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I. Executive Summary 

Great expectations have been set for the relative young sector of Offshore Wind Energy in Europe 

– a sector which has grown steadily to a market size of 5 GW since 2007 and is expiring improved 

scalability for every new project. However, with a political target, through the EU nations National 

Renewable Energy Plans, of reaching a cumulative capacity of 43 GW by 2020, the industry needs 

to ramp up the rate of annual installations to new heights.  

 
In terms of investments, this study identifies a total requirement of EUR 136 billion needed to be 

placed in offshore wind projects from 2013 to 2020 to realize such development. Project pipelines 

of sufficient size exist across the industry, but the narrow timeframe and the limited experience of 

several developers’ results in great uncertainties of the amount of actual installations possible 

before 2020. It is found, that 25.7 GW of new projects can be expected to be completed, while 16.6 

GW of additional potential projects by the market leading six utilities are technical feasible, yet their 

completions are dependent on attraction of external capital. In latest years though, the credit 

ratings of these utilities have been pressured downwards, and a stress test in this study identifies 

they are exposed to further rating downgrades if they pursue a combined development beyond 7.1 

GW funded with debt before 2020. 

 
For the industry, this means a risk of falling 14.8 GW behind the political 2020-target of 43 GW if 

not the challenge to attract EUR 53 billion of external funds is succeeded. External investors have 

previously been partially reluctant to enter offshore wind due to uncertainties of risk factors such as 

construction and durability. Nevertheless, recent joint-venture transactions have gained interest 

from pension funds, which is a segment the industry is anticipating increased activity from. Based 

on real case data, this study analyses investment in a hypothetical project in in the promising 

market of Germany and estimate a P(50) IRR of 8.50% and a P(90) IRR of 7.50%. The return must 

be categorized as attractive for institutional investors who are looking for long-term opportunities. 

 
However, in recognition of that many institutional investors are demanding bond similar products, 

the study applies a forward looking approach and presents a conceptual design of securitization of 

offshore wind. The design allows for improved risk diversification, alignment of incentives between 

security holders and developers, and facilitates a new channel for the utilities to attract capital in 

the constructions phases of their projects. Analysis of return-profiles, suggests that investors could 

be offered greater returns than what is possible to obtain in related issuances from onshore wind a 

solar power. Yet, the success of such issuance is greatly depended on the final rating assessment, 

and active credit enhancing participation from the EIB and/or the German Development KfW could 

be required to facilitate both issuer and investors with adequate confidence in the product.   
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1. Study Introduction 

In 2009, the 27 European Union member states agreed upon a directive1 with the joint objective of 

reaching at least 20% of the EU’s final energy consumption through renewable energy sources by 

2020. The directive required each country to deliver a National Renewable Energy Action Plan 

(NREAP), documenting how each nation planned to meet their individual targets2. When examining 

the action plans it is evident that Offshore Wind Energy is projected to play a major role in the 

future electricity mix. From being a sector with a virtually non-existing market share in 2008 it is 

expected that offshore wind will rise and deliver in excess of 5% of EU’s total electricity 

consumption by 2020 (EREC, 2011). 

 
To realize this transformation, several attractive support schemes for offshore wind have been 

developed in different EU countries, which have made six of Europe’s larger utilities to engage and 

invest heavily in sector and become market leaders. This includes Centrica, DONG Energy 

(DONG), E.ON, RWE, Southern Scottish Energy (SSE), and Vattenfall, who have paced the 

industry to become one of the fastest growing energy sources in Europe, and an industry-

milestone was reached in January 2013, where a total installed cumulative capacity of 5 GW was 

succeeded (EWEA 2013a). However, it is only in recent years that the industry has entered large 

scale production thus offshore wind must still be considered to be immature of age. Given the 

current cumulative capacity of 5 GW, there is in comparison a need for achieving a cumulative 

capacity of 43 GW across Europe by 2020 in order to realize the targets from the National 

Renewable Energy Action Plans (EC-JRC 2012). 

 
The abovementioned targets set in the NREAPs are technical feasible, yet their completion rely in 

large extent upon access to a willing funding market. For the time being, offshore wind is still 

characterized by significant higher cost-levels than those of both conventional energy and other 

renewable energy sources. Cost levels for offshore wind are expected to decrease and reach a 

more competitive level within the years before 2020, but significant funding challenges lies ahead.  

The leading utilities, that are driving the market, have in latest years suffered from credit rating 

downgrades3, and European banks are still struggling trying to downsize their own balance sheets 

in the aftermath of the worldwide financial crisis of 2007-2008 (E&Y 2012). 

 
Given these business circumstances, high attention is needed on offshore wind to assist the 

industry in overcoming barriers and realize the NREAP targets. 
                                                      
1
 EU Renewable Energy Directive 2009/28 EC 

2
 Out of the EU 27 member countries, 16 included targets for installations of offshore wind in their NREAPs, together 

constituting 43 GW by 2020. A list of the exact country targets can be found in appendix 1. 
3
 See section 3.2.1. 
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1.1 Study Objectives 
This study takes form of a master thesis in Finance and Strategic Management at CBS, 

Copenhagen Business School. The primary objective of the study is to investigate the current state 

of the market for offshore wind in regards to its future development. This will be pursued with both 

a financial and a strategic forward-looking approach. 

 
It is the authors’ opinion that modern society needs to emphasize a transformation of the energy 

mix in order to decrease the general level of CO2 emissions. As stated, offshore wind has been 

projected to play a major role in this transformation but recent scepticism has been raised for a 

potential shortfall on the NREAP targets4. Further, there exists limited literature within the field, why 

new investigational works are required to mitigate the possibilities for such shortfall. 

 
The primary objective will be to analyse the potential future progress of the offshore wind market in 

regards to the NREAP targets. This will be investigated with a financial approach by estimating the 

investments needed for the individual utilities to realize their projects pipelines before NREAP-

target year 2020. Further, it is an objective to provide strategic recommendations that could 

facilitate improved channels for attracting external funding from an increased group of investors. 

Below sections presents the problem field that the study will operate within and the precise 

research questions applied to meet these study objectives. 

 
 Problem Field 

1.1.1

Many of the important utilities that have invested in offshore wind in latest years have 

simultaneously increased their debt-levels to new highs. This can partly be contributed to the high 

capital requirements and long pay-off periods associated with offshore wind projects. Further, a 

strong political focus to liberalize the European energy markets has over the latest decades 

increased the overall competition in the sector (Jamasb and Pollitt 2005). In a credit rating agency 

perspective, these developments alongside the challenging financial system, have affected the 

assessment of the utilities negatively. Since every notch down in credit rating increases the utilities 

funding costs, a continuing deteriorating development can potentially make them dubious of 

investing in new projects. This makes for a situation where it is questionable, whether the market 

dominating utilities will be able to continue the development and assist in meeting the NREAP 

targets. It is in particular questionable whether they will be able to do so, without innovating their 

traditional ways of securing project funding. 

 
The most common method for raising project capital for the European utilities have been through 

traditional corporate debt placed on their balance sheets – primarily through issuance of corporate 

                                                      
4
 See section 1.4. 
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bonds. The proceeds from the bond-sales have subsequently been channelled further to the 

individual projects, including offshore wind projects. Another way to fund these projects has been 

through project finance constellations where loans with risk profiles linked directly to the given 

project risks have been secured at some few risk willing banks. 

  
However, both credit rating agencies and senior debt holders in the utilities are only allowing a 

small amount of debt placed directly in subsidiaries, such as offshore wind farms. This is due to the 

concept of structural subordination, which means that the utilities senior lenders will become junior 

to the holders of the specific project debt in the subsidiary. In case of mother company default, the 

senior lenders will thus have no claim on the subsidiary’s assets until the unsubordinated project 

lenders have been repaid in full. This limited level of allowed project related debt creates a non-

optimal situation for the utilities, as the amount of investors they appeal to, as a result, mainly 

covers investors who are seeking the entire risk of the mother company. Therefore, a potential 

large group of investors who seeks project specific risks are missed out on. 

 
In recent years, a few transactions have addressed the above stated problem with a new 

approach, which have attracted new capitals streams to the industry. Some utilities have created 

joint venture (JV) partnerships with major institutional investors, typically pension funds, on 

common equity ownership of offshore wind farms. These partnerships have been designed so the 

investor, after payment of an initial equity investment, receives a de-risked cash flow based on the 

performance over the entire project lifetime. Hence, given that the wind is blowing, the aim is to 

present investors with a steady and safe yield, while at the same time representing a source of 

additional revenue-creation for the utilities given the “sale” of the de-risked components. 

 
However, investments of significant size tends to be required to enter such JV-partnership, and as 

there exists no secondary markets for equity shares in large offshore wind farms, many investors 

will be reluctant to engage. Therefore, further developments in the field of offshore wind 

investments is needed to provide investors with increased liquidity and reduce the requirements in 

regards to ticket size and transaction costs. 

 
 Research Questions   

1.1.2

For this study, it has been of foremost interests to investigate whether the inherent industry 

expectations to future installations are in congruence with the political EU NREAP targets.  The 

first research question has been set with purpose of investigating project pipelines in the industry: 

1. What is the overall cumulative capacity of industry pipelines projected to be completed 

within EU latest by 2020? And, is this capacity sufficient to meet the NREAP target? 
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Secondly, an actual realization of these industry pipelines is evaluated to be highly dependent on 

the six market leading utilities5 abilities to finance their individual future project- pipelines. The 

second research question applies the credit rating of these utilities as the parameter for their 

financial condition, and is formulated as following: 

2. Are the balance sheets of the leading six utilities strong enough to realize their individual 

pipelines without risk of compromising their credit ratings? 

Third, there exist a small number of publications addressing the profitability of offshore wind from 

the perspective of a project developer, e.g. a utility. However, no prior public available study has in 

detail addressed the profitability from the perspective of a financial investor. Given the recent 

introduction of financial JV-agreements in the industry, it has been found beneficial to investigate 

the profitability and construction of such transactions. Hereunder: 

3. What is the profitability of investing in an offshore wind joint venture as a financial investor? 

What are the risks? And, is it an attractive investment model going forward? 

Last, by identification of the existing financing schemes within offshore wind, it has come to 

attention that the group of potential investor capable to engage is limited. This is both non-optimal 

for the utilities as well for the broader investor community. The fourth research question has been 

derived from this observation: 

4. Is it possible to create finance schemes for offshore wind farms that are nom-harming for 

the credit rating of the utilities and at the same time offers more liquid placements and 

specific risk profiles for a larger group of investors? 

The following sections will provide information of the methods applied to answer these research 

questions, the delimitations there have been set, and the types of data that have been utilized in 

the study. 

 

1.2 Study Design  
The study will be presented in three parts as illustrated in below Figure 1-1. First, Part 1 will consist 

of a comprehensive market study in which internal and external factors affecting the market for 

offshore wind will be presented. The aim is to provide the reader with insights regarding the 

characteristics of offshore wind and to inform of recent market developments, which are expected 

to affect the future growth of the market. Further, the obtained knowledge from the market study 

will be applied through the rest of the study in order to evaluate later observations. A final objective 

of the market study is to establish grounds for future pipelines and the market expectations for the 

                                                      
55

 The leading utilities have been identified as Centrica, DONG, E.ON, RWE, SSE, and Vattenfall 
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leading utilities, both in terms of capacity and investment needed, leading up to NREAP- target 

year 2020. By this, the market study will provide the answering basis for research question 1. 

Figure 1-1 Study Design 

 

Part 2 will present a financial analysis of the market leading utilities, starting with a stress-test, 

which investigates whether the utilities will be capable of obtaining new debt in accordance with the 

expected investment-need that has been estimated in the market study. The stress-test will apply 

the utilities credit rating as parameter and will be based upon an own developed model, which 

incorporates Moody’s rating framework for unregulated utilities and power companies. Hereafter, 

the existing funding methods in the industry will be evaluated in order to determine their future 

attractiveness in regards to rating impact. This part of the study will form the basis for answering of 

the study’s’ second research question. 

 
A strategic investment approach will be applied in Part 3 to answer the study’s third and fourth 

research questions. Special attention will be given to the recently introduced JV-model and the 

profitability of investments in such set-up will be will be clarified through a valuation, which takes 

perspective from a financial investor. To enhance validity, the valuation will take form of a case 

study based on an actual recently conducted JV-transaction in the industry. Secondly, based on 

the results of the stress test and based upon deductive reasoning of the strengths and weaknesses 

of existing funding methods, recommendations will be provided of a new investment product linked 

to offshore wind, which could potentially attract new capital streams to the industry. The 

construction of such product will depend highly on the attractiveness of investing in offshore wind 

why the conceptual design will build upon the results from the valuation. Last, conclusions and 

future perspective will be presented. 

 
1.3 Delimitations 
Four major delimitations have been set for the analysing part of this study. These are: 

1. Only the market within EU will be analysed. 
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2. Only the NREAP targets for offshore wind will be evaluated thus development of other types of 

renewable energy sources included in the NREAP programme will be omitted for further analysis.  

3. The study investigation period includes the years leading up to NREAP-target year 2020, thus 

analysis of expected development in years hereafter will be omitted. 

4. Primary focus will be to investigate the leading six utilities
6
 and their ability to meet their project 

pipelines, thus pipelines of other project developers only will be analysed in minor degree. 

The reasons for setting these delimitations relays on several aspects. It can be said that offshore 

wind has truly entered an evolving phase of its lifecycle. Projects of commercial size have in recent 

years been carried out simultaneously in several European countries. Additionally, projects in 

construction and development stages have started to appear in Asian countries, in Canada and in 

the U.S. However, it has been decided to focus solely on the European market, as this is the 

region where the largest share of future growth is expected (IHS 2012). It should however be noted 

that the conceptual design of a new investment product, presented later in this study, potentially 

will have the ability to be applied in other countries, and not only within the EU.   

 
A thorough trajectory assessment of the development of all energy sources included in the NREAP 

-programme would be beyond scope of this paper. The programme contains combined capacity of 

227 GW of new installations from 2010 to 2020 across Europe. Out of these, offshore wind is 

expected to add approx. 40 GW7only surpassed by the onshore wind target of 85 GW of new 

installations, while the remaining 102 GW are shared among hydro, solar, biomass, tidal, wave, 

and geothermal energy (EC-JRC 2011). Therefore, a realization of the overall NREAP target is in 

great extend dependent on a realization target set for the immature offshore wind sector, why it 

has been decided to focus solely on how this sector will be able to meet its target. 

 
Great expectations have been presented for offshore wind, including for future development post 

the NREAP target year 2020. EWEA8 (2011) anticipates cumulative installations of 150 GW in 

2030 within Europe while IHS (2012) estimations suggest cumulative installations of 70 GW in 

2025. Preliminary work on new binding NREAP targets for 2030 are in present time being drafted - 

a process which is expected to be finalized in 2015 (EC 2013a). As no political targets for 2030 

have yet been presented, it has been evaluated that projections for long-term development would 

contain a great degree of uncertainty, thus if included in the study, it could potentially decrease the 

validity of the research. 

 

                                                      
6
 Centrica, DONG, E.ON, RWE, SSE, and Vattenfall. 

7
  Cumulative capacity of approx. 3 GW was installed in 2010, why 40 GW was needed to reach 43 GW in 2020. 

8
 European Wind Energy Association. 
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Last, the leading six utilities have historically been driving the market and are by many market 

observers expected to continue doing so, e.g. by BTM (2011), IHS (2012), and BCG (2013). Given 

this, it has been decided to carry special attention to the financial health of these companies and 

their abilities to realize their projected pipelines. 

 
Additional delimitations will be set in the sections regarding the stress test, the valuation, and for 

the conceptual design of a new investment product. 

 
1.4 Relevance, Other Studies, and Target Audience 
This study aims to address the potential conflicting gap between the political expectations to 

offshore wind and the financial means available inherent in the sector. Given this, the study will 

provide information of relevance for several internal and external stakeholders to the industry. The 

official NREAP target for offshore wind of 43 GW of capacity by 2020 is part of the much larger 

complete NREAP-programme of 227 GW. Hence, if actual future installations of any renewable 

energy source included in the NREAP are to deviate negatively from the projected installation 

plans, it can prove to have detrimental impact on the overall objective of reducing CO2 emissions.  

 
The political implementation of the NREAP-targets is still young of age. Out of the 27 EU member 

states, Hungary was the last country to submit their NREAP to the European Commission in 

January 2011 (EC JRC 2011). This short timeframe, of approx. three years, from final 

implementation date to current date has caused that only a limited amount of trajectory literature 

upon the subject is available9: 

 
In 2010, PWC published a short study focusing on the UK-market, suggesting that the country 

could face problems meeting their target of 13 GW by 2020 and proposed a new conceptual 

investment schemes which could help to incite new investor types to the industry10. However, the 

study did not publish any concrete value of the potential shortfall. Interesting though, risk 

perception of different investor types was investigated – as it will be discussed later in section 4.1, 

this risk perception pattern presented in 2010 seems to have changed to a more favourable pattern 

by 2013. Later in 2012, The Crown Estate of UK11 presented a study projecting that UK in worst-

case scenario would meet their NREAP target to potentially exceed it with 10 GW in best case. 

However, as other countries, for which values was not specified, was falling behind, EU could 

                                                      
9
 It should be noted that several one-page news upon the subject are available. However, those articles tends to build 

on comments from a single person, thus they are not representative for the broader part of the industry. 
10 

The PWC suggestion included underwriting of construction risk by the utilities so that investors would be free of 
exposure during the construction phase. This procedure has later been observed in the JV-agreements in the industry.  
11

 The Crown Estate is the fund that is trusted by the UK Monarch (in theory, the UK government) to manage the 
portfolio of UK offshore wind licenses available to wind developers.  
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likewise risk failing behind NREAP with 12 GW in worst case to barely meet the 43 GW target in 

best case. Additionally two other studies have been published during the creation period of this 

study. Boston Consulting Group (BCG) presented in February 2013, that EU was facing a finance 

challenge to raise EUR 110 billion to realize the targets and would most likely be 15 GW short in 

2020 if the industry failed to increase the amount of direct project related debt. Latest, the 

multinational law firm Freshfields Bruckhaus Deringer have published a study in June 2013 

providing valuable new information based upon survey results from 200 senior wind industry 

executives across Europe. These executives expressed great concerns for an actual realization of 

the targets for the four major markets of France, Germany, UK, and the Netherlands. Very relevant 

for this study though, 87% of the respondents agreed that the developers would need to create 

new financial project structures to ensure future funding and a realization of the targets. 

 
As it can be understood from these previous studies, there exists considerable difference in 

opinions within a relative short timeframe. This study seeks to contribute to previous research by 

identifying both most certain and potential project pipelines to be completed latest by 2020 on both 

firm and country level. With this methodology, this study will rely on estimation of actual future 

licensed pipelines, and in addition test the leading utilities financial abilities to meet their pipelines. 

This will provide clear estimates for potential shortfalls and surpluses compared to NREAP targets.    

 
Furthermore, the study seeks to bridge the information gap between the offshore wind industry and 

the broader investment community. Included in this study will be a detailed description of the 

concept behind financial investor agreements in JV-partnerships in offshore wind. Such information 

has previously only been available for the limited group of larger institutional investors, the 

advisors, and the utilities directly involved in the JV-arrangements. Moreover, the theoretical 

valuation framework applied in the study, will be utilized with inputs from a recent conducted 

transaction in the industry, thus the results will be based upon “real world” assumptions. By further 

presenting a conceptual design for a new investment product, the study seeks to carry significance 

for industry participants who needs funding as well as for financial intermediaries who could 

function to link the industry with a broader group of investors. 

 
1.5 Data Presentation 
Given the relative young age of the offshore wind, only limited academic literature exists upon the 

subject. The rapid growth rate of the industry and recent technological advances have additionally 

resulted in a fair share of this literature to become quickly outdated12. The industry has 

                                                      
12

 In example, increased efficiency of turbines and the introduction of new support schemes have affected the 
econometrics of offshore wind in high degree. Therefore, only few years old publications often represents misleading 
information compared to the current market conditions.  
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nevertheless attracted increased attention from external and internal observes who continuously 

publishes new studies and reports. These observers include management consultancies 

specialized in energy, independent research firms, regulatory and governmental agencies, and 

industry organisation such as EWEA and EREC13. However, the vast majority of such publications 

tends to be of high technical level and targeted directly to participants deeply involved in the 

industry, why it is often assumed that the reader has a high prior knowledge of the market. In this 

study, it has been an objective to present the industry so the external reader with no prior 

knowledge can obtain an understanding of the industry's legitimacy, its capabilities, strengths and 

weaknesses, its potential, and limitations. This approach has been found beneficial as the study 

involves research of conceptual design of a new investment product, which would require 

involvement from participants currently not active in the industry. 

 

1.6 Data Collection 
Throughout the data collection process of the study, emphasis has put forward on the accuracy 

and present relevance of the sources applied. In order to reflect the market as close as possible to 

its current state it has been decided to primarily include information that has been published in the 

years 2011-2013. Below Table 1-1 illustrates a summary of the main sources applied: 

Table 1-1 Data Summary 

 

No final cut-off date for the data collection period has been set. This procedure seeks to ensure 

that the latest information available will be incorporated in the analysis, thus reflecting the view of 

the efficient market theory, which is of importance for the conceptual construction of a new 

investment product. 

The majority of the conducted research and financial calculations included in this study have been 

compiled upon secondary data collected by others. Data from external sources have been 

evaluated thoroughly and compared to other external sources before they have been applied in the 

                                                      
13

 European Renewable Energy Council. 

Type of Data Qualitative Quantitative

Own Creation

First-hand released information

Secondary data

Primary data
Several explanatory interviews with 

industry professionals.

4cOffshore, BTM Consult, 

Bloomberg New Energy Finance, 

energinet.dk, Ernst & Young, 

EWEA, IHS, LORC, Pöyry, PWC, 

Roland Berger, and others.

Annual reports, EC JRC NREAP 

targets, joint venture business 

case, Moody's Credit opinions.

Statements from industry participants, 

e.g. wind farm developers, utilities, and 

governing organisations.

Surveys performed by BCG, Freshfields 

Bruckhaus Deringer, KPMG, and PWC. 

Market reports from BTM Consult, EEA, 

IEA, IHS, and various news sources 

including Bloomberg, The Economist, and 

Reuters, and several peer reviewed 

articles.
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study. This has been done to enhance the validity of the presented results. Further, emphasis has 

been put forward to apply secondary data, which have been first-hand-released directly from the 

sources investigated. This includes financial information directly published by the utilities, credit 

rating information extracted directly from Moody’s Investor Service, information regarding NREAPS 

extracted directly from European Commission Joint Research Centre (EC-JRC), business case 

material from a recent conducted joint-venture transaction which has been provided by DONG, and 

statements that have originated directly from different industry participants such as governing 

organisations and wind farm developers. 

 
Furthermore, it has shown beneficial to include secondary data that has been collected and 

published by other sources than the originating sources. This seek to present a broader 

perspective, which in particularly is relevant in the market study where opinions of different market 

observers such as reNews, IHS, BTM Consult (BTM), EWEA, Bloomberg New Energy Finance 

(BNEF), PWC, and others continuously will be presented and evaluated. To reflect latest 

developments in the European power markets it has further been decided to include recent 

information published by respected news agencies and magazines such as Bloomberg, Reuters, 

The Economist, and Wall Street Journal.  

 
Last, several explanatory semi-structured interviews with different markets participants have been 

conducted throughout the creation period of the study. The interviewed persons includes funding 

managers, wind engineers, tax advisors, joint venture managers and lawyers from the market 

leading utilities, DONG and E.ON. Also professionals within structured finance solutions and 

professionals within pension investments have been interviewed14. The information and knowledge 

gained from these persons has been of great value in the work process of forming this study. 

However, none of the interviewed persons have wanted their conversations to be recorded or 

transcribed, thus the information from these only will be applied as partial inputs and primarily as a 

source of inspiration 

 
1.7 Data Validity and Verification 
In regards to quantitative data concerning historical installations and historical efficiency rates for 

offshore wind, publications by EWEA and extracts from the LORC15 database have been applied 

as primary sources. These are both acting as industry monitoring organisations representing a high 

degree of credibility. Regarding forecasts of future installations, four external observes16 recent 

opinions have been expressed to reflect different expectations across the industry. Additionally, 

                                                      
14

 A list of the interviewed persons is available in the acknowledgement note in the beginning of this study.  
15

 Lindoe Offshore Renewables Center 
16

 BTM, BNEF, EWEA, and IHS. 
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two own developed forecasts for “most certain” and “potential” installations before 2020 have been 

generated by the authors based upon selective extracts from the most comprehensive industry 

database, 4cOffshore17.   

