Final Investment Decision 2022 # of Turbines 20 #

Construction Start Year 2023 Total Installed Capacity 220 MW

Operation Start Year 2025 Full Annual Production 1,927,200 MWh/year

Operational lifetime 25 years Avg. Annual Wind Speed 10.2 m/s

Capacity factor 55%

Net Annual Electricity Production 1,059,960 MWh

Distance to Shore 22 km

Avg. Water Depth 267 m
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due to lack of empirical data on the repowering of turbines, an operating life of 25 years is assumed, 

after which decommissioning will take place. Over its lifetime, the LCOE is estimated at NOK 

730.10/MWh, which will be elaborated on in Section 6.8. 

6.2 Turbine capacity and number of turbines 

Section 5.3.1 found that the average power output of offshore wind turbines has increased substantially 

in the last decade and that this trend will continue. Furthermore, it has been noted that the biggest 

turbine installed on a floating foundation has a capacity of 9.5 MW (Section 5.4.4), and wind turbines 

up to 14 MW will be installed in the coming years (Section 5.3.1). According to Picotti (interview, 19 

April 2021), there are no technical limitations to installing turbines as powerful as possible on a floating 

foundation. The limitations of turbine size come from limitations in the supply chain, as both Picotti 

(interview, 19 April 2021) and Brackman (interview, 16 April 2021) suggested that more powerful 

turbines are preferred. Furthermore, Picotti suggested that new turbines are available for mounting on 

floating foundations 1-2 years after a new turbine becomes available to the market for bottom-fixed 

foundations. Brackman also suggested a lead time of 1-2 years. The delay is related to the modification, 

certification, and testing for the different operating environments for the turbine on a floating 

foundation. Hence, it is expected that the most powerful turbines available for order today might not be 

available for installation on a floater by 2025. From a project developer’s perspective, choosing a 

powerful turbine allows for economies of scale through fewer foundations and savings in total 

installation costs. Furthermore, reliability is important as it implies high availability, and thus a turbine 

with a good track record is vital. Therefore, the authors assume that an 11 MW turbine from Siemens 

Gamesa is appropriate for the Project (Siemens Gamesa, 2021). This turbine is chosen because it is a 

larger version of the 8 MW turbines to be installed at Hywind Tampen (Equinor, 2021b). Furthermore, 

the authors note that this is estimated conservatively. Should larger turbines with a track record and 

power rating above 11 MW be available for installation on floating foundations at the project’s financial 

close, they might yield a lower LCOE.  

The Project is assumed to consist of 20 turbines at 11 MW rated capacity each, implying a total wind 

farm capacity of 220 MW. Thus, the total capacity is a considerable increase over the currently largest 

floating wind farm at 88 MW (Hywind Tampen), but still relatively small compared to the average 

offshore wind farm size installed in 2020 at 788 MW (Section 5.3.2). Because of the higher risk and costs 

involved with the floating technology, the authors believe this scale allows for some extent of economies 

of scale to materialize while limiting the total risk and required CAPEX. 
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The wind farm is located approximately 22 km off the coast, at an average depth of 267 meters and an 

average annual wind speed of 10.2 m/s (NVE 2012). The capacity factor of the wind farm is assumed to 

be 55%, which is elaborated thoroughly in Section 6.5.1.2. Consequently, the assumed wind farm is 

expected to generate a net annual electricity production (AEP) of 1,059,960 MWh (1.06 TWh) each year 

of operation. 

6.3 Costs 

To provide a valuable assessment of the Project, it is crucial to properly understand and review the type 

and magnitude of the costs and the time they are incurred. These costs are adjusted for the expected 

inflation, assumed to be equal to the Central Bank of Norway’s monetary policy target of 2% inflation 

over time (Norges Bank, 2020). Hence, the cash flows being analyzed will be nominal cash flows (Brealey 

et al., 2019). 

The costs incurred in implementing an offshore wind farm can be aggregated into four categories: 

financing costs, capital expenditures, operating expenses, and decommissioning expenses (BVG 

Associates, 2019). 

6.3.1 Financing costs 

The financing costs are those associated with obtaining and employing the funds required to commence 

the Project. These costs include the cost of equity as well as interests and fees incurred on loans provided 

by a financial institution. Nearly half of the LCOE of completed projects is directly attributable to the 

project financing costs, reflecting the high capital intensity of offshore wind projects (IEA, 2019b). 

Assessing the cost of capital can also be considered a quantification of the Project’s riskiness, as the 

financing costs reflect how risky the lenders of capital perceive the Project. More specifically, factors 

that increase the risk of the Project, such as the matureness of the technology and volatility of prices and 

production, fundamentally increase the cost of capital. Conversely, learning effects and the industry’s 

increasing maturity will decrease the cost of capital due to lower perceived risks (IEA, 2019b). A more 

detailed description of the cost of capital is provided in Section 6.7 below. 

6.3.2 Capital Expenditures 

The capital expenditures (CAPEX) of a wind farm encompass the costs incurred to acquire and build the 

Project’s physical assets. These expenditures generally incur before the commercial operations 

commence and are categorized into development and project management, turbine and equipment, 

floating platform, cables, substation, and installation. The total investment costs are estimated to NOK 
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7,142.2 million and include development, component, and installation costs. These are further 

elaborated on below. 

Development and Project Management (DEVEX) covers the activities required to planning and secure 

consents, such as environmental impact assessment, activities related to designing the wind farm, and 

other engineering aspects. The wind farm developer manages this phase. As presented in section 5.6.2.1, 

the preliminary stage of developing a wind farm requires extensive resource studies and impact 

assessments. BVG Associates (2019) estimate that DEVEX for a 1GW offshore wind farm is £120 million. 

While floating wind foundations can potentially reduce the extent of marine impact analyses compared 

to bottom-fixed foundations due to less seabed penetration, data proving cost reductions is not available 

yet. Thus, a linear relationship per MW capacity is assumed at £120,000/MW, implying a total DEVEX 

for the Utsira Nord Project of NOK 300.2 million. The development expenses are assumed to occur 

during 2022. 

Wind Turbines and Equipment costs make up the largest portion of CAPEX. The cost for a typical 10MW 

offshore turbine is about £10 million. This cost includes components, assembly, and the supplier aspects 

of installation and commissioning (BVG Associates, 2019). According to Maienza et al. (2020), offshore 

turbines cost €~1.2m/MW, and Ghigo et al. (2020) state a cost of €1.3m/MW, both excluding assembly 

and supplier aspects of installation and commissioning. Hence, the authors have conservatively 

assumed a turbine price per MW of €1.3m (NOK 12.96m/MW). Thus, the total turbine cost for the 220 

MW Project is NOK 2,851.4 million, excluding installation costs. 

Compared to onshore wind projects, turbines in offshore projects make up a smaller share of the total 

project costs as all other components become relatively more expensive (Deloitte, 2014). However, 

offshore turbines are much larger, and there is an increased focus on reliability and maintainability. The 

high price of wind turbines might partly result from low competition among turbine suppliers, 

demonstrated by the large market share of the two dominant producers at 92% of installed capacity in 

Europe (section 5.2.3) (WindEurope, 2021a). Kikuchi & Ishihara (2019) suggest that the turbine prices 

increase as turbines get more powerful due to a proportionally higher increase in material costs. The 

relationship between turbine sizes and price in €m/MW is shown in Figure 21. 
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Figure 21. Change in prices per MW at different turbine sizes. Source: Kikuchi & Ishihara (2019) 

Floating Platform is an essential component and a component attached to significant risks in terms of 

costs. Kikuchi & Ishihara (2019) suggests a declining relationship between turbine size and floater cost 

per MW, shown in Figure 21. Following, Kikuchi & Ishihara (2019) evaluate the cost of a floater for a 10 

MW turbine to cost €1.0m/MW. This is because larger turbines require a smaller proportional increase 

in materials than in turbine rated power, in addition to the fact that installing larger turbines implies a 

need for fewer turbines to achieve a given total wind farm capacity. Furthermore, the costs of the 

platforms largely depend on the platform type (e.g., Semi-Submersible, Tension Leg, Spar Buoy). 

Because spar buoy currently is the most proven technology with two-thirds of installations, this 

technology will be assumed for the Project. Maienza et al. (2020) has estimated floating platforms using 

Spar Buoy to cost €151m for a wind farm of 25 turbines of 5MW power output, implying that the 

foundation for a 5 MW turbine costs €5.5m. Ghigo et al. (2020) suggest that material costs make up 

€10.36m for a 10 MW turbine, multiplied with a form factor of 1.1 per MW to consider the complexity 

of larger structures. Hence, following Ghigo et al.’s (2020) estimates, the authors assume the floating 

foundations for 11 MW turbines to cost €11.396m each, equal to NOK 10.33m/MW. Thus, the total 

floating foundations cost amount to NOK 2,272.4m for the entire Project. 

Array Cables have a material price of €270/meter (Maienza et al., 2020). Maienza et al. (2020) provide 

a formula for calculating the needed length of cables based on a total required meter of cables depending 

on water depth, rotor diameter, and the number of turbines. According to this method, the Project 

requires 31,673 meters of array cables, implying a total cost of €12.67m, equal to NOK 126.3m. 

Onshore/Offshore Export Cables costs depend on the distance to shore as longer cables are needed as 

the distance to shore increases. At €335,000/km (NOK 3.35m/km) to shore (Maienza et al., 2020), 

Utsira Nord is estimated to have offshore export cable costs of NOK 73.6m on the assumed 22 km 

distance to shore. For onshore export cables, information about the length from the nearest point of 

shore to the grid connection point is not available. Hence, a linear relationship per MW based on Baita-
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Saavedra et al. (2019) is assumed at €6,664/MW. For the Project, this relationship yields a total onshore 

cable cost of NOK 14.6m. 

Offshore Substations stabilize the voltage of power produced offshore, reduce electrical losses, and 

transmit electricity to land. They are generally needed when the installed power is larger than 100 MW 

or when the farm is situated far from shore (BVG Associates, 2019). Lydia et al. (2014) suggest a linear 

relationship proportional to the total installed power at €110,400/MW (NOK 1.1m/MW), implying an 

offshore substation cost of NOK 242.2m for Utsira Nord. 

Onshore Substation is a fixed component of the wind farm, and unlike the offshore substation, its cost 

does not depend on variables. Lydia et al. (2014) suggest that the cost of the onshore substation is half 

the cost of the offshore, and accordingly, the cost for Utsira Nord is estimated to NOK 121.1m. 

Mooring and anchor systems costs depend on their length, mass, unit cost, and the number of turbines. 

Kikuchi & Ishihara (2019) suggest that bigger turbines lead to considerably lower mooring costs per 

MW, as the weight of mooring lines is independent of turbine size, shown in Figure 21 above. Shokradez 

et al. (2014) suggest that mooring costs depend on the number of turbines, the average depth, and the 

cost per meter of mooring lines of €~3,900 (NOK 39,000/meter). The estimated 5,340 meters of 

mooring lines returns assumed mooring costs of NOK 208m for the Project. The anchor cost is based on 

Golroodbari et al.’s (2021) suggestion of anchor costs per turbine of €~18,900 (NOK ~189,000). Hence 

the estimated anchor costs for the Project’s 20 turbines are NOK 3.8m.  

Installation costs consist of the individual costs for installing the wind turbine, floating platform, 

mooring lines and anchoring, the transmission system. Each installation procedure involves costs 

depending on several variables, such as the number of lifts, type of vessels, number of travels, and 

distance to port (Carrillo et al., 2013). Applying a linear relationship per MW based on Maienza et al. 

(2020) yields installation costs of €423,000/MW, equal to NOK 4.2m/MW. Thus, the total installation 

costs are estimated to NOK 928.4m. This is equal to 15.7% of material costs and 13.6% of CAPEX. The 

estimated installation costs are lower than those of bottom-fixed offshore wind, which adds up to NOK 

7.3m/MW and makes up ~27% of CAPEX (BVG Associates, 2019). 

The development and capital expenditures will be captured in the balance sheet. According to the model, 

the total investment costs amount to NOK 7,142.2 million. This equals NOK 32.26m/MW, and NOK 

31.10/MW excluding DEVEX. This level is slightly above the levelized CAPEX/MW seen in newer 

offshore wind projects but reflects that floating offshore wind has not yet fully reached its competitive 

cost level. The table below shows the effect on LCOE by changes in CAPEX/MW (excluding DEVEX). 
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Table 13. Source: Own calculation 

 

6.3.3 Operations & Maintenance 

Operations and Maintenance (O&M) costs are costs that occur during the Project’s operational lifetime 

and include all activities supporting the ongoing operations of the wind farm. These activities focus on 

ensuring safe operations, maintaining the wind farm’s physical integrity, and optimizing electricity 

generation (BVG Associates, 2019). Hence, an optimal balance between OPEX and turbine availability 

maximizes the financial return for the owner. O&M costs sum up to 20-30% of lifetime costs (Maienza 

et al., 2020). 

Operations costs relate to the management of the asset, such as onshore and offshore logistics, health 

and safety inspections, and other costs such as insurance, environmental monitoring, and 

administration. These can be considered the fixed costs of operating an offshore wind farm (Maienza et 

al., 2020). (BVG Associates, 2019) states annual operations costs at £25,000/MW, equal to NOK 

0.281m/MW/year. 

Maintenance & Service (M&S) activities ensure the long-term productivity of the turbines and 

associated balance of plant, including planned maintenance and unplanned service in response to faults. 

There is a focus in the industry on optimizing maintenance and service activities to reduce OPEX while 

also achieving the targeted levels of availability and reliability. BVG Associates (2019) estimate that M&S 

costs £50,000/MW/year, equal to NOK 0.561m/MW/year. 

According to BVG Associates’ (2019) estimates, the Project at Utsira Nord would entail operations costs 

of NOK 61.8m and M&S costs of NOK 123.6m annually, for a total of NOK 185.3m/year. However, while 

these estimates are not adjusted explicitly to a floating wind farm, Ghigo et al. (2020) provide specific 

annual OPEX estimates for floating wind farms. Furthermore, Ghigo et al. (2020) suggest that OPEX, 

which includes maintenance, inspection costs, and transmission charges, is expressed by a linear 

relationship of NOK 910,000/MW/year. Based on this assumption, the Project is conservatively 

estimated to have an annual OPEX of NOK 200.2m in the base year. 

LCOE (NOK/MWh)

Change (50.0%) (40.0%) (30.0%) (20.0%) (10.0%) 0.0% 10.0% 20.0% 30.0% 40.0% 50.0%

CAPEX/MW 15.5 18.7 21.8 24.9 28.0 31.1 34.2 37.3 40.4 43.5 46.6

73010% 505.1 550.1 595.1 640.1 685.1 730.1 775.1 820.1 865.1 910.1 955.1

Change (30.8%) (24.6%) (18.5%) (12.3%) (6.2%) 0.0% 6.2% 12.3% 18.5% 24.6% 30.8%
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6.3.4 Decommissioning costs 

Decommission of a wind farm involves removing structures at the end of their useful life, plus disposal 

of equipment (BVG Associates, 2019). At the end of the design life of a wind farm, there are several 

options. First, the operational life of the assets can be extended through risk assessments, inspections, 

addressing regulatory aspects, and some component replacements. Second, the site can be repowered 

by new (larger) turbines, likely meaning decommissioning of existing turbines, foundations, and array 

cables, with the possibility of extending the life of electrical transmission assets. Lastly, the site can be 

fully decommissioned (BVG Associates, 2019). All farm components are dismantled: wind turbines, 

floating platforms, mooring lines, anchoring, and transmission system (Maienza et al., 2020). So far, 

decommissioning has only been carried out on a few small, early offshore wind farms, and thus 

experience from decommissioning is limited (BVG Associates, 2019). Picotti (interview, 19 April 2021) 

suggested that it is unlikely that floating foundations will have a useful life after 25 years without 

extensive replacements. Therefore, it is not assumed that the Project will extend its life beyond its design 

life nor be repowered with new turbines. Hence, the Project is assumed to be fully decommissioned after 

25 years. 

The decommissioning costs (DECEX) can be further divided into decommissioning costs and site 

clearance. In the case of floating wind farms, the impact on the seabed is lower, and therefore the 

decommissioning costs are lower than for bottom-fixed farms (Maienza et al., 2020). Dismantling costs 

are calculated as a percentage of installation costs, at 70% for the complete floating turbine systems, 

10% for cables, 90% for substations, and 90% for mooring anchoring systems (Maienza et al., 2020). 

Hence, the estimated decommissioning costs for the Project are NOK 225.5m, equal to NOK 1.03m/MW. 

BVG Associates (2019) suggests that decommissioning will cost ~£300 million for a 1GW bottom-fixed 

farm, excluding any resale value of equipment removed. This equals NOK 3.7m/MW and is substantially 

higher than the suggested case for floating farms, underlining one of the advantages of the technology. 

Site clearance costs depend on the size of the area to be cleared, and for simplicity, the Utsira Nord 

estimates are based on a cost per turbine from Maienza et al. (2020). Hence, estimated site clearance 

costs are NOK 7.2m for the Project. The total DECEX is estimated to be NOK 232.7m, equal to 2.2% of 

the deflated lifetime costs of the Project, as shown in Figure 22 below. 
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6.4 Cost summary 

 

 

Figure 22. Distribution of lifetime costs (deflated to 2021 NOK million). Source: Own calculation. 

Figure 22 above shows the distribution of costs over the Project’s lifetime. CAPEX makes the largest 

share of costs (48.2%). Furthermore, O&M costs make up 38.5% of lifetime costs. Therefore, reductions 

in CAPEX and OPEX can result in considerably higher profitability for the Project. 

 

6.5 Electricity production 

As the Project’s costs have been established, the first critical factor influencing the Project's revenues 

will be introduced, namely its annual electricity production (AEP) (Hevia-Koch & Klinge Jacobsen, 

2019). 

6.5.1 Factors influencing power production 

6.5.1.1 Turbine power curve 

 

Figure 23. Source: Carrillo et al. (2013) 
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The annual produced electricity depends on the wind speed distribution at the location and the turbine’s 

power curve (Baita-Saavedra et al., 2019). As the wind turbine’s power output significantly varies with 

wind speed, the wind turbine power curve shows the relationship between turbine power and wind 

speeds (Lydia et al., 2014). Figure 23 above shows an illustrative power curve for a turbine. The 

minimum speed at which the turbine delivers useful power is known as the cut-in speed. The rated speed 

is the wind speed at which the rated power, its maximum output power, is obtained. Lastly, the cut-out 

wind speed is the maximum wind speed at which the turbine is allowed to produce power (Lydia et al., 

2014). When the wind speed reaches the cut-out speed, power generation shuts down to prevent defects 

and damages (Shokrzadeh et al., 2014). The amount of power generated at a specific moment is 

calculated by multiplying the hourly wind speed data by the power curve (Golroodbari et al., 2021). In 

addition to wind speed, the turbine power output is also affected by factors such as air temperature, 

pressure, and humidity (Carrillo et al., 2013). 

For reference, a Siemens Gamesa 8 MW turbine has its cut-in speed at 3.5 m/s, rated power at 13 m/s, 

and cut-out speed of 25 m/s (Golroodbari et al., 2021). Hence, at the average wind speed at Utsira of 

10.2 m/s, its power output will be at ~70-80% of its rated capacity. As the power curve is exponential, 

an increase in wind speed yields a relatively greater increase in power output. 

6.5.1.2 Capacity factor 

The net AEP differs from the gross AEP by several factors. First, the availability is the share of time that 

a wind turbine is available for power production. Conversely, non-availability is the percentage of time 

in which the turbine is unavailable for power generation due to maintenance, repairs, or faults (DNV, 

2017). Secondly, energy losses can be affected by wake losses, which occur due to wind turbines 

shadowing one another in a wind farm, leaving less wind energy for turbines downstream. Thirdly, 

electrical losses to the offshore metering point are due to heat losses in transformers and cabling. Lastly, 

turbines experience energy losses from cut-in/cut-out hysteresis, power curve degradation, and power 

performance losses over their lifetime. Subtracting these losses from the potential power generation 

result in the net AEP, i.e., the actual output sold to the grid. The AEP is divided by the maximum power 

production to find the capacity factor (BVG Associates & InnoEnergy, 2017). 

The capacity factor captures the aggregated effects of the factors pointed out above. Hence, this study is 

delimited to an assessment of the capacity factor. Furthermore, the analysis assumes a fixed capacity 

factor throughout the Project’s lifetime. While the authors appreciate that the capacity factor can vary 

from year to year, it is beyond the scope of this thesis to estimate variation in annual capacity factor over 

the Project’s lifetime. Section 5.3 proposed that floating wind farms can achieve capacity factors above 
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60% due to high-quality wind resources. Hywind Scotland has experienced a capacity factor of up to 

57% (Shrestha, 2021). Therefore, the authors believe it is reasonable to assume that a capacity factor of 

55% is appropriate for Utsira Nord. The capacity factor is a critical driver for the LCOE, as it determines 

the power output through the wind farm’s lifetime. Therefore, Table 14 below shows the sensitivity to 

changes in the average capacity factor to the estimated LCOE. 

 

Table 14. Source: Own calculation 

 

6.6 Electricity prices 

The analysis needs to implement an estimate of expected electricity prices in order to provide an answer 

to the research question. As elaborated in Section 5.7.1, electricity prices entail high volatility, with prices 

shifting quickly due to demand and supply changes. Furthermore, electricity prices follow hourly, 

weekly, and seasonal patterns. As the project forecast is conducted on an annual basis, the analysis 

implements annual average forecasts of electricity prices. 

The offshore wind industry has historically received government support and subsidies, as elaborated 

on in Section 5.7.3. Hence, the financial study of the Project implements an assessment of potential 

subsidies that the Project might be awarded. In addition to the Base Case, which assumes total exposure 

to market prices, the analysis will also consider an alternative scenario in which the Project is assumed 

to be awarded a CfD contract. 

6.6.1 Spot prices (wholesale market) 

The prices per MWh assumed in the analysis are from NVE (2020a), which has estimated the real 

average annual electricity prices for Norway and the rest of the Nordics from 2020-40. The real prices 

are adjusted to nominal prices, assuming expected inflation of 2%. NVE (2020a) estimates that real 

wholesale prices in Norway will increase until 2025, attributed to increased CO2 and fuel prices. From 

2025, it is estimated that an increased power balance from an expanded power supply in the rest of the 

Nordics will decrease the Norwegian power balance. A reduced power balance will lead to a decline in 

real prices from 2025 to 2030. Between 2030 and 2040, a further increase in CO2 and gas prices, 

increased electricity consumption, and reduced production from nuclear energy sources will lead to a 

slight increase in prices. This price increase is expected despite a substantial expansion in solar and wind 

power capacity in continental Europe (NVE, 2020a). From 2040 to 2050, a flat real growth is assumed. 

LCOE (NOK/MWh)

Capacity factor 42.5% 45.0% 47.5% 50.0% 52.5% 55.0% 57.5% 60.0% 62.5% 65.0% 67.5%

73010% 944.8 892.3 845.4 803.1 764.9 730.1 698.4 669.3 642.5 617.8 594.9

Change 29.4% 22.2% 15.8% 10.0% 4.8% 0.0% (4.3%) (8.3%) (12.0%) (15.4%) (18.5%)
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Statnett (2020) also estimates real prices to rise until 2025, on expectations of increased prices in 

Continental Europe, though still €3-4/MWh lower in Norway than in the Netherlands and Germany. 

From 2025 to 2030, European prices will increase and thus will prices in Norway, too. Furthermore, 

prices after 2030 are estimated to stay flat on average, though with higher variations between the 

seasons due to lower power flexibility resulting from the increased solar and wind power capacity 

(Statnett, 2020). Figure 24 shows the forecasted electricity prices applied in the analysis, together with 

the average prices from 2005-2020 for context. 

 

Figure 24. Historical and forecasted yearly average electricity prices. Source: Own contribution based on Nordpool (2021) 
& NVE (2020) 

6.6.2 Contract for Difference 

Contract for Difference (CfD) as a subsidy is elaborated on in Section 5.7.3.1. As CfD contracts are 

awarded through auctions in which the lowest bidder is offered a contract, the CfD Case intends to assess 

what the lowest bid for the Project can be without resulting in a negative APV. 

The study assumes that the CfD strike price will be adjusted annually to stay neutral of changes in grid 

charges and inflation in line with common characteristics for such contracts. Hence, the nominal growth 

of the strike price is driven solely by inflation. The scenario of CfD has not assumed any cap on total 

possible pay-outs from the counterparty, nor a minimum floor of payments from the generator, though 

the authors note that such caps are frequently included in CfD contracts. The CfD contract is assumed 

to last for 20 years, equal to the contract length as the Thor project in Denmark (Skopljak, 2019). 

However, the authors note that the UK’s CfD auction round 2 was for a contract length of 15 years 

(Norton Rose Fulbright, 2017). 

The strike price base level, calculated in Section 7.2, is estimated at NOK 610.27/MWh, equal to EUR 

€61.2/MWh and £52.8/MWh at the current exchange rates. This strike price is lower than previous CfD 

auctions, such as £74.75/MWh for Hornsea 2 (Norton Rose Fulbright, 2017). As estimated by the study, 
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the lower strike price implies that the Utsira Nord Project has a lower LCOE than previous offshore wind 

projects. However, the authors note that the CfD strike price estimated for the Project is the minimum 

requirement for the Project to cover its cost of capital. The assumed nominal wholesale prices and the 

CfD premiums received over the Project’s operating life in shown in Figure 25 below. 

 

Figure 25. Estimated wholesale prices and CfD premiums. Source: Own calculation 

The authors note that the estimated base strike price is lower than the estimated LCOE. However, the 

two metrics cannot be compared directly against each other due to the different discount rates applied 

in the calculation and their underlying assumptions. As the WACC assumes a constant debt ratio, using 

the WACC does not consider the declining degree of leverage through the Project’s lifetime. Hence, it 

might overstate the Project’s true cost of capital, leading to an overstated LCOE. Nevertheless, this thesis 

has focused on assessing the financial attractiveness of the Project, and LCOE has been used as a 

benchmark to compare to other wind farms and other sources of energy. 

6.6.3 Research grant 

Offshore wind projects have relied on receiving subsidies for achieving their required return. Thus, it is 

anticipated that realizing a project with less mature floating technology will require subsidies to yield a 

sufficient profit. As described in Section 5.7.3.3, the Project might attract a grant from ENOVA, as 

Hywind Tampen received NOK 2.3 billion for their 88 MW project. Hywind Tampen will reduce GHG 

emissions as the offshore wind farm will replace existing power generation from gas turbines on two oil 

platforms. In addition, ENOVA valued the innovation and industrial aspects of floating wind and 

Hywind Tampen’s contribution to reducing costs and improving technology for future projects (ENOVA, 

2020). As the Utsira Nord Project is highly similar in terms of innovation and reduction in GHG 

emissions, the authors consider the Project a likely investment case for ENOVA. 
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The study will not assess the expected level of funding from ENOVA, as it is outside the scope of the 

thesis. However, to give perspective to the Base Case, the Subsidy Case assumes a grant received during 

2022 to be a cash payment of NOK 2,057.6 million. This amount equals the minimum amount required 

for the project developer to cover the cost of capital, resulting in a net-zero APV. As with the case for 

CfD, this study can be considered a break-even analysis, implying that a higher awarded grant results in 

a positive APV. 

 

6.7 Financing and capital structure 

The Project requires funding for investments in the form of both equity and debt. Applying accurate 

assumptions have great importance for the analysis, as previously highlighted, as the cost of capital has 

a crucial impact on the LCOE (IEA, 2019b). For the estimation of cost of capital, a bottom-up approach 

based on CAPM is applied, as proposed in section 4.2. 

6.7.1 Capital structure 

Improved market maturity, greater standardization, and favorable policies, regulations, and early 

involvement of public finance players, have increased investor confidence in offshore wind. These 

factors have resulted in more interest from investors and, in turn, lower-cost financing over time (IEA, 

2019b). Commercial banks have increased their financing of offshore wind projects, reflecting both 

stable policy frameworks and the successful track record of well-known investors involved in early 

projects (IEA, 2019b). Thus, offshore wind has moved from niche investments to mainstream and 

“strategic” for many banks today (Green Giraffe, 2019a). The long-term price certainty secured by PPAs, 

contracted O&M costs, and complete insurance packages are attractive for lenders, in addition to the 

high availability of modern wind farms (Green Giraffe, 2019a). 

The increased interest and lower cost of financing have led to an increase in project leverage. The debt-

to-equity ratios for offshore projects achieving financial close averaged 75% in 2018, compared with 

60% a decade earlier (IEA, 2019b). Among project finance transactions, debt accounted for 71% of the 

capital raised in 2020 (WindEurope, 2021c). Due to the higher technology risk of floating technology, 

debt investments will be slightly less attractive to the lenders of floating offshore wind farms than 

bottom-fixed offshore wind farms. As a result, Green Giraffe (2019b) suggests that commercial floating 

wind projects will have more conservative debt terms than bottom-fixed projects, with leverage expected 

closer to the first offshore wind projects at 60-70% rather than 80%. As the Base Case analysis is an 

investment not backed by subsidies, it is fully exposed to merchant risk. Hence, a more conservative 

debt ratio of 50% is assumed. 
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6.7.2 Debt 

6.7.2.1 Debt market for offshore wind 

Offshore wind projects tend to be much larger than onshore wind projects and often lend themselves to 

project finance structures, as few developers can raise the required funds on their own balance sheets 

(WindEurope, 2021c). In 2020, €21.6 billion worth of capital was raised on a project finance basis in 

Europe, representing 82% of total raised capital (WindEurope, 2021c). Under the project finance 

structure, both profits and liabilities are accrued directly to the SPV and are separated from the balance 

sheet of the sponsors (Esty, 2004). Under this mechanism, lenders must assess the investment solely on 

the project’s expected cash flows as they only have a claim on the project company’s assets in the case of 

default (Green Giraffe, 2019a). A typical project finance structure for offshore wind projects is shown 

below. 

 

Figure 26. Source: Green Giraffe (2019a, p. 4) 

Wind projects often raise debt for construction and afterward refinance with new loans to repay the old 

ones under better interest rates. Once a wind energy project is commissioned, its risk decreases 

significantly, increasing the probability of repaying lenders. Thus, a wind project can refinance its loans 

at more favorable rates. In addition, lenders specialize in pricing risks at various stages of the 

development of a project (WindEurope, 2021c). Under the lack of empirical evidence from previous 

floating wind projects, the study assumes no refinancing options. Consequently, debt will be raised with 

the purpose of financing construction, and no refinancing is assumed. Furthermore, a 20-year maturity 

of the loan is assumed, with annual installments and interest payments. 
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6.7.2.2 Cost of debt 

The study assumes the cost of debt to be made up of two parts, namely a reference interest rate and an 

interest risk premium. These will be added together to estimate the Project’s nominal pre-tax cost of 

debt. 