 
In general it can be stated difficult to validate and verify the data origination of the external sources 

applied in the study. As later described, several developments have distorted the European power 

markets in recent years, thus only few years old publications often include misleading information. 

Furthermore, the majority of the included sources rely on a complex data basis which many times 

involves undisclosed expert interviews, why they are highly problematic to verify. However, many 

of the sources applied in this study, e.g. reNews, IHS, BTM, 4cOffshore, EWEA, BNEF, PWC, and 

Pöyry are among the sources applied by industry participants. In example, the authors have been 

informed that DONG, besides internal analyst research, applies several the sources mentioned 

above, in their evaluations of competitors and market development. Further, several of the 

abovementioned sources are likewise credited in the public available E.ON Offshore Wind Fact 

Book from 2012 as well as in the public available RWE Fact Book Renewable Energy from 2013. 

Given this, these sources have been considered to represent the most valid public available data, 

why these have been chosen as primary sources to describe different factors in the market study. 

 
The quantitative stress test model developed in this study has been based upon a rating 

methodology for rating of utilities published by Moody’s. The methodology, calculations, and inputs 

are all explained in detail. This seeks to ensure that the study is scientifically reliable as it would be 

possible to recreate the results to some extent in future studies if the same assumptions18 were 

applied. Similar, the valuation framework applied for joint-venture investments in offshore wind 

follows the well proven NPV approach, and likewise, calculations and inputs have been defined 

clearly, thus making the results replicable. The valuation primarily relays upon inputs gathered from 

a recent conducted business case provided by DONG. Due to a sensitivity agreement with DONG, 

this business case cannot be disclosed in full due to the intention of making this study public 

available. Therefore, it has been necessary to “disguise” the true origination by changing the 

geographical location and scaling the size of the wind farm19. However, the levels for investments 

and on-going expenditures during the wind farms lifetime still represents significantly realistic 

values and the data must be categorized as very valid. 

                                                      
17

 This approach has been selected as the database contains information of projects several years ahead. It would not 
have been possible to present a relative precise forecast by solely including information published by the utilities and 
other offshore wind developers. These organizations tends normally only to communicate of their projects short 
before construction start, thus a great share of future projects, which they have obtained licensing and permits to 
develop would be omitted from the forecasts.  
18

 Assumptions for the model will be explained in detail in section 3.1.3 and 3.1.6. 
19

 The exact parameters which have been scaled will be described in greater detail in section 5.5.1.1, 
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Part 1 – Market Study 
 
 

2. Offshore Wind Energy in Europe 

The offshore wind energy industry has undergone a vast and remarkable development over the 

last two decades. In 1991 the Danish project, Vindeby Offshore Wind Farm, went from blueprint to 

production and introduced the world to its first offshore wind energy. The farm was built of 11 

turbines with a combined total capacity of 4.95 MW and had been constructed for a total capital 

expenditure (CAPEX), of EUR 10 million. Today, 22 years later, Vindeby is still generating an 

yearly average of 9 GWh (LORC, 2013) but must see itself greatly surpassed by newer 

developments, especially by London Array 1 which became the world largest offshore farm when it 

is was fully commissioned in April 2013. This farm had a CAPEX of approx. EUR 2,000 million and 

represents an installed total capacity of 630 MW across 175 turbines, each with a capacity of 3.6 

MW. The estimated yearly baseline power production is in the excess of 2,000 GWh, or the 

equivalent of the consumption of 470,000 British households (London Array 2010). 

 
The abovementioned comparison clearly illustrates the substantial progress of the industry in 

regards to project scale and capital requirements. However, the sector is still largely dependent on 

governmental support in order to present NPV-positive business cases, thus future challenges for 

improvements definitely remain. The following subsections leading up to section 2.6 of this chapter 

seek to provide a covering overview of the market structure in its current state, including high 

attention towards the costs of offshore wind, internal and external factors affecting the market, and 

the state of support schemes.  

 

2.1 The brief History 
As seen in Figure 2-1 below, it was not until recent years that the offshore wind industry paced 

itself from the introduction phase of its life cycle and entered the early growth phase. Until 2002, 

the total cumulative market size was still below 100 MW and consisted primarily of small-scale 

wind farms like Vindeby and some test facilities. In the years that followed, larger and more 

commercialised projects evolved in the pioneer country, Denmark, where the farms Horns Rev 1 

160 MW and Nysted 1 165.4 MW were completed in late 2002 and late 2003 (LORC 2013).  
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Figure 2-1 Annual and Cumulative European Installations (90% of world installations) 

 

While the technological proof of concept became more evident, other north European countries 

followed the Danish lead. In these years, business wide improvements over the entire value chain 

emerged - from optimized turbine design, to more streamlined construction and enhanced farm 

operation – all contributing to an increase in energy efficiency and a decrease in the average cost 

of energy. This development combined with different attractive governmental supporting schemes 

for renewable energy established the ground for what appeared, and still appears, to be financial 

solid business cases. As a result several leading six utilities; E.ON, Vattenfall, DONG Energy, 

Centrica, SSE, and RWE have positioned themselves in the market with several large scale 

projects and have become the dominant market actors. Centred across the North Sea, the Atlantic, 

and the Baltic Sea, offshore wind farms like London Array 1 630 MW, Gwynt y Môr 576 MW, 

Greater Gabbard 504 MW, Anholt 399.4 MW, and Thanet 300 MW are among very recent 

examples of these utilities engagements in offshore projects with CAPEX commitments in the 

range of EUR 1,000-2,000 million (LORC 2013). However, in regards to meet the NREAP target of 

43 GW in 2020, it is required that the industry ramps up annual installations to an average of 4.75 

GW between 2013-2020 as compared to the current record year of merely 1.2 GW in 2012. To 

realize such development it is equally anticipated that offshore wind will need to reach a more 

competitive cost level - potentially even become economic without subsidies around 2025 

(anticipated by 50% of respondents in a PWC survey, 2011a20). 

 
2.2 The Cost of Offshore Wind 
The value creation derived from wind energy projects is a simple calculation based upon the costs 

of construction and maintenance of the wind farm versus the value of the power generated over its 

lifetime. Therefore, the lower the costs and the better the wind conditions are, the higher is the 

                                                      
20

 The survey included responses from 57 professionals within utilities, wind turbines producers, government bodies, 
financial institutions and other wind farm developers. 
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value. While stability of future wind speeds will remain as an estimated uncertainty over a projects 

lifetime, the costs of a project are subject to technology advances and industry improvements. 

 
When evaluating offshore wind it is natural to compare the cost-levels with competing energy 

sources such as onshore wind, solar power and conventional sources such as gas, coal, and 

nuclear. The common metric for such comparisons is the Levelized Cost of Energy (LCoE)21 which 

expresses the present value of the full life-cycle costs (fixed and variable) of a power generating 

technology per unit of electricity, e.g. EUR-cost per produced MWh (Ueckerdt et al. 2013). The 

metric is very useful for this type of analysis since it allows for comparison between assets with 

different cost structures, i.e. cost levels for gas and coal power generation are highly dependent on 

the future prices for fossil fuel and CO2 emissions while renewable- and nuclear projects are highly 

dependent on construction costs. 

 
For this study, it has been decided to compare the newest available LCoE-estimates for the 

offshore wind sector, presented by Roland Berger Consultancy22 in April 2013 based on expert 

interviews in industry, with a set of benchmark LCoE-estimates for gas, coal, nuclear and onshore 

wind presented by the Committee of Climate Changes (CCC) in 2011. Several industry- and 

governmental organisations23 provides figures for LCoE for current levels and for projected future 

levels. The choice of the CCC-estimates as benchmark is due to the organisations focus on the 

European region and also that it was the newest released comprehensive study that could be 

identified in the literature. 

 
In the CCC-report, the LCoE levels are presented as cost-ranges with minimum and maximum 

values. In order to present the most competitive outlook that offshore wind could potentially face, it 

has been decided to include only the minimum projected LCoE for other energy sources24. In 

addition, recent market developments, explained in following sections, does further rationalise this 

decision for particularly the coal LCoE-estimates. 

 
The projected LCoE is presented in below Figure 2-2. The total LCoE for offshore wind has been 

broken down in components of CAPEX related to construction cost of the park, operational 

expenditures (OPEX) related to maintenance of the park, and the costs related to the project 

                                                      
21

 The calculation method for LCoE is:      
                                                   

                                                    
  

22
 The presented estimates from Roland Berger are within a range of +/- 15% of the LCoE that other sources have 

reported for offshore wind, e.g. The Crown Estate (2012), Clubb (2012), DONG (2013a), Fraunhofer (2013). 
23

 Among others, European Commission (2008), IEA (2010), European Climate Foundation (2010), UK Department of 
Energy and Climate Change (2011). 
24 

Solar power has been omitted from the analysis due to considerably higher LCoE estimates, ranging from low-case 
scenario of EUR 316/MWh in 2011 to 2020 low case scenario of EUR 190/MWh (CCC 2011) 
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development of the park. The CCC LCoE levels have been presented by linear interpolation of the 

reported 2010 and 2020 values: 

Figure 2-2 LCoE Forecast 

  
As shown, offshore wind has a current LCoE of EUR 130/MWh, which is considerably higher than 

the LCoE’s of competing sources in the range of EUR 80-100/MWh. It is projected that this gap will 

decrease and offshore wind will be able to reach a LCoE of EUR 90/MWh in 2020. The greatest 

effect is anticipated to emerge from larger wind turbines that will drive CAPEX and in particular 

OPEX down as fewer needs to maintained in order to generate the same output as now (Roland 

Berger 2013, Dong 2013a, EWEA 2012). It should further be observed that the relative drop in 

LCoE for offshore wind is significant greater than the drop for other sources. This observation is in 

line with other studies where it is acknowledged that renewable sources have higher learning rates 

than conventional sources (Clubb 2012, United Nations Environment Programme 2011). 

 
 Offshore Cost vs. Onshore Cost 

2.2.1

It is evident in every observer’s opinion that offshore wind will not present as low LCoE-rates in 

2020 as its natural “component” and fairly mature industry-sister, onshore wind. However, the 

offshore industry possesses some clear advantages. Generally the wind conditions are twice as 

good offshore, making approx. 4,000-4,500 full load hours25 possible a year compared to 2,000 

onshore. Further, a great number of large offshore sites in Europe are available allowing for large 

capacity installations while only limited sites are available for onshore installations (E.ON 2012). 

This means that the potential to quickly harvest a large amount of renewable energy is greater 

                                                      
25 

A full load hour is defined as an hour of production on peak capacity, e.g. a 3MW turbine works at full load when it 
generates 3MWh in one hour.
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offshore than onshore, which is an important element in achieving EU’s target of 20% renewable 

energy consumption by 2020.  

 
Particular the time-lag factor for onshore wind is seeing to be problematic in countries where the 

onshore sector is already well mature. As the easy accessible onshore sites have been exploited 

by now, newer projects takes up longer times to commence as civil resistance often arises with 

concerns of noise pollution, landscape scenery and wildlife protection. A recent study analysing the 

onshore potential for UK concludes, “The choice between more affordable electricity (which would 

favour onshore wind) and local environmental protection (which may favour other low-carbon 

technologies [Offshore wind]) is ultimately a political one. However … the best approach seems to 

be a portfolio of different energy technologies” (Grantham Research Institute, 2012 p. 3). Similar 

observations have been presented for the German market where the limited amounts of accessible 

onshore locations makes it highly questionable whether the energy transformation can be realized 

without a great share of offshore wind (EWEA 2013b). 

 
2.3 Market Developments Affecting Offshore Wind Potential 
In the above presented LCoE- analysis, it must be noted that the estimates for conventional energy 

can be assumed to contain some skewness. Especially the CCC-reported LCoE-estimates for coal 

seem to be on the high side and gas seem to be on the low side. This is due to recent 

unprecedented markets developments, which have significantly affected the European power 

markets. These developments are different of characteristics, but in common, they possess the 

potential to affect the market for new offshore wind installations in the near future. In following 

subsections these developments are presented with their potentially derived market implications in 

context to offshore wind. 

 
 The Mismatch between Coal and Carbon Emissions 

2.3.1

Most noticeable, a rapid exploration of shale gas in the U.S has resulted in the country becoming 

net-exporters of coal instead of importers, which has decreased the world price on coal 

considerably. Further, the economic slowdown in Europe has led to a decrease in the general 

production, which has led to oversupply and a 90% price-drop for tradable EU Emissions 

Allowances, ETS26 (Reuters 2013). The combination of these events has made coal to become the 

current most applied and economic attractive27 energy source in Europe (The Economist 2013). As 

coal is the far most polluting source of electricity, with more greenhouse gas produced per MWh 

                                                      
26

The EU Emission Allowance Trading Scheme (ETS) was launched in 2005 with the purpose of helping EU to reach its 
Kyoto target. The ETS is a cap-and-trade scheme in which permits to emit carbon are allocated to firms and can then 
be traded between them. Given the surplus of ETS’s in Europe, power-producing companies can cheaply purchase 
permits in addition to the ones they have initially been allocated and by this increase their coal production.  
27

 Valid for all European member states who do not have nuclear plants. 
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than any other fossil fuel, this development must be stated as in sharp contrast to the announced 

NREAPs by the European countries. Nevertheless, the European Parliament in April 2013 voted 

against a proposal to backload an amount of the excess EU Emissions Allowances. This has left 

the ETS-price at the current low level at approx. EUR 3-5/tonne CO2 compared to the originally 

intended level around EUR 30/tonne CO2, which is the estimated level needed to reduce emissions 

(UK Parliament 2013, E.ON 2013a). 

 
Following the vote, environment- and energy ministers from 9 countries28 lead by UK, Germany 

and France called for action in a joint statement, arguing it was necessary to structurally reform the 

scheme so it again could function to reduce carbon emissions no later than by the end of 2013 (UK 

Government 2013). The call was backed with support from the Prince of Wales Corporate 

Leadership Group, which represents 500 large international companies in different industries. The 

companies argued “Our investments and business plans for Europe have all been made on the 

basis that there would be a credible CO2 price. The fact there isn’t undermines current investments 

as well as the huge volume of future investments” (Bloomberg 2013a). The back-loading proposal 

has currently been placed on hold at the European Parliaments Environment Committee where it 

awaits modifications before going for a secondary vote (EC 2013b). 

 
 The Unrealized Expectations to Gas 2.3.2

Ironically, it can be said that the unprecedented large findings of shale gas in the U.S have left the 

European natural gas markets in a halt. Gas fired power plants were in the 1990’s seen as the fuel 

of choice, then in the 2000’s as the default fuel due to its lower emissions and high efficiency rates 

compared to coal and oil (IEA 2013). Further, modern gas-fired power plants offer a unique ability 

to quickly adjust production to meet flexibility in demand, which especially is viewed as a 

complementary advantage in collaboration with intermittent renewable sources. Due to this, gas 

was by many observes projected to be the back-bone of the power generating system by now, but 

with the current low prices on both coal and carbon emissions, these expectations have never 

been met (IEA 2013). 

 
The major challenges for the European gas sector relays on the input prices for natural gas, which 

is traded at regional prices in contrast to commodities such as coal and oil, which are traded at 

world prices. Europe is importing most of its gas from Russia through sourcing contracts, which 

have been negotiated several years ago and partly indexed to the oil price (The Economist 2013). 

Given a rise in oil prices since 2009, the oil-indexed gas-contracts have become more expensive 

while coal and emissions costs have dropped. In December 2012, BNEF estimated that utilities in 

                                                      
28

 The other countries were Denmark, Finland, Portugal, Slovenia, Sweden and the Netherlands. 
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Germany had a loss of EUR 14 per MWh produced gas power in comparison to a gain of EUR 10 

per MWh produced coal power (Bloomberg 2012a). The situation have resulted in utilities all over 

Europe now putting modern gas plants on minimum capacity, or if they are allowed, stopping 

production completely29 (Wall Street Journal 2013). 

 
 The Phase-out of Nuclear Power 

2.3.3

Another factor affecting the central European power markets is the undergoing nuclear phase-out 

in Europe’s largest power market, Germany. The phase-out was accelerated after the nuclear 

accident in Fukishima Japan, March 2011 where Germany decided to shut down 40% of its nuclear 

capacity immediately (8 of 17 plants). Further, Germany announced plans to close the remaining 

plants before 2022 (BBC Berlin 2011). This will leave a 23% gap in the total capacity of German 

power generation need to be filled by other sources (The Economist 2011). With the current market 

conditions, coal could seem attractive on the paper. However, a newly released market report 

published by energy consultants Pöyry in May 2013 states that there are no expectations for new 

coal plants in either Germany, Spain or the Netherlands due to rising construction costs, 

environmental opposition, new renewables, low electricity prices and the risk of high carbon prices 

in the future (Pöyry 2013).  

 
This viewpoint can be supported by actual market observations where large market players such 

as DONG Energy and Vattenfall have official declared strategies, which state that they will not 

perform any investments in new coal plants (DONG Energy 2013a, Vattenfall 2013a). According to 

the strategies, the out-phasing or downsizing of their coal portfolio should be pursued with greater 

stakes in especially offshore wind and by optimizing their gas portfolios to complement the 

production from renewable sources30. 

   

 The Market Developments Effect for Offshore Wind 

2.3.4

When evaluating the current state of the European energy market it has come to attention that no 

major institutions and organisations were able to forecast these developments only a few years 

ago. Most prominent discrepancy was presented by the International Energy Association (IEA) who 

in their 2011 World Energy Outlook presented natural gas as to enter its “golden age”. Two years 

later, in May 2013, an IEA-analyst acknowledged the incorrectness in an article titled “A lost 

decade for European natural gas” (Corbeau 2013). This degree of change in short-term outlook 

clearly illustrates the difficulties of energy forecasting, why below indications for offshore wind also 

comes with uncertainties.  

                                                      
29

 Even though it can be non-profitable to have a gas plant running, several utilities are forced to do so due to 
contractual supply agreements with the grid operators  
30

 Vattenfalls strategy further includes maintenance or increase in their portfolio of nuclear to meet future demand. 
Moreover, if CCS (Carbon Dioxide Capture and Storage) technology improves, new coal plants might be an option.  
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The latest years switch from modern gas-fired power plants to less efficient coal plants 

demonstrates that the general European energy sector is capable of quickly adjusting its 

production to where the profits are highest. Conversely it can be deduced, that if the energy sector 

were to be presented with other surroundings, then the development could quickly revert. The 

major factor affecting the markets is the low price on ETS, as a sustained period with low prices 

could cause renewable investments to be postponed, which natural would mean a slower progress 

for offshore wind. However, several countries are advocating change upon this matter led by the 

UK who in April 2013 introduced a floor price on emissions bypassing the European price31 (UK 

Parliament 2013). Moreover, the boom in coal has increased total emissions from the UK, 

Germany and France in 2012 thus the development clearly contradicts the European nations 

efforts to maintaining both Kyoto- NREAP targets (Bloomberg BusinessWeek 2013, Point Carbon 

2013). Due to this, it could and should be expected that the ETS price will be adjusted in order 

mitigate the discrepancies – either by acceptance of back loading from the European Parliament or 

by national political interference, like the UK floor price. If such actions are being carried out it in 

the years ahead incentives for investing in renewable power including offshore wind will increase. 

 
In Germany, the big question is what shall replace the 12 GW of nuclear capacity that is being out-

phased before 2023. In the aftermath of Fukishima, German Chancellor Angela Merkel declared 

“We want to end the use of nuclear energy and reach the age of renewable energy as fast as 

possible” (Schwägerl 2011, p 1) and further announced new extended targets for doubling the 

share of renewable generation to reach 35% of total consumption by 2020 (Schwägerl 2011). No 

official master plan for the German future electricity mix has been presented yet. However, 

indications were given by Merkel and former Environment Minister Norbet Röttgen in April 2011 

where intentions to install 25 GW of offshore wind before 2030 were stated (BTM 2011). Further, a 

key element of the strategy for the “energy turn” is to create jobs and foster economic growth by 

making renewable technology one of the most important sources of income for Germany. In this 

strategy, especially offshore wind is the “big hope” for Angela Merkel (Schwägerl 2011). Such 

policies leaves strong forward expectations to the offshore wind sector. Still, one should remember 

that very recent developments in the energy sector shows that electricity is produced where the 

profitability is highest regardless CO2 impact, thus the incentives must be clear before an actual 

change can be realized. 

 

                                                      
31

 With the carbon floor price, the UK set the emission price to minimum GBP 15 in 2013, which increases gradually to 
reach GBP 30 in 2020 regardless the European ETS price. The standard ETS price will only be valid if it surpasses the 
floor price. 
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2.4 Support Schemes for Offshore Wind 
The clear advantage of offshore wind energy, viewed from a governmental perspective, is the 

access to a very large and sustainable energy capacity, which can be owned indefinitely. When 

nations are installing offshore wind farms they will become able to utilize this capacity and harvest 

the energy from the stable ocean winds. This will enable the nations to reduce their CO2 emissions 

and improve their security of supply due to reduced exposure to future price movements of fossil 

fuels32. In order to benefit from these advantages and to achieve their 2020 targets, EU countries 

have implemented support mechanism to promote the development of offshore wind. 

 
 Types of Support Schemes 

2.4.1

The type of support for offshore wind varies, with the most commonly applied being feed in tariffs 

(FIT) where governments agrees to off-take the entire generation at a fixed price for a certain 

amount of time or certain amount of power generation. Germany and France have implemented 

FIT-schemes where the size of the support is subject to the characteristics of the offshore license, 

e.g. the further from shore and the deeper the water, the higher is the support. Denmark has a 

similar tariff-model based on a tendering process, where the lowest bidder becomes eligible for the 

support and the permit for development of the offshore license (ECOFYS 2011). The Netherlands 

and Slovenia have implemented fixed feed in premiums on top of the market price. United 

Kingdom, Sweden, Belgium among other countries distributes their support via Tradable Green 

Certificates (TGS), which are allocated based on production and traded at market prices. Finally, a 

few countries including Finland and Poland have introduced tax exemptions in renewable projects 

as a way of support (EWEA 2009). Below Table 2-1 contains support schemes for four of the major 

offshore wind markets based on historical development and projected NREAP capacity: 

Table 2-1 Examples of Support Schemes with Type, Duration and Size 

 

A recent report by the European Commission Joint Research Centre states that there exist big 

differences in regulation and support of renewable energy projects among the European countries. 

For developers, this makes it difficult to assess the business potential for engaging in different 

countries. A process of institutional alignment across EU has been initiated but is so far 

uncompleted (EC-JRC 2012). 

                                                      
32

 Christian Kjaer, CEO of EWEA argues these points in an interview with Mainstream Renewable Power (2009). 

Denmark Feed inTariff on Tendering Process 10-20 years EUR 140/MWh for 20 TWh. (Anholt case)

France Fixed Feed in Tariff 20 years
EUR 130/MWh for 10 years and  EUR 30-130 

for remaining 10 years

Germany Fixed Feed in Tariff 20 years

EUR 190/MWh for at least 8 years or  EUR 

150/MWh for at least 12 years, EUR 35/MWh 

for remaining years

United Kingdom Renewable Obligation Certificates 20 years
Market price +1,5 - 2 certificates pr MWh. 

Trading at approx. GBP 43/certificate

Own Creation. Sources: E3 2013, Germany Trade & Invest 2013a, Energinet.dk 2013, ECOFYS 2011.
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 Attractiveness of Support Schemes 

2.4.2

The complexity of the different support schemes is reflected in a few studies that have sought to 

examine the profitability and attractiveness. In a survey conducted by KMPG in 2010, a large 

number of industry participants were asked their opinion of which offshore wind market 

represented the highest “expected return”. In this, the market of UK scored highest and Sweden 

lowest. This research method however leaves space for criticism since the conclusions are derived 

from subjective participant opinions and not based on factual analysis of consented investment 

cases. Another and more quantitative approach is adopted by E&Y in their Renewable Energy 

Country Attractiveness Index in which renewable energy sources, including offshore wind, are 

evaluated upon technology factor attractiveness (weight 65%) and country attractiveness (weight 

35%). While the technology factors for offshore wind industry are rather similar across the 

countries in Europe, the country factors such as tax, regulation, and support schemes varies 

considerably, thus the effect from these variations are clearly incorporated in the index scores. 

Table 2-2 Financial Attractiveness of Offshore Wind Markets in Europe 

 

As seen in Table 2-2 above, both KPMG and E&Y presented close to identical findings in 2010, 

which suggest alignment in opinions between industry participants, and external observes. Looking 

solely at the E&Y index scores, the development from 2010 to 2013 is characterized by 

maintenance of attractiveness for most countries, and significant improvements for Germany and 

loss of attractiveness for the Netherlands and Italy. 