Due to the low horizon of the Project, financing the debt with floating interest rates could have resulted 

in a significant interest rate risk. Hence, the authors suggest financing the Project’s debt using an 

interest rate swap contract introduced in section 4.2.1.5. The benefit of an interest rate swap is that it 

effectively enables a fixed-interest loan over the entire horizon of the loan. Hence, it would eliminate the 

risk of increasing interest rate risks for the Project.  

The current swap rate for a 10-year swap agreement in NOK was 1.67% as of 19 April 2021 (DNB 

Markets, personal communication, May 2021). This rate has been increasing since May 2020 but is still 

below the 2018 and 2019 levels (Appendix 4). However, the authors note that 1.67% is considerably 

higher than the current NIBOR rate of 0.32%, which interest rate swaps in NOK are commonly based 

on. NIBOR is generally used for assessing interest rate levels for corporate bank loans and bonds with 

floating interest rates (Finans Norge, n.d.). The most common duration, the 3-month NIBOR, had an 

effective rate of 0.32% as of 19 April 2021, compared to an average of 0.43% in March 2021 and 0.71% 

for the full year 2021 (NoRE, 2021). The higher interest rate for the swap reflects an expectation of 

increased interest rates. This must also be seen in the context of the record-low monetary policy rates of 

Norges Bank, which has stayed at 0.0% since May 2020 (Norges Bank, 2021a). However, the policy rate 

is expected to increase over the next two years (Norges Bank, 2021a). Therefore, the expectations are 

that the NIBOR and other variable interest rates will increase substantially over the coming years. As a 

result, financing the Project with interest rate swaps might prove to be a favorable option due to the 

fixed interest rate over the loan horizon. 

In addition to the quoted swap rate, banks might require an interest rate premium. Debt markets have 

supported the construction of offshore wind projects by increasingly attractive terms over the previous 

decade (WindEurope, 2021c). The interest rate premiums over LIBOR have decreased from ~350 basis 

points (bps) in 2012 to below 150 bps by 2020 (Figure 27 below). The decline reflects a more mature 

market, the technology’s positive track record, and lenders becoming more comfortable with the risks 

(WindEurope, 2021c). Additionally, the incremental technology risk of floating wind implies that pricing 

will be above bottom-fixed, as Green Giraffe (2019b) suggests an additional 50-100 bps for floating 

wind. 
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Figure 27. Interest rates for offshore: Basis points above LIBOR per MW financed 2010-2020. Source: WindEurope (2021c, 
p. 26) 

As a result of the current market trend, the study assumes that the Project can raise debt at a 250 bps 

margin. This margin equals an interest rate premium of 150 bps for the current level of European 

offshore wind projects and an added 100 bps premium to compensate for the higher risk related to the 

novel floating technology. Hence, the total interest margin is assumed to be 250 bps above the current 

10-year swap rate. As seen in Figure 27 above, this is in line with historical interest rate margins for 

offshore wind before 2015, reflecting that floating technology might have the same perceived risk for 

lenders as bottom-fixed projects had 5-10 years ago. Adding the assumed interest rate margin to the 

reference rate yields the pre-tax cost of debt for the Project: 

𝑟𝐷 = (𝑟𝑠𝑤𝑎𝑝 + 𝑟𝑝𝑟𝑒𝑚𝑖𝑢𝑚) = 1.67% + 2.50% = 4.17% 

Thus, the estimated cost of debt of 4.17% is slightly higher than Damodaran’s (2021a) estimate for the 

average cost of debt for Western European companies within the Green & Renewable Energy industry 

at 3.82%. However, Damodaran’s (2021a) estimate also includes other renewable energy projects and 

other parts of the value chain and might not be comparable to a floating offshore wind project. Hence, 

these companies might have a lower risk profile than a floating offshore wind project.  

Finally, the Project’s after-tax cost of debt is given by: 

𝑟𝐷 = (𝑟𝑠𝑤𝑎𝑝 + 𝑟𝑝𝑟𝑒𝑚𝑖𝑢𝑚) ∗ (1 − 𝑇𝐶) = (1.67% + 2.50%) ∗ (1 − 0.22) = 3.25% 
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Hence, the after-tax cost of debt is estimated to 3.25% based on 22% corporate tax in Norway. The study 

assumes that the cost of debt will remain fixed for the loan’s duration. 

6.7.3 Equity 

The analysis of the Project is conducted under the assumption that the investor will develop the Project 

on a standalone basis and not include a minority investor. The authors have chosen this structure as the 

Project is in an early stage. Consequently, the developer will contribute 100% of the equity deployed. 

Other ownership structures such as 50:50 will not be considered. However, the authors note that several 

offshore wind projects have joint ownerships and that project developers have divested part of their 

equity stake when construction has been completed. 

According to Green Giraffe (2019b), investors will evaluate floating wind projects by considering four 

major development risks. First, the risk is assessed on whether the project has a PPA or CfD allocated. 

Second, whether the project has a grid connection secured is important as well. Thirdly, investors want 

permits free from any claims. Finally, the technology or design should be certified and have a solid track 

record (Green Giraffe, 2019b). 

6.7.3.1 Cost of equity 

Chapter 4 provided the rationale behind the APV approach. Calculation of this metric requires an 

estimate of the unlevered cost of equity for the investment. By applying the theory proposed in the 

financial literature review, this study estimates the cost of equity using the CAPM approach. 

6.7.3.2 Beta 

As stated in the theory section, the Project does not have observable market returns, and hence an 

estimate of its beta value cannot be derived. No offshore wind projects, nor other renewable energy 

projects, are listed on stock exchanges, and thus a statistical regression of such projects will not be 

possible. When analyzing beta through regression is not possible, other approaches for measuring 

relative risk are needed. One alternative method is analyzing the stock returns of comparable firms 

(Petersen et al., 2017). Therefore, this study applies the proposed method to estimate the Project’s beta 

value using the stock returns of comparable companies. 

This analysis includes calculating the unlevered and levered betas of selected listed companies. The 

formulas applied for unlevering and relevering beta values are elaborated on in Section 4.2.1.4. The 

chosen companies are categorized as either Wind Power, Renewables, or Integrated Utilities. The study 

is conducted by analyzing weekly price returns over a three-year horizon. This horizon is chosen to allow 

for a sufficient number of observations over an appropriate time frame. Therefore, all chosen companies 
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have at least three years of trading history. Thus, several companies with similar business models and 

geographies are excluded from the study because of a lack of sufficient trading history, such as Aker 

Offshore Wind and BW Ideol. In addition, all companies are headquartered in Europe to ensure similar 

geographical exposure as the project. 

The respective companies’ beta values are estimated using stock returns, a risk-free rate, and the market 

index. The STOXX Euro 600 is used as a proxy for the market index, as this is a broad index capturing 

the European stock market. The applied proxy for the risk-free rate is an AAA-rated 10-year bond for 

Central Governments in the Euro area, capturing the peers’ geographic exposure. The 10-year timeline 

matches the investment horizon for a typical offshore wind project developer. The chosen peers and 

their respective calculated beta values are shown in Table 15 below. 

 

Table 15. Source: Own contribution based on S&P Capital IQ 

The average unlevered beta value for the peers is estimated to 0.49. A relatively large sample of peers is 

applied to capture the risk factors of the Project. However, the analysis shows that despite the peers 

belonging to different subsectors, the average and median beta values yield minor differences. This 

Companies

MCap 

(EURm)

Country 

HQ

3-year Share 

Price Return

Debt / 

Equity

Country 

Tax rate

Levered 

Beta

Unlevered 

Beta

Wind Power

Arise 183 Sweden 249% 89% 21.4% 1.12 0.66

PNE Wind 572 Germany 185% 186% 30.0% 0.71 0.31

EDP Renováveis 18,731 Spain 139% 56% 25.0% 0.78 0.55

Eolus Vind 487 Sweden 462% 40% 21.4% 1.67 1.27

Terna Energy 1,370 Greece 132% 195% 24.0% 0.78 0.31

Acciona 7,617 Spain 104% 197% 25.0% 0.85 0.35

Average 4,826 212% 127% 0.99 0.57

Median 971 162% 137% 0.82 0.45

Renewables

Ørsted 48,846 Denmark 116% 53% 22.0% 0.62 0.44

RWE 21,747 Germany 56% 29% 30.0% 1.01 0.84

Encavis 2,088 Germany 124% 212% 30.0% 1.06 0.43

Scatec 3,265 Norway 306% 207% 22.0% 0.90 0.34

Solaria 2,044 Spain 314% 191% 25.0% 1.22 0.50

Falck Renewables 1,648 Italy 160% 135% 24.0% 1.13 0.56

Energiekontor 790 Germany 266% 468% 30.0% 0.80 0.19

7C Solarparken 274 Germany 53% 157% 30.0% 0.45 0.22

Average 10,088 174% 181% 0.90 0.44

Median 2,066 142% 174% 0.95 0.44

Integrated Utilities

Electricité de France 36,569 France (4%) 119% 28.0% 1.25 0.67

E.ON 27,560 Germany 12% 363% 30.0% 0.84 0.24

Endesa 23,661 Spain 15% 98% 25.0% 0.89 0.52

Enel 84,031 Italy 63% 130% 24.0% 1.09 0.55

Iberdrola 72,946 Spain 77% 86% 25.0% 0.73 0.44

Centrica 3,876 UK (61%) 389% 19.0% 1.25 0.30

SSE 17,722 UK 5% 194% 19.0% 0.88 0.34

Fortum 20,431 Finland 17% 70% 20.0% 1.14 0.73

Average 35,850 15% 181% 1.01 0.47

Median 25,611 14% 125% 0.99 0.48

All companies

Average 18,021 127% 166% 0.96 0.49

Median 5,746 110% 146% 0.90 0.44
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suggests that the peers’ business risk is relatively consistent across the subsectors, as they are affected 

by the same macro risks. 

Levered beta: 

Furthermore, to assess both the Project’s business and financial risk, the levered beta value must be 

estimated. The levered beta of the Project is found by relevering the asset beta using the methodology 

introduced in Section 4.2.1.4.  

As discussed in Section 6.7.2, the Project will initially have an assumed debt ratio of 50%. The calculation 

of the Project’s levered beta value is provided below. 

𝛽𝐸,𝑃𝑟𝑜𝑗𝑒𝑐𝑡 = 𝛽𝐿 = 𝛽𝐴,𝐶𝑜𝑚𝑝 × (1 + (
𝐷

𝐸
)

𝑃𝑟𝑜𝑗𝑒𝑐𝑡
) = 0.49 × (1 + 1) = 0.98 

The Project’s levered beta value is estimated to 𝛽𝐿 = 0.98, implying that the total systematic risk of the 

Project is slightly less than the systematic risk of the market. Appendix D shows the complete beta 

calculations, in addition to a brief description of the chosen peers. 

6.7.3.3 Risk-free rate 

Section 4.2.1.2 elaborated on the use of government bonds as a proxy for the risk-free rate. For this 

study, the 10-year Norwegian government bond is chosen as a proxy for the risk-free rate. As of 19 April 

2021, the current effective interest rate on the bond is 1.43% (Norges Bank, 2021b). This is low in a 

historical context, as the 20-year average is 3.24%, but only slightly lower than the 10-year average of 

1.79% (Figure 28). 

 

Figure 28. Monthly average effective interest rate on 10-year Norwegian government bond from March 2001 to March 
2021. Source: Own contribution based on Norges Bank (2021b) 
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6.7.3.4 Market risk premium 

According to PwC (2020), the median of the applied market risk premiums among practitioners in 

Norway during 2020 was 5.0%. The applied market risk premium has remained stable over the last five 

years (PwC, 2020). This estimate aligns with Damodaran’s (2021b) implied equity risk premium for 

Norway at 4.72%, based on a country risk premium of 0.00%. Therefore, the authors find it appropriate 

to assume a market risk premium of 5% to the cost of equity.  

6.7.3.5 Illiquidity risk premium 

According to Ortiz-Molina & Philips (2014), an illiquidity risk premium, introduced in Section 4.5., 

might be appropriate to add to the Project’s cost of equity. The illiquidity premium is applicable if a 

project’s real assets are subject to significant discounts should its owner want to sell quickly. 

In Europe, there is a growing interest in acquiring existing wind projects. In a project acquisition, an 

investor purchases (a share of) a wind farm. Wind power projects can be acquired at any stage, from 

pre-development, through development and construction, to operational wind farms. The differing risks 

and characteristics of the various stages attract a wide range of investors (WindEurope, 2021c). In 2020, 

project acquisitions in Europe amounted to €15.1 billion, a slight decline from €17.5 billion in 2019. 

However, the last three years have seen far more wind project acquisitions by value than all previous 

years on record (WindEurope, 2021c). Institutional investors have been bidding aggressively for wind 

assets due to increased interest in the technology from investors looking for steady, predictable returns 

to meet long-dated liabilities. On the debt side, the financial markets have supported the growth of the 

wind sector with strong liquidity on both debt and equity due to low underlying interest rates, cost 

improvements, and increased trust in the technology (WindEurope, 2021c). Hence, the strong interest 

in wind assets for all stages of the lifecycle among investors and lenders suggests there might not be an 

issue with liquidity for the project. Therefore, the authors of this thesis believe that an illiquidity 

premium is not applicable for the Project.  

6.7.3.6 Summary 

Having established the individual inputs of the CAPM equation, the study estimated the unlevered cost 

of equity to 3.88%: 

𝑟𝐸𝑈𝑛𝑙𝑒𝑣𝑒𝑟𝑒𝑑
= 𝑟𝐹 + 𝛽𝑈(𝑟𝑀 − 𝑟𝐹) 

→ 𝑟𝐸𝑈𝑛𝑙𝑒𝑣𝑒𝑟𝑒𝑑
= 1.43% + 0.49 ∗ (5% − 1.43%) = 3.88% 

For the study of the Equity IRR, the levered cost of equity must also be determined. This is done by the 

same formula, except for instead applying the levered beta of 0.98. 
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𝑟𝐸𝐿𝑒𝑣𝑒𝑟𝑒𝑑
= 𝑟𝐹 + 𝛽𝐿(𝑟𝑀 − 𝑟𝐹) 

→ 𝑟𝐸𝐿𝑒𝑣𝑒𝑟𝑒𝑑
= 1.43% + 0.98 ∗ (5% − 1.43%) = 6.33% 

6.7.4 Weighted average cost of capital 

As previously described in Section 4.2.1.6, the project’s WACC can be found using: 

𝑊𝐴𝐶𝐶 =
𝐸

𝑉
∗ 𝑟𝐸 +

𝐷

𝑉
∗ 𝑟𝐷 ∗ (1 − 𝑇𝐶) 

The Project’s WACC can be computed by applying the numbers estimated in this chapter. 

𝑊𝐴𝐶𝐶 = 𝑊𝐴𝐶𝐶 =
𝐸

𝑉
∗ 𝑟𝐸 +

𝐷

𝑉
∗ 𝑟𝐷 ∗ (1 − 𝑇𝐶) = 0.5 ∗ 6.33% + 0.5 ∗ 4.17% ∗ (1 − 0.22) = 4.79% 

Thus, a final WACC of 4.79% will be used. 

6.8 Levelized cost of energy 

Section 5.3.3 elaborated on the LCOE, as this metric considers both the costs and the expected energy 

production over the Project’s lifetime (IEA, 2019b). The Project has an AEP of 1,059,960 MWh (1.06 

TWh) based on the assumed capacity factor of 55%. Furthermore, Section 6.7.4 estimated the Project’s 

WACC to 4.79%. The Project is estimated to be operating for 25 years. Hence, the LCOE of the Project 

is estimated to NOK 730.10/MWh (EUR 73.23/MWh). This means that the Project’s average lifetime 

cost of producing 1 MWh electricity is NOK 730.10. 

According to IRENA (2019c), global LCOE for offshore wind was $200-100/MWh (NOK ~1,660-

830/MWh) in 2018 and is expected to be in the range of $90-50/MWh (NOK ~750-415/MWh) by 2030. 

Hence, the Project’s LCOE is estimated within the upper range of the estimates due to the currently 

higher cost level of floating wind projects compared to bottom-fixed projects. 

6.8.1 Sensitivity analysis 

Several of the assumptions behind the calculation of the Project’s LCOE are estimated on the authors’ 

subjective opinions about future development, which results in that the estimate of LCOE entails some 

extent of uncertainty. Therefore, a sensitivity analysis can highlight the effects on LCOE by changes in 

key input parameters. Furthermore, sensitivity analyses provide insight into the factors that have a 

material impact on the Project’s LCOE. 
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Table 16. Source: Own calculation 

Table 16 shows a sensitivity analysis on the effect on LCOE by changes in WACC and capacity factors, 

measured in NOK/MWh (left) and its percentage change (right). These are critical factors for the costs, 

as the capacity factors indicate the electricity production, and the WACC is the discount rate applied for 

the calculation. As expected, the table shows that an increased WACC implies higher LCOE, while an 

improved capacity factor results in lower LCOE. Additional sensitivity tables on the project’s LCOE are 

presented in Appendix 5. 

6.9 Risks related to the Project 

Section 5.5 elaborated on risks present in an offshore wind farm. The Project is subject to the same risks, 

and as the Project will utilize floating turbines, the risks related to construction, operation, and 

performance of the wind farms are even more present. However, solid contracts can be written with the 

suppliers of the different technologies to ensure long-term operational success, and insurance can cover 

lost revenue in the case of accidents.  

Furthermore, section 5.6.1 elaborated on the risk of opposition to onshore wind projects from the public. 

Luckily, this opposition is substantially lower for offshore wind farms, and it is expected that offshore 

wind farms in Norway will continue to enjoy public approval. Public opinion affects the political 

situation. As the Norwegian government has stated high ambitions from reducing CO2 emissions, 

government incentives to offshore wind, including this Project, are expected to remain attractive as 

public opinion on offshore wind stays positive. 

The study assumes that the project developer will own the asset over its entire design life. However, as 

an alternative, the equity stake in the project can be sold when construction has finished and the wind 

farm is operational. In doing this, the project developer can free up all or parts of its equity, depending 

on the share sold, that the company can allocate elsewhere. A divestment at a later point can be 

accomplished at a significantly higher valuation (per MW), as the risk of an operational project is 

considerably lower than for a project under development. This reduced risk profile attracts new types of 

investors, shown in Figure 29 below. 

LCOE (NOK/MWh) LCOE (NOK/MWh) - % change

WACC WACC WACC

730.1036 1.8% 2.8% 3.8% 4.79% 5.8% 6.8% 7.8% 730.1036 1.8% 2.8% 3.8% 4.79% 5.8% 6.8% 7.8%

45.0% 735 783 836 892 953 1017 1085 45.0% 0.6% 7.3% 14.5% 22.2% 30.5% 39.3% 48.6%

47.5% 696 742 792 845 903 964 1028 47.5% (4.7%) 1.6% 8.4% 15.8% 23.7% 32.0% 40.8%

50.0% 661 705 752 803 858 916 977 50.0% (9.4%) (3.5%) 3.0% 10.0% 17.5% 25.4% 33.8%

52.5% 630 671 716 765 817 872 930 52.5% (13.7%) (8.1%) (1.9%) 4.8% 11.9% 19.4% 27.4%

55.0% 601 641 684 730.10 780 832 888 55.0% (17.7%) (12.2%) (6.3%) - 6.8% 14.0% 21.6%

57.5% 575 613 654 698 746 796 849 57.5% (21.2%) (16.1%) (10.4%) (4.3%) 2.1% 9.0% 16.3%

60.0% 551 587 627 669 715 763 814 60.0% (24.5%) (19.6%) (14.2%) (8.3%) (2.1%) 4.5% 11.5%

62.5% 529 564 602 642 686 732 781 62.5% (27.5%) (22.8%) (17.6%) (12.0%) (6.0%) 0.3% 7.0%

65.0% 509 542 579 618 660 704 751 65.0% (30.3%) (25.7%) (20.8%) (15.4%) (9.6%) (3.5%) 2.9%

Capacity 

factor

Capacity 

factor
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Figure 29. Investor profiles and appetite depending on the stage of development. Source: Green Giraffe (2019a, p. 12)  
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 Financial Analysis 

This chapter will analyze the key financial metrics of the Project and present the authors’ findings. In 

the Base Case, the Project is assumed fully exposed to wholesale prices. Furthermore, the authors 

believe that alternative scenarios on other revenue models or subsidy schemes can highlight the 

potential of the Project. There are two alternative scenarios. The CfD Case assumes that a CfD contract 

will be awarded. The Subsidy Case assumes that the Project will receive a research grant from the 

state-owned company ENOVA as an upfront cash payment. 

The financial literature review elaborated on the different metrics for a financial evaluation of a project 

and found that APV and IRR are the most appropriate metrics for assessing the value of the Project. 

Hence, this section analyzes the Project’s financial attractiveness, focusing on APV and IRR for each 

case. The study assumes that cash flows are discounted to 31 December 2021, and that cash flows occur 

at the end of each year. 

7.1 Base Case 

In the Base Case, spot prices elaborated on in Section 6.6.1 are assumed. These prices reflect NVE’s 

2020a) price estimates in Norway until 2050. As NVE’s forecasts are in real prices, the prices in this 

analysis are adjusted for inflation. Hence, the analysis is conducted in nominal terms, assuming annual 

inflation of 2%, equal to the Norwegian Central bank’s long-term inflation goal of 2% (Norges Bank, 

2020). Using the nominal cash flows allows for analyzing the true amount of cash flows earned 

throughout the Project’s lifetime. 

Full calculations of the Base Case scenario can be found in the tab ‘Output Base Case’ as an Excel 

spreadsheet in Appendix E. 

 

7.1.1 APV 

The financial attractiveness of the Project is estimated through the calculation of the APV. This 

methodology was proposed because it provides a more accurate estimate of the project value than the 

net present value due to the Project’s variable leverage structure throughout its lifetime. 

The APV calculation separately addresses the present value of the Project, assuming that it is all-equity 

financed, in addition to the present value of net effects of debt. Hence, for the base-case APV, the free 

cash flow to equity (FCFE) was calculated, which excludes the effect of tax shields. Table 17 below shows 

the calculation of the FCFE. 
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Table 17. Source: Own calculation 

For the present value of the all-equity financed Project, the FCFE is estimated through a waterfall 

approach where each party holding claims in the Project’s proceeds have been satisfied in order. More 

specifically, equity holders are entitled to cash flows after taxes are paid, and debt is serviced. This 

consideration can be made under the assumption that FCFE is fully distributed as dividends. First, both 

operating costs and depreciation expenses are deducted to estimate the Earnings Before Interest and 

Taxes (EBIT). Assuming the investment is unlevered, taxes are calculated directly from EBIT. As the 

Project returns a negative EBIT for the first 13 years, i.e., an operating loss, no taxes are assumed payable 

before 2038. As depreciation expenses are non-cash costs, it is added back. 

Furthermore, DEVEX, CAPEX, and Decommission expenses are deducted. Finally, the increase in net 

debt is added, while debt service (interests and repayments) is subtracted. Within this model, no 

working capital is factored in as the balance sheet does not include current assets nor current liabilities 

(Petersen et al., 2017). The present value is obtained by applying the Excel function XNPV to account 

for the year-end timing of cash flows. 

The next step in calculating the APV concerns the estimation of the effects of the net debt. This study 

accounted for debt benefits by calculating tax shields (Brealey et al., 2019). Following the theory in 

Section 4.3.1, the calculation of tax shields was proposed as the difference in tax payments between the 

unlevered and levered projects. This methodology allows considering the effect of carrying forward tax 

losses, assuming that no interest income is applicable (Vélez-Pareja, 2016). Therefore, the accrued loss 

before taxed (negative EBT) until the year 2042 can be used to offset tax payments until 2048, resulting 

in the Project’s first tax payment in 2049. 

Free Cash Flow to Equity 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - (54.0) (52.9) 0.9 7.8 44.2 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - - - (0.2) (1.7) (9.7) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - - -

(-) Debt service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) - - - - - -

Free Cash Flow to Equity (300.2) (3,421.0) 150.1 (39.3) (30.8) 112.2 125.0 190.6 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Cumulative FCFE (300.2) (3,721.2) (3,571.1) (3,610.4) (3,641.2) (3,171.6) (3,046.7) (2,226.2) (1,918.8) (1,605.3) (1,285.5) (959.4) (626.7) (287.3) (708.9)

PV FCFE (282.3) (3,025.8) 124.9 (30.8) (22.7) 39.5 41.4 46.5 70.5 67.6 64.8 62.2 59.7 57.2 (66.9)
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Table 18. Source: Own calculation 

Table 18 above presents the Profit & Loss Statement for the Project. In particular, the analysis identifies 

the tax-loss carry forward, under the assumption of leverage, resulting in the adjusted Earnings Before 

Tax (adj. EBT). The calculation shows how the tax loss during years of operating loss is used to offset 

tax payments following years. Finally, the APV is found by adding the present value of FCFE, discounted 

at the unlevered cost of equity, and the present value of tax shields, discounted at the cost of debt. 

Profit and Loss Statement
NOKm 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050

Net produced electricity (TWh) 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06

Nominal Spot Prices (NOK/MWh)476.3 481.4 588.1 599.9 662.3 675.5 689.1 702.8 716.9 731.2 745.9

Total revenues 504.8 510.2 623.4 635.8 702.0 716.0 730.4 745.0 759.9 775.1 790.6

OPEX (216.7) (221.0) (280.3) (285.9) (315.7) (322.0) (328.4) (335.0) (341.7) (348.6) (355.5)

% of Revenue (42.9%) (43.3%) (45.0%) (45.0%) (45.0%) (45.0%) (45.0%) (45.0%) (45.0%) (45.0%) (45.0%)

EBITDA 288.1 289.2 343.0 349.9 386.3 394.0 401.9 410.0 418.2 426.5 435.1

% margin 57.1% 56.7% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0%

Depreciation (342.1) (342.1) (342.1) (342.1) (342.1) - - - - - -

EBIT (54.0) (52.9) 0.9 7.8 44.2 394.0 401.9 410.0 418.2 426.5 435.1

% margin (10.7%) (10.4%) 0.2% 1.2% 6.3% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0%

Interest expenses (148.9) (141.5) (52.1) (44.7) (7.4) (0.0) - - - - -

Earnings Before Tax (EBT) (202.9) (194.4) (51.2) (36.9) 36.8 394.0 401.9 410.0 418.2 426.5 435.1

% margin (40.2%) (38.1%) (8.2%) (5.8%) 5.2% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0%

Tax Loss Carry Forward - - - - - - - - - - -

Opening Balance - 202.9 1,838.8 1,890.0 1,928.5 1,891.8 1,497.7 1,095.8 685.8 267.7 -

Current Loss 202.9 194.4 51.2 36.9 - - - - - - -

Sub Total 202.9 397.3 1,890.0 1,926.9 1,928.5 1,891.8 1,497.7 1,095.8 685.8 267.7 -

Loss Used - - - - 36.8 394.0 401.9 410.0 418.2 267.7 -

Closing Balance 202.9 397.3 1,890.0 1,926.9 1,891.8 1,497.7 1,095.8 685.8 267.7 - -

Taxable Profit (Adj. EBT) - - - - - - - - - 426.5 435.1

Taxes payable (22%) - - - - - - - - - (93.8) (95.7)

NOPAT (202.9) (194.4) (51.2) (36.9) 36.8 394.0 401.9 410.0 418.2 332.7 339.3
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Table 19. Source: Own calculation 

Table 19 above displays the calculations for APV. The tax shields also affect the debtor’s tenor because 

of tax losses carried forwards from previous years. 

Expectedly, the calculation yields an estimated negative APV of NOK 1,980.8 million, implying that the 

Project would destroy value for the project developer and thus should not be implemented. This was 

anticipated given the current high cost level of floating offshore wind. 

7.1.2 Equity IRR 

Another key metric of the financial analysis is the Equity IRR. The calculation of the Equity IRR is based 

on the FCFE. This approach assumes that FCFE is fully distributed as dividends. Furthermore, the FCFE 

calculation for estimating the IRR differs from the one used to calculate APV in that tax shields are added 

back, as debt effects are included. This results in lower tax payments. 

 

Table 20. Source: Own calculation. 

Adjusted Present Value 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

NOKm 1 2 14 15 20 21 22 23 24 25 26 27

Interest rate 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17%

Free Cash flow to Equity (300.2) (3,421.0) 150.1 (39.3) (30.8) 112.2 125.0 190.6 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Debt outstanding, 1 Jan - - - 3,571.1 3,392.5 1,249.9 1,071.3 178.6 0.0 - - - - - -

Debt Service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) - - - - - -

Interest Paid - - - (148.9) (141.5) (52.1) (44.7) (7.4) (0.0) - - - - - -

Repayment of Principal - - - (178.6) (178.6) (178.6) (178.6) (178.6) (0.0) - - - - - -

Debt outstanding, 31 Dec - - 3,571.1 3,392.5 3,214.0 1,071.3 892.8 0.0 - - - - - - -

Tax on EBIT - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 93.8 95.7 -

Tax on Adj. EBT - - - - - - - - - - - - 93.8 95.7 -

Tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

% of EBITDA - - - 0.0% 0.0% 0.1% 0.5% 2.5% 22.0% 22.0% 22.0% 22.0% 0.0% 0.0% n.a.

Applied tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

PV Tax Shield - - - - - 0.1 0.8 3.8 32.5 31.8 31.2 30.5 - - -

Cost of equity - unlevered 3.88%

Cost of Debt 4.17%

PV FCFE (Base Case) (2,121.1)

PV Tax Shield 140.3

Adjusted Present Value (1,980.8)

FCFE (IRR) 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - (54.0) (52.9) 0.9 7.8 44.2 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - - - (0.2) (1.7) (9.7) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - - -

(-) Debt service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) - - - - - -

FCFE (300.2) (3,421.0) 150.1 (39.3) (30.8) 112.4 126.7 200.3 394.0 401.9 410.0 418.2 332.7 339.3 (421.6)

Cumulative FCFE (300.2) (3,721.2) (3,571.1) (3,610.4) (3,641.2) (3,171.4) (3,044.8) (2,191.9) (1,797.9) (1,396.0) (986.0) (567.9) (235.2) 104.2 (317.4)

IRR n.a.