 
While the abovementioned studies provide indications of the attractiveness and profitability of 

offshore wind farm locations, they both lack on tangible information assessing the actual 

profitability expressed numerically. Only one study has been identified in the literature that 

assesses this this problem field; Prässler and Schächtele 2012. In this study, a model that 

2010 2010 2013

United Kingdom United Kingdom 79 Germany 80

Germany Germany 73 United Kingdom 78

Belgium Belgium 57 Belgium 58

Netherlands Netherlands 57 Denmark 57

Spain France 57 France 56

Ireland Ireland 57 Sweden 54

Denmark Denmark 56 Ireland 52

France Sweden 53 Netherlands 47

Sweden Italy 53 Italy 45

Own Creation. Sources as mentioned in table.

KMPG - Major offshore wind markets,                      

ranking based on expected returns

E&Y- Renewable Energy Country Attractiveness 

Index, offshore wind (100 highest, 0 lowest)

Least Atractive

Most Atractive
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incorporated several cost-and revenue factors which determines the profitability of a wind farm33 

was developed. As a measure for the profitability was the internal rate of return34 (IRR) calculated 

for hypothetic projects in the different countries. The conclusions were in line with the ones 

observed from the industry and the E&Y-index where UK and Germany scored highest with 

projects IRRs ranging from 14.5% to 18.4%. This was for licenses close to shore and on low water 

depths. However, the study concludes, as the easy accessible licenses are being exploited first, 

future licenses will contain greater costs due to increased distance to shore and increased water 

depths, which will drive IRRs down and especially affect UK projects. Overall, it was estimated that 

future IRRs will align across EU countries and that projects in the UK, Denmark, France and 

Belgium would be able to present IRR’s in the range of 11% to 13%. The highest IRR was 

expected to be found in Germany, where projects could continue to offer an IRR-level around 

14.5%. This greatly reflects the country’s expansive renewable energy policies.  

 
 Stability of Support Schemes 

2.4.3Due to the fact that offshore wind could not be a commercial reality without the government backed 

support schemes, the stability of these are of high importance for the assets owners. With the 

current LCoE-level for offshore wind around EUR 130/MWh, there is a gap of approx. EUR 90-100 

down to the current European market prices for power (EEX and Nord Pool, 2013 prices). Hence, if 

the support schemes were to be revoked or reduced in value, it could cause great dilution of the 

investments placed in the industry. 

 
Very limited literature exists upon this matter. A PWC (2011) survey of eight financial institutions 

involved in offshore wind finance suggest that external investors perceives the “uncertainty in cash 

flow due to changing government subsidies” as a high- to medium risk (PWC 2011a, p. 18). On the 

other hand, the market development suggests that particularly utilities are fairly confident on 

retention of the support schemes given their leading role and owner shares (see section 2.5). 

 
In general, it can be said difficult to evaluate the stability of regulatory support schemes as these 

depends on policies and opinions of elected governments. As new governments are being elected, 

supports schemes might incur significant positive or negative alterations. For instance, the UK is 

planning to replace their TGS-scheme by a FIT-scheme in 2017, which have, to some degree, 

raised market unrest as market participants are uncertain of the final consequences for this shift 

(IHS 2012). In 2011, Spain decided to minimize government spending by cutting support schemes 

                                                      
33

 Factors such as base-case equipment cost, construction cost in regards to water depth and distance to shore, and 
revenue drivers such as base-case wind speeds, support schemes and tax levels of the different countries were 
incorporated in the model.   
34

 The internal rate of return expresses the rate that makes the net present value of all cash flows from a particular 
project equal to zero. Generally speaking, the higher a project's IRR, the more desirable it is to undertake the project. 
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for new offshore wind projects until at least 2017, resulting in a complete halt in the development of 

the country’s planned 3 GW of installations in its NREAP (reNews 2011). 

 
Support scheme regulation has likewise been carried out for the promising market of Germany that 

is currently offering the highest FIT-support in Europe. The regulation states that projects going in 

commissioning later than 2017 will be subject to a yearly degression of 7% of the current starting 

FIT-support35 (3E 2013). Moreover, a political proposal to retroactively reduce the current support 

with an yearly rate of 1,5% has been raised by German Environment Minister Peter Altmaier and 

Economy Minister Philip Roesler in February 201336. Angela Merkel however quickly rejected this 

proposal in March 2013, and stated that Germany would not make any retroactive cuts, as it would 

spread concerns and insecurity among investors and operators (Bloomberg 2013b). 

 
It should be emphasised that the industry has yet to witness an EU government retroactively 

cancel or partly withdraw from their commitments on a commissioned offshore wind farm. Further, 

the support schemes that wind farms are awarded at commissioning tends to be backed by 

legislation, why it is questionable whether such retroactive alterations are even legally possible 

(EWEA 2013b). Therefore, it is evaluated that investor concern primarily should be targeted 

towards development and regulation concerning future design of support schemes. 

 
2.5 Market Structure 
Recalling from section 2.1, the development of the European offshore wind sector has been 

primarily driven by utilities. As below Figure 2-3 illustrates, 72% of the total European installed 

offshore capacity of 4.994 MW was at year-end of 2012 owned by the leading six utilities: DONG, 

Vattenfall, E.ON, SSE, RWE, and Centrica. 

The explanation for this development relies primarily upon the large capital requirements needed to 

enter offshore wind projects. With the recent years troubled financial climate, smaller companies 

such as independent project developers (IPD) and independent power producers (IPP) have not 

been able to side-step the debt-finance markets due to insufficient size of their balance sheets 

(BTM 2011). 

                                                      
35

 See further section 5.6.3 and Appendix 2 for a complete review of the different options under the German FIT-
support scheme.   
36

 The proposal was designed to decelerate the increase in electricity prices for German end users.  
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Figure 2-3 Owner share of installed MW-capacity at year-end 2012. Total capacity 4,994 MW 

  
 
Conversely, the utilities have been historical cash rich with strong balance sheets and been able to 

carry out the projects with internal funding (ibid.). However, as illustrated in appendix 4, IPD’s have 

had and continue to play an important role in early phases of the value chain for offshore wind 

projects where they perform site analysis and secure permits from regional authorises before they 

typically off-hand the projects to utilities (IHS 2012). In addition, the utilities dominance has been 

supported by a historical tight turbine supply where turbine producers have favoured to contract 

with utility-scale projects37 (BTM 2011). 

 
As the involved utilities have established competitive advantages, and continue to have 

simultaneous offshore development in 2-5 markets, mainly in the UK, Denmark, Germany, 

Sweden, and Belgium, it is expected that their market domination will continue in the years ahead 

(IHS 2012, BTM 2011). Despite, as a way of bridging the high capital requirements and to manage 

risk and exposure, a majority of the utilities have since 2010 opted to sell owner-shares of projects, 

which have opened the market for new players (IHS 2012). Investments have particularly been 

carried out through JV-agreements where a limited group of investors have entered the projects at 

different stages – from blueprint projects to acquisitions of already spinning assets. The group of 

investors includes primarily financial organisations with objective on interest such as pensions 

funds, asset managers, investment firms and private funds, but also traditional gas and oil 

companies have engaged with purpose of diversifying their portfolios and benefit from their familiar 

experience in offshore exploration. 

                                                      
37

 Currently there is no supply shortfall on turbines as several new producers have entered the market recently. 
However, many of these new turbines have yet not been placed in commercialised projects why they might lack 
investor confidence.  

DONG 21%

Vattenfall 15%

E.on 11%

RWE 11%
SSE 7%

Centrica 6%

Statoil 3%

Statkraft 3%

BARD 3%

Eneco 3%

Others   17%
Pens ionDanmark 2%

Marubeni corp 2%
Nordzeewind 2%
GE 1%
Rabobank 1%

DEME 1%
Vindpark Värnen Drift 1%

Blackstone - Meerwind 1%
PMV 1%
Colruyt 1%
EWEA 1%

Nuhma 1%
Masdar1%

SHV Holding 1%
PGGM 1%

Own Adaption, Source EWEA 
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Until recently, most investor transactions in offshore wind were performed as turnkey investments 

after construction of the wind farms had ended. The utilities could use the sale of these “old stakes” 

to fund new projects (reNews 2012). However, as investor confidence has grown and the utilities in 

the same time have become increasingly dependent on external funding, it is now anticipated that 

future utility-projects in higher degree will rely upon external investments from an growing group of 

investors even before construction start38 (IHS 2012). 

 
The market entrance of asset manager Blackstone who is currently constructing their own EUR 1.2 

billion wind farm, Meerwind of 280 MW, in Germany further reflects the increased investor 

confidence in offshore wind. Blackstone obtained the development permit in 2008 from an IPD, and 

is now handling construction themselves with estimated commissioning in late 2013. The financing 

has been secured by equity provided by Blackstone and by commercial government-backed 

lending programs and private banks39 (Blackstone 2011). A similar utility side-stepping approach 

has been presented for the German 288 MW project Butendiek, which is scheduled for 

commissioning in 2015, where four financial investors owns the park in cooperation with the 

independent project developer, wpd. Each investor owns a 20% stake, and likewise the Meerwind 

project, financing has been secured by tapping government-backed lending programs40 (EIB 

2013). 

 

2.6 Market Outlook 2020 
The following subsections leading up to section 2.7 addresses the second objective of the Market 

Study in regards forecasting future market development. This part further provides the answering 

basis for Research Question 1. 

 

                                                      
38

 For example, the market leader DONG has recently constructed the Danish 400 MW Anholt wind farm with 50% JV-
ownership of PKA Pension and PensionDanmark and further developing the 600 MW First Flight Wind in the UK with 
50% involvement from the IPP’s RES and B9 Energy. The German utility RWE is currently constructing 576 MW Gwynt 
y Môr in the UK with 50% ownership from the IPP, Stadwerke München GmbH, and financial investor, Siemens AG.  
39

 In total, EUR 800 million of debt financing was secured where half of was provided by the German development 
bank (KfW Bankengrubbe). The remaining portion was secured by The Export Credit Agency (Eksport Kredit Fonden) of 
Denmark and seven private banks.  
40

 The investors are Industriens Pension, Marguerite, PKA Pension and Siemens Project Ventures. Financing have 
primarily been secured by a EUR 450 million loan from the European Investment Bank (EIB) and further from loans by 
the German Development Bank (KfW Bankengrubbe), The Export Credit Agency (Eksport Kredit Fonden) of Denmark, 
and nine private banks.  
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As stated, huge expectations have been set for the offshore wind sector through the NREAPs. 

With a combined cumulative political target of 43 GW of installations across Europe by 2020 it is 

crucial that the industry maintains pace and delivers projects timely. Given the growing number of 

players in the industry and the increased number of projects under development, the task of 

monitoring market activity has becoming increasingly complex. A few organisations and research 

firms seek to monitor this development and provide information regarding future installations – 

these are: 

 4cOffshore: A wind- and maritime consultancy who offers the most comprehensive project database in 

the industry. The database contains technical, geological, and financial information for every historical 

and future known offshore wind project presented on project level
41

. The information included in the 

database has been collected by collaboration with government agencies and industry participants, and 

by continuous screenings of such organisations press releases, reports, webpages etc. The forecast 

presented expresses the authors view of the content included in the 4cOffshore database. See below 

section 2.6.3 for a clarification of the selective extract method. 

  

 EWEA: The major industry organisation with more than 700 members spread across the entire value 

chain of the wind sector. EWEA presented its latest long term forecast 2011 in which expectations to 

yearly cumulative installations were presented for EU as one entity. 

 

 BTM, IHS, and BNEF: All three are independent research firms who have published market studies or 

information sheets including forecasts. The information in the forecasts has been gathered from public 

available information and from expert interviews. The forecasts have been presented on a EU-

cumulative basis similar to EWEA. 

 

Below Figure 2-4 presents these different organisations expectations to future MW-installations in 

comparison to the political NREAPs-target from 2009. As shown, yearly installations are expected 

to rise from the current level of 1 GW yearly42 to 2-3 GW in the years leading up to 2016 and from 

here to 3-6 GW until 2020. Overall, significant difference in expectations to total installations by 

2020 exists. Except from BTM, every forecast suggests cumulative installations below the rate 

required to achieve the NREAPs in 2020. Further it should be noted, that the European market was 

800 MW behind the target at end of year 2012 according to the yearly reported figures (EWEA 

2013). 

                                                      
41

 Currently, the 4cOffshore database includes information of 1.293 offshore wind projects worldwide. However, many 
of these “projects” are minor test-facilities of turbine prototypes or are expressions of projects that are very early in 
their analysis-phase with great uncertainty of an actual future completion. 
42

 As shown in Figure 2-1 in section 2.1 
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Figure 2-4 NREAPs-targets and Annual Forecasted MW-installations 

 

 

The reasons for this inconsistency in market outlook can rely upon several factors - including the 

market-observers different assumptions and the date of their published forecasts. 

 
 EWEA Forecast 

2.6.1

EWEA is the observer with the most positive outlook for 2020. They describe their estimated 

growth as being a “conservative forecast” due to needs for steadier financing and advancements 

within R&D. However, as EWEA is the leading industry organisation and act as “the voice of the 

industry” it should be considered that the organisation could desire to present a positive outlook. 

The difference from EWEA’s outlook to meet the NREAPs is further close to the 3 GW of 

installations that are put on hold due to Spain’s cut of future support early in 2011. 

 
 IHS Forecast 

2.6.2

The IHS forecast relies partially upon assumptions of a moderate ETS-price in the years leading up 

to 2020 and also upon uncertainties of the new FIT-scheme in the UK from 2017. Both factors are 

expected to slow the flow of investments to the sector. In addition, it is expected that grid 

connection will continue to prove problematic and cause project delays. This have until now, in  

particular been the case for German projects where the transmission system operators (TSO) are 

required to construct and finance the cabling connection from the offshore farms to the power grid 

Source cum2012* 2013 2014 2015 2016 2017 2018 2019 2020 cum2020

EU NREAPs 2009 5,800 3,300   3,300   3,200   4,800   5,400   5,300   5,700   6,500   43,300        

EWEA Nov-2011 4,994 3,100   2,800   3,100   3,400   4,200   5,100   6,400   6,900   39,994        

IHS Jun-2012 4,994 2,460   2,850   2,810   3,090   3,545   4,950   5,800   6,600   37,099        

4cOffshore Mar-2013 4,994 2,294   2,382   2,544   3,469   3,894   5,356   500       5,311   30,744        

BNEF Nov-2012 4,994 2,198   2,199   2,755   2,403   2,827   3,762   4,339   4,846   30,323        

BTM Consult Mar-2012 4,994 3,689   3,756   4,401   3,145   n/a n/a n/a n/a n/a

*The EWEA reported total installed cumulative capacity for end of year 2012 have been applied as starting point for 

all forecasts except for the EU NREAP target set in 2009
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on land43. The sheer volume of capacity awaiting connection had made the German North Sea 

TSO TenneT to openly cite a lack of resources and financial means to meet these expectations 

(IHS 2012). However, subsequently to the IHS study, TenneT has been awarded investments of 

EUR 580 million by the Japanese trading house Mitsubishi Corp. and has presented a 10 year 

“Offshore Grid Development Plan” with capacity to handle up to 12 GW of new installations before 

2023, which is more than the industry expectations of 6-10 GW (TenneT 2013). In addition, the 

German parliament has in December 2012 approved legislation that requires the grid operators to 

compensate wind farm operators for 90% of resulting revenue loss if grid connection is delayed for 

more than 10 consecutive days. The legislation has been effected as an act to improve confidence 

for investors and developers and to advance market progress (E&Y 2013b). 

 
 BNEF and own developed 4cOffshore Forecasts 

2.6.3
BNEF44 and the own developed 4cOffshore forecast constitutes the newest and also the most 

pessimistic outlooks in this analysis. The 4cOffshore forecast has been compiled by the authors 

through identification of offshore projects in the 4cOffshore database. Projects have been included 

in the forecast if they had been awarded “statuses” in the database, which suggest that the project 

development is well underway45. As it is illustrated in appendix 4, offshore wind projects typically 

have a duration of 6-10 years from their initial planning phases until the first power is generated. 

Therefore, it was decided to omit projects with status of “Concept/Early Planning” as such projects 

presumable would be on a too narrow time-track to be completed by 2020. 

 

Further, it was a prerequisite that the projects had announced dates for both construction start and 

production start listed in the database. This leaves the forecast to include only the projects with the 

greatest certainty for an actual realization. The search criteria applied for the 4cOffshore forecast 

(from here on called the “Most Certain” forecast) is listed in below Table 2-3: 

                                                      
43

 There exists different regulation for grid connection in the EU countries. In Denmark and Germany, the TSOs are 
obliged to plan and build transmission cabling in compliance with the developers’ project schedules. In Belgium, The 
Netherlands, and Sweden, wind developers are responsible for cabling to shore and receives a grant from the TSOs for 
doing so. In UK, transmission cabling is assigned to a third-party based on a tendering process. The last two models 
have so far shown to be the steadiest in regards to timely project executions, as they have completely or partly 
removed the cost and responsibilities from the TSO (IHS 2012).  
44

 It has not been possible to investigate Bloomberg NEF’s data origination and they have not provided any specific 
information regarding their assumptions. However, as the development is fairly identical to the one estimated based 
upon the 4cOffshore database, it is likely that Bloomberg have applied a similar research method based upon 
screening of project pipelines sorted for projects with known dates for construction start and first power generation.  
45

 Appendix 3 contains definitions of the different ‘statuses’, that offshore wind farms can be awarded in the 
4cOffshore database. The appendix further explains the selection criteria in greater detail.  



Page 34 

 

Table 2-3 Search Criteria: "Most Certain" Installations in EU before 2020 

 

In total, 79 projects are included with a combined expected addition of 25.7 GW of capacity within 

the years leading up to 2020. A list of the included projects can be found in Appendix 5. Below 

Figure 2-5 shows the distribution of these “most certain” 25.7 GW presented on owner level and 

country level. 

Figure 2-5 “Most Certain” Forecast - installation distribution 2013-2020, total 25,751 MW. 

 
 

The distribution suggests that the currently leading six utilities will continue to show growth and 

present the individual largest pipelines with a combined contribution of 9.6 GW, which equals 38% 

of the new and “most certain” installations. However, this is in comparison to their current 

combined market share of 72% (as shown in section 2.5). New utility entrants such as Iberdrola, 

EDP, Eneco, and financial investors in future utility developments will constitute 17% of new 

installations, thus the market seems to remain primarily utility driven as expected. The pipeline of 

IPDs, IPPs, and financial investors in these projects constitutes 45% of the projected industry 

growth. Even though this could indicate a partly shift in the market structure, it should be 

remembered that IPDs have so far played an important role in the early stages of project designing 

and licensing for afterwards selling the development projects to utilities, why changes in final 

ownership structure should be expected to occur. 

 
Remarkable for the country distribution is the lack of installations planned in France before 2020 

where the country has a political NREAP target of 6 GW. The French authorities have been slow in 

the process of tendering offshore licenses for project development with their first tender finalized in 

Country Wind farm status: Contstruction Start First Power

Under Construction

Within EU Consent Authorised Before 2020  and 2013 - 2020

Consent Application Submitted

IPDs, IPPs, 
Financial Investors, 

and others 

11769

RWE 
3085

E.ON 
2075

SSE 
1802

DONG Energy 1224

Vattenfall  879

Centrica  580

Other Util ities and financial 
investors in util ities 

4233

Utility Forecast and other owners, MW

United Kingdom 
10835

Germany
7945

Sweden 
3248

Belgium 1242

Netherlands 873

Denmark 847

Estonia 700

Malta 54

Spain 5

France 2

Country Forecast, MW

Own Creation. Source 4cOffshore
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201246, several years after other countries such as UK, Germany, Belgium, and Denmark. In the 

French tender, 3 GW of development sites were secured by the utilities EDF, DONG and Iberdrola 

(Reuters 2012). The projects included in this tender are still categorized as “Concept/Early 

Planning” projects in the 4cOffshore database why they have been omitted from this forecast. 

However, the projects have been awarded completion dates from 2017-2020 in the database, 

which indicates that the developers are scheduling for fast executions. If these projects are to be 

realized within the initial planned timeframes, then it could possess an upside potential of 1,980 

MW47 to the presented forecast. 

 
 Potential Pipeline Forecast 

2.6.4

As in the case with the abovementioned French projects, several other European wind projects are 

likewise placed under the category “Concept/Early Planning” in the 4cOffshore database. If all 

projects categorized with this status were to be included in the 2020-forecast, it would result in an 

addition of approx. 25 GW potential installations to the market outlook, thus totalling 50 GW of new 

installations in the years before 2020. However, as previously mentioned, the estimated timeframe 

for commissioning of offshore wind farms is 6-10 years after the initial project phases, thus a 

realization of such additional 25 GW before 2020 is greatly uncertain. Moreover, a large amount of 

these 25 GW of potential projects are owned by new utility entrants, IPDs and IPPs who does not 

have any prior experience in offshore wind, which must be expected to increase the probability of 

complications in the tasks of raising finance and keeping the projects on track. 

 
 Potential Pipeline for Leading Six Utilities 

2.6.5

Importantly though, 66% of the potential realizable projects are hold by the leading six utilities.  

Each of these have a proven project track record and their organizations have been attuned with 

employee strong departments dedicated to offshore wind project execution. Besides, some of the 

leading utilities have shown themselves capable of attracting external investments before 

construction start, thus they have gained experience in originating deals that can help them to 

overcome the high capital requirements. 

 
Given these reasons it has been decided, for this study, to focus on the leading utilities potential 

pipelines as it has been evaluated that these projects possess the greatest prospects for an actual 

completion before 2020 among the total amount of potential projects. However, especially for these 

projects it is a prerequisite that the utilities are being faced with the right incentives and proves 

themselves capable to overcome to the capital requirements to achieve an actual realization. 

                                                      
46

 A second tender of 1 GW was carried out in May 2013 why the country still needs to perform tenders of 2 GW in 
order to have development sites equal to their NREAP target of 6 GW.  
47

 See end of appendix 5 for an overview of the French project pipeline.  
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Following search criteria have been applied in the 4cOffshore database to identify the utilities 

potential pipeline before 2020 and a list of the included projects is presented in appendix 6: 

Table 2-4 Search Criteria: Leading six Utilities Potential Pipeline 

 

This selection have left the potential utility pipeline to include 37 projects spread across the UK, 

Germany, France, Netherlands, and Sweden totalling 16.6 GW,  distributed as shown in below 

Table 2-5: 

Table 2-5 Leading six Utilities Potential Pipeline, Installation Distribution 2013-2020 

 

This is in addition to the utilities share of 9.6 GW from the cumulative “most certain” industry 

forecast as shown in section 2.6.3 above. 

 
 Realization of Pipelines Importance for NREAP Target 

2.6.6If these potential pipelines of the leading six utilities were to be completed before 2020 alongside 

the “most certain” industry pipeline, it would result in a total cumulative capacity of approx. 47.3 

GW in 2020, which is 4 GW more than required to meet the NREAP-target. If further the potential 

French projects by EDF and Iberdrola were to be completed, the surplus to NREAP could reach as 

high as 5 GW. However, if only the “most certain” projects were to be completed it would result in a 

shortfall of 12.5 GW on EU 27 level. Below Table 2-6 illustrates the trajectory development on 

country level. 

Table 2-6 Trajectory NREAP Development based upon "Most Certain" and Potential Pipelines 

  

Country Wind farm status: Contstruction Start First Power Developers

Under Construction No Value and Before 2020

Consent Authorised 

Consent Application Submitted

Concept/Early Planning Latest 2018 and No value

Centrica, DONG 

Energy, E.ON, 

RWE, SSE, 

Vattenfall 

Within EU      and/or

Centrica DONG Energy E.ON RWE SSE Vattenfall

MW 1,100 3,784 1,116 3,425 4,555 2,666

winter

BE 2,000            380          1,242                      378-                     378-                       

DE 10,000           280          7,945                      1,775-                   3,362                   1,587                     

DK 1,339            921          847                        429                     429                       

EE 250               250-                     250-                       

EL 300               700                        400                     400                       

ES 3,000            5                            2,995-                   2,995-                     

FI n/a 27            n/a n/a

FR 6,000            2                            5,998-                   1,928* 4,070-                     

IE 555               25            530-                     530-                       

IT 680               680-                     680-                       

LV 180               180-                     180-                       

MT 95                 54                          41-                       41-                         

NL 5,178            247          873                        4,058-                   1,473                   2,585-                     

PL 500               500-                     500-                       

PT 75                 2              73-                       73-                         

SE 182               164          3,248                      3,230                   1,176                   4,406                     

UK 12,990           2,948        10,835                    793                     9,696                   10,489                   

EU 27 43,324           4,994        25,751                    12,579-                 17,635                  5,056                     

Own Creation. *The potential utiltiy pipeline for France includes projects by EDF and Iberdrola.