 

94 
 

Table 20 above describes the calculation of the Equity IRR. The calculation of FCFE is mainly performed 

in the same way as for APV described above but differs in the way tax is deducted, as this calculation 

includes the effects of tax shields, resulting in lower tax payments. As discussed in Section 4.4, the 

calculation of IRR requires caution about multiple sign switches. The resulting FCFE estimate involves 

multiple sign switches, and thus the conventional Excel formula IRR cannot be applied. Therefore, the 

IRR is found by solving for the discount rate that yields an NPV equal to zero. This is performed with 

MS Excel’s Goal Seek function. Again, to account for the year-end timing of cash flows, the Excel formula 

XNPV is used. However, due to the high initial CAPEX for the Project, the resulting IRR is not applicable 

and negative. Thus, the IRR analysis reaches the same conclusion as the analysis of the APV; that the 

Project should not be implemented, given the previously stated assumptions. 

As there is no publicly available data on IRR for existing projects, a survey conducted by DLA Piper 

(2019) can serve as a proxy for investor expectations. The survey indicated that the respondents’ 

expected IRR for equity investments in pre-operational developments was an IRR of 8.4% in 2019 

compared to 9.3% in 2018. The lower expected IRR is a result of competitive bidding that pushes strike 

prices of projects even lower (DLA Piper, 2019). Thus, the financial outcome of this Project is 

substantially lower than the investors’ expectations, underlining that the Project does not have a positive 

value from a financial perspective. 

 

7.2 CfD Case 

The CfD Case intends to analyze what minimum strike price is required to yield a non-negative APV. 

Section 5.7.3.1 elaborated on the use of CfDs as a subsidy mechanism, and 6.6.2 explained the 

assumptions of the CfD contract of this study. The study assumed a 20-year length of the contract. The 

minimum strike has been found by solving for the base-level strike price in 2025 that results in 𝐴𝑃𝑉 =

0. This is calculated through Solver in Excel, which results in a strike price of NOK 610.27./MWh. The 

strike price is assumed to grow with the expected inflation each year and implies a premium of 28%-

34% above the estimated market prices during the contract period. This strike price should be 

interpreted as the lowest amount that the project developer can bid in an auction, with all other factors 

held constant. Furthermore, the total amount of top-up payments from the CfD is estimated to NOK 

3,937.8 million over the Project’s lifetime. This assumes that no cap on potential payments is applicable 

for the Project. 

Full calculations of the CfD Case scenario can be found in the tab ‘Output CfD Case’ as an Excel 

spreadsheet in Appendix E. 
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7.2.1 APV 

 

The methodology for calculating APV in the CfD case is the same as applied in the Base Case. 

 

Table 21. Source: Own calculation. 

Table 21 above shows the FCFE calculation for the CfD case, as applied in the estimation of APV. 

Compared to the Base Case, the CfD contract yields higher prices for the generated electricity during the 

first 20 years of operations, resulting in higher profitability and positive EBIT from the first year of 

operations. Consequently, the Project can utilize tax shields from year 1 of operations by offsetting the 

reduced tax from interest expenses. The calculated tax shields are shown in Table 22 below, together 

with the remainder of the APV calculations. 

Profit and Loss Statement

NOKm 2025 2026 2027 2028 2029 2030 2044 2045 2046 2047 2048 2049 2050 2051

Net produced electricity (TWh) 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 -

Nominal Spot Prices (NOK/MWh)476.3 481.4 486.5 491.6 496.8 501.9 662.3 675.5 689.1 702.8 716.9 731.2 745.9 -

CfD prices 610.3 622.5 634.9 647.6 660.6 673.8 889.0 - - - - - - -

Premium to nominal prices (%) 28.1% 29.3% 30.5% 31.7% 33.0% 34.2% 34.2% n.a. n.a. n.a. n.a. n.a. n.a. -

Total revenues 646.9 659.8 673.0 686.5 700.2 714.2 942.4 716.0 730.4 745.0 759.9 775.1 790.6 -

OPEX (216.7) (221.0) (225.5) (230.0) (234.6) (239.3) (315.7) (322.0) (328.4) (335.0) (341.7) (348.6) (355.5) -

EBITDA 430.2 438.8 447.5 456.5 465.6 474.9 626.7 394.0 401.9 410.0 418.2 426.5 435.1 -

% margin 66.5% 66.5% 66.5% 66.5% 66.5% 66.5% 66.5% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% -

Depreciation (342.1) (342.1) (342.1) (342.1) (342.1) (342.1) (342.1) - - - - - - -

EBIT 88.1 96.7 105.4 114.4 123.5 132.8 284.6 394.0 401.9 410.0 418.2 426.5 435.1 -

% margin 13.6% 14.6% 15.7% 16.7% 17.6% 18.6% 30.2% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% -

Interest expenses (148.9) (141.5) (134.0) (126.6) (119.1) (111.7) (7.4) (0.0) - - - - - -

Earnings Before Tax (EBT) (60.9) (44.8) (28.6) (12.2) 4.4 21.1 277.1 394.0 401.9 410.0 418.2 426.5 435.1 -

% margin (9.4%) (6.8%) (4.2%) (1.8%) 0.6% 3.0% 29.4% 55.0% 55.0% 55.0% 55.0% 55.0% 55.0% -

Tax Loss Carry Forward

Opening Balance - 202.9 397.3 583.2 760.7 929.9 1,928.5 1,891.8 1,497.7 1,095.8 685.8 267.7 - -

Current Loss 202.9 194.4 185.9 177.5 169.2 161.0 - - - - - - - 0.0

Sub Total 202.9 397.3 583.2 760.7 929.9 1,090.9 1,928.5 1,891.8 1,497.7 1,095.8 685.8 267.7 - 0.0

Loss Used - - - - - - 36.8 394.0 401.9 410.0 418.2 267.7 - -

Closing Balance 202.9 397.3 583.2 760.7 929.9 1,090.9 1,891.8 1,497.7 1,095.8 685.8 267.7 - - 0.0

Taxable Profit (Adj. EBT) - - - - - - - - - - - 426.5 435.1 -

Taxes payable (22%) - - - - - - - - - - - (93.8) (95.7) -

NOPAT (60.9) (44.8) (28.6) (12.2) 4.4 21.1 216.1 307.4 313.5 319.8 326.2 332.7 339.3 -

FCFE (APV) 2022 2023 2024 2025 2026 2027 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - 88.1 96.7 105.4 284.6 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - (19.4) (21.3) (23.2) (62.6) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - -

(-) Debt service - - - (327.5) (320.0) (312.6) (186.0) (0.0) - - - - - -

FCFE (300.2) (3,421.0) 150.1 83.3 97.5 111.8 378.1 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Cumulative FCFE (300.2) (3,721.2) (3,571.1) (3,487.8) (3,390.3) (3,278.5) 951.8 1,259.1 1,572.6 1,892.4 2,218.5 2,551.2 2,890.6 2,469.0
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Table 22. Source: Own calculation. 

The calculated APV in the CfD Case is equal to zero, as this was the objective criteria when solving for 

the minimum required CfD strike price. Hence, if the strike price increases, the APV would increase, all 

else equal. Conversely, should the strike price be lower, the Project would not be profitable and should 

not be executed. 

The authors note that obtaining a long-term contract securing fixed revenues for 20 years decreases the 

Project’s risk compared to being fully exposed to fluctuating wholesale prices. Hence, applying the same 

discount rate as the Base Case might not reflect the lowered risk. A sensitivity analysis of the effects on 

APV by changes in the unlevered cost of equity and the strike price is provided. The figure can provide 

the reader with an understanding of the effects of changes in the unlevered cost of equity and the CfD 

strike price level. 

  

Figure 30. Source: Own calculation 

Adjusted Present Value 2022 2023 2024 2025 2026 2027 2033 2034 2044 2045 2046 2047 2048 2049 2050

NOKm 1 2 3 9 10 20 21 22 23 24 25 26

Interest rate 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17%

Free Cash flow to Equity (300.2) (3,421.0) 150.1 83.3 97.5 111.8 200.5 215.8 378.1 307.4 313.5 319.8 326.2 332.7 339.3

Tax on EBIT - - - 19.4 21.3 23.2 35.6 37.8 62.6 86.7 88.4 90.2 92.0 93.8 95.7

Tax on Adj. EBT - - - - - - 16.0 19.8 61.0 86.7 88.4 90.2 92.0 93.8 95.7

Tax shield - - - 19.4 21.3 23.2 19.7 18.0 1.6 - - - - - -

Cost of equity - unlevered 3.88%

Cost of Debt 4.17%

PV FCFE (220.6)

PV Tax Shield 220.6

Adjusted Present Value 0.0

APV: CfD base price (2025) and Opportunity Cost of Capital

CfD base price (2025 NOK/MWh)

0.0 460 510 560 610.27 660 710 760

2.38% (1,561.2) (755.1) 26.8 778.8 1,512.8 2,240.7 2,967.1

2.88% (1,709.9) (952.3) (216.1) 490.3 1,178.7 1,861.1 2,541.9

3.38% (1,839.4) (1,126.6) (432.6) 231.8 878.2 1,518.5 2,157.3

3.88% (1,951.9) (1,280.6) (625.6) 0.0 607.7 1,209.2 1,809.2

4.38% (2,049.6) (1,416.7) (797.6) (207.8) 364.0 929.7 1,493.9

4.88% (2,134.1) (1,536.7) (950.9) (394.3) 144.4 677.0 1,208.0

5.38% (2,206.9) (1,642.5) (1,087.5) (561.5) (53.5) 448.4 948.7

Cost of 

equity - 

unlevered
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7.2.2 IRR 

 

Table 23. Source: Own calculation. 

Table 23 above shows the calculation of the CfD’s Case’s Equity IRR. The same calculation method as in 

Base Case is applied. Furthermore, the difference between the FCFE used for calculating APV and IRR 

is that the reduced tax payments from tax shields are considered. The calculation results in an Equity 

IRR of 3.89%. The IRR is lower than the Unlevered Cost of Equity applied in the APV analysis and the 

Levered Cost of Equity, estimated at 6.33% in Section 6.7.3.1. As the Equity IRR analyses the FCFE on 

a levered basis, the correct hurdle rate to assess the level of return is the levered cost of equity at 6.33%. 

Therefore, at a strike price of NOK 610.27/MWh, the Project should be rejected based on the estimated 

IRR. 

7.3 Subsidy Case 

The Subsidy Case intends to analyze the upfront subsidies required for the Project to be financially 

attractive. More specifically, this analysis studies the minimum level of subsidies required to yield a non-

negative APV. Furthermore, the subsidy is assumed to be a cash payment to the project developer during 

2022, similar to the grant Equinor received during the development of Hywind Tampen (ENOVA, 2019). 

Thus, the FCFE calculation differs from the Base Case only on the received grant.  

Full calculations of the Subsidy Case scenario can be found in the tab ‘Output Subsidy Case’ as an Excel 

spreadsheet in Appendix E. 

 

7.3.1 APV 

Again, the same methodology as previously described is applied for the calculation for APV. The FCFE 

and APV calculations are shown below in Table 24 and Table 25. 

Free Cash Flow to Equity (IRR)2022 2023 2024 2025 2026 2027 2033 2034 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - 88.1 96.7 105.4 161.9 172.0 284.6 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - (19.4) (21.3) (23.2) (35.6) (37.8) (62.6) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Tax shield - - - 19.4 21.3 23.2 19.7 18.0 1.6 - - - - - - -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - - - -

FCFE (300.2) (3,421.0) 150.1 102.7 118.7 135.0 220.1 233.8 379.7 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Cumulative FCFE (300.2) (3,721.2) (3,571.1) (3,468.4) (3,349.7) (3,214.7) (2,070.2) (1,836.4) 1,289.7 1,597.0 1,910.5 2,230.3 2,556.5 2,889.1 3,228.5 2,806.9

IRR 3.89%
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Table 24. Source: Own calculation. 

 

Table 25. Source: Own calculation. 

The Subsidy Case differs from the Base Case in that positive free cash flow is earned in 2022 when the 

grant is paid out. The subsidy amount is found by solving for the amount that yields 𝐴𝑃𝑉 = 0, which 

equals NOK 2,057.6m assuming a payment at the end of 2022. Thus, the project must receive a 

minimum of NOK 2.057,6m to achieve a non-negative financial outcome. The difference between the 

negative APV and the subsidy amount assumed in this case is that the time value of money and receiving 

the grant at a later stage will imply a larger required subsidy to yield 𝐴𝑃𝑉 = 0. While the estimated grant 

is a substantial amount of money, it is lower than the NOK 2.3 billion Equinor was granted for the far 

smaller Hywind Tampen. Hence, the authors believe it is likely that a minimum grant of this size can be 

awarded. 

Free Cash Flow to Equity (APV) 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - (54.0) (52.9) 0.9 7.8 44.2 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - - - (0.2) (1.7) (9.7) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - - -

(-) Debt service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

(+) Subsidies 2,057.6 - - - - - - - - - - - - - -

FCFE 1,757.4 (3,421.0) 150.1 (39.3) (30.8) 112.2 125.0 190.6 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Cumulative FCFE 1,757.4 (1,663.6) (1,513.5) (1,552.8) (1,583.6) (1,114.0) (989.1) (168.5) 138.8 452.3 772.1 1,098.2 1,430.9 1,770.3 1,348.7

Adjusted Present Value 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

1 2 14 15 20 21 22 23 24 25 26 27

Interest rate 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17% 4.17%

Free Cash flow to Equity 1,757.4 (3,421.0) 150.1 (39.3) (30.8) 112.2 125.0 190.6 307.4 313.5 319.8 326.2 332.7 339.3 (421.6)

Debt outstanding, 1 Jan - - - 3,571.1 3,392.5 1,249.9 1,071.3 178.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Debt Service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

Interest Paid - - - (148.9) (141.5) (52.1) (44.7) (7.4) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

Repayment of Principal - - - (178.6) (178.6) (178.6) (178.6) (178.6) - - - - - - -

Debt outstanding, 31 Dec - - 3,571.1 3,392.5 3,214.0 1,071.3 892.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tax on EBIT - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 93.8 95.7 -

Tax on Adj. EBT - - - - - - - - - - - - 93.8 95.7 -

Tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

% of EBITDA - - - 0.0% 0.0% 0.1% 0.5% 2.5% 22.0% 22.0% 22.0% 22.0% 0.0% 0.0% n.a.

Excessive interest deduction (25%) - - - - - - - - - - - - - - -

Applied tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

PV Tax Shield - - - - - 0.1 0.8 3.8 32.5 31.8 31.2 30.5 - - -

Opportunity cost of Capital 3.88%

Cost of Debt 4.17%

PV FCFF (140.3)

PV Tax Shield 140.3

Adjusted Present Value -
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7.3.2 IRR 

 

Table 26. Source: Own calculation. 

Table 26 shows the IRR calculation for the Subsidy Case. Again, the methodology applied is the same as 

the previous scenarios. The grant received as cash leads to a positive IRR of 3.92%. However, as with 

the other two scenarios, the estimated IRR is below the levered cost of equity. On that basis, the Project 

should be rejected even while receiving a subsidy of NOK 2,057.6m. However, as previously discussed 

in the financial literature review, the levered cost of equity does not consider the declining leverage ratio 

throughout the project lifetime. Consequently, it might overstate the Project’s true cost of equity, thus 

understating the project value. 

 

7.4 Sensitivity analyses 

The authors acknowledge that the scenarios above are prone to assumptions, and changes in certain 

parameters might significantly affect the project value. 