Country

"Most Certain" 

Industry Forecast 

2013-2020

EWEA end 

of 2012 

NREAP      

MW-target 

Target Deviation 

Based on "Most 

Certan" Forecast

Potential Utility 

Pipeline                

2013-2020

Target Deviation 

Including Potential 

Pipeline
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As seen, huge discrepancies exist for the majority of the 16 EU member states that have set 

targets for offshore wind. Only Denmark, Greece, Sweden, and the UK are expected to meet their 

targets in the “most certain” forecast while Germany could meet their target if some of the potential 

projects in the country are being completed. Spain, France, and the Netherlands are all facing 

severe shortfalls even with potential projects included. However, the overall EU27 NREAP target 

for offshore wind can still be met if especially the UK pursues a great development and achieves 

new installations of 20 GW to reach a cumulative capacity of 23 GW in 2020. This number seems 

very high in comparison with the other countries, but it is not entirely unforeseen: The UK 

Government presented in 2011 a County Energy Roadmap with a target of 18 GW by 2020 - 8 GW 

more than the country has included in their NREAP (UK Government, 2011). Further, the Crown 

Estate of UK presented in 2012 an expectation of exactly 23 GW of cumulative capacity in their 

best case scenario for 2020 (The Crown Estate 2012). 

 
2.7 Funding Needed to Realize Pipelines 
The following sub sections investigate the last objective in the Market Study by estimating figures 

for total investments needed to realize the pipelines. 

 

The best parameter for estimating total investments is the average cost per MW installed. Early 

projects of commercial size like Horns Rev 1 in Denmark (160 MW, 2002) and Scroby Sands in the 

UK (60 MW, 2003) were constructed with costs below EUR 1.7 million per MW (LORC). However, 

the move of newer projects to deeper waters and further from shore has shifted the average cost 

per MW to higher levels48. E&Y (2009) estimated the average cost for future European installations 

to be approx. EUR 3.75 million/MW, later, the UK Energy Research Centre (2010) anticipated 

costs of EUR 3.5 million/MW for future UK projects, and the newest research from IHS (2012) and 

Roland Berger (2013) expects respectively EUR 3.4 million/MW and EUR 3.6 million/MW. These 

figures indicate a high consistency among the different observers. 

 
A rounded average of above numbers of 3.6 EUR million/MW results in required investments of 

approx. EUR 92.5 billion to realize the “most certain” industry forecast of 25.7 GW, which is 

approx. 12.5 GW short of the NREAP target. A realization of the leading six utilities potential 

pipeline of 16.6 GW would require additional investments of approx. EUR 59.9 billion. 

                                                      
48

 It should be noted that the levelized cost of energy (LCoE, described in section 2.2) during the same period has 
decreased as especially technological advances have increased the efficiency and utilization of the installed capacity. 
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As shown in below Figure 2-6, this would facilitate a realization of the NREAP-target during 2019. 

In order to meet the target spot-on, investments of EUR 136.8 billion are needed, and in that case, 

the leading six utilities would “only” be required to realize 12.3 GW of their potential pipeline. 

Figure 2-6 Pipeline Development and Investments 

 
 

 Funding Needed to Realize the Individual Pipelines of the Leading six Utilities 

2.7.1
As stated, the leading six utilities together play a very important role in the goal of securing a 

realization of the NREAP target. Their future projects constitute 9.6 GW of the “most certain” 

industry pipeline, and to meet the target, it is anticipated necessary that they complete at least 12.3 

GW of their potential pipelines of 16.6 GW. Therefore, it is valuable to identify the funding-level that 

each of the leading six utilities will need in order to complete their individual share of “most certain” 

and potential projects. This is illustrated in below Figure 2-7: 

Figure 2-7 Utilities Funding Need for Most Certain and Potential Pipelines 

 

RWE is the utility with the greatest combined pipeline of 6,510 MW and a corresponding funding 

need of EUR 23.4 billion while Centrica represents the relatively smallest combined pipeline of 

1,680 MW and a funding need of EUR 6.1 billion leading up to 2020. However, as the utilities are 

different of size, their pipelines cannot be compared in a one-to-one basis. Yet, the funding need is 

significant of size, why a stress test in coming chapter 3 will investigate the utilities financial 

capabilities to realize such development.  

Istalled year end 2012MW

Industry "Most Certain" Pipeline 5

Leading six Utilities Potential Pipeline 25.7

Total 16.6

47.3

Own Calculations. Sources 4cOffshore 2013, estimate of 3.6 EURm/MW based on E&Y 2009, UK ERC 2010, IHS 2012, and Roland Berger 2013
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Sources: EWEA 2013, 4cOffshore 2013, estimate of 3.6 EURm/MW based on E&Y 2009, UK ERC 2010, IHS 2012, and Roland Berger 2013
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2.8 Part Conclusion 
The findings of the market study have shown that offshore wind has a huge potential backed by 

political support. However, the future development is uncertain and in high degree dependent on 

several external and internal factors. Of high importance is the 2020 projection of a cost reduction 

in LCoE to EUR 90/MWh. It can be anticipated, that the political backed support will favour the 

industry as long as cost reductions are being carried out and increases the perspectives for 

offshore wind to become a future price-competitive energy source. However, if the industry fails on 

this objective, the political support might be allocated elsewhere. Conversely, it can be said that 

with the current LCoE level, the industry will only evolve and advance as long the political support 

is available why these internal and external factors are highly interconnected. 

 
Furthermore, the general ETS price is of critical importance for other countries than the UK since 

they implemented an ETS floor price in April 2013. The unanticipated rise in coal powered 

generation clearly illustrates that the ETS price in high degree determines the productions patterns 

in the European energy sector and to some degree the placement of future investments, not only 

for utilities but also for investors. 

 
Different expectations to market development exist among observers of the industry. EWEA is the 

organisation with the highest forecast of 40 GW by 2020, 3 GW lower than the NREAP target. 

Other observes expects shortfalls in the range of 6 GW to 13 GW. This study analyses the “most 

certain” pipelines across the industry and identifies 25.7 GW of new installations, among utilities, 

IPDs, IPPs, and investors, with great prospects for an actual realization before 2020. In addition it 

has been found, that the leading six utilities together possess licenses for potential projects of 16.6 

GW, which are technical possible to complete before 2020, yet potentially complicated to fund. If 

12.3 GW of these potential projects were completed, the NREAP-target could be met in 2019. The 

greatest growth is expected to occur in UK and Germany - these are likewise the markets 

representing the current highest IRR and the anticipated future highest IRR for project developers. 
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Part 2 – Financial Analysis 
 

3. Current Liquidity Pressure in the Energy Sector 

The objectives of this part of the study are to investigate the leading utilities future ability to 

undertake new debt, and further to analyse the future attractiveness of different funding methods 

applied in the European offshore wind sector. 

 
Chapter 3 presents a financial stress test of the leading six utilities in offshore wind: Centrica, 

DONG, E.ON, RWE, SSE, and Vattenfall. As it was shown in chapter 2, these together accounts 

for more than 70% of the current installed capacity and are likewise the owners of the largest 

project pipelines. Therefore, the future financial strengths of these are of high interest, as it strongly 

determines the probability for a realization of the NREAP targets. 

 

 
3.1 Stress Test 
In this stress test, the credit rating of the leading six utilities will be tested for sensitivity in regards 

to projected developments in their net debt levels from 2013 to 2020. The credit rating is a 

measure that indicates the amount of company specific credit risk an investor takes when 

borrowing money to a specific company. The credit risk arises from the possibility that the 

borrowing company is unable to repay its commitments (C. Hull 2010). To assess the risk, the 

lender must estimate the default probability of the borrowing company. Several agencies have 

specialised in estimating this default probability with the most well-known being; Moody’s, Standard 

& Poor's (S&P), and Fitch49. The rating agencies have over time gained high status in modern 

finance and a large amount of investors rely on these ratings when investing or lending money. As 

a result, a down grade can cause a huge impact on a company's ability to obtain debt in the capital 

markets on attractive terms, as investors will demand an added risk premium for every notch down. 

 
 Rating Methodology 

3.1.1

Based on Moody’s Rating Methodology for Unregulated Utilities and Power Companies (Moody’s 

2009), a model has been developed in excel (CD-ROM attached in Appendix 8). Moody’s 

framework has been chosen over S&P’s and Fitch’s as it is more transparent and has clearly 

defined quantitative factors that allows for modelling. 

                                                      
49

 Appendix 7 provides definitions and overview of the different rating-levels for utilities at the three rating agencies.    
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Moody’s rating framework assesses four main factors, all having sub-factors as shown in Table 3-1 

below. The two main factors; (1) Market Assessment, Scale and Competitive Position, and (2) 

Cash Flow Predictability of Business Model assesses the business risk, while the two other main 

factors; (3) Financial Policy and (4) Financial Strength Metrics evaluates the financial risk. The 

business risk (factor 1 and 2) is evaluated on a predominantly qualitative approach, while the 

financial risk (factor 3 and 4) is assessed, mostly, with a quantitative approach (Moody’s 2009). As 

it will be explained later, the stress test will only adjust figures from factor 4. 

Table 3-1 Overview and Weight of Rating Factors 

 

Given Moody’s methodology for credit ratings, the first step in the rating process is to assign each 

sub-factor an individual rating. These sub-factor ratings are assigned based upon different criteria's 

determined by Moody's. For the applied sub-factors in this stress test, the methodology dictates 

that the rating is derived from the average value of the sub-factor ratio from the latest 3-year fiscal 

period50. Hereafter, the 3-year average ratio will be assigned an individual rating based upon its 

placement in a quantitative value range, which is 

predetermined by Moody’s: 

 
For example, as illustrated in Table 3-2, a 3-year 

average Cash Flow / Debt ratio of 20% would be 

assigned a rating of Baa since it is within the 17% 

- 28% range. Secondly, all the sub-factors 

alphabetical ratings will be converted into numeric 

                                                      
50

 The method applies a 3-year average value in order to express a valid picture of the rated company over time. 
Therefore, a rating will not fluctuate significantly based solely on results from extraordinary good or bad years, but 
instead the rating will incorporate improving or deteriorating trends of the rated company (Moody’s 2009).  

Weight Sub-factor Weight

25% Size and scale 15.0%

Competitive position and market structure 10.0%

Fuel strategy and mix 5.0%

Degree of integration and hedging strategy 5.0%

Capital requirements and operational performance 5.0%

Contribution from low-risk/high risk businesses 10.0%

(3) Financial Policy 10% Financial Policy 10.0%

(4) Financial Strenght Metrics 40% Cash Flow Interest Coverage 10.0%

Cash Flow / Debt 12.5%

Retained Cash Flow / Debt 12.5%

Free Cash Flow / Debt 5.0%

Total 100% 100.0%

Own Adaption. Source: Moody's 2009

Factor

(2)

(1)

25%

Market Assessment, Scale 

and Competetive Position

Cash Flow Predictability of 

Business Model

Applied 
ratios

Table 3-2 Conversion of Sub-factor values to a 
Numerical Rating Value 

Assigned sub-

factor rating

Nummeric 

value

70% ≥ Aaa 1

45% - 69% Aa 3

28% - 45% A 6

17% - 28% Baa 9

10% - 17% Ba 12

5% - 10% B 15

< 5% Caa 18

Own Creation. Source: Moody's 2009

Sub-factor                                   

Cash Flow / Debt
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values – here, the Cash Flow / Debt sub-factor rating of Baa would be assigned a value of 9. 

 
Hereafter, a weighted numeric average is calculated based upon the numerical values and the 

weights of the 11 individual sub-factors. Finally, this weighted average is reconverted into a final 

alphabetical credit rating. The lower the final numeric average is, the better the final alphabetical 

rating will be. The process is expressed below while a more comprehensive explanation can be 

found in appendix 9. 

Figure 3-1 Rating Methodology 

 

 Applied Approach on Moody's Methodology 
3.1.2The scope for this stress test is to analyse the sensitivity of the utilities credit rating in regards to 

increases in their net debt. To reflect this, only sub-factors including the debt element has been 

chosen for adjustments, these being: Cash Flow / Debt ratio51, the Retained Cash Flow / Debt 

ratio52, and the Free Cash Flow / Debt ratio53, which all are part of the (4) Financial Strength 

Metrics factor. Counted together, these three sub-factors represent 30% of the total rating (see 

Table 3-1 above). Description and calculation methods of the factors can be seen in Table 3-3: 

Table 3-3 Chosen Financial Sub-factors - Calculation Method and Description 

 

                                                      
51

 Referred to as the FFO ratio (Funds From Operations ratio). 
52

 Referred to as the RCF ratio (Retained Cash Flow ratio). 
53

 Referred to as the FCF ratio (Free Cash Flow ratio). 

Sub-factor Formula Description

Own Creation. Based on Moody's Basic Definitions for Credit Statistics 2011 and Moody's Rating Methodology 2009

The ratio is calculated as Cash from Operations less Changes in Working 

Capital divided by Net Debt (equals: FFO divided by Net Debt). It measures a 

company's ability to generate sufficient cash flow to meet its debt obligations. 

A higher percentage signals a greater capacity to service and repay the 

amount of outstanding debt, which support the rating.

This ratio likewise measures a company's ability to meet its debt obligations. 

It differ from above as it subtracts dividends from Funds From Operations, 

thus measures cash flow generation less working capital movements and 

after dividends in relation to outstanding debt. Companies that have higher 

level of retained cash flow generation are likely to be better able to repay 

debt over time, which support the rating.

This ratio provides an indication of a company's ability to internally fund its 

cash expenditures, as it reflects the true residual cash flow available for debt 

repayment in relation to total debt. Higher levels of Free Cash Flow (FCF) 

relative to debt indicate lower refinancing risk, which support the rating.
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These chosen sub-factors provide information of a company's financial strength in regards to its 

financial obligations. The quantitative nature of these factors makes it possible to adjust the net 

debt and examine the derived final rating effect while keeping the other eight sub-factors constant.  

 
 Stress Test Model Limitations 

3.1.3

As stated, it has been decided to omit the remaining eight rating sub-factors for adjustments in this 

stress test and by this keeping them constant at their starting levels. The qualitative rating criteria 

of the excluded eight sub-factors, would require a high degree of guesstimating in regards to future 

markets developments and strategic dispositions, thus make the validity of the assessment 

questionable. Moreover, the excluded sub-factors are in higher degree influenced by long-time 

performance, business policies, and the surrounding macroeconomic conditions, while the tested 

sub-factor ratios (FFO-, RCF-, and FCF-ratio) in higher degree are influenced by short-term firm-

specific decisions, such as investments and debt strategies. However, it should be noted, that the 

excluded sub-factors could potentially be affected by changes in net debt and further investments 

in offshore wind. This test does not incorporate these potential effects directly. Instead, appendix 

10 provides detailed description and reflections of the other factors and their potential derived 

rating effect from changes in net deb. 

 
The approach to the stress test will be to change the Net Debt level in the FFO ratio, the RCF ratio, 

and the FCF ratio and investigate the derived effect in the utilities credit rating.  

 
 Adjustments and Calculation of Inputs 

3.1.4

To follow the approach presented above, the input figures used to calculate the sub-factor ratios 

are needed (Net debt, FFO, RCF, FCF). However, these input figures are not published by 

Moody's. Instead Moody’s publishes the final sub-factor ratios in the yearly Credit Opinions 

publications along with the credit ratings for the individual companies. Examples of the published 

financial sub-factor ratios for Centrica are shown in Table 3-4 (and a sample of the Credit Opinion 

for Centrica is presented in appendix 11). 

 
Therefore, to make it possible to change the net 

debt and analyse the derived effect on the ratios, 

it is necessary to calculate the input figures for 

the sub-factor ratios. These input figures are 

financial terms that Moody's analysts calculate, based on their own developed calculation-

methodology described in Moody's Basic Definitions for Credit Statistics (Moody’s 2011a). In this 

methodology, Moody’s moreover performs adjustments on the figures that are presented in the 

rated companies’ own published financial statements. These adjustments are based on Moody's 

Table 3-4 Financial Sub-Factor Ratios, Centrica 

 
 

Centrica, Key Ratios

FFO ratio (CFO Pre-W/C) / Net Debt 42.50%

RCF ratio RCF / Net Debt 28.20%

FCF ratio FCF / Net Debt 9.10%

Own Adaption. Source Moody's (2012a)

31.12.2011
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Approach to Global Standard Adjustments in the Analysis of Financial Statements for Non-

Financial Corporations (Moody’s 2010) and are made to " reflect the underlying economics of 

transactions and events and to improve the comparability of financial statements" (Moody's 2010 p. 

2). For utilities following the IFRS54 principle, standard adjustments are applied on the following 

posts: pensions obligations, operating leases, capitalized interest, capitalized development costs, 

interest expense related to discounted long-term liabilities other than debt, hybrid securities, 

securitizations, FFO, and Unusual and non-recurring items (Moody's 2010). 

 
An example hereof is hybrid capital55, which can be designed to function as either equity or debt on 

the balance sheet under IFRS (Pil-Kyu 2013), hence making companies able to synthetic enhance 

their credit ratios with hybrid capital designed as equity. In a situation where a company assign a 

weight of 100% equity to an issued hybrid security, Moody's might evaluate this as 50% debt and 

50% equity, thus make an adjustment used for the rating (Moody's 2010). 

 
The applied adjustments to the utilities individual financial statements are published by Moody's 

Investor Service, in Excel spread sheets called Moody's Financial Metrics (a sample of the 

Financial Metrics for Centrica is presented in appendix 12). With these applied adjustments and by 

following Moody's methodology based on the Definitions for Credit Statistics, the input figures, 

which are used to calculate the sub-factor ratios in the Credit Opinions, have been calculated. 

Appendix 13 presents the calculation method and the results of the derived sub-factor ratios. 

 
However, the subsequently calculated sub-factor ratios for RWE and SSE have not been 

consistent with the published ratios by Moody's in the Credit Opinions, even though the same 

approach has been applied on all six utilities. The reasoning hereof is evaluated to rely on the 

freedom of the individual Moody’s analysts56. 

 
To address this inconsistency for RWE and SSE, a mathematical work-around has been 

employed, which sidesteps the intended methodology: The Financial Metrics publication for each 

                                                      
54

 International Financial Reporting Standards (IFRS) are designed as a common global language for business affairs so 
that company accounts are understandable and comparable across international boundaries – However, the rating 
agencies still adjust IFRS reported figures to enhance the comparability. All listed EU companies have been required to 
use IFRS since 2005 and the six utilities in this analysis likewise follow the IFRS.  
55

 Securities issued as hybrid capital pays a predictable (fixed or floating) return or dividend until a certain date, at 
which point the security holder has a number of options including redeeming the security at a fixed rate. Therefore, 
unlike a share of stock (equity), the holder has a 'known' cash flow, and unlike a fixed interest security (debt), the 
holder has an option to convert to the underlying equity. 
56

 When Moody’s assesses a company, several explanatory meetings are being held with financial departments in the 
assessed company in order to gain a greater insight than what is possible to obtain solely from the published financial 
statements. Therefore, the individual analyst might evaluate that several adjustments are appropriate even though 
these are not fully explainable in their published methodology for adjustments (Moody’s 2011a).   
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utility includes one of the input figures; the adjusted figure for the FFO. This input figure allows 

assessing the FFO ratio, the RCF ratio, and the FCF ratio as three equations with three unknowns. 

The unknown in the first equation is the Net Debt, which can be inserted in the remaining 

equations, leaving them with one unknown: RCF and FCF respectively57. The mathematical 

approach is presented below with the figures for RWE: 

Table 3-5 Sub-Factor Ratio Values from Moody’s Credit Opinions 

 

The approach applies the formulas for the ratios presented in Table 3-3 and utilizes these with 

inputs from above Table 3-5. First, the FFO ratio is applied and the Net debt is calculated: 

 

(3.1)            
   

        
          

   

         
 
        

     
                      

The Net Debt figure can now be inserted in the remaining two equations: 

(3.2)           
   

        
                                                

(3.3)           
   

        
                                                

The final derived key input figures for Net Debt, FCF, and RCF for the six utilities are summarised 

in Table 3-6 below (FFO input figures are presented in above Table 3-5).  

Table 3-6 Final Input Figures from Moody’s Adjustment Methodology or from Mathematical Work-Around 

 

The net debt levels presented in above Table 3-6 will form the base for the stress test. These net 

debt levels will be increased as described in following section 3.1.5. The figures for FFO and the 

figures for RCF and FCF will be kept constant at the levels presented in Table 3-5 and Table 3-6. 

 

                                                      
57

 The mathematical work-around has been tested on DONG, E.ON, SSE, and Vattenfall. The figures calculated were 
consistent with the ones calculated with Moody's framework. 

Sub-factor ratio (31.12.2011) Centrica DONG E.ON RWE* SSE Vattenfall

FFO ratio (FFO / Net debt) 42.5% 30.1% 21.6% 19.6% 21.5% 24.3%

RCF ratio (RCF / Net debt) 28.2% 23.3% 12.5% 14.4% 13.2% 20.2%

FCF ratio (FCF / Net debt) 9.1% -21.7% -6.8% -6.8% -9.9% -5.1%

GBPm DKKm EURm EURm GBPm SEKm

2,267 10,908 7,227 5,791 1,711 41,160

Sources: Moody's Credit Opinion (Moody's 2012a-f, 2013a) and Moody's Financial Metrics (Moody's 2012f-k, Moody's 2013b). 

* RWE figures are from 31.12.2012. **FFO figures are retreived from the Financial Metrics.

FFO**

Input figure (31.12.2011) Centrica DONG E.ON RWE* SSE* Vattenfall

GBPm DKKm EURm EURm GBPm SEKm

Net Debt 5,335.0       36,276.0       33,408.0       29,545.9       7,958.1       169,191.0       

RCF (Retained Cash Flow) 1,505.0       8,447.0          4,161.0          4,254.6          1,050.5       34,296.0          

FCF (Free Cash Flow) 483.0           -7,885.0        -2,280.0        -2,009.1        -787.9         -8,585.0           

Source: Own calculations based on Moody’s combined adjustment methodology as shown in appendix 13.                                                 

*Figures for RWE and SSE are based on above-mentioned mathematical work-around. (RWE figures are for 31.12.2012)
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 Projected Development in Debt Levels 2013-2020 

3.1.5

A valid and realistic estimate for the future debt development for the six utilities is of importance in 

order to perform an appropriate stress test. For this measurement it has been found beneficial to 

investigate the historical debt developments for the companies as well as the expectations to their 

future pipeline investments in offshore wind as described in chapter 2, section 2.7.1. 

 
When examining the debt development over the last five years it is clear that the six utilities have 

all increased their net debt significantly from 2007 to 2012. As it can be seen in Table 3-7, the total 

increase in net debt over the period varies from E.ON’s 53.1% to Centrica’s 476.2%. 

Table 3-7 Actual and Percentage Change in Net Interest Bearing Debt 2007-2012
58

 

 

The different characteristics of these companies – e.g. size, geographical presence, main products 

and strategy – makes it less valuable to evaluate the nature of their debt levels in a one-to-one 

comparison. However, some overall trends can be observed: All of the companies have 

experienced steep increases in their net debt in the years 2007-2009. This change is mainly 

related to expansion investments due to the newly liberalized power market in Europe as well as 

renewable investments to transform their power producing portfolio (Schülke 2010). The following 

period from 2010-2012 was conversely dominated by attention towards cost reduction and 

divestments, primarily as a result of the troubled financial climate and credit downgrades, which led 

to stagnation and decreases in the net debt levels. An exception is DONG that increased their net 

debt in 2012 with 41.8% due to heavy investments in offshore wind. RWE is the company that has 

presented the steadiest increase in net debt, while the five other utilities have had single years with 

significant impact on their total debt change of the period - predominantly caused by new debt 

related to industry acquisitions. An explanation for these years with change of more than 40% can 

be found in appendix 14. 

 
However, as no clear trend in debt development among the six utilities have been observed, it has 

been decided to perform the stress test with certain input limitations – these are described in 

following section.  