As mentioned, several of the assumptions behind the DCF model are estimated based on the background 

of the authors’ subjective assumptions about future development, resulting in financial analyses 

carrying a degree of uncertainty. This section intends to highlight the effects on key output metrics by 

changes in central value drivers. Sensitivity analyses add valuable information as they provide insights 

into the parameters that impact the value. 

Figure 31 shows the effect on the APV in the Base Case by changes in the unlevered cost of equity and 

the capacity factor, while Figure 32 shows the effect on LCOE by changes in WACC and CAPEX/MW. 

Free Cash Flow to Equity (IRR) 2022 2023 2024 2025 2026 2038 2039 2044 2045 2046 2047 2048 2049 2050 2051

EBIT - - - (54.0) (52.9) 0.9 7.8 44.2 394.0 401.9 410.0 418.2 426.5 435.1 -

(-) Taxes on EBIT - - - - - (0.2) (1.7) (9.7) (86.7) (88.4) (90.2) (92.0) (93.8) (95.7) -

(+) Tax shield - - - - - 0.2 1.7 9.7 86.7 88.4 90.2 92.0 - - -

(+) Depreciation - - - 342.1 342.1 342.1 342.1 342.1 - - - - - - -

(-) DEVEX (300.2) - - - - - - - - - - - - - -

(-) CAPEX - (3,421.0) (3,421.0) - - - - - - - - - - - -

(-) Decommissioning - - - - - - - - - - - - - - (421.6)

(+) Debt raised - - 3,571.1 - - - - - - - - - - - -

(-) Debt service - - - (327.5) (320.0) (230.7) (223.2) (186.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)

(+) Subsidies 2,057.6 - - - - - - - - - - - - - -

FCFE 1,757.4 (3,421.0) 150.1 (39.3) (30.8) 112.4 126.7 200.3 394.0 401.9 410.0 418.2 332.7 339.3 (421.6)

Cumulative FCFE 1,757.4 (1,663.6) (1,513.5) (1,552.8) (1,583.6) (1,113.8) (987.2) (134.3) 259.7 661.6 1,071.6 1,489.8 1,822.4 2,161.8 1,740.2

IRR 3.92%
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Figure 31. Source: Own calculation 

  

Figure 32. Source: Own calculation 

 

7.5 Conclusion to the financial analysis 

The Project’s financial analysis has shown that its financial feasibility depends on receiving subsidies 

in the form of a CfD or a research grant. Thus, the investment case of an unsubsidized floating offshore 

wind farm at Utsira Nord would not be bankable. In the Base Case exposed to expected market prices 

without subsidies, the Project yields a substantially negative APV of NOK 1,980.8 million. Hence, if the 

Project is built according to the authors’ estimates and assumptions in the Base Case, the outcome 

would be undesirable for a project developer on a financial basis.  

Given the negative profitability of the Project, the study estimated two alternative scenarios. The CfD 

Case suggests that the Project would results in a break-even APV and turn bankable by being awarded 

an CfD at a strike price of NOK 610.27/MWh. The strike prices imply a premium of 28%-34% as a top-

up to market prices during the contract’s 20-year length. 

Additionally, the Subsidy Case shows that receiving a research grant of minimum NOK 2,057.6 million 

in 2022 will turn the Project into a positive business case, similarly as in the CfD Case. As Equinor 

received a NOK 2.3 billion research grant from ENOVA for Hywind Tampen in 2017, the authors 

consider this a likely scenario. 

 

APV: Capacity factor and Unlevered Cost of Equity
Cost of equity - unlevered

######### 2.4% 2.9% 3.4% 3.88% 4.4% 4.9% 5.4%

45.0% (3,491) (3,499) (3,501) (3,498) (3,489) (3,478) (3,462)

47.5% (3,003) (3,045) (3,078) (3,103) (3,121) (3,133) (3,139)

50.0% (2,514) (2,591) (2,656) (2,709) (2,753) (2,789) (2,817)

52.5% (2,026) (2,137) (2,233) (2,315) (2,385) (2,444) (2,493)

55.0% (1,602) (1,746) (1,872) (1,981) (2,075) (2,157) (2,227)

57.5% (1,161) (1,337) (1,491) (1,626) (1,744) (1,847) (1,937)

60.0% (766) (972) (1,154) (1,314) (1,455) (1,579) (1,688)

62.5% (347) (583) (791) (976) (1,139) (1,283) (1,410)

65.0% 82 (183) (418) (627) (811) (975) (1,120)

Capacity 

factor

LCOE (NOK/MWh)

WACC

730.1036 3.3% 3.8% 4.3% 4.79% 5.3% 5.8% 6.3%

-40% 18.66 510 523 536 550 565 580 595

-30% 21.77 548 563 579 595 612 630 648

-20% 24.88 586 603 621 640 660 680 700

-10% 27.99 624 644 664 685 707 730 753

0% 31.10 662 684 707 730.10 754 780 806

10% 34.21 700 724 749 775 802 830 858

20% 37.32 738 764 792 820 849 880 911

30% 40.43 776 804 834 865 897 930 964

40% 43.54 814 845 877 910 944 980 1,016

CAPEX/

MW 

(NOKm)
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 Sustainable Development Analysis 

This chapter aims to consider the Project in Utsira Nord regarding its impact on the SDGs, including 

its implications on the Norwegian offshore wind industry. The result of this analysis might indicate if 

the Project can be desirable beyond its financial feasibility for a project developer. 

As there is no well-established framework to measure wind projects’ impact on sustainable 

development, the SDGs-IAE framework has been utilized to identify potential synergies and tradeoffs 

with the SDGs. The framework identified 46 potential synergies and 14 potential tradeoffs (Appendix 

6). The 17 SDGs and 169 associated sub-targets cover a broad range of aspects of sustainable 

development. As Norway is a highly developed country, the authors have found that not all SDGs have 

been applicable for the Project within its context. Synergies and tradeoffs identified in the SDGs-IAE 

framework have been cross-checked with processes during the Project’s lifecycle and are limited to those 

deemed most appropriate. In other words, the processes assessed are those that are considered to have 

a significant positive or negative impact towards achieving one or more SDG sub-target. The analysis is 

divided according to energy-related SDGs and the five Ps of People, Planet, Prosperity, Peace, and 

Partnership, exhibited in Appendix 1. As SDG 3 will be analyzed as an energy-related SDG, people will 

not be elaborated further as other relevant impacts were not identified. Impacts concerning the 

Norwegian offshore wind industry are elaborated on under prosperity relative to SDG 8 and 9. It is 

important to note that the authors do not seek to make law-like conclusions but rather seek to 

understand the Project’s potential for contributing to achieve the 2030 Agenda and the expansion of the 

Norwegian offshore wind industry. 

An exhibition of the discussed sub-targets is presented in Appendix 7. 

8.1 Energy-related SDGs 

As presented in the sustainable development literature review, SDG 7, SDG 3, and SDG 13 are closely 

related to energy challenges. These SDGs will be assessed first due to the nature of the Project within 

renewable energy. The identified potential impacts will first be presented before being discussed in the 

following sections. The Project has synergies and tradeoffs with ensuring access to affordable and 

modern energy solutions (target 7.1). Increased energy capacity is desirable, but a lack of storing 

capabilities for wind power can cause less reliability in the system. Synergies with increasing the share 

of renewable energy in the energy mix (targets 7.2 & 7.3) come from the Project’s 220MW installed 

capacity. Wind power is carbon neutral and does not produce air pollution and emissions while 

operating, leading to possible synergies with targets related to health concerns (targets 3.2 & 3.9) and 

climate change (targets 13.1 & 13.2) 
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SDG 7: Ensure access to affordable, reliable, sustainable, and modern energy for all 

Targets: 7.1, 7.2 & 7.3 

The average annual Norwegian electricity production from wind power today is approximately 13 TWh. 

When projects currently under development are commissioned, the production will be approximately 

18 TWh, equal to 13% of the total energy output in Norway  (NVE, 2020b). The 220MW Project in Utsira 

Nord is estimated to contribute with an annual net production of 1.06 TWh, estimated to provide 

renewable energy to ~65,900 households (Appendix 8). The potential for further development in the 

North Sea can substantially increase the share of renewable energy in the total energy mix. Norway is 

unique compared to the rest of Europe, as almost all domestically produced electricity comes from 

renewable sources (Energy Facts Norway, 2021). In 2016, 98% of produced electricity was from 

renewable energy (OED, 2016). The largest share comes from hydropower, with an average annual 

production of approximately 152 TWh (NVE, 2020b). Thus, further increasing the share of renewable 

energy in total energy production is less urgent than in most other countries. However, increasing the 

share of wind power brings other synergies and tradeoffs related to energy production.  

Hydropower production depends on rainfall and the inflow of water to reservoirs. From 1979 to 2019, 

water inflow to reservoirs varied considerably from year to year, resulting in energy production ranging 

between 106 to 187 TWh annually (NVE, 2020b). With an average energy consumption of 134.3 TWh 

during the same period, flexibility in the energy system is essential. The inflow of water to reservoirs is 

typically lowest during winter as precipitation often comes as snow and highest during spring when the 

snow is melting. Wind resources almost have the opposite seasonal profile compared to hydropower 

(NVE, 2020b). As pointed out in chapter 5.3.3.1, wind power production is highest during winter and 

lowest during spring and summer. Hence, wind and hydropower complement each other well from a 

seasonal perspective, and their co-existence may improve access to clean energy throughout the year. 

Production of wind power depends on unadjustable factors such as wind speed. If the power system 

becomes more dependent on unadjustable renewable energy, significant variations in the energy supply 

may follow. Unpredictable variations in wind resources can be demanding for the energy system as it 

may be challenging to maintain the immediate energy balance between supply and demand (NVE, 

2020b). Cold periods with little wind resources and precipitation will be challenging since energy 

consumption is highest on cold days when electricity is used for heating (NVE, 2020b). Another scenario 

is the potential overproduction of electricity. Positive North Atlantic Oscillation (NOS) is a typical heat 
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pattern in Norway during the fall. NOS results in large amounts of rainfall along the coast, while much 

of the country also has good wind resources (NVE, 2020b). The combination of good wind resources 

and heavy rainfall that fills reservoirs leads to large unadjustable energy production from both wind and 

hydropower, leading to excess production and low electricity prices. This phenomenon is called price 

cannibalization (BDO, 2020). Flexibility in production will be essential to maintain the balance. In 

Norway, much of the flexibility is covered by hydropower as water can be stored in reservoirs to ensure 

hydropower production in periods with little rainfall. Conversely, there are currently no commercially 

available methods to store wind power for later usage. Hence, there is potential for adverse impacts on 

SDG 7, and solutions to store wind power will be necessary to ensure reliable energy access. 

 

SDG 3: Ensure healthy lives and promote well-being for all ages 

Targets: 3.2 & 3.9 

SDG 13: Take urgent action to combat climate change and its impacts 

Targets: 13.1 & 13.2 

The energy sector was responsible for ~13,5 Gt CO2 emissions in 2019, leading to significant negative 

impacts on people’s health and climate change. In the sustainable development scenario presented by 

IEA, emissions from electricity generation and heat production must drop by 40% from 2019 to 2030 

to reach the energy-related SDGs, despite a global increase in electricity demand by 20% (IEA, 2020b). 

Reaching the desired emission reductions is set to be achieved by cutting emissions from existing power 

plants. Furthermore, it must be ensured that renewable energy and other energy plants equipped with 

carbon capture technologies can provide sufficient capacity to meet growth in demand (IEA, 2020b). 

The Norwegian government has stated that it seeks to cut GHG emissions by at least 50% from 1990 

levels in 2030 and become a low-emission society by 2050 (Miljømål, 2021). 

The Project will increase the share of low emission wind power and thus contribute to reaching the goals 

mentioned above. In Norway, hydropower and petroleum are the most used sources of energy (IEA, 

2021). A calculation of the Project’s lifecycle CO2 emissions shows a comparison to emissions from the 

same amount of energy from hydropower and petroleum (Appendix 9). Different literature finds that 

wind power has associated emissions of between 7-56 gCO2/KWh and 2-81 gCO2/KWh, in which the 

upper range is associated with older and smaller turbines (IPCC, 2014b). The estimate includes both 

onshore and offshore projects. A more recent study by Kaldellis & Apostolou (2017) estimates that 

offshore wind power generates 16 g CO2/KWh as a lifecycle average. In comparison, hydropower 
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generates 28 g, and petroleum generates 840 g CO2/kWh. Construction and installation of components 

such as the turbine and substation account for 80-90% of the total lifecycle emissions. The operational 

stage contributes 5-20%, in which offshore projects have higher emissions than onshore projects due to 

maritime transportation by ships and helicopters (Kaldellis & Apostolou, 2017). Decommissioning has 

minor impacts on the total lifecycle emissions. However, as will be elaborated on in the following section, 

there are issues related to waste management. 

The lifetime CO2 emissions from the electricity generated by the Project are estimated to be 423,984 

tons. In comparison, producing the same energy output using hydropower or petroleum would generate 

741,972 and 22,259,160 tons emissions, respectively. The Project generates significantly lower emissions 

than the two alternative energy sources, and hence wind power contributes far more towards achieving 

SDGs 3 and 13. EPA (2018) estimates that the annual average emissions from a passenger car are 4,6 

tons CO2. Compared to energy generated from petroleum, the reduced emissions from the Project equals 

eliminating emissions from 189,871 passenger cars each year during the 25-year operational lifetime. If 

the Project can support further growth in offshore wind installations in Norway, additional 

contributions towards SDGs 3 and 13 are achievable. 

 

8.2 Planet 

Potential synergies and tradeoffs with waste reduction are identified (targets 12.4 & 12.5). Wind power 

produces limited waste during operations. Decommissioning of the Project may, however, lead to 

potential tradeoffs related to waste management. As the Project is sited offshore, potential disturbance 

of maritime ecosystems can lead to tradeoffs with target 14.2. Moving wind power production offshore 

and away from onshore ecosystems has possible synergies with protecting life on land (targets 15.1, 15.2, 

15.3 & 15.5). However, the turbines’ impact on bird flights in the area may lead to tradeoffs with target 

15.5. The potential synergies and tradeoffs will be elaborated on in detail below. 

 

SDG 12: Ensure sustainable consumption and production patterns 

Targets 12.4 & 12.5 

Wind turbines do not produce any direct waste during operations. Therefore, the Project contributes 

towards achieving SDG 12 during the operational stage, aiming to improve waste management and 

reduce waste generation through prevention, reduction, recycling, and re-use. However, a significant 

amount of waste must be disposed of at the end of the Project’s life when turbines are decommissioned 
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(Tota-Maharaj & McMahon, 2020). Therefore, a possible tradeoff can arise during decommissioning. 

Few large-scale wind farms have reached the decommissioning stage by now, causing uncertainty 

regarding future impacts. However, as older projects approach the end of their operational stage in the 

coming years, the number of projects being decommissioned will increase.  

Given the utilization of wind power, re-use is the best scenario to reduce waste. Tota-Maharaj & 

McMahon (2020) suggest three possible re-use scenarios for turbines. These are second-hand use of 

turbines, remanufacturing for use in the wind or other industries, and life extension through turbine 

component repowering (Tota-Maharaj & McMahanon, 2020). However, some parts of the turbine 

cannot be re-used. Most of the turbine and substation materials, such as steel, concrete, and cables, can 

be recycled, as there are well-established recycling methods for those materials. The turbine blades and 

nacelle are, however, more challenging to recycle. Thus, they are assessed to have the most significant 

negative impact concerning waste in a wind power project (Andersen et al., 2014). The difficulties of 

recycling the nacelles derive from components consisting of many different materials. The turbine 

blades are built using fiberglass, which is a complex material requiring expensive techniques to recycle 

(Andersen et al., 2014). As a result of the challenging recycling process, turbine blades are often disposed 

of at landfills without proper waste management solutions. Hence, there is a need for new ways to 

dispose of turbine components at the end of their lifecycle to avoid potential tradeoffs with SDG 12. 