                                                      
58

 The Net Debt levels presented in Table 3-7 shows the reported figures under IFRS from the utilities financial 
statements hence they vary compared to the Moody’s adjusted figures for Net Debt from Table 3-6 (2012 level for 
RWE and 2011 levels for the other utilities). Actual values for debt in the years 2008-2011 for the IFRS reported figures 
can be seen in appendix 14. 

Net Debt Development 2008 2009 2010 2011 2012

Centrica GBPm 711 -28.1% 513.7% 5.6% 3.7% 19.3% 4,097 476.2%

DONG Energy DKKm 14,792 3.1% 76.6% -17.8% 6.7% 41.8% 33,494 126.4%

E.on EURm 23,432 91.8% -0.6% -15.6% -3.5% -1.4% 35,879 53.1%

RWE EURm 16,514 13.0% 38.2% 12.3% 3.4% 10.2% 33,015 99.9%

SSE GBPm 2,233 63.9% 31.7% 9.7% 11.3% 14.7% 6,755 202.5%

Vattenfall SEKm 43,740 50.9% 134.8% -7.0% -2.1% -20.7% 111,907 155.8%

Ave: 185.7%

Cells marked in grey indicates yearly changes in net debt of more than 40%. Sources:  Utilities Annual Reports 2007-2012.

Actual 

2007

Total change        

2007-2012

Geometric average 

yearly change

11.2%

18.9%

31.9%

26.5%

27.7%

  Percentage Change Actual     

2012

54.9%

22.7%
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 Input Decisions and Input Limitations 

3.1.6

Due to the historical inconsistent pattern in debt development for the six utilities, it has been 

decided to perform the stress test solely upon the expectations to investments related to the 

identified offshore wind pipelines from section 2.7.1. Therefore, the test will provide an isolated 

assessment of the potential rating-affect that these pipelines possess as stand-alone business 

agendas. However, this leaves the stress test to omit rating-affects caused by additional new debt 

in other business agendas, such as debt from investments in gas and oil exploration, other 

renewables, coal, etc. In expected business circumstances, the six utilities will continue to perform 

investments in such diversified portfolios, why the stress test will not be able to capture the derived 

effect from their overall expected future investment strategies. In this context it should be noted, 

that the utilities have different targets for their anticipated share of renewable investments of total 

investments, which is illustrated in below Table 3-8: 

Table 3-8 Investment Target for Renewable share of Total Investments
59

 

 

From this, it can be deduced, that the applied test inputs will be able to capture the rating affect 

that is derived from roughly 23% to 57% of the total amounts of investments the utilities are 

expecting going forward. It should further be noticed, that the test method assumes that the 

pipelines are funded by obtaining new debt. This is not necessarily correct, as some of the utilities 

at present time are engaging in large scale asset divestment programmes60 and/or capital 

expansion activities61, which could help to fund new projects. Likewise, it should be anticipated that 

projects currently under construction, and future projects included in the pipelines, at some stage 

will go in production and generate revenue, which likewise can fund new projects and pay off debt. 

Such additional revenue streams compared to the current levels could further affect the FCF, FFO, 

and RCF figures62 positively, and thus affect the total rating assessment positively. In the applied 

input test values, five of six the utilities are presenting negative FCF levels as shown in Table 3-6 

(only Centrica is presenting a positive FCF). This clearly illustrates that the sector is characterized 

                                                      
59

 The targets presented are for different types of renewable investments counted together. However, for each of the 
six utilities, offshore wind is by far the greatest contributor in their renewable portfolios. Dongs target of 50% is 
entirely allocated to offshore wind. 
60

 Several of the utilities have from time to time performed divestments of asset in order to streamline their strategies 
and to support their financial balances. During 2013 several of the utilities announced plans of extraordinary 
divestments, including DONG of EUR 1.3 billion, E.ON; EUR 15 billion, and RWE; EUR 7 billion, (DONG 2013a, E.ON 
2013b, RWE 2012b). 
61

 For instance, DONG has in October 2013 announced that a final agreement of a capital expansion of additional 
equity of EUR 1.47 billion from external investors is expected to be concluded at year-end 2013 and further presented 
initials plans for an IPO in 2018 (DONG 2013b). 
62

 Presented in Table 3-5 and Table 3-6. 

Centrica** DONG Energy E.ON RWE SSE Vattenfall

Investment Period n/a 2013-2020 2009-2012 2012-2014 2010-2013 2013-2017

Renewable Target Investment Level* n/a 50% avg. 23% 25% avg. 43% 57%

*Share of total investments. Based on announced strategy targets (DONG Energy, RWE, Vattenfall) or historical observed investment levels (E.ON, SSE)

**Centrica has not reported historical investments on business until level and has not presented any clear strategic target level.

Sources: DONG Energy 2013a, E.ON Annual Reports 2009-2012, RWE 2012a, SSE Annual Reports 2010-2013, Vattenfall Annual Report 2012
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by heavy investments and expansions programs, and also that the sector is affected negatively by 

the pressured market conditions for power production - partly as a consequence of the unforeseen 

decrease in attractiveness of gas. However, sustained periods of negative FCF levels are not 

viable in the long-term, why the pattern can be expected to change, but it is uncertain at what time 

the change will be realized63. Therefore, the test does not incorporate such potential developments 

in the FCF, FFO, and RCF figures. 

 
3.1.6.1 Indicated Ratings vs. Actual Ratings 
The Excel model that has been developed to test the utilities credit rating will provide an indicated 

rating based on Moody’s methodology. However, the actual rating that will be assigned to a utility 

can vary from the indicated. Below Table 3-9 illustrates that the calculated starting rating-levels in 

the developed model are in line with Moody’s published indicated ratings. The table further 

explains why Moody’s have found it appropriate to carry out additional considerations for the actual 

ratings for five of the six utilities: 

Table 3-9 Indicated vs, Actual Ratings (Published 2012-2013) 

 

As seen, the two state-owned utilities DONG and Vattenfall receives a one-notch rating uplift, due 

to the security such ownership provides, while the two public listed German utilities E.ON and 

RWE both receives one-notch down-lifts. It is particularly interesting that RWE is directly down-

lifted due to their expected growth in renewables. 

In order to evaluate future actual ratings, it has been decided to incorporate the current deviation-

pattern between indicated vs. actual rating as shown in Table 3-9. 

 
 Applied Test Scenarios 

3.1.7

The stress test will constitute of two primary test scenarios; one testing the effect in the utilities 

credit rating in regards to new debt from  the “most certain” forecast and one testing the effect in 

regards to new debt from the “most certain + the potential pipelines” from section 2.7.1. The EUR-

denoted forecasts have been converted to local currencies, as Moody’s apply local currency values 

in their rating calculation. Input parameters for the two scenarios are presented in Table 3-1 below:  
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 E.ON is the only one of the utilities that has presented a target-year for which a positive FCF is expected as part of 
their financial strategy for 2015 (E.ON 2013b). 

Ratings published 2012 Centrica DONG Energy E.ON RWE** SSE Vattenfall

Indicated Rating (Model) A3 Baa2 A2 A3 Baa1 A3

Indicated Rating (Moody's)* A3 Baa2 A2 A3 Baa1 A3

Actual Rating* A3 Baa1 A3 (n) Baa1 A3 A2 (n)

*Sources: Moody's Credit Opinions (Moody's 2012a-f, and Moody's 2013a) **RWE rating published Jun 2013. Rating uplift Rating downlift

(n) = Negative Outlook

One-notch rating 

uplift due to the 

possibility of state 

support (100% owned 

by the Swedish state, 

rated Aaa)

n/a

Rating Rationale*                     

(if indicated rating deviates 

from actual rating)

One-notch rating 

uplift due to 

possibility of 

government support 

from the majority 

shareholder (the 

Danish Government, 

rated Aaa).

One-notch rating 

uplift due to weak 

competition, 

consistent and 

focused strategy,   

and value creation    

for shareholders.

One-notch downgrade 

reflecting structural 

pressure on earnings 

being experienced     

by the E.ON group 

(especially due to 

weakened gas power 

conditions).

One-notch downgrade 

reflecting pressure    

on wholesale power 

prices and risks 

associated with 

planned rapid growth 

of Renewable and 

E&P business units.
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Table 3-10 Debt Levels in Applied Test Scenarios 

 

It has been decided to apply the total forecasted values as smoothened yearly average values. 

This is under an assumption that new debt will be obtained on a regularly basis over the period, 

and not just in specific CAPEX years. This approach allows the stress test to provide a projection 

of at which time and which debt level a potential rating downgrade will be probable to occur. 

 
The starting levels in the applied scenarios are based on the values for net debt derived from 

Moody’s Credit Opinions for the different utilities published between Aug 2012 and Dec 2012. 

Therefore, the net debt levels are representing figures valid from 31.12.2011. An exception is 

RWE, where a newer Credit Opinion from Jun 2013 has been incorporated, thus RWE figures are 

valid from 31.12.2012. Under an assumption of, that debt related to CAPEX 2013-projects would 

already have been obtained in fiscal year 2012, the RWE forecasts have been excluded for debt 

related to 2013-projects while debt for 2013-projects are included in the other utilities forecasts. 

 
Interestingly, it should be remarked that the total percentage increase in net debt under the “most 

certain” forecast from 2013 to 2020 for all utilities results in fairly moderate overall increases 

compared to the increase-levels experienced from 2007 to 2012 as presented in Table 3-764: When 

testing for both the “most certain + the potential pipelines”, the total percentage increase from 2013 

to 2020 varies greatly due to the varying size of the potential pipelines for the respective utilities. 

Centrica has the smallest potential pipeline and is exposed for a significant less steep debt 

development than they experienced in the period from 2007 to 2012. E.ON, RWE and Vattenfall 

are expected to experience development slightly below the levels from 2007 to 2012, while SSE 

would be exposed for a slightly steeper debt development, and DONG would be exposed for a 

significantly steeper development. 
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 Note: The percentage increase movements presented in Table 3-7 and Table 3-10 are not entirely comparable, as 
the figures in Table 3-7 presents IFRS reported figures, while Table 3-10 presents Moody’s adjusted figures. However, 
Moody’s adjusted net debt figures tends to be of higher values than the IFRS-reported figures, why the total increase 
over the tested period (2013-2020) would be more moderate if calculated from the IFRS figures as starting point.  

Centrica* DONG** E.ON RWE SSE* Vattenfall***

GBPm DKKm EURm EURm GBPm SEKm

Adjustet Net debt 31.12.2011 5,335.0           36,276.0         33,408.0         29,545.9         7,958.1           169,191.0       

Most certain pipeline

Forecasted Pipeline CAPEX 1,759.4           32,857.7         7,470.0           9,874.8           5,445.7           27,854.4         

Annual increase 195.5               3,650.9           830.0               1,234.4           605.1               3,094.9           

Net debt 2020 7,094.4           69,133.7         40,878.0         39,420.7         13,403.8         197,045.4       

Percentage incease 2013-2020 33% 91% 22% 33% 68% 16%

Potential + Most certian pipeline

Forecasted Pipeline CAPEX 5,110.6           134,443.8       11,488.0         22,204.8         19,185.6         111,417.6       

Annual increase 567.8               14,938.2         1,276.4           2,775.6           2,131.7           12,379.7         

Net debt 2020 10,445.6         170,719.8       44,896.0         51,750.7         27,143.8         280,608.6       

Percentage incease 2013-2020 96% 371% 34% 75% 241% 66%

Conversion rates: *EUR-GBP 0.84, **EUR-DKK 7.46, ***EUR-SEK 8.70 (source Bloomberg Sep 29. 2013)

Note:  RWE values are valid from 31.12.2012, and forecasts for RWE excludes CAPEX 2013 values.
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3.2 Stress Test Results 
Below Table 3-11 presents the primary results of the stress test, which are the indicated rating 

affects that the six utilities will be exposed to if abovementioned pipelines are being realized: 

Table 3-11 Indicated Rating Effect from Pipelines 2013-2020 

 

The forecasted development shows that five of the six utilities will be exposed to a one-notch rating 

downgrade as a consequence from their “most certain” forecast alone. For Centrica, the financial 

metrics indicates to be highly sensitive in the short term as the financial ratios for the good years 

2009-2010 are removed from the 3-year average metrics, resulting in exposure to an immediate 

downgrade. However, in the long term, the forecasted growth is not expected to affect the rating 

further downwards. DONG is projected to experience a short term indicated rating uplift as the 

ratios for the troubled year 2009 are removed from the 3-year average calculation65. Nonetheless, 

in a forward-looking perspective, DONG will be exposed downwards in following year 2014 and 

again be subject to an additional downgrade in 2016 due to their potential pipeline. E.ON is facing 

exposure for a downgrade in 2016, but is not expected further downwards in following years. RWE 

and SSE are likewise exposed for a one-notch rating downgrade from their “most certain” pipelines 

in 2019 and 2017 respectively, but the affect will occur two years prior if their potential pipelines 

are counted in. Last, Vattenfall appears to be the strongest of the utilities with only a long-time 

projected downgrade in the “most certain + potential” forecast for 2019. 

 
It should be remembered that this test assumes that the forecasted pipelines will be funded by new 

debt and no other funding-actions are considered in the analysis. Therefore, the starting net debt 

levels will only increase over the tested time time-period. Contrariwise, it should also be 

remembered, that the projected pipelines are anticipated to constitute only 23% - 50% of the 

utilities total expected investments when their other business areas are counted in. Therefore, the 

effects from these two test-limitations to some degree off-set each other, thus the test results 

clearly warns that the utilities are significantly exposed for credit ratings downgrades based on their 

forecasted potential pipelines in offshore wind leading up to the NREAP target year 2020. 
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 However, such uplift in the indicated rating is not expected to affect Moody’s evaluation of the actual rating, as the 
agency incorporates forward-looking expectations of the rated company.  

Rating Publishing Year: 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Based on 3-Year Average Metrics: 2009-2011 2010-2012 2011-2013 2012-2014 2013-2015 2014-2016 2015-2017 2016-2018 2017-2019 2018-2020

Most Certain A3 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1

Most Certain + Potential A3 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1 Baa1

Most Certain Baa2 Baa1 Baa2 Baa2 Baa2 Baa2 Baa2 Baa2 Baa2 Baa2

Most Certain + Potential Baa2 Baa1 Baa2 Baa2 Baa3 Baa3 Baa3 Baa3 Baa3 Baa3

Most Certain A2 A2 A2 A3 A3 A3 A3 A3 A3 A3

Most Certain + Potential A2 A2 A2 A3 A3 A3 A3 A3 A3 A3

Most Certain A3 A3 A3 A3 A3 A3 A3 Baa1 Baa1 Baa1

Most Certain + Potential A3 A3 A3 A3 A3 Baa1 Baa1 Baa1 Baa1 Baa1

Most Certain Baa1 Baa1 Baa1 Baa1 Baa1 Baa2 Baa2 Baa2 Baa2 Baa2

Most Certain + Potential Baa1 Baa1 Baa1 Baa2 Baa2 Baa2 Baa2 Baa2 Baa2 Baa2

Most Certain A3 A3 A3 A3 A3 A3 A3 A3 A3 A3

Most Certain + Potential A3 A3 A3 A3 A3 A3 A3 Baa1 Baa1 Baa1

Source; Own Calculations Rating Downgrade YearRating Upgrade Year

Centrica

Dong Energy

E.ON

RWE

SSE

Vattenfall

Starting Test Year
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 Results Converted to Actual Ratings 

3.2.1

Figure 3-2 below graphically presents the worst projected affect in the actual ratings of the utilities 

as a consequence of realizing their “most certain + potential” pipelines forecast66. The figure further 

illustrates the development in the actual ratings of the utilities during the period from 2008 to 2013. 

 
As it can be seen, the current actual ratings for all the utilities are placed around the threshold of 

high Baa’s to low single-A’s ratings, which designates that the utilities are evaluated to present low 

to moderate risk for investors. However, it is clear that the credit ratings for several of the utilities 

have been pressured negatively in the period from 2008-2013 in conjunction with their 

simultaneously steep increases in net debt. Only Centrica and DONG, the relatively two smallest 

utilities in this analysis, have managed to avoid negative evaluations from Moody’s. Especially the 

German utilities E.ON and RWE have been affected downwards as a consequence of the 

unattractive gas-conditions in the German market and the government-ordered ultimatum of 

adjusting their portfolios due to the accelerated phase-out of nuclear power (Moody’s 2011b).  

Figure 3-2 Historical Rating Development and Expected Actual Rating Effect from Pipelines Forecasts 

 

Looking at the impact from the “most certain + potential” pipelines, it is anticipated that the 

development will continue further downwards and that only Vattenfall will be able to maintain a 

thinly positioned A3-rating while the other utilities will be subject to Baa1 and Baa2 ratings. It 

should though be mentioned, that none of the utilities are expected to be exposed for placements 

in the non-investment-grade rating categories, which could prove to cause a severely detrimental 

                                                      
66

 The actual rating affects have been derived from the current deviation-pattern between indicated and actual 
ratings, as described in section 3.1.6.1. 
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impact on their financials67. However, Moody’s assessments of creditworthiness are of substantial 

influence for investors and lenders, and if the downward trend continues, the utilities will face 

increased challenges in tapping the international capital markets at attractive conditions. In the 

forecasted scenario, Centrica, DONG, and SSE are further anticipated to breach their announced 

minimum rating-targets why it should be expected that these in higher degree will be reluctant to 

increase their net debt to levels that could endanger such shortfall on investor confidence. 

 
 Rating Impact on Pipeline Realization 

3.2.2

The previous tests provided information of how the ratings of the utilities would be affected if the 

pipelines were being realized. This section entails a third scenario, which converts the model to 

test the current capabilities of the utilities balance sheets, if rating downgrades are to be avoided. 

 
Limit-values for the maximal amount of debt allowed without incurring an indicated rating 

downgrade have been estimated by applying the Excel Solver function in the developed model. 

Below Table 3-12 illustrates the found values. It should be noted that no value for Centrica has 

been identified, as the utility will need an improvement (decrease in net debt) in the next 

calculation of a 3-year average value in order to avoid a downgrade. 

Table 3-12 Limit-Values for new Debt without Downgrades and MW Affect 

 

The remaining utilities will be able to add a combined amount of new debt of EUR 25.7 billion, 

which is sufficient to fund combined installations of 7.1 GW without any of the utilities incurring 

indicated downgrades. In that scenario, only DONG and Vattenfall will be able to surpass their 

“most certain” installations and complete some of their potential projects, while E.ON, RWE, and 

SSE will fall short on their “most certain” pipelines. The utilities total combined installations of 7.1 

GW is 2.5 GW lower than their combined projected “most certain” pipeline of 9.6 GW. In that 

context, it should be remembered, that in addition to the “most certain” pipelines, it is further 

anticipated, that these six utilities will need to complete at least 12.3 GW of their combined 

potential pipeline in order for EU to be able to meet the NREAP targets for 2020 (as shown in 

section 2.6.6).  
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 For instance, if the rating of RWE falls below investment-grade level, the investors in their non-subordinated paper 
(hybrid-bonds, which constitutes 17% of RWEs’ outstanding debt) may demand immediate redemption or continue to 
hold the papers with an increase in the annual rate of 500 basis points (RWE AR 2012). 

Centrica˟ DONG* E.ON RWE SSE** Vattenfall***

GBPm DKKm EURm EURm GBPm SEKm

906 4287 174 846 264 9120 Total 

EURm n/a 575 174 846 315 1048 EURm 2,958     

EURm n/a 5174 1569 6769 2835 9430 EURm 25,777    

MW n/a 1437 436 1880 787 2619 MW 7,160     

MW 580 1224 2075 3085 1802 879 MW 9,645     

MW n/a 213 -1639 -1205 -1015 1740 MW -2,485    

Own Calcaulations. EURm 3.6 per. MW. Conversion rates: *EUR-DKK 7.46, **EUR-GBP 0.85, ***EUR-SEK 8.70 (source Bloomberg Sep 29. 2013)

˟According to the financial metrics for Centrica, the utility will be subject to a downgrade if the 3 year-average financial metrics values are not improved in next-coming year. 

Therefore, in this test only a decreased amount of debt would allow the financial metrics to improve.

No Downgrade Yearly Debt

No Downgrade Yearly Debt EURm

Maximum New Debt  2013-2020

Maximum new MW 2013-2020

Projected "Most Certain" MW 2013-2020

Deviations if no Downgrade Allowed
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4. Funding Methods in Offshore Wind 

The research in this study has so far shown that pipelines of sufficient size to realize the NREAP 

target exists. However, a realization of the target is uncertain as the market leading six utilities are 

exposed to credit downgrades. The stress test in previous chapter indicated that the current 

capabilities of the utilities balance sheets were sufficient to debt-fund 7.1 GW of new installations 

without incurring downgrades. This presents a weakened outlook for the NREAP-target, but it is 

unknown to what degree rating downgrades will be tolerated and which measures there will be 

carried out to avoid them. Yet the figure indicates a risk for EU27 to fall 14.8 GW68 behind the 

overall NREAP-target, which in terms of investments represents a difficult challenge to fund 

projects of EUR 53.3 billion69. 

 
The potential shortfall calls for improved attraction of external investors to the industry. World 

Economic Forum (WEF) estimates that institutional investors have USD 71 trillion in total assets 

under management (2011) and that the number is increasing. Of the USD 71 trillion, USD 6.5 

trillion is available for long-term projects, such as renewable investments (WEF 2011). While this 

indicates that there exists more than sufficient funds in the financial sector to meet the NREAPs, 

less than 1% hereof is currently allocated directly towards infrastructure projects (ibid.). To attract 

capital it is thus necessary to understand investors so investment opportunities in offshore wind 

can be facilitated to fit their risk profiles. This chapter assesses different investor segments and 

their risk attitude towards offshore wind. It will further be analysed how investments are currently 

being placed in offshore wind and which solutions there can be applied going forward to meet the 

NREAP target. 

 

 

4.1 Potential Investor Segments 
Reports have shown that financial investors are risk averse when investing in offshore wind 

projects. Boston Consulting Group (2013) and PwC (2010) emphasized that investors are 

especially reluctant against taking construction risk, because of the probability for delays and 

overruns that can potentially alter the project economics. PwC (2011a) further emphasized 

                                                      
68

 This illustrates a shortfall of: 2.5 GW of “most certain” pipelines + 12.3 GW of potential pipelines for the utilities.  
69

 14.8 GW * 3.6 EURm/MW = EUR 53.2 billion 
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uncertainty due to changing government subsidies70 and risk combined with the technology and 

operation and maintenance as high risk factors. This section will assess the risk attitude towards 

offshore wind for the following investor segments: Pension funds, Insurance companies, 

Infrastructure funds, Private investors, and Banks (through Project Finance). The approach will be 

to analyse conducted investments in the sector and further to include consultancy firm publications 

to form a complete overview. 

 
 A handful of pension funds have been active in the industry and have placed direct project capital. The 

amount of transactions is still limited, but the engagements from the pension funds shows a shift in the 

risk attitude towards a more positive perception of offshore wind. The motivation in offshore investments 

is due to the long-term bond-like characteristics with a higher return than bonds in the current market 

(Rabobank 2012, Personal Interview). Observed transactions for pension funds include: Anholt, and 

Butendiek. In Anholt, all construction risk and most operational risk accrued to DONG, but remaining risk 

factors such as price risk, technical risks, and production risk were shared in regard to the equity stakes. 

In Butendiek, the pension fund investors took on all risk elements including construction risk (EIB 2013).  

 For infrastructure funds, Copenhagen Infrastructure Partners (CIP) has been active in the offshore 

wind sector. They provided the Cape Wind project with a conditional USD 200 million mezzanine loan 

(CIP 2013). Mezzanine loans are the most subordinate loan type and may be treated as equity, this 

indicate risk willingness.  

 Approx. 40 commercial banks have invested directly in offshore wind by providing debt to project 

financed projects since the first project in 2006. The majority of the projects have secured debt financing 

in the pre-construction phase, indicating that banks are ready to accept all risk factors (Clean Energy 

Pipeline 2013). However, it should be noted that most project financed wind farms simultaneously are 

highly dependent on government backed loans to act as the first cushion as junior debt (BNEF 2013). 

 The motivation for private investors is primarily the branding value of being a green company. A small 

group of companies including Kirkby A/S, The Oticon Foundation, and Belgian retailer Colryut have 

provided pre-construction equity placements in offshore wind in recent years. 

 A number of sovereign wealth funds have a significant focus on renewable energy, including Abu Dhabi 

based Masdar that have invested in Lincs with a 20% equity stake (approx. EUR 440 million). It is 

expected that the interest from sovereign wealth funds will be limited. However, engaged funds are likely 

to diversify their portfolios by targeting a range of investments (Rabobank 2011). 