Grinding the blades and using them in cement is an option, resulting in reducing CO2 emissions by 16% 

compared to standard cement (Barnes, 2020). Another option is pyrolysis, in which the materials are 

heated, allowing for the extraction of fibers. However, pyrolysis is an expensive solution that has not 

been commercialized yet. Promising research is being conducted, which may allow for large-scale use in 

a few years (UT, 2020). 

All current energy sources generate waste to some extent during their lifetime, and hence their relative 

environmental impact is crucial to assess. While wind power projects do produce waste, the amount of 

solid waste per MWh is estimated to be at least 200 times higher for coal than wind power (Barnes, 

2020). Therefore, the Project will generate considerably less waste than energy sources such as coal. The 

Project’s decommissioning is expected to take place during 2051. While this technically is after the 

timeline of the SDGs in 2030, the targets remain relevant. Having an environmental waste management 

plan is necessary to mitigate the adverse effects of turbine decommissioning and can substantially 

reduce negative impacts on SDG 12 (Tota-Maharaj & McMahon, 2020). Furthermore, when reaching 

the point of decommissioning in 2051, there may be new technologies on the market that allow for 

improved waste management solutions. 
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SDG 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable 

development 

Target: 14.2 

SDG 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage 

forests, combat desertification, and halt and reverse land degradation and biodiversity loss 

Targets: 15.1, 15.2, 15.3 & 15.5 

Installing a wind farm has potential impacts on the local ecosystems during its entire lifecycle. Research 

and empirical evidence suggest that the consequences may be both positive and negative (WindEurope, 

2020b). Except for Hywind Demo and Hywind Tampen, which is still under construction, all wind power 

in Norway is installed onshore. Therefore, potential impacts in Norway have so far been limited to 

onshore ecosystems. The Project in Utsira Nord contributes to the transition of wind power from 

onshore to offshore installations. Hence, it may contribute to positive effects on ecosystems on land. 

Simultaneously, there are risks that negative impacts are shifted to ecosystems below water. 

Onshore ecosystems 

Synergies with SDG 15 are possible due to the Project not requiring interference with onshore 

ecosystems, as opposed to current wind power installations in Norway. As 66% of the North Sea has a 

water depth of 50-250 meters, many locations are unsuitable for bottom-fixed solutions (WindEurope, 

2020a). By utilizing floating technology, the Project contributes towards transitioning future 

installations from onshore to offshore sites. Increased electricity production from wind power may also 

reduce the use of biomass, contributing to prevent deforestation and land degradation. 

Regardless of the location, artificial obstacles in aerospace will always represent a risk for birds. The 

Project may impact birds through deaths by collision, loss of habitat, and disturbance during installation 

(OED, 2020a). Migratory birds often follow rigid routes during spring and summer and can be affected 

by the Project if built along their routes. However, research from Horns Rev and Nysted in Denmark has 

shown that Migratory birds largely avoided wind farms, limiting negative impacts. Nevertheless, there 

are differences among species (Lorentsen et al., 2012). In 2012, NVE concluded that the consequences 

for seabirds from a project in Utsira Nord are considered low during its entire lifecycle (NVE, 2012).  

Offshore ecosystems 
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While the Project reduces the interference with onshore ecosystems, it requires a large geographical area 

in the North Sea. Therefore, the wind farm may potentially impact targets related to preserving life below 

the water and maritime ecosystem. In 2012, NVE assessed the marine impacts of a project in Utsira 

Nord which resulting in three key findings. Firstly, a project would not impact marine mammals in the 

area. Secondly, while Utsira Nord overlaps with a spawning area of mackerel, it was not possible to 

detect any negative consequences for fish. Lastly, endangered sea feathers and digging megafauna were 

registered, which may be impacted by anchoring of substructures. NVE’s overall assessment was that 

the potential impact of a wind farm on maritime ecosystems in Utsira Nord is low (NVE, 2012). The 

findings from the analysis are still considered valid and were a determining factor leading to the opening 

of Utsira Nord in 2020 (Østenby, interview, 12 April 2021). 

Offshore wind farms may also have positive impacts on maritime ecosystems. Anchors and substations 

can function as artificial reef structures, introducing species compatible with the local ecosystem 

(WindEurope, 2020b). With limited interference from other industries in the project area, such as 

fishing and transportation, otherwise impacted species might benefit from offshore wind farms 

(WindEurope, 2020b). To become more confident regarding the Project’s impacts, a new and thorough 

environmental impact assessment must be conducted. As pointed out in section 5.6.2.1, an impact 

assessment is required during the preliminary stage of the Project. If the assessment finds that the 

Project would significantly impact any part of the ecosystem negatively, a license will not be granted. 

Therefore, an impact assessment substantially reduces the potential for tradeoffs with SDGs 14 and 15. 

 

8.3 Prosperity 

The Project leads to increased job creation within renewable energy leading to synergies with target 8.4, 

promoting decoupling economic growth from environmental degradation. Synergies with sustainable 

industrialization (targets 9.2 & 9.4) are identified, as the Project provides opportunities for the 

Norwegian industry and supply chain to develop offshore wind power capabilities. Due to the 

capabilities of the Norwegian petroleum sector, the Project can have a highly positive impact on building 

the Norwegian wind industry. 

 

SDG 8: Promote sustained, inclusive and sustainable economic growth, full of productive employment 

and decent work for all. 

Target: 8.4 
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The Project contributes to achieving SDG 8 as it provides a significant amount of full-time equivalent 

work years (FTE) within renewable energy. In 2012, NVE estimated that if a 1,000 MW project is 

developed in Utsira Nord, the total amount of direct FTE would be 21,616 or equal to 865 FTE on average 

over a 25-year horizon (NVE, 2012). Therefore, it would be very impactful for the local region’s economy, 

as it would amount to 3% of employment in Sundhordaland according to 2012 estimates. (NVE, 2012). 

While capabilities in the offshore wind sector will improve, the required FTE per MW is expected to 

decline due to increased efficiency. The number of FTE per MW installed capacity is forecasted to 

decrease from 19/MW in 2010 to 7.5/MW in 2020 (State of Green, 2020). According to these estimates, 

the Project would require ~1,650 FTE with expected construction start in 2023. Production and 

installation of technical components during the construction stage require the highest intensity of FTEs. 

Project construction is highly resource-intensive, evident by the high CAPEX costs elaborated on in the 

financial analysis. While operations and maintenance require lower FTE intensity than construction, 

the 25-year period secures long-term job creation in Norway.  

 

SDG 9: Build resilient infrastructure, promote inclusive and sustainable industrialization and foster 

innovation  

Targets: 9.2 & 9.4 

In section 5.6.3, it was pointed out that the Norwegian economy, to a large extent, is dependent on the 

petroleum sector. However, the petroleum industry is not sustainable as it is a significant contributor to 

GHG emissions. Section 8.2 elaborated that emissions from petroleum generate ~50 times higher 

emissions than wind power for similar energy output. Furthermore, the future of the petroleum sector 

is uncertain. It is forecasted that the industry will have a significant decline in demand (IEA, 2020b). 

Therefore, building a robust industry diversified from petroleum is necessary to secure future industrial 

activities in Norway. As the petroleum industry is phased out, offshore wind will play an important role 

in ensuring the future of the Norwegian industry (Brackman, interview, 16 April 2021). Many 

capabilities from the petroleum sector can be transferred to offshore wind, making the petroleum supply 

chain well suited for floating wind projects (Scottish Enterprise, 2017). Thus, the Project can contribute 

to SDG 9 by support building a robust Norwegian offshore wind industry. 

 

The Norwegian petroleum sector and supply chain possess world-class resources and capabilities, which 

can be leveraged to create a leading offshore wind supply industry. From early investments into floating 
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wind projects, Equinor has already gained competitiveness within the industry. According to Picotti 

(interview, 19 April 2021), the main reason for Norway to invest in floating wind projects is to build 

markets and opportunities for the already existing petroleum industry, as there will be a decline in oil 

and gas installations. Developing a home market for floating offshore wind power will be necessary for 

developing a Norwegian offshore wind supply industry, which further can create opportunities in other 

markets outside of Norway. By applying the existing knowledge of the petroleum industry, testing the 

waters with a large-scale wind farm at Utsira Nord could yield a highly valuable experience that enables 

a competitive advantage for future floating wind projects.  

Gaining a competitive advantage within floating offshore wind entails significant economic potential for 

the Norwegian industry. Having commercial references will be a determining factor when international 

project developers assess potential suppliers (Menon Economics, 2019). It is expected that an 

established Norwegian floating offshore wind industry can capture up to 20% of the global market. Such 

a scenario would imply a value creation of NOK 117 billion and 128,400 FTEs in Norway over a 30-year 

period (Menon Economics, 2019). However, if further industrialization of floating wind projects 

develops outside of Norway, the competitiveness of the Norwegian industry might be weakened. 

Therefore, building a robust Norwegian floating wind industry involves a proactive Norwegian 

government. As the cost of floating wind projects is still higher than competing technologies, the 

development of projects will largely be influenced by national energy and trade policies (Menon 

Economics, 2019). The financial analysis further made this evident with the Base Case yielding a 

negative APV for a project developer.   

With targeted policies aimed at developing new capabilities within offshore wind, Norwegian companies 

can transition from the petroleum sector to renewable energy. A similar transition was observed in 

Denmark when DONG Energy transition into Ørsted. The company changed its name in 2017, 

symbolizing its shift from black energy into green energy (Ørsted, 2021a). Since the transition into 

renewable energy sources, Ørsted has been ranked the world’s most sustainable energy company three 

years in a row (Ørsted, 2021b).  

  

8.4 Peace 

Many stakeholders might be affected by the Project. Including all stakeholders in decision-making and 

project planning has synergies with responsive, inclusive, and representative decision-making at all 

levels in society (targets 16.7 & 16.10). 
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SDG 16: Promote peaceful and inclusive societies for sustainable development, provide access to 

justice for all and build effective, accountable and inclusive institutions at all levels 

Targets: 16.7 & 16.10 

In section 5.6.1, it was presented that many stakeholders have interests concerning wind power 

development in Norway. The Project is likely to affect and engage various stakeholders during its entire 

lifecycle. Project developers need to consider these stakeholders’ interests and involve them in decision-

making to create an inclusive and representative development process, which will ensure synergies with 

SDG 16. Section 5.6.2.1 elaborated on how the public consultations implemented by OED function as an 

arena in which stakeholders are included and contribute to projects’ decisions. When Utsira Nord was 

assessed for the opening of wind power projects in 2019, OED opened the proposal for public 

consultation. At least 257 stakeholders ranging from private persons to industry experts sent 

consultation letters, leading to the opening of Utsira Nord (OED, 2019). With additional consultations 

following applications from project developers and potential granting of licenses, the Project is expected 

to incorporate values presented in SDG 16.  

 

8.5 Partnership 

If the Project includes cooperation between stakeholders, governments, companies, and organizations 

across borders, there are possible synergies with partnerships towards the SDGs (targets 17.16, 17.17).  

 

SDG 17: Strengthen the means of implementation and revitalize the global partnership for sustainable 

development 

Targets: 17.16 & 17.17 

Large-scale wind power projects require significant cooperation across countries, industries, and levels 

of society. During the Project’s entire lifecycle, the project developer is expected to work with actors such 

as the Norwegian government, industry players, NGOs, and private persons to reach an acceptable 

Project outcome. Public consultations are an arena specially designed for such cooperation. 

Furthermore, floating wind projects have historically been predominantly dependent on cooperation 

between governments and project developers. Hywind Scotland is heavily subsidized by the Scottish 

government under the UK Renewable Obligation Certificate scheme, receiving £160/MWh on top of the 
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wholesale price of electricity (Pixie Energy, 2019). Equinor further received a research grant of NOK 2.3 

billion from Enova for developing Hywind Tampen (ENOVA, 2019). If similar subsidies are realized for 

the Project, a public-private partnership for sustainable development is evident.  

 

8.6 Conclusion to sustainable development analysis 

Based on the analysis above, a Project in Utsira Nord will positively and negatively impact the SDGs. 

Due to considerably more positive contributions towards sustainable development, the findings indicate 

that the Project should be realized from a sustainable development viewpoint. 

Negative contributions include wind power’s unreliability due to lack of storing capabilities, potential 

impacts on offshore ecosystems, and waste management during decommissioning. Adverse 

consequences may be at a minimum if future technology allows for wind power storage and improved 

recycling of turbines. Fortunately, the positive impacts outweigh the negative. Increased low-emission 

wind power in the system is desirable for reducing GHG emissions and combating climate change. 

Offshore wind power installations are beneficial as they might reduce adverse impacts on land while 

floating technology can limit the negative impacts on maritime ecosystems. For Norway, gaining 

capabilities within offshore wind can secure future job creation and a transition towards sustainable 

domestic industries within offshore wind power.  Accordingly, proper processes need to be in place to 

ensure positive results. These include impacts assessments, public consolations, and otherwise ensuring 

sustainability throughout the Project’s lifetime. 
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 Discussion 

9.1 Reflections on thesis 

9.1.1 Financial methodology 

The financial literature section proposed that the APV approach was the most appropriate valuation 

methodology to consider the varying degrees of leverage properly. As a result, the applied discount rate, 

the unlevered cost of equity, is lower than the discount rate applied in an NPV calculation, which would 

utilize the levered cost of equity. Hence, should the NPV method be the most accurate valuation 

methodology, the financial analysis will have overstated the Project’s true value by applying a too low 

discount rate, reflecting a risk level that may prove to be understated. Thus, the estimated minimum 

CfD strike price or subsidy grant might also be too low in the alternative cases. 

 

Figure 33. Source: Own calculation 

A sensitivity table for the CfD case is provided in Figure 33 as an example of this concern. It shows that 

the previously estimated CfD strike price of NOK 610.27/MWh will yield a negative NPV of NOK 873.9m 

by applying the levered cost of equity. The table also shows that the CfD strike price must be greater 

than NOK 707/MWh in order for the Project to cover its cost of equity. 

Furthermore, the authors note that the accuracy of forecasts relies on the accuracy of their inputs. 

Hence, analytical attention must be devoted to financial drivers that significantly impact a project’s 

economy and value (Petersen et al., 2017). Among the most vital inputs in a financial model is the cost 

of capital. Section 6.7 estimated the WACC to 4.79%, based on a bottom-up approach using the CAPM 

methodology. However, the authors note that the WACC is relatively low compared to some other 

sources, such as Kost et al.’s (2018)  estimate of 6.9% for offshore wind and the 5.0% real WACC applied 

by NVE (2021c) for all energy projects in Norway which implies a nominal WACC of 7.1%. The Project’s 

WACC might be lower than those due to the low risk-free rate applied. 