 The agenda for development banks is to facilitate loans on favourable conditions or to guarantee the 

most risky debt in order to foster other private actors to participate (PWC 2012). They will co-invest but 

are restricted to provide a certain percentage of the total investment and will have demands to the main 

investor in terms of minimum equity stakes.   

                                                      
70

 It was explained in section 2.4.3  that no retroactive cancellations of government support scheme have been seen in 
European offshore wind and it was questioned whether this even was legally possible. Based hereon, government 
support schemes will not be included in the risk attitude assessment.  
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On the basis of a PwC analysis from 2010, below table has been created. The table illustrates 

different investors risk attitude towards offshore wind given different risk elements. The assessed 

risks are within four risk elements: the construction phase, the operational life time, development in 

power prices, and the produced volume of electricity71 (PWC 2010). The table has been updated to 

reflect the picture in 2013 based on, amongst others, the above reviewed investments. 

Figure 4-1 Risk Attitude and Availability of Funds by Investor Type 

 

The overall picture in Figure 4-1 indicates that most investor segments since 2010 have moved 

towards a more positive perception, but that they are still reluctant against completely taking on the 

different risk factors. Pension funds must currently be characterised as the main potential investor 

for offshore investments given their involvement and their availability of funds. However the 

potential risk attitude for other investor segments must also be regarded as important for reaching 

the NREAP target. It should further be noted how insurance companies have yet to enter the 

offshore sector, but it is expected that they will engage when structured products with credit ratings 

are offered (Personal Interview). Given the asset base for insurance funds, their entrance is a huge 

potential for the sector. Development banks are expected to play a significant role in the years to 

come, as they can de-risk investments by providing subordinated debt. However their funds are 

limited and their role are expected to increase as the sector matures. 

 
Going forward, a BCG study72 from earlier this year found that most interviewee's expected all risk 

factors to decrease significantly over the next five years (BCG 2013), which supports the trend 
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 See appendix 15 for a summary of the different risk elements. 
72

 In the study, BCG conducted interviews with more than 40 industry participants representing European utilities, 
commercial and public banks, insurance companies, pension funds, supplier groups, and governments. 
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already seen since the PwC study from 2010. This is further expected to increase the funding base 

and attract new investors. 

 
4.2 Direct and Indirect Investment Opportunities 
Sufficient capital exists in the financial sector to meet the NREAPs and investors are coming to 

terms with offshore wind as valuable investments. However, focus is needed on the currently 

applied methods for investments in offshore wind in context to their future attractiveness. 

 
 Balance Sheet Funding for Utilities  

4.2.1

As previously mentioned, the utilities have predominantly funded their projects through bond 

issuance on parent level and then on-lent the proceeds to their individual projects. This pattern is 

clearly reflected in the leading six utilities general distribution of debt as shown in below Figure 4-2. 

Figure 4-2 Debt Allocation for Utilities - 2012 / 2013 

   

As seen more than 75% of their total debt has on average been bond issued and other sources of 

debt, such as direct project debt, are only represented in lesser degree73. It is strongly expected 

that this will remain a dominant funding source for the utilities, but as it was shown in the stress 

test, the approach will unlikely be sufficient to cover project pipelines going forward without 

compromising their credit ratings.  

 
An alternative approach for the utilities could be capital expansions trough issuance of new equity. 

DONG is currently engaged in such issuance, which is expected to secure EUR 1.47 billion of new 

funds from Goldman Sachs (DONG 2013b). For DONG, this will be sufficient to fund more than 

three years of investments related to their most certain pipeline. However, the amount covers less 

than investments in one year if their potential pipeline is counted in. The process of issuing equity 

should not be seen as an on-going opportunity to finance the investments as the process is both 

expensive and time consuming. Further, current owners share will be diluted, which rarely will be in 

                                                      
73

 DONG is an outlier and the high amount of bank debt is derived from loans from the European Investment Bank 
(EIB) and the Nordic Investment Bank (NIB), which totals approximately 65% of their bank debt (DONG AR 2012) 

Own creation. Sources Annual Reports 2012 (SSE 2013 )
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their interest (Brealey et al 2008). The limited use of equity issuances is likewise reflected in that 

none of the exchange listed utilities74 have issued new shares since 2008 (ARs 2007-2013). 

 
In an investor perspective, both types of issuances limit the direct exposure to offshore wind, as 

both bonds and equity represents the entire risk of the utilities. This will suite many type of investor, 

while many investors likewise will search for more direct placement opportunities.  

 
 Project Finance 

4.2.2

Project finance is a relatively new method to finance long-term projects based solely on the 

generated cash flows and risks associated with single projects. It is a method that is mostly used in 

capital intensive projects with relatively predictable cash flows, such as infrastructure investments 

(Yescombe 2002), and has been observed in several offshore wind projects. It differs from more 

traditional financing options like bonds, as the project is moved away from the company’s balance 

sheet and is treated in a Special Purpose Vehicle (SPV), which will be the independent project 

company75. The SPV structure allows to access the risk and return of specific projects, why the 

guarantees for the lenders against the owners of the project company are limited, referred to as 

non-recourse or limited-recourse debt (ibid.). Thus, in a scenario where the project company 

defaults, the investors will only have claim against the assets in the SPV and not against the equity 

owners. Investments using project finance are often highly leveraged where the debt represent as 

much as 70-90% of the investment, and dominated by a weighty contractual set-up. An example of 

a setup for an investment with project finance is illustrated in Figure 4-3: 

Figure 4-3 Contractual setup for a Project Financed SPV
76

 

 

The purpose of the contracts is to secure relatively predictable cash flows and to remove risks. In 

the case of offshore wind projects, power purchase agreements (PPA) ensures fixed prices for the 

                                                      
74

 Centrica, E.ON, RWE and SSE. 
75

 See more on SPVs structures in section 6.2. 
76

 Project finance does not follow predefined rules and the setup and amount of contracts can vary from project to 
project. 
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produced electricity years ahead, construction contracts (also referred to as turnkey agreements) 

ensures that the project is built for a fixed amount and ready by a fixed date, the O&M contract 

provides an overhead for operation and maintenance costs, and last, government support 

agreements states the level of support the project will receive in subsidies, tax breaks etc. 

 
Utilities have only engaged in project finance in very limited degree. However, project finance has 

been applied by IPDs, IPPs, and investors in their projects as shown in below table. 

Table 4-1 Examples of Project Financed Offshore Wind Farms 

 

The reasons why utilities do not apply project finance rely upon the concept of structural 

subordination. When European utilities issue debt at the parent company level, they will have 

upstream guarantees from the operating business (Moody’s 2009). As mentioned above, when 

issuing debt in a SPV, there will be no upstream guarantees to the parent, thus making the parents 

debt structural subordinated to the debt in the SPV in the case of a bankruptcy (S&P 2004). Rating 

agencies allow structural subordination to some degree, but if these limits are exceeded it could 

result in a one notch downgrade77. Moreover, the senior debt holders to the utilities have a strict 

view on subordinated debt as their debt becomes junior in regards to some of the utilities assets. 

Therefore, long-lasting relationships with senior debt holders might be affected negatively if the 

volume of structural subordinated debt increases significantly (Personal interview). 

 
Conversely, for other developers than utilities, project finance is the most suitable way of securing 

financing. This is due to smaller size of IPDs and IPPs, which makes them unable to access the 

general bond and capital markets at the same conditions as the utilities. Therefore, it is expected 

that these will continue to pursue project finance solutions in corporation with government backed 

loans facilities and private banks. 
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 Subordinated debt has a greater rating significance if the company is rated non-investment. This is because of the 
higher default risk and the concern over what can be recovered. As a result, structural debt can result in a two notch 
downgrade for non-investment grade companies and one notch for investment grade companies. Further, a AAA 
rated company could obtain subordinated debt unaffected (S&P 2004) 

Project Year Country Capacity Owners Debt Secured Financing type
Development 

bank envolment

Butendiek 2013 Germany 288MW Margurite Fund (22.5%), Industriens Pension (22.5%), PKA 

(22.5%), Siemens Financial Services (22.5%), WPD (10%)

EUR 850m Non-recourse project 

financing (pre-construction)

EIB, KfW, EKF

Walney 2012 UK 367MW DONG Energy (50.1%), SSE (25.1%), PGGM (124%), 

Ampere Equity Fund (12.4%)

GBP 224m Refinancing of minority stake None

Meerwind 2011 Germany 288MW Blackstone Group (80%), Windland Energieerzeugungs 

(20%)

EUR 822m Non-recourse project 

financing (pre-construction)

KfW, EKF

Global Tech 1 2011 Germany 400MW Combination of nine IPP's and investors EUR 1,048m Non-recourse project 

financing (pre-construction)

EIB, KfW

Source: European Investment Bank (2013),  Clean Energy Pipiline (2013), Bloomberg New Energy Finance (2013)
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Securing project finance has so far shown highly dependent on support from development 

institutions. In example, it was not until KfW and EKF loans of EUR 510 million were secured, that 

Blackstone attracted other private banks to provide additional loans of EUR 385 million when 

financing Meerwind (Blackstone 2011, PFI 2011). The European Commission (EC) and EIB have 

further initiated the Europe 2020 Project Bond Initiative (PBI), which seeks to attract private funds 

into infrastructure investment by offering insurance of subordinated bonds (EIB 2012). The PBI 

Initiative will be explained later in section 6.5.1.3. 

 
 Joint Venture Partnerships 

4.2.3

A joint venture is a contractual arrangement whereby two or more parties undertake an economic 

activity that is subject to joint control (Lynch 2009). Using joint ventures is, like project finance, one 

of the newer setups to cope with the high debt levels for the utilities, because it allows the utilities 

to share the expenditures with investors. The joint venture partnerships started between two or 

more utilities but have since evolved to be partnerships between utilities and financial partners 

(EWEA 2012), thus attracting money to the sector from the financial sector. A simplified setup 

between a utility and an investor is illustrated in Figure 4-4, where it is shown how the ownership of 

the offshore wind farm is split between the two entities. The figure further illustrates how all 

contractual agreements for the offshore wind farm with external stakeholders are handled by the 

utility - this includes contracts with suppliers, the TSO, exchanges etc. As a result, the on-going 

involvement of the investor will be limited to receive the net revenue streams from the utility 

(Personal Interview). 

 
The setup in Figure 4-4 is one out 

of many possible setups, but it 

shows the basic concept of the 

current partnership model. Different 

setups may include more than one 

financial partner and/or the 

partner(s) might want to include a 

third party to handle some of the 

tasks with external stakeholders. 

 
Utilities demand a premium for 

acting as an entrepreneur for investors and receive more than 50% of CAPEX when they sell off 

50% of the ownership shares. As a result, they are able to construct their own stakes cheaper than 

before and this is assessed to have a positive credit rating impact.  

Figure 4-4 Joint Venture Setup between a Utility and an Investor, 
Simplified 
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Table 4-2 Examples of Joint Ventures 

 

There is however some potential downsides with the model. First, the utilities takes on all the risk 

in regards to construction risk, with a 50% owner share. This will all else being equal result in 

increased business risk, which potentially can foster negative credit rating assessments if the 

rating agencies start to evaluate utilities as entrepreneurs. Further, in the currently conducted joint 

ventures, utilities have shown interest in maintaining control of the joint ventures with purpose of 

securing control over e.g. the construction phase and the on-going operational expenditures 

(Personal Interviews). Under the IFRS 10 standard, the controlling partner78 in a jointly owned 

entity shall consolidate the jointly owned entity on its books (Deloitte 2011). As a result, utilities are 

not interested in investors bringing any debt into the partnership, as it would require consolidation 

onto their books, thus affecting the utilities debt levels (Personal Interview). 

 
Another downside of this model is the limited amount of investors that have currently engaged in 

this type of investment. This is evaluated to rely on the complex arrangements, a time-consuming 

contractual setup, and the high buy-in currently needed. All of these factors limit the amount of 

potential investors, and it is currently mostly attractive for pension funds and long term focused 

investors with a size sufficient to bear the risk associated with the illiquid product. 

 
The risk attitude from a pension funds point of view was elaborated in an interview with a pension 

fund investor. In this it was expressed, that they perceived the JV-structure to offer great reliability 

and perceived the costs of the premium payment to provide greater support than the potential 

upside from a shared construction risk could provide. The same view was concluded in the BCG 

study from 2013, where pension funds and insurance professionals expressed they may invest in 

low-risk phases in projects with proven track records or in earlier phases if developers can provide 

viable construction risk protection (BCG 2013).  

 
4.3 Mitigation of Principal-Agent Problems 
With investments in offshore wind farms a number of principal agent (PA) problems arise as the 

parts interests might differ (Hendrikse 2003). The amount of PA problems is assessed to be highly 

                                                      
78

 A controlling partner is defined as the partner that has control over the jointly owned entity, is entitled to variable 
returns from the entity, and has the power to affect the other partners returns (IFRS 10). 

Project
Commision 

Year
Country Capacity Owners Total Investment

Development 

bank envolment

Borkum Riffgrund I 2015 Germany 277MW DONG Energy (50%), Kirkby A/S (32%), The Oticon 

Foundation (18%)

Estimated EUR 1,250m None

Gwynt y Mor 2014 UK 576MW RWE Innogy (60%), Stadtwerke München (30%), 

Siemens Project Ventures (10%)

Estimated EUR 2,000m None

Thornton Bank III 2014 Belgium 148MW Consortion (55%), EDF Energy (9.2%), Margurite 

Fund (9.1%), RWE Innogy (26.7%)

Estimated EUR 490m EIB, KfW

Anholt 2013 Denmark 400MW DONG Energy (50%), Pension Danmark (30%), PKA 

(20%)

Approx. EUR 1,350m None

Source: 4cOffshore (2013)
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dependent on the developer. This section assesses PA problems in regards to the developer type - 

utilities or independent project developers (IPD).  

 
The identified PA problems are within the entire lifespan of the offshore wind farm and they occur 

as external suppliers might try to cut expenses or down prioritize certain projects to other projects. 

These factors can have significant impacts on the overall profitability for investors in the projects, 

and must be considered as highly important. In the construction phase, down prioritisation or poor 

choice of components can result in project delays. During the operational phase, poor choice of 

components or inadequate servicing can again increase the break-down rate and result in 

unexpected periods of down-time. It is crucial for the project owner to shorten any down-time as it 

can be directly measured on the bottom-line, while service providers simultaneously will be trying 

to lower their costs. 

 
Utilities are the main developers in offshore wind and the sector is currently very concentrated 

around the leading six utilities. A similar pattern is seen for suppliers of turbines, foundations, and 

cables (EWEA 2013). As a result, the suppliers and the utilities will have contentiously cooperation 

and both sides will have it in their best interest to keep a good relationship. The industry 

relationship is e.g. illustrated in the long-term framework agreement for turbines between DONG 

and Siemens (DONG 2012). As a result, the majority of the PA problems will be mitigated through 

the mutual recognition between the involved parties and the need for suppliers to maintain their 

reputation due to the low amount of costumers (developers). Further, an in-house approach for 

O&M servicing has risen among the large utilities with the result that potential PA problems are 

mitigated (Garrad Hassan 2013). This is assessed to be of high value as it secures the 

maintenance of the project for the finite lifetime. 

 
IPDs do not have the same opportunities in regards to mitigating PA problems through long-term 

relationships as the utilities (PFI 2011). This will call for more detailed contracts with suppliers and 

increases the costs of monitoring. Even though IPDs take a number of measures, they will not be 

able to mitigate PA problems in same extent. Especially the need for external O&M service 

providers is assessed to add risk to the overall project (Garrad Hassan 2013). 

 
Based on above it can be concluded that a utility developer can offer a less risky investment, 

however it must be expected that it comes with a price in form of a premium included in the price. 

Conversely, IPDs can potentially offer less expensive investments for more risk willing investors, 

but given the general investors risk attitude, a utility developer is evaluated to be the preferable 

choice. It is further important that the developer keep a stake in the project for the risk mitigation to 

take effect (Personal Interviews). 
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4.4 Discussion of Findings and a Future Funding path-Ways 

 

The assessment of the currently most applied funding methods in the offshore wind sector showed 

that all of the methods have advantages and disadvantages. 

 
The balance sheet method is the most applied and least complicated method of funding, which 

simultaneously mitigate most principal agent problems. However, because of the increase in debt 

the latest years and the high funding needs for future pipelines, this method cannot stand alone. 

The two remaining currently applied methods can supplement the balance sheet method in 

reaching the NREAP targets as it opens up for new capital through financial investors.  

 
Project finance attracts direct investments from financial investors, which is crucial to meet the 

NREAP target. However, project finance is most likely to be applied by IPDs in solo projects, as 

structural subordination makes project finance unattractive for the utilities. With a limited pipeline, 

independent developers are not assessed to have a decisive influence on whether the NREAP 

target will be met. The largest obstacles for project financed projects lays in the high amount of PA 

problems, the derived higher transaction costs, and the risk aversion among investors. It has 

further shown difficult for IPDs to secure long-term PPA's with utilities to secure against the price 

risk (PwC 2013a). In section 4.1, it was found how financial investors view on offshore wind power 

have moved towards the positive, however it is assessed that investors will continue to seek for 

established companies with proven track records of constructing and operating offshore wind farms 

to limit the risks.  

 
The JV-approach with financial investors contains some of the advantages from both the balance 

sheet approach and the project finance approach, while it simultaneously excludes disadvantages 

from both approaches. Joint ventures opens for capital from the financial sector and mitigates the 

principal agent problems with contractors and suppliers, while it further allows for alterations of the 

risk profile to meet the investors'. The combination of these advantages makes it the currently best 

bet on a path to achieve the NREAPs and this setup is expected to continue to gain ground in the 

forthcoming years. However, the JV-approach suffers from the disadvantages that the setup limits 

the spread of potential investors. The conducted joint ventures all include investments with high 

ticket sizes and must be characterized as illiquid buy and hold investments. 
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To open for a larger funding base and to offer more liquid placements it have been necessary to 

look beyond the current funding methods applied in the offshore sector. To find an asset class that 

offers these characteristic it have been beneficial to look into structured financial solutions. Asset 

Backed Securities (ABS) is an instrument that historical has been applied for infrastructure 

investments (PwC 2010) and through securitizing offshore wind farms into ABS’, the liquidity would 

significantly increase in the secondary market and facilitate a lowering of the ticket sizes required 

(Barclays 2011). Securitization of several projects would further provide a diversification effect that 

can lower the overall risk of investments. With structured products, the duration of different classes 

of the return can also be designed to specifically meet demands of different investor types.  

 
Below Figure 4-5 summarizes advantages and disadvantages for the different approaches: 

Figure 4-5 Advantages and Disadvantages with the Different Approaches 

 

The profitability and the robustness of an offshore wind investment for a financial investor with the 

JV-model have not previously been assessed in the literature. The profitability of such investment 

is of upmost importance as investors will only invest if the return is in line with the risk profile. 

Likewise, no prior issuance of offshore wind ABS’ have been seen in the market, and no prior 

studies have presented solutions for such set-up. However, securitization is emphasized in the 

Freshfields Bruckhaus Deringer study from earlier this year, where 80% of interviewees79 expected 

securitization to play a role in the industry in the coming years (Freshfields 2013). 

 
Therefore, this study will adopt a practical and strategic approach in coming chapters and 

contribute to the general literature. First, by addressing the topic of JV-investments through a 

valuation in chapter 5, and secondly in chapter 6, by addressing the strategic and structural 

challenges for implementing asset backed securities in offshore wind.  

                                                      
79

 200 senior executives in the European offshore wind sector.  
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Part 3 – Practical and Strategic Approach 

 

5. Valuation 

This chapter investigates the profitability and robustness of an equity investment placed in an 

offshore wind joint-ventures seen from the perspective of a risk averse financial investor. For this 

purpose, a hypothetical offshore wind farm placed in Germany will be valued80. The hypothetical 

investment will simulate an identical model as the conducted joint-venture cases observed in the 

industry81, where an investor obtains an equity share of 49.9% and will be excluded from certain 

risk factors. Input parameters for the cost-levels of the investment have primarily been based upon 

confidential information from a recent actual conducted investment case in the industry82. 

 
Further, due to the absent of publications investigating the profitability of joint-venture partnerships 

in offshore wind, a secondary objective will be to present the different elements of the investment. 

 

The chapter will first present the theoretical framework behind the valuation, and establish the 

discount factor. Secondly, revenue and cost components of the investment and the primarily 

results of the base-case scenario will be presented. Finally, a sensitivity analysis will be performed 

with purpose of evaluating the robustness of the results. 

 

5.1 Theory 
The fundamental objective of corporate finance is to maximize owner value by undertaking 

investments with positive net present value (Brealey et al 2007). In real assets valuation a wide 

range of models are used. While the complexity and assumptions behind the models often varies, 

they share some common characteristics and can be classified in three broader models; 

discounted cash flow valuation, relative valuation, and contingent claim valuation (Damodaran 

2012). Discounted cash flow valuations base the value of an asset on the present value of future 

expected cash flows. Relative valuations values assets by the value of comparable assets, and 

contingent claim applies option pricing models to value assets with option characteristics (ibid.). 

                                                      
80

 See section 5.3 for reasons for selecting Germany as investigation country.  
81

 As discussed in section 4.2.3. 
82

 The processing of this confidential data is described further in section 5.2 and 5.5.1.2. 
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 Applied Valuation Framework 

5.1.1

In this valuation, it is assumed, that the project developer, which will be a leading utility, will be 

responsible for presenting a complete solution for the groundwork of the investment. Therefore, 

clear agreements of the combined costs of the technical and financial solutions regarding 

construction and operation of the wind farm will be available. As a result, assessment of future 

cash flows during the wind farms life-span will be possibly to predict with fairly accuracy, why a 

discounted cash flow model, more precisely the Net Present Value (NPV) model, has been found 

as the most appropriate approach. 

 
It has been evaluated that the two alternative valuation approaches, relative valuation and 

contingent claim valuation, would add only little to potentially misleading contributions to the overall 

results. Relative valuations are suitable for generic assets such as cars, houses etc., where there 

exists a liquid market, and where comparable asset prices are available (Damodaran 2006). This is 

a not the case for offshore wind farms, and as it will be described later in this chapter, the value of 

offshore wind farms are highly dependent on location specific factors. Therefore, finding 

comparable assets would be exceedingly difficult, and even if located, their fair value would in most 

cases be regarded as business secrets. 

 
The Contingent claim valuation approach would likewise be problematic to apply correctly, as the 

financial investor will be offered a final investment case, which constitutes of one offer to either 

accept or decline participation in the joint venture. If the investor chooses to participate, the 

ownership will have a fixed duration of 27 years until decommissioning of the turbines, and the 

option to perform repowering of the existing foundations with new turbines will accrue to the 

partnering utility. Therefore, no later option elements of significance will be present for the financial 

investor. It should be noted, that if the investment case were to be viewed with the perspective of a 

utility, the contingent claim valuation approach would be highly applicable. Not only to due to the 

option of repowering, but also due to the large investments that are needed to enter a new 

geographical market, e.g. another country. Such market-entering investments would have a 

significant value for the option of constructing a second wind farm in the same country. However, in 

the perspective of a financial investor, the option-value of entering into a joint venture in another 

country is very limited, as it would constitute primarily of advisory fees and some travel expenses, 

which only would amount to a minor share of the total investment costs. 

 
 NPV and Discount Factor 

5.1.2

As argued, the NPV approach is found most appropriate for this valuation. This method is one of 

the most fundamental concepts of corporate finance (Moles et al 2011) and it is applied by 75% of 

financial managers when analysing investment projects (Graham and Harvey 2001). The idea of 



Page 66 

 

discounted cash flows can be traced back hundreds of years, however it was Irving Fisher (1907, 

1930) whom was credited as the ultimate source of our present ideas on discounted cash flows 

(Parker 1968). The NPV model values the future cash flows to present time using a risk adjusted 

discount factor. Hence, the value of an asset is solely based on its ability to generate future cash 

flows and not on book values (Brealey et al. 2008). The applied NPV model is expressed as 

follow83 (Koller et al 2010): 

(5.1)     ∑
    

(               ) 
                                      

 
     

The above presented NPV model captures uncertainty trough a risk-adjusted discount rate, also 

referred to as the cost of capital84. A widely used model for calculating the discount rate is the 

Weighted Average Cost of Capital (WACC). The WACC is a weighted average of the cost of equity 

and the after-tax cost of debt (Brealey et al 2008). However, given the specifics of the Business 

Case in this valuation, where it is assumed that the investor will equity finance the investment, it 

have been chosen to use the cost of equity as the discount rate85. 

 
To calculate the cost of equity, the Capital Asset Pricing Model (CAPM) has been applied. 

 
 Discount Factor Estimation with CAPM 5.1.3

There exist two types of risks: firm specific risk, which accrue to individual firms, and non-

diversifiable market risk, which is determined by the market (Damodaran 1996). According to the 

CAPM theory, investors are only compensated for incurring market-based risk as it is assumed that 

investors hold the market portfolio and therefore, firm specific risks are diversified away (Elton et al 

2003). When applying CAPM, the risk-free rate, the market risk premium, and beta value for the 

systematic risk of the investment needs to be established. The risk-free represents the rate 

required for investments in risk-free assets, the market risk premium represent the additional 

expected return investors demand to invest in equities (Damodaran 2012), and the beta value, β, is 

a measure of the systematic risk for a particular investment relative to the average risk of the 

market as a whole (Hitchner 2011). 

 
(5.2)            (     ) 

              ,                      ,   and                             

 
It should be mentioned that predictive power CAPM has been challenged by academics and 

practitioners. E.g. Fama & French (1992) found that their tests did not support the underlying 
                                                      
83

 Applied formulas can be found in appendix 16. 
84

 The term cost of capital represents the expected return an investor anticipates for other investments with similar 
risk profiles. 
85

 With a 100% equity investment a WACC model would be reduced to the return on equity i.e. CAPM 
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assumption that stock returns are positively correlated to market betas. However, Kothari et al 

(1995) found that expected returns do compensate for beta risk, and Koller et al (2010) concluded 

that no practical competing model has emerged. 

 
The following sub-sections will present the applied values used in estimation of CAPM. 
 
5.1.3.1 Proxy Beta Estimation 
Typically, beta values are estimated by regressing returns for a company stock against the return 

from an index representing the market, over a reasonable time period (Damodaran 1999). 

However, this approach is not possible as the offshore wind farm will not be public listed stock. 

Instead, a portfolio approach has been applied. This entails, selecting a group of companies whose 

business activities are considered comparable for the wind project and to use a weighted average 

beta of these as a proxy estimate (Hitchner 2011, Damodaran 2013a). Estimating the beta for a 

proxy group instead for a single security is further acknowledged advantageous: Levy (1971), 

Blume (1971), and Allen et al (1994) found that the stability and reliability of the beta increased 

with the size of a portfolio in comparison to the beta of single securities. 

 
In order to capture a risk profile similar to offshore wind projects, a proxy group of 7 European 

“pure play” renewable companies have been identified through a screening of Bloomberg's 

industry sector list for public listed companies in the energy sector, totalling to 174 companies. 

Even though it is assumed that that a utility-partner will be present in this valuation, utilities have 

not been suited for inclusion as they have a large degree of exposure to conventional energy 

sources. In addition to Bloomberg's industry list, three European renewable companies that have 

undergone reverse IPOs in the observed period have been included. The betas for these 

companies have been estimated on their newest available stock-data. CD-ROM in appendix 17 

presents the complete list and the selected companies.  

 
Beta Estimation Period and Interval 
Beta values are often estimated in either one-year, two-year or five-year periods with daily, weekly 

or monthly intervals respectively (Damodaran 1999). Global practitioners such as Barra, Merrill 

Lynch, Ibbotson, Value Line, S&P, Morningstar, and Bloomberg apply different approaches, why 

there is no apparent consensus of an ideal estimation window or interval. However, with the 

amount of global services applying these characteristics it is apparent that different approaches 

can be regarded as acceptable and reliable. 

 
When selecting the estimation window, there is a trade-off between an increased amount of 

observations and observing the current characteristics of the firm, as firms are likely to change 

business mix and leverage over time. Similarly, there is a trade-off when deciding on which time 
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interval to apply. A shorter interval increases the amount of observations, but it can result in 

observations without trading - non-trading periods. Periods with non-trading can result in a lower 

correlation with the market, and consequently affect the beta estimate (Damodaran 1999). 

 
Based on above, it has for this analysis been decided to estimate the beta values for the proxy 

group on weekly data over a two year period. The two year period has allowed to increase the 

amount of companies in the portfolio, as companies with a shorter trading history than five years 

can be included. Historic stock prices have been extracted from Bloomberg. Each of the proxy 

betas’ are calculated as follow (Brealey et al. 2008): 

(5.3)           
   

  
  

                                                                   
                        

 
Benchmark Market Index 
In practice there is no index representing the market portfolio. Instead large equity indices as the 

S&P 500 or the Morgan Stanley Capital Index World index (MSCI) are often applied (Damodaran 

1999). For the purpose of this beta estimation, the MSCI Index (Bloomberg ticker: MSERWI Index) 

has been selected as benchmark, as it covers 24 countries and diversifies away any country 

specific risk. Since all of the selected proxy companies are located in the Eurozone, it has further 

been chosen to use the Euro denoted MSCI index to remove currency risk. 

 
Estimated Beta Values 
The observed beta values are leveraged beta values and will reflect the capital structure of the 

individual companies. Given the different capital structures of the companies, the observed beta 

values are incomparable. To make the values comparable, they have been un-leveraged by the 

average debt to equity ratio over the observed period. Under the assumption that the investment is 

100% equity financed throughout the lifetime of the investment, the weighted average un-

leveraged beta-value will act as the beta in the CAPM formula. The formula applied for un-

leveraging the beta values follow Hamada (1972) and is as follows: 

(5.4)                 
          

  (    ) 
 

 

. 

                                               
 

 
                      

Applied tax rates have been derived from PwCs World Tax Summaries (2013), and D/E ratios have 

been extracted from Bloomberg (14-07-2013, available in CD-ROM in appendix 17). 
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Table 5-1 presents the calculated beta values for the proxy group alongside the weighted average 

beta value and the descriptive statistics86. The general picture of the selected companies is that 

they are only exposed to market volatility in a minor degree, resulting in an average beta value of 

0.45. This is in line with expectations as electricity demand is inelastic and only in minor degree 

influenced by market movements, which leads to a lower volatility for the portfolio than the market. 

Comparing the calculated beta value with Damodaran's estimation for the European power sector 

at 0.47 (Damodaran 2013b), it further shows that the estimated beta level is reasonable. 

 Table 5-1 Observed Proxy Group Beta Values . 

 
 

The R2 values shows that only a minor proportion of the firm risk can be attributed to market risk, 

up to 25% or as low as 5%, which reversely means that 75% to 95% of the beta is explained by 

other factors than the market. Especially regulatory changes is expected to have an impact on 

companies in the renewable sector, as the companies are dependent on countries policies towards 

green energy, hereunder changes in subsidy schemes, and changes in the EU Emissions Trading 

Scheme (ETS). An example hereof is when Spain stopped its subsidy scheme for renewable 

energy it impacted companies related to the sector e.g. Vestas Wind Systems decreased 2.9 

percent and Iberdrola decreased 1.5 percent (Bloomberg 2012b). 

 
When assessing the beta value the following should be taking into account. First, the choice to only 

include pure play renewable companies does not address offshore wind specifically. The 

companies are exposed to a great variety of renewable energy and since offshore wind is 

combined with greater risk than e.g. onshore wind, this will result in a lower overall risk exposure 

for the chosen companies. On the contrary, the proxy group does not capture the specific risk 

allocation of the investment where the construction risk and most of the O&M risk are moved to the 

partner. Secondly, the selected proxy companies are all small and inexperienced in the offshore 

wind industry compared to the six leading utilities, whom are expected to be the partnering utilities 

                                                      
86

 See appendix 17 for full overview of the data behind the calculations and the output from the regression. 

Company Levered Beta Std. Error* R Square** Unlevered Beta 

Alerion Clean Power SpA 0.57 0.21 0.07 0.23

EDF Energies Nouvelles 0.40 0.17 0.05 0.17

EDP Renovaveis SA 1.00 0.19 0.22 0.68

Enel Green Power SpA 0.90 0.17 0.21 0.62

ERG Renew 0.45 0.25 0.03 0.12

Falck Renewables Spa 1.37 0.24 0.25 0.57

Fersa Energias Renovables 1.21 0.26 0.17 0.70

Iberdrola Renovables 0.30 0.28 0.01 0.28

PNE Wind AG 1.14 0.26 0.16 0.65

Theolia 1.13 0.32 0.11 0.62

Average 0.07 0.45

Source: Bloomberg and own calculations

* The std. error for the portfolio is calculated as the average of the observed std. errors divided by

the square root of the number of stocks in the portfolio

** R2 and std. error based on the leveraged beta
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going forward. Smaller companies are generally more volatile than larger companies resulting in an 

increase in the observed beta values. Further, the fact that they are inexperienced would also 

result in increased risk compared with the larger utilities with a longer track-record, especially in 

regards to large-scale offshore wind projects.  

 
Based on above analysis, the observed weekly beta of the proxy group of 0.45 will be applied.  

 
5.1.3.2 Risk Free Rate 
Government securities from AAA rated countries are the most applied benchmarks for the level of 

the risk-free rate, as they are assumed to be risk-free by investors. For this valuation it has been 

decided to incorporate German Government bonds since Germany holds an AAA rating (Moody's) 

and it is the country where the investment is planned. To match the expected cash-flows of the 

investment, it has been chosen to apply the long-term 10-year German Government Bond. One 

could argue, that the 30 year German Government Bond would match the 27 year life span of the 

investment in a higher degree, but due to low liquidity of the 30-year bonds87, it has been evaluated 

appropriate and reliable the apply the 10-year bond. The current rate for the 10-year bond is 1.72% 

(Bloomberg 07-06-2013), which is historical low and expected to increase when the economy 

normalises in the long run. To adjust for the low interest rate, a five year average of 2.577% has 

been applied from the period 2008 - 2013 (ibid.). 

 
5.1.3.3 Market Risk Premium 
There are three methods to estimate an appropriate market risk premium. The first is to survey a 

subset of investors and derive a consensus based on their expectations. The second is to assess 

historical returns for equities relative to risk-free investments and to use the historical premium. 

The last involves estimation of the implied risk premium based on prices of assets traded in today's 

market (Damodaran 2013a). 

 
In this study, the most used and well-renovated publications88 have been assessed to establish an 

appropriate market risk premium across the different approaches. This approach has been chosen 

to offset the short-falls and advantages of the individual approaches and to find a consensus 

among these. Table 5-2 shows market risk premiums from the assessed studies covering both 

Germany and the U.S. Risk premiums for the U.S have been included under the rationale that 

investors in offshore wind will be well diversified and can act globally. 

                                                      
87

 The 30-year German Government Bond represents 3.2 % of total German outstanding debt, compared to 21.9% for 
the 10- year bond (German Finance Agency 2013). 
88

 Fernandez et al (2013) surveyed what professors, analysts, companies, and financial companies based their market 
risk premiums on. Besides own estimates, the publications in Table 5-2 were the most applied. 
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Table 5-2 Research of Market Risk Premiums 

  

The table shows the market risk premiums are estimated in the range of 4% to 7% with a median 

of 5.5%. The historical back-looking approach accounts for the largest differences in the estimation 

of the risk premium, accounting for both outliers of 4.2% and 6.7% - both for the U.S. The 

divergences for this approach can be attributed to the degrees of freedom the researcher have 

when estimating the risk premium, e.g. the table shows how different time series of data have been 

applied for Ibbotson, DMS, and Grabowski (marked with grey). When assessing German risk 

premiums isolated (marked with blue), the divergences between the different studies are very 

limited and the applied time series does not affect the level significantly: The German risk 

premiums are within the range of 5.2% to 5.8% and with a median of 5.5%. 

 
Based on above studies, the market risk premium for the investment has been set to 5.5%. 

 
5.1.3.4 Applied Discount Rate 
The three inputs to determine the CAPM formula have now been identified and can be inserted into 

equation 5.2: 

          (  ̅̅̅    )                         

The discount factor used in the valuation has been set to 5.052 %. 

 
 Internal Rate of Return and Present Value Index 

5.1.4

Besides estimation of NPV, two additional parameters will be used to evaluate the profitability of 

the investment. This is the Internal rate of return (IRR) and the Present Value Index (PVI). The IRR 

reflects the exact discount rate that makes NPV = 0 (Brealey 2008). It is used by financial investors 

in offshore wind to provide an indication of the yearly average return over the projects lifetime 

(Personal interview). The PVI expresses the ratio between the present value (PV) of future cash 

flows divided by the PV of the initial investment, and is used to provide a ratio of how much is 

earned on every invested Euro in present time (Brealey 2008). 

Study Method Published Country Period MRP

Dimson, March & Stauton (DMS) / Credit Suisse Historical February 2013 Germany 1900-2012 5.2

Grabowski / Duff & Phelps Historical 2013 Germany 1963-2012 5.5

Dimson, March & Stauton (DMS) / Credit Suisse Historical February 2013 US 1900-2012 4.2

Grabowski / Duff & Phelps Historical 2013 US 1963-2012 5

Ibbotson / Morningstar Historical May 2013 US 1926-2012 6.7

Damodaran Implied July 2013 Germany 2013 Q3 5.8

Damodaran Implied July 2013 US 2013 Q3 5.7

Fernandez, Aguirreamallao, Corres Survey May 2013 Germany 2012 5.5

Fernandez, Aguirreamallao, Corres Survey May 2013 US 2012 5.5

Grey cells highlights values from different applied time periods w ith same method Median 5.5

Light blue cells highlights values from Germany Average 5.5

Source: Own creation based on mentioned sources
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5.2 Case Study and Data 
As earlier mentioned, input parameters for the cost-levels of this valuation relies upon a recent 

conducted investment case in the industry (from here referred to as the Business Case), in which 

DONG was the utility partner. However, for the purpose of not revealing the actual origination of 

the real Business Case, certain scaling adjustments of the cost-levels for OPEX and CAPEX have 

been performed. These scaling adjustments are primarily a result of a changed size of the offshore 

wind farm89. Moreover, it has been decided to place the hypothetical farm at another geographical 

location compared to the Business Case, why geographical conditions likewise have changed. An 

additional scaling of CAPEX has been performed to meet these new geographical conditions as 

described in section 5.5.1. Further, to enhance the validity of the research and present this 

hypothetical project as generic as possible, several external inputs have been incorporated. The 

additional inputs have been collected in cooperation with industry experts and from published 

studies from industry observers and organisations such as EEA (2009), EWEA (2013), Prässler 

and Schächtele (2012), and others. 

 

5.3 Project Description 
The hypothetical offshore wind farm 

Über Wind I90 has been set up for 

analysis in this valuation. The wind 

farm has a planned construction 

start on Jan 1. 2014 and an 

expected project completion date 

three years later on Jan 1. 2017. 

After this, the wind farm will have an 

expected lifetime of 24 years before 

it will be decommissioned on Dec 

31. 2040. The wind farm is located 

in the Exclusive German Economic 

Zone, DolWin, in the North Sea (See Figure 5-1), and will be connected to the German TSO, 

TenneT91, which covers North West Germany (4cOffshore 2013). The German North Sea has 

been chosen because of the attractiveness of the German subsidiaries, which makes German 

projects to possess possibilities for high IRRs. In addition, the country has political a climate in 

                                                      
89

 The scaling of OPEX and CAPEX has been performed in cooperation with DONG. The values express realistic industry 
levels. 
90

 Sorry 
91

 TenneT is one of four TSO's in Germany. Other German TSO's are: Ambrion, 50Hertz Transmission and EnBW 
Tansportnetze (ENTSO-E 2011). 

Figure 5-1 Map of Offshore Wind Zones in Northern Europe 

Source: 4cOffshore 
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favour of renewable energy, and the North Sea region is characterized by good wind conditions 

(Eerens and Visser 2008, EEA 2009). Besides the high level of the minimum guaranteed sales 

prices, the external investor will benefit from the German legislation regarding TSO’s as described 

in earlier section 2.6.2. In this case the legislation will require, that the TSO, TenneT, will be 

responsible for construction and payment of the cabling-connection from the offshore farm to the 

power grid on land, and further that TenneT would be subject to provide reimbursements to the 

developer if the cabling construction should be delayed beyond the agreed project time frame.  

 
The offshore wind farm will be located 37 km from shore in water depths in the range of 15 - 20 

meters, which are standard geographical conditions for offshore wind farms build in 2012 and 2013 

(EWEA 2013)92. The investors share in the offshore wind farm will constitute a total capacity of 198 

MW and will be built with the currently most used turbine; the Siemens SWT-3.6-120 (EWEA 

2013), which has a capacity of 3.6 MW per turbine and a rotor diameter of 120 meters. Monopile 

foundations will be used for the offshore wind farm as it is the most widely used foundation type in 

water depths of below 20 meters (Appendix 18). 

Table 5-3 Project Overview for Über Wind 1 (Investor Share) 

 

 

5.4 Profitability of an Offshore Wind Farm 
To calculate the profitability of an offshore wind farm several factors have to be taken into account. 

On the cost side there are three overall cost components: CAPEX, OPEX, and the 

decommissioning costs. On the revenue side earnings derive from the energy generation and the 

remuneration hereof. The key components for the cost and revenue drivers are illustrated in below 

Figure 5-2, and following sections will explain the applied values used for the valuation. Finally, all 

valuation-inputs will be summarized in section 5.8. 

                                                      
92

 The depth and distance are expected to increase in future projects (EWEA 2013). This is expected to increase the 
CAPEX costs, but it will simultaneously result in better wind conditions and, in Germany, give an extended period with 
guaranteed minimum prices cf. the German support scheme (3E 2013) 

 Turbine Model  Siemens SWT-3.6-120  Location  German North Sea Time of valuation 1. Jan  2014

 Turbine Capacity  3.6 MW  TSO Connection  TenneT Construction start 1. Jan  2014

 Number of Turbines  55  Depth range  15 m - 20 m Handover date 1. Jan  2017

 Total Capacity  198 MW  Distance from shore  37 km or 20 nm* Decommissioning 31. Dec  2040

 Foundation  Monopile

Source: Own creation     * nm = nautical mile

Turbine Geographic conditions Time line
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Figure 5-2 Profitability for an Offshore Wind Farm based on Cost and Revenue Drivers 

 

5.5 Cost Components 
This section will provide an understanding of the cost drivers for an offshore wind farm while 

introducing the applied valuation inputs alongside. 

 
 Capital Expenditures 

5.5.1

CAPEX covers all expenditures related to the construction of the offshore wind, and in this case 

represent the initial investment required by the investor for their respective owner share. As 

mentioned in section 5.2, the geographical location of the offshore wind farm has been changed in 

order not to reveal the true origination of the Business Case. An analysis of the different 

components and how they will the impacted by the geographical change is thus necessary before 

the CAPEX can be determined. The following sections will first present how CAPEX can be broken 

down into different components and how scaling factors have been applied to incorporate the 

impact of the geographical change. 

 
5.5.1.1 CAPEX Cost Components and Scaling Factors 
According to several studies (See Table 5-4), CAPEX can be divided into the following five 

components: 

 Turbine - covers the turbine itself, the blades and hub, the tower, and all electrical components. 

 Foundation - manufacturing of the foundations. 
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 Electrical – internal cabling linking the offshore wind farm together with an offshore substation, and 

cabling linking the offshore wind farm to the shore. 

 Installation - transportation and installation of all components, turbine, foundation, and electrical 

components. 

 Others - administrative and project-related tasks, including environmental assessments, engineering 

studies, project management, and legal advice. 

The percentage allocation of costs between these five costs components have further been 

investigated in the literature with some consistency, as presented in below Table 5-4: 

Table 5-4 Percentage Allocation of CAPEX to different Cost Components 

 

The component constituting the largest share of total cost across all studies is the turbine with 

cost-levels in the range of 30-50% of CAPEX. Thereafter comes the installation and the foundation 

costs each constituting 15-25% of CAPEX. The component with the greatest variation across the 

studies is the Electrical costs components varying between 7% and 30%. Last the other costs is 

the component with the lowest allocation of less than 13%. It is acknowledged that costs 

components will vary depending on different geographical conditions (Prässler and Schächtele 

2012), why it is assumed, that the degree of inconsistencies between the different studies partly 

can be explained by different applied base-cases. 

 
In this analysis, the geographical move performed to 

hide the origination of the Business Case has 

resulted in a different distance to shore and an 

installation on another water depth. These two 

factors have been identified as the most influential 

on CAPEX (Bilgili et al. 2011, Green & Vasilakos 

2011). Table 5-5 illustrates the impact upon the five 

different cost components: 

 

Junginger 

(2005)

EWEA 

(2009)

EEA 

(2009)

renewableUK 

(2011)

IHS 

(2012)

Prässler and 

Schächtele (2012)

Turbine 30-50% 49% 43% 40% 34% 39%

Foundation 15-25% 21% 20% 19% 14% 21%

Electrical 15-30% 21% 7% 14% 15% 11%

Installation 0-30% - 26% 23% 24% 25%

Other 8% 9% 4% 4% 13% 4%

Sum NA 100% 100% 100% 100% 100%

Source: Own creation on mentioned sources in table

Distance to 

shore

Water 

depth

Turbine - -

Foundation - +

Electrical + -

Installation + +

Other + +
Source: Own creation

- No Impact, +Increase

Table 5-5 Impact of Increased Distance to 
Shore and Water Depth on Cost Components 
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As illustrated, increases in distance to shore will have an impact on electrical, installation, and the 

other costs components. The impact is related to the increased amount of cables needed to be 

procured and installed, the increased travelling costs due to the longer distance, and because of 

the higher dependency on suitable weather for longer periods on the open seas. 

 

Increases in water depth will increase the costs for foundations, installation, and other cost 

components. The increased costs for foundations are because they need to be more robust and 

most-likely of another type than monopile (Appendix 18). Further, requirements for the installation-

vessels increases, as they need to operate on greater depths (EEA 2009). 

 
The other component increases with both geographical changes as the projects are more complex 

and the administrative tasks of environment assessment more comprehensive. 

 
In this valuation, it has been necessary to adjust for such abovementioned cost increases. For that 

purpose, an analysis performed by EEA (2009) has been applied. The analysis compares 

estimated price-increases for the five presented cost components at different distances to shore 

and at different water depths. The analysis has resulted in a table of scaling factors, which can be 

applied to adjust the CAPEX when assessing offshore wind farms under different geographical 

conditions. However, EEA's scaling factors include electrical costs, which in this valuation will be 

covered by the TSO under the German support scheme. Therefore, EEAs scaling factors are not 

adequate to capture the true scaling factors needed for the Business Case material. It has thus 

been necessary to unwind the scaling factors, exclude the impact of the electrical costs93, and 

calculate new adjusted scaling factors. The calculation method behind these adjusted scaling 

factors is presented in appendix 19, while below table presents the final applied scaling factors. 

Table 5-6 Adjusted Scale Factors for CAPEX as a Function of Water Depth and Distance to Shore 

 

The CAPEX figures from the Business Case material have been adjusted by above table to meet 

the new geographical condition and they will be presented in the following section. 

 

                                                      
93

 Representing 7% as a starting point in EEA's (2009) base case as presented in Table 5-4.  

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200

10-20 1.000 1.007 1.014 1.022 1.029 1.083 1.200 1.283

20-30 1.067 1.074 1.081 1.089 1.096 1.150 1.267 1.349

30-40 1.237 1.244 1.251 1.259 1.265 1.320 1.436 1.519

40-50 1.396 1.404 1.411 1.419 1.425 1.480 1.596 1.679

Source: Own calculations based on EEA (2009)

Distance to shore (km)

D
e
p

th
 (

m
)
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5.5.1.2 Estimation of CAPEX 
Under the assumption that the investors are risk averse when investing in offshore wind (section 

4.3), the CAPEX will be reduced to a number of yearly instalments in the construction years, and 

all construction risk will accrue to the partnering utility, i.e. the utility will act like an entrepreneur. 

For this arrangement, the partnering utility demands a premium, which will be included in the yearly 

CAPEX instalments. Further, the arrangement will also entail a handover date of the wind farm. If 

construction is delayed and this date is not met, the loss from expected production will be 

compensated by the utility. 

 
This approach has also been observed in other consented investment cases, e.g. in Anholt 

Offshore Wind Farm where the investors paid instalments of respectively 14%, 30%, 31%, and 

25% of their share of CAPEX during the construction years (DONG 2011, Personal Interviews). 

 
The general level of the yearly instalments has been derived from the Business Case material. 

With the adjusted scaling parameters and the included risk premium, the total CAPEX for the 

investors will be EUR 863 million nominal value. The CAPEX has been divided into three yearly 

instalments during the construction phase, constituting respectively 12% in 2014, 58% in 2015, and 

30% in 2016 of the investors total CAPEX. 