Additionally, the beta value was estimated from the average beta values of comparable companies. As 

diversified companies, the betas of the chosen peers might be lower as they have diversified their 

NPV FCF Equity: CfD base price (2025) and Cost of Equity

CfD base price (2025 NOK/MWh)

(873.9) 460 510 560 610 660 707 757

4.83% (2,147) (1,542) (951) (390) 152 649 1,184

5.33% (2,235) (1,660) (1,100) (569) (57) 411 915

5.83% (2,311) (1,764) (1,232) (729) (246) 196 670

6.33% (2,376) (1,856) (1,351) (873.89) (417) (0) 448

6.83% (2,432) (1,937) (1,457) (1,004) (572) (178) 246

7.33% (2,479) (2,008) (1,551) (1,121) (712) (339) 62

7.83% (2,519) (2,071) (1,635) (1,226) (838) (485) (106)

Cost of 

Equity
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business risks in contrast to this single Project. Hence, the use of comparable companies to estimate the 

beta might understate the true beta value for the Project’s assets. Furthermore, the assumed debt ratio 

of 50% is more conservative than average offshore wind projects, as debt accounted for 71% of the capital 

raised for European offshore wind project finance transactions in 2020 (WindEurope 2021c). 

Consequently, the lower debt ratio contributes to a lower levered equity beta estimated for the Project. 

If the Project’s estimated WACC is lower than its true WACC, the value of the Project might be 

overstated, and, in turn, the minimum amount of subsidies for the Project might be estimated too low. 

Figure 34 shows the effects on Enterprise Value in the Base Case by changes in the capacity and WACC. 

This analysis shows the free cash to flow firm, consistent with the application of the WACC. 

 

Figure 34. Source: Own calculation 

9.1.2 Price volatility 

In section 5.7, the volatility of electricity prices was described. The financial analysis was delimited to 

forecasting prices on an annual basis. Thus, incorporating weekly and seasonal electricity price volatility 

into the analysis was outside of the scope of the study. Therefore, the effects of merchant risk exposure 

were not addressed explicitly. The suggested method for assessing this risk is using Monte Carlo 

simulations, a widely used statistical technique for risk management and decision making (Brealey et 

al., 2019). Monte Carlo simulation is a tool for considering all possible combinations and assessing the 

entire distribution of project outcomes. The rationale behind the extensive application of the method 

lies in the capacity to picture several scenarios with numerous variations of the inputs computed 

according to their inherent uncertainty (Brealey et al., 2019). Hence, it would overcome the weaknesses 

of traditional sensitivity analysis limited to the rendering of single scenarios. Therefore, the financial 

analysis might have resulted in a more accurate estimate of the Base Case scenario if a Monte Carlo 

simulation had been applied to estimate future electricity prices. 

NPV Free Cash Flow to Firm - Base Case

WACC

######## 3.3% 3.8% 4.3% 4.79% 5.3% 5.8% 6.3%

45.0% (3,232) (3,388) (3,526) (3,646) (3,750) (3,841) (3,920)

47.5% (2,800) (2,988) (3,153) (3,299) (3,428) (3,540) (3,639)

50.0% (2,368) (2,587) (2,781) (2,953) (3,105) (3,239) (3,357)

52.5% (1,936) (2,187) (2,409) (2,607) (2,782) (2,938) (3,075)

55.0% (1,579) (1,852) (2,094) (2,310) (2,503) (2,675) (2,827)

57.5% (1,195) (1,493) (1,759) (1,996) (2,209) (2,398) (2,567)

60.0% (864) (1,181) (1,465) (1,719) (1,947) (2,151) (2,334)

62.5% (497) (838) (1,144) (1,419) (1,665) (1,886) (2,084)

65.0% (117) (484) (814) (1,110) (1,376) (1,614) (1,829)

Capacity 

Factor
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9.1.3 Turbine size 

As stated in section 6.2, the assumed turbine size is 11 MW. It is estimated that larger turbines will be 

available at the time of construction, including a 14 MW turbine. According to research from Rystad 

Energy (2020), increasing the turbine size from 10 MW to 14 MW will offer cost savings of up to USD 

100 million for a 1 GW project, despite an increased manufacturing cost per turbine. The cost savings 

can be realized as larger turbines reduce the required number of turbines to achieve a specific wind farm 

capacity. Rystad Energy (2020) suggests that the size increase reduces the required number of turbines 

by 28 units for a 1 GW project, from 100 to 72. Fewer turbines and floaters entail a lower cost of 

foundation manufacturing and overall installation costs, enabling economies of scale. For the Utsira 

Nord Project, increasing the turbine size from the current 11 MW to 14 MW implies that the total capacity 

can be increased to 280 MW by keeping the same number of turbines. Alternatively, the power increase 

per turbine implies that the numbers of turbines can be reduced by 4 to a total of 16 turbines to achieve 

a 224 MW capacity, compared to the current 220 MW. 

 

9.1.4 Lack of framework to consider the SDGs 

As presented in the sustainable development literature review, there is no existing well-established 

framework to assess wind power projects’ impact on all aspects of the SDGs. For this thesis, the SDGs-

IAE framework has been utilized to map the Project’s potential impacts on the SDGs. The authors of the 

thesis have evaluated and prioritized those synergies and tradeoffs considered most relevant for the 

context. This methodology might have its limitations, as there can be a degree of subjectivity in the 

findings (Castor et al., 2020). The authors may unconsciously have given more importance to certain 

targets and interlinkages presented in the SDGs-IAE over others. Thus, potentially relevant impacts 

from the Project may have received too little attention. During the development stage of a wind project, 

this potential subjectivity can be mitigated by having members from all stakeholder groups present while 

discussing synergies and tradeoffs. With several different perspectives in a discussion, prioritization is 

likely given to the most relevant aspects. 

 

9.2 Other aspects 

9.2.1 Timing of investment 

The thesis assumes commissioning of the project in 2025. This timing was considered to allow for more 

accurate estimations of costs than a project with commissioning later in the future. Forecasts on a longer 

time horizon would likely prove to be inaccurate due to the rapid development within the industry. 
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However, due to the relatively long development time required for offshore wind projects, the authors 

acknowledge possible limitations to realizing commissioning for such a project by 2025. 

The financial analysis suggested that a floating wind project at Utsira Nord would become too costly to 

be a positive business case for a project developer in 2025, implying that subsidies are required for a 

project to be realized. Forecasts indicate that the costs of floating wind will decrease substantially by the 

end of the current decade as the technology matures (WindEurope, 2019a). Hence, postponing a project 

could improve its cost levels and financial potential. However, the sustainable development analysis 

suggested that there are many non-economic benefits of realizing a project early. 

Therefore, the timing for realizing a floating wind project is an important aspect to consider, also beyond 

the financial metrics. Implementing a project early, e.g., with commissioning in 2025, allows for earlier 

actions towards achieving the SDGs. Furthermore, an early investment could provide the Norwegian 

industry with valuable experience, potentially enabling an integrated local supply chain. Regardless, it 

is unlikely that a private company would carry out such a project without subsidies for compensation 

for the negative APV. 

As an unsubsidized project yields a negative APV, the Norwegian government’s ambitions and policies 

will be vital for realizing a project early. According to Brackman (interview, 16 April 2021), government 

commitments are urgently needed for Norway to become a prominent wind developer and build a wind 

power export industry. The sustainable development literature review pointed out that cooperation 

between policymakers and the private sector is important to reach desired targets. Furthermore, 

policymakers must do more than acknowledge the importance of sustainable development, they must 

also act on it. Therefore, the Norwegian government has to encourage firms to transition towards 

sustainable development by making stimulative regulations and mobilizing resources. Subsidies 

provided by the Norwegian government will allow for early investments in floating offshore wind 

projects on the Norwegian continental shelf, giving the Norwegian supply chain a head start over 

competition by creating a home market (Picotti, interview, 19 April 2021). Hence, a government-

supported project might be necessary in order to exploit the potential benefits from an early realized 

project. 

 

9.2.2 Energy storage & Power-to-X 

One of the key challenges of wind power is not being able to store the generated power for later usage. 

The sustainable development analysis explained that overproduction of wind power might lead to price 
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cannibalization. Additionally, periods of low wind can result in energy scarcity. Solutions for large-scale 

wind power storage may therefore result in improved energy flexibility and reliability.   

The process of storing electricity by converting it into other energy carriers is called “Power-to-X”  

(IRENA, 2019b). Among the most prominent solutions currently being researched are ammonia and 

hydrogen production. Power-to-X can be utilized when there is a surplus of energy production and low 

electricity prices. Hence, it can serve to balance out supply and demand. The stored energy can later be 

used for transportation, heating, and industrial processes (WindEurope, 2019b). While Power-to-X can 

entail extensive benefits, few projects exist as current costs and technological complexities remain high. 

However, new projects are expected in the coming years. In 2021, Copenhagen Infrastructure Partners 

(CIP) announced plans to build Europe’s largest Power-to-X facility in Denmark. Offshore wind power 

will be used to produce green ammonia, with intended use in agriculture, shipping, and residential 

heating (CIP, 2021). 

In 2019, the Danish government awarded €17.1 million in grants to two Power-to-X projects to facilitate 

energy storage solutions. The purpose of both projects is to utilize green electricity from wind and solar 

power to produce hydrogen (KEFM, 2019). Building electrolysis at locations with good wind resources 

can become a low-cost supply option for hydrogen, even after considering transmission and distribution 

costs to end-users (IEA, 2019a). As innovation and industrialization drive down the cost of capital, large-

scale renewable hydrogen production with a positive business case will be possible in the next decade 

(Ørsted, 2020c). 

Installing batteries at wind farms is another way to store electricity. In 2018, Equinor installed Batwind 

as the world’s first battery for offshore wind power (Equinor, 2018). The 1 MW lithium battery installed 

at Hywind Scotland is connected to the grid and is an important step towards scalable energy storage 

systems. Similar to Power to X, costs associated with battery storage solutions currently remain high. 

However, further development may allow for installed costs of battery storage to decline by two-thirds 

by 2030 (IRENA, 2017). 

In addition to contributing to reliable access to energy, batteries and Power-to-X have positive 

environmental aspects. The stored renewable energy can be utilized and substitute energy associated 

with higher emissions. Hydrogen is usually produced by hydrocarbons, such as coal and natural gas, 

leading to global emissions of 830 million tons of CO2 per year (IEA, 2019a). Transitioning to green 

hydrogen production can efficiently reduce GHG emissions and foster sustainable development.   
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For Norway, investing in energy storage solutions may provide additional storage capabilities beyond 

hydropower reservoirs, leading to increased energy efficiency and flexibility. Thus, batteries and Power-

to-X contribute to solving a substantial challenge for the wind power industry. 

 

9.3 Future research 

Researching three broad aspects of a floating wind project within the thesis comes with both advantages 

and disadvantages. Advantages to assessing a floating wind power project’s financial feasibility, relation 

to the SDGs, and the implications for the Norwegian offshore wind industry have allowed for 

incorporating several unique aspects of the Project. Simultaneously, a disadvantage is that the scope of 

each aspect may be limited compared to a narrower analysis. As floating wind power is a new technology, 

there is limited empirical data and research from existing projects on the aspects discussed in the thesis. 

Hence, the authors have considered a broader analysis appropriate to understand floating wind power’s 

potential in a Norwegian context. However, other avenues of floating wind power remain to be explored 

by future researchers. 

Firstly, once a larger number of projects are operating, the authors recommend researching each aspect 

of the thesis individually as more empirical data will be available. With empirical data, future research 

may be allowed to derive more evidence-based depictions of a Project. This would include data on costs, 

impacts on the SDGs, and the implications for the Norwegian offshore wind industry. 

Subsequently, the thesis explores floating offshore wind and its impacts from a Norwegian perspective. 

As presented in the sustainable development literature review, the SDGs are especially relevant for 

developing countries. The developing countries of Sub-Saharan Africa were in 2020 home to two-thirds 

of the world’s population without access to electricity and one-third without access to clean energy for 

cooking (IEA, 2020b). With vast offshore territory and wind resources, Africa has the potential for 

installing floating wind farms. Providing renewable energy access to populations previously without 

electricity may present considerably more synergies and tradeoffs with the SDGs than a project in 

Norway. Hence, the authors invite future researchers to assess a floating wind project’s implication 

towards achieving the SDGs in developing countries. 
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 Conclusion 

The financial analysis confirmed that an unsubsidized floating offshore wind farm at Utsira Nord would 

not be profitable with commissioning in 2025. The assumed cost level is too high to achieve a positive 

business case for a project developer and is therefore not bankable. This was expressed by an estimated 

LCOE of NOK 730.10/MWh and a negative APV of NOK 1,980.8 million in the Base case, which assumes 

the Project is fully exposed to merchant risk. In addition to the Base Case, two additional scenarios 

regarding subsidies were assessed. The CfD Case assumes that the Project is awarded a CfD contract 

with a strike price of NOK 610.27/MWh for 20 years, estimated as the lowest amount needed to cover 

the Project’s cost of capital. Thus, given the assumptions stated in the paper, the project developer can 

bid as low as NOK 610.27/MWh in a competitive auction. 

Additionally, the Subsidy Case addressed the required amount of subsidy payments that must be granted 

for the Project to turn bankable while selling its electricity on the wholesale market, just as in the Base 

Case. The subsidy amount was estimated to NOK 2,057.6 million, assumed to be paid out as cash in 

2022, and, like the CfD Case, is the minimum required amount that would make the Project bankable. 

Furthermore, the authors note that both the CfD strike price and the subsidy payout are below what has 

been experienced historically, making it a plausible scenario to receive the estimated subsidies. 

Floating wind technology is expected to mature in the coming decade, and the costs are predicted to 

decline significantly. Hence, postponing an investment until costs have achieved a more competitive 

level could result in a positive financial outcome or a lower required amount of subsidies. However, this 

thesis suggests that subsidizing a floating wind project at Utsira Nord that is developed early is 

beneficial. Beyond the Project’s financial feasibility, the Project’s impact on the SDGs and Norwegian 

industry was assessed. The findings suggest that a project in Utsira Nord both has positive and negative 

contributions towards sustainable development. However, the findings indicate substantially more 

positive effects, including for the Norwegian offshore wind industry. 

Furthermore, the sustainable development analysis found that the most considerable consequences 

from a project are potential impacts on offshore ecosystems, unreliability in the energy system, and 

waste during decommissioning. Possible mitigation strategies were identified as environmental impact 

assessments, energy storage solutions, and satisfying waste management. Energy-related GHG 

emissions pose a major threat to combat global warming. Findings suggest that investments in wind 

power contribute towards sustainable development by increasing the share of low-emission energy in 

the energy system. Furthermore, a project in Utsira Nord can support significant job creation within 

renewable energy and sustainable industrialization of Norwegian industries. Early large-scale 
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deployment of the technology can provide Norwegian companies with a head start within floating wind 

power, leveraging their existing capabilities from the petroleum and maritime sector. It can also 

contribute to an integrated Norwegian supply chain that can be employed in new markets outside 

Norway. 

The findings have implications both for project developers and policymakers. While the Project’s 

financial feasibility yields a negative business case, the Project is expected to affect sustainable 

development and the Norwegian offshore wind industry positively. It is necessary with urgent action 

towards sustainable development to achieve the SDGs and desired climate goals. The sooner a large-

scale floating is developed, the better. Furthermore, floating wind power is expected to grow quickly also 

outside of Norway. If the development occurs without Norwegian participants in the supply chain, it 

might become significantly harder to capture market shares and build a solid Norwegian offshore wind 

industry. Thus, it is left to policymakers to allocate subsidies and incentives that allow for the early 

development of a project, creating opportunities to realize its benefits.  
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