 
 Operational expenditures (OPEX) 5.5.2

The OPEX covers the on-going expenses related to the offshore wind farm throughout the entire 

lifespan. For offshore wind, the OPEX is lower than for fossil fuelled generation technologies given 

the absent of fuel. However, OPEX still accounts for a significant part of the overall costs in the 

investments lifespan with yearly levels of up to 30% of the yearly revenue (Blanco 2009)94. The 

identified OPEX components are: Operation and Maintenance (O&M), Balancing Costs, Insurance, 

and Management and Administration (Business Case material), which will be described in the 

following sub-sections. 

 
5.5.2.1 Operation & Maintenance (O&M) 
The O&M costs cover all repairs and maintenance on the offshore wind farm and it is the largest 

contributor to OPEX, constituting approx. 80% (Base Case material). The O&M is an area that 

institutional investors typically are risk averse against (see 0) because of the potential high costs if 

larger break-downs occur. This risk aversion results in an O&M setup, where periods during the 

lifespan of the offshore wind farm will be covered by fixed O&M agreements to mitigate the risk. 

These periods are defined as following: 

                                                      
94

 In this hypothetical project, the OPEX level will be 12 % of the total revenue during the years with support scheme 
(2017-2024) and 22%-32% during the remaining years (2025-2040). 
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 Period 1: In the first five productions years (2017-2021), the investor will sign a Fixed Service and 

Warranty Agreement (SWA) with the producer of the turbine, in this case Siemens, covering O&M 

expenditures, and turbine related issues (Business Case material). 

 Period 2: After the five year period, a 10 year partly fixed O&M agreement between the investor and 

the partnering utility will be concluded for 2022-2031. Specific turbine related issues will not be 

covered in this period, why the financial investor will experience some variable expenditures 

alongside the fixed O&M agreement.  

 Period 3: After the end of the fixed O&M agreement, all expenditures will be variable from 2032 to 

2040. 

The described setup with fixed periods has been designed to follow the expected break-down rate 

of turbines and the expected time line for mayor overhauls in the offshore wind farm. Mayor 

overhauls include replacement of components with relatively short life spans and are expected 

every 5-10 years. The break-down rate is expected to be high in the first years until the 

components are settled and keep low until half way through the project life time, wherefrom it is 

expected to rise again  (Business Case material). The high frequencies of break-downs in the early 

stages of the life span are thus covered by the SWA. However, the high frequency in the late years 

are not covered by a fixed price agreement as there is a high uncertainty of the break-downs, why 

the fixed-price demanded by the utility would be equivalent high (Personal Interview). 

 
Above O&M setup results in following yearly cash flows profile as illustrated in Figure 5-3, which 

has been applied in the valuation. The variations in the years with partly and 100% variable costs 

illustrates the expected break-down rate and the mayor overhauls. 

Figure 5-3 Illustration of Applied O&M Cost-Profile 

 

5.5.2.2 Balancing Cost 
The TSO, TenneT, will be responsible for ensuring the physical balance in the power grid in the 

German North Sea region. For TenneT to meet this obligation, the wind farm will be required to 

nominate its expected production on a day-ahead basis (Frontier Economics 2005). Therefore, 

deviations between the nominated production and the actual production will be expected, and 

Source: Own creation

0

5

10

15

20

25

30

2
0

17

2
0

18

2
0

19

2
0

20

2
0

21

2
0

22

2
0

23

2
0

24

2
0

25

2
0

26

2
0

27

2
0

28

2
0

29

2
0

30

2
0

31

2
0

32

2
0

33

2
0

34

2
0

35

2
0

36

2
0

37

2
0

38

2
0

39

2
0

40

100 % fixed 
SWA 

agreement

Partly fixed O&M agreement, 10 
years

100 % variable O&M
EURm



 

Page 79 

 

these imbalances will, when realized, be balanced out by the TSO and settled to an imbalance 

price. The imbalance price will often be unattractive compared to the day-ahead or intraday market 

price (EWEA 2012, Personal Interview - Energy Trader). To minimize imbalances, the operators of 

this wind farm will be able to trade volumes in the intraday market on the German power exchange 

EEX's95 spot exchange: EPEX Spot. The manoeuvre of minimizing imbalances requires access to 

power exchanges, the OTC market, and skilled energy traders. This task is assumed to be 

outsourced to the partnering utility or a third party, and therefore the tasks of balancing the 

nominated production will incur an additional cost for the investors. 

 
The service of minimizing balancing costs are set to a fixed price of EUR 2.37 per generated MWh 

in 2013 prices (Business Case material). The price will be inflation regulated going forward. 

 
5.5.2.3 Insurance 
Insurances costs cover mandatory property and liability insurances96. Assets will be transferred to 

the investor on an on-going basis and will have to be insured accordingly. This will affect the 

valuation in the construction years, where a percentage of the total insurance premium will be 

included according the percentage development of the construction. 

 
In the valuation, the insurance premium will be set at EUR 1.36 million in 2013 prices (Case 

material). The premium will be inflation regulated going forward. 

 
5.5.2.4 Management and Administration 
Management and administration costs include expenditures connected with controlling and 

reporting of the wind farms performance, participation in board meetings, and other administrative 

tasks directly related to the wind farm.  

 
Management and administration costs are excluded in the valuation, as they are assumed to 

already be a part of the financial investors’ daily operations budget. 

 
5.6 Revenue Drivers 
Revenue streams from an offshore wind farm derives from the energy production and the 

remuneration hereof. This section presents the methodology behind calculating the expected 

energy production while introducing the model inputs, followed by an explanation of the German 

Support Scheme. Last, the price forecast of electricity prices in Germany will be presented. 

 

                                                      
95

 European Energy Exchange. 
96

 Liability insurance will cover if the activities of the owner or operator’s personnel or the operation of their assets 
damages the property of a third party or causes injury or to a third party individual (Richardsen 2011). 
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 Generated Output 

5.6.1

Wind power is an intermittent energy source, meaning that it is not always available for generation 

due to external factors, in this case wind. This means that the installed capacity of 198 MW will not 

be able to generate an output of 198 MWh every hour. In order to calculate the expected 

generation for a wind turbine, it is necessary to have information of following two parameters: 

1. The rate of power that will produced at a given wind speed (determined by the Power Curve), and 

2. how often wind of different speeds will occur (determined by the Wind Distribution) 

 
5.6.1.1 Power Curve 
The power curve determines the turbines utilization rate at different wind speeds. Figure 5-4 

presents the power curve for the installed turbine; Siemens Energy's SWT-3.6. 

 

The power curve shows a cut in speed 

at 4 m/s, which is where the wind is 

sufficient to make the blades rotate. 

From here the output increases rapidly 

until the rated output wind speed is 

reached at 12.5 m/s. There is no 

further output increase from here on 

as the turbine has reached its 

maximum output - in this case 3.6 

MWh/hour. The turbine delivers the same output until it reaches the cut off speed at 25 m/s, where 

it will be necessary to shut down to avoid damages. The turbines will be turned on again when 

wind speeds again are below 20 m/s (Business Case material).  

 

5.6.1.2 Wind Distribution 
The distribution of wind speed has over time been proven to follow the Weibull distribution as 

illustrated in Figure 5-5 (Renewable Energy UK 2007). The distribution shows the probability of 

how often winds at different speeds will occur, given two parameters: the shape factor and the 

scale factor (Johnson 2005). The shape factor determines how stable the mean wind is at a given 

location, and has been determined to a value of 2.397 in cooperation with a wind engineer, based 

on characteristics for the German North Sea (Personal interview). The scale factor is calculated as 

the mean wind speed divided by the Gamma function of (  
 

            
) (Weibull 1951). The wind 

distribution has been created with an average wind speed of 9.87 m/s, given the geographic 

                                                      
97

 To set the value in context, a value of 1 result in an exponential distribution, a value of 2 results in a Rayleigh 
distribution, and a value of 3 would converge towards the Gaussian (Normal) distribution (Patel 2006). 
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location in the German North Sea98 (4COffshore 2013). Calculations of the wind distribution can be 

found in appendix 20 and computations are possible in the model on CD-ROM in appendix 17. 

Figure 5-5 Wind Distribution given Average Wind Speed of 9.87 m/s 

 

The distribution visualizes a pattern where weak and moderate winds are more common compared 

to strong winds, resulting in a median lower than the average wind speed. 

 
5.6.1.3 Theoretical Net Output 
The theoretical hourly gross production per turbine can be calculated as the weighted average 

between the turbines power curve and the forecasted wind distribution, as expressed below: 

(5.5)                         (   )  ∑ ( (           )                )
 
    

To estimate the net production, internal losses in the offshore wind farm have to be subtracted. 

These losses includes: availability of the turbine when wind is blowing, blade fouling, electrical 

losses in the grid, array losses for when a turbine is in the wind wake of another turbine, and high 

wind hysteresis, which is when a turbine have to be shut down due to high wind speeds. The 

hourly net production for can be expressed as following: 

(5.6)                        ∑ ( (           )                )
 
     ∑(       ) 

Last, the amount of hours in the year and the numbers of turbines are multiplied to estimate net 

yearly production for the entire wind farm. 

(5.7)                                    ∑ ( (           )                )
 
     ∑(       ) 

In cooperation with industry specialist, the internal losses have been estimated to affect the gross 

production negatively with 14.2 %. 

 
With the power curve, the wind distribution, and the internal losses implemented in equation 6.4, 

the yearly net generation for the offshore wind farm has been calculated to be 859.55 GWh on 

average including leap years (see appendix 21). 

                                                      
98

 The near placed offshore wind farms Gode Wind 1 + 2 + 3 have been used as references. 

Own creation. 
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 Capacity Factor 

5.6.2

When evaluating performance of wind farms, the capacity factor is applied. The capacity factor 

analyses the net production compared with the theoretical maximum production (CSS 2012). The 

capacity factor from 55 turbines with a capacity of 3.6 MW and an expected annual production of 

859.55 GWh is: 

(5.8)                 
          

                               99
       

LORC (2013) has, based on first-hand information from different wind farm operators, calculated 

realized capacity factors for a majority of the commissioned offshore wind farms in Europe. For 

Über Wind I, the most comparable farms, based on commissioning year, geographical location, 

wind condition, and size are presented in Table 5-7100. Only a limited group of comparable parks 

exists, as the general development of large scale offshore wind farms in the German North Sea still 

is an immature stage and several farms are first to be commissioned in coming years.  

Table 5-7 Capacity Factors for Selected Commissioned Offshore Wind Farms 

   

Horns Rev 1 has the lowest average capacity factor of 41.6%, and Horns Rev 2 and Alpha Ventus 

have average capacity factors around 50%. The difference in the average capacity factor between 

Horns Rev 1 and 2 provides an indication of the technical development in the offshore wind 

industry, as they are built next to each other, but with 8 years in between101. 

 
The capacity factor of 49.5% for Über Wind 1 in this valuation is in line with the comparable 

offshore wind farms Alpha Ventus and Horns Rev 2, which indicates that the wind-input- and 

performance parameters applied in the valuation are valid. The level of the capacity factor has 

further been considered reasonable by industry specialists (Personal interviews). 

 

                                                      
99

 Average amount of hours in a year including leap years. 
100

 The complete list with capacity factors on operational offshore wind farms can be found in appendix 22. 
101

 Horns Rev 1 experienced low capacity factors in the early years. As low as 26 was measured in 2003. 

Installed 

capacity 

(MW)

Commisioned 

(Year)
Location

Average 

Wind 

speed 

(m/s)

2010 2011 2012 Average*

Alpha Ventus 60 2010 North Sea 10.5 50.80 ** 50.80

Horns Rev 1 160 2002 North Sea 9.7 40.37 47.79 48.23 41.61

Horns Rev 2 209.3 2010 North Sea 9.7 46.66 49.69 52.14 49.50

Über Wind 1 198 2017 North Sea 9.87 49.50***

Source: LORC Online                        

* Average values are based on all years since commisioning      **Data for Alpha Ventus in 2012 is missing

*** Estimated value for investor share of 198 MW

Capacity factor (%)General information
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 Support scheme  

5.6.3

Offshore wind farms with planned commissioning in 2017 are under the German fixed Feed in 

Tariff (FIT) support scheme offered two 20 year support solutions: Option 1 and Option 2 as 

illustrated below: 

Table 5-8 Available FIT-support, Commissioning 2017 

 

The two solutions each have their advantages: option 1 delivers stable cash flows for a longer 

period, thus providing a long hedge in regards to market price development. Option 2 delivers high 

guaranteed prices in a shorter period, thus allowing an accelerated repayment of the investment. 

Operators are free to leave the support scheme, if actual market prices are higher than the 

guaranteed prices in the FIT period. This is expected to happen for the Final Tariff periods of EUR 

35/MWh for both Option 1 and Option 2 (see Section 5.6.4). 

 

In addition, the German support scheme offers a prolonged compensation period of the starting 

tariff if certain geographical conditions are present. For Über Wind 1, this will result in additional 

four months with a guaranteed fixed price of EUR 150 as it is placed 20 nm from shore102. In the 

three year construction phase, a buffer is included giving the utility a potential upside from early 

generation. It is assumed that the commission date will be before the handover date to the financial 

investor at January 1st 2017. All generated output in this interim period will accrue to the partnering 

utility (Personal Interviews) and sold under the support scheme. This results in a shorter period 

with guaranteed prices for the investors. For simplicity reasons, this period is assumed to cancel 

out with the prolonged period of four months and will be disregarded in the valuation. 

 
Projects with commissioning after 2017 will be affected by the regulation of the German support 

scheme (Section 2.4.3). The degression of option 1 and the complete withdrawal of Option 2 is a 

clear deterioration and will have a considerable impact on the profitability of the wind farm. This will 

constitute a large risk for the investors, which should be sought mitigated through clear 

arrangements with the partnering utility. Withdrawal and/or a compensation clauses have been 

incorporated in several conducted JV agreements, dictating that the utility will be required to 

compensate for resulting revenue loss if the hand-over date is breached (Personal Interviews). 

 
In this valuation, the two options have been tested, and option 2 has shown to prove the highest 

NPV-value, why it has been selected as applied support scheme. 

                                                      
102

 Prolonged compensations periods are always based on Option 2. See appendix 2 for a complete review of the 
German support scheme. 

Option 1

Option 2

Own Creation. Source 3E 2013

Starting Tariff 

150 EUR/MWh

190 EUR/MWh

Starting Tariff Duration

12 years

8 years

Final Tariff

35 EUR/MWh

35 EUR/MWh

Total Duration

20 years

20 years

Final Tariff Duration

8 years

12 years
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 Energy Price Forecast 

5.6.4

The price forecast applied for years after the initial years with FIT-support, are based on Pöyry's 

(2013b) latest quarterly update for electricity prices in Germany until 2035. The forecast entails 

three scenarios: a low, a central, and a high. The scenarios applies different growth rates of 

renewable energy, increases in energy consumption, fuel and carbon prices, and types of built 

plants in the forecasted period. The high scenario assumes a high growth rate of renewables, the 

central scenario assumes renewable growth slightly below the NREAP-targets, and the low 

scenario assumes significant lower renewable growth (Pöyry 2013b). From 2035 and forth, the 

forecasts have been projected with the inflation rate until 2040. The support scheme and the level 

of the forecasted prices given the different scenarios are illustrated in Figure 5-6: 

Figure 5-6 Price Forecast for EEX and Offered Subsidy Prices
103

 

 

The central price forecast is the anticipated scenario by Pöyry (2013b) and this will be applied in 

the valuation. 

 
 Down-Lift on Power Prices 

5.6.5

Spot prices on EEX are set by supply and demand using the merit order. The merit order ensures 

that less expensive energy is used before more expensive, by ranking available energy sources by 

their marginal cost (EWEA 2010). The marginal cost of energy is mainly driven by the technology 

and the fuel it uses. Nuclear and renewable energy have low marginal costs and enters the merit 

order curve at the lowest level, while technologies with higher marginal costs such as coal and gas 

enter accordingly. The demand for electricity is inelastic meaning that demand is almost 

unchanged regardless of the price, which results in high volatility with even small shifts on the 

supply curve (ibid.). The price formation is illustrated in Figure 5-7, where the supply curve goes 

from the least expensive to the most expensive units.  

 

                                                      
103

 The price scenarios have been included in the valuation model on CD-ROM in appendix 17. 
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Figure 5-7 Merit Order Effect 

 

The merit order has to be taken into account for this project.  In periods where a large amount of 

wind energy is available, spot prices will be affected temporary downwards. Therefore, the power 

generated will be sold at lower prices than the average spot price - referred to as a down-lift. The 

effect on prices have been investigated in the literature for the German market by Neubarth (2006), 

Sensfuss el al (2006), and Weigt (2008), which respectively indicated a down lift of 6%, 12%, and 

25%. A common factor for these studies is that they are based on historical data, hence they do 

not capture the effect of the changed energy mix caused by the NREAPs.  Industry specialists 

have been consulted and estimates in the range of 8% to 10% have been informed to be expected 

for similar investments in the German market. 

 
After interviews with industry specialists, the applied down lift has been set to 9% and will be 

deducted from the forecasted spot price. 

 
5.7 Model Assumptions 
This section entails a description and analysis of the model assumptions applied in the valuation. It 

has been decided to include the following parameters: Inflation and Midyear conversion, Tax, Net 

Working Capital, and Decommissioning Cost. 

 
 Mid-year conversion 

5.7.1

When discounting the annual FCF, it is implicitly assumed that all cash flows will fall the last day in 

every financial year. Since cash flows are generated throughout the year, the discount factor has 

been adjusted downward by half a year under the assumption that cash flows are created 

symmetrically around the midyear point (Koller et al 2010). Likewise, it is assumed that the investor 

pays the three CAPEX instalments at the midyear point in the three initial years. 
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 Inflation 

5.7.2

The applied long-term inflation in the valuation is based on European Central Banks inflation 

forecast (ECB 2013) and will be set to 2.0 % per year. 

 
 Tax 

5.7.3

Corporate tax is in Germany paid both to the Government and to the local municipality. The 

government collects corporate income tax at a rate of 15.825% and municipalities collect a trade 

tax, which varies among municipalities. In Lower Saxony, where the Über Wind 1 is located, the 

trade tax is set at 14.63% (E&Y 2010). Further, dividend tax of 26.25% can be applicable. 

However, different company constellations results in different tax principles. To determine the 

correct tax level, it has thus been necessary to determine the company constellation first. 

  
5.7.3.1 Optimal Project Company Constellation 
The most important differences in the different company constellations in Germany lies in the 

liabilities for the partners/shareholders, in the tax treatment of the partnership/company, and in the 

required accounting provisions. The GmbH, the KG, and the GmbH & CO KG constellations will be 

described in the following104. 

 A GmbH
105

 is a Limited Liability Company with at least one shareholder. The shareholder can be a 

person, a partnership or a company. The GmbH can only be held liable to the equity in the company, 

which for the offshore wind farm will be CAPEX of EUR 863 million
106

. A GmbH is subject to trade 

tax, solidarity surcharge, and corporation tax of all income. Hereafter, profit can be paid out as 

dividends. 95% of total dividends are subject to tax exemption, resulting in taxation of 5% of the 

dividends
107

, which are taxed a rate of 25% plus a 5% solidarity surcharge of the 25%, resulting in an 

effective dividend tax rate of 1.31%
108

 (Deloitte 2013). 

 The KG
109

 is a Limited Partnership, whereas one involved partner will be an unlimited partner and 

one or more others will be limited partners. The limited partners are only liable for their investments, 

whereas the unlimited partner will be fully liable. A KG is a tax transparent entity only subject to trade 

tax. Corporate tax and solidary surcharges are levied on the partners parent-level (Watson 2012).  

 The unlimited partner in a KG is often a limited company (GmbH), which limits the overall exposure 

to the limited amount of the GmbH - this constellation is referred to as a GmbH & CO KG (Watson 

2012). 

                                                      
104

 All other company constellations have been disregarded after interviews with tax professionals. 
105

 Gesellschaft mit beschränkter Haftung. 
106

 The minimum liability for a GmbH is EUR 25,000. However, in this valuation it is assumed that the investor will 
perform a total equity investments with no debt, why the investor will be liable for the total CAPEX amount. 
107

 Given the 95% tax exemption rule. The rule is only applicant if the ownership share is larger than 10%, otherwise all 
dividends will be subject to tax (Deloitte 2013). 
108

 Calculated as (                 (                                ) )  (                       
                 )        (Deloitte 2013) 
109

 Kommanditgesellschaft 
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The three company constellations are all applicable for the offshore wind farm. However, 

differences in the taxation of profits make the KG and the GmbH & CO KG constellations more 

attractive for an investor. In a GmbH constellation, all earnings are taxed in the offshore wind farm 

and all profits will be paid to the owners as taxable dividends. Secondly, the tax transparency in a 

KG or in a GmbH & CO KG makes it possible to activate tax deficits from the offshore wind farm in 

the parent company to offset other potential tax claims110. Likewise, the investor can activate tax 

deficits from other projects to offset tax claims from the offshore wind farm and lower the overall 

tax expenses. By this the investor will only be subject to the parent company’s corporate tax rate, 

which can differ from the general German corporate tax rate. However, this valuation is performed 

as a stand-alone assessment, thus potential tax optimisation effects cannot be included111. 

 
The GmbH & CO KG constellation has been chosen as it combines the advantages of a GmbH 

and a KG in regards to limited liability and transparent taxation. The applied tax rate will thus be 

15.825% in corporate tax 14.63% in trade tax to Lower Saxony, giving a total tax rate of 30.5%. 

 
5.7.3.2 Carry Forward Tax Losses 
In the beginning of a wind farms life time, there will be tax losses due to the high level of 

investments. Tax losses can in Germany be carried forward for future years with no time restriction 

(PwC 2013b). However, the allowed amount to use per year of the carried forward tax deficit is 

limited to a maximum of 60% of taxable earnings that exceeds EUR 1 million. All taxable earnings 

below EUR 1 million can be carried forward with 100% (E&Y 2010). 

 
For simplicity reasons, the amount carried forward is set to a maximum rate of 60% for all taxable 

earnings including amounts below EUR 1 million. 

 
5.7.3.3 Depreciation Rate 
The depreciation method in Germany is dependent on asset type. For wind turbines, the asset life 

time is estimated to be 16 years and only straight line depreciation is allowed. It is further not 

allowed to depreciate the assets while they are under construction (E&Y 2010). A special 

accelerated depreciation (sonderabschreibung) of 20% is allowed in addition to the general 

depreciation during the five first years. The 20% can be allocated over the first five years in the 

way found most suitable for the given asset. 

 

                                                      
110

 Assumed that the parent has other on-going business activities and investments. 
111

 This subject would however be relevant in a real life business case. 
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For this valuation has it been found most optimal to apply 10.83% in 2017 and 9.17% in 2018112, 

which results in a net taxable income of zero in 2017. In practice, the year 2017 will be depreciated 

with 1/16 of total CAPEX + 10.83% of total CAPEX: 

(5.9)                      
           

        
                                 

The same methodology is applied in 2018 where the additional 9.17% of the accelerated 

depreciation is applied on the remaining asset amount of EUR 715.98 million113: 

                      
           

        
                                

The remaining amount will then be straight-lined depreciated over the next 14 years: 

(5.10)                                     
           

        
           . 

 
 Net Working Capital 

5.7.4The investor will rely on the operator to handle all external cash flows such as payments of 

expenses to suppliers, settlement of trades in the market with EEX, and settlement of balancing 

accounts with TenneT. As a result, the only net working capital consists of trade receivables from 

the sold electricity. Based on the case material it is assumed that the operator will pay the net cash 

flow to the investor on a quarterly basis plus 30 days. 

 
It is assumed that the cash flows are evenly distributed over whole years, hence the average hold-

back period will be half of a quarter plus 30 days - equal to 75 days, as illustrated below: 

Figure 5-8 Averageg. Hold Back Period 

 

 
 Decommissioning and Repowering 

5.7.5

The owners of the offshore wind farm have a decommissioning obligation to remove everything 

related to the offshore wind farm and restore the area at the end of its lifespan. Alternatively there 

is an option to repower the old wind farm by replacing the existing turbines with new and more 

modern turbines. By implementing updated turbines the wind farms economic lifetime can be 

                                                      
112

 These values were found using Excel solver function in the valuation model (CD-ROM in appendix 17)  
113

 Remaining amount: EURm 863.42 – EURm 147.44 = EURm 715.98 
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extended. Repowering will result in no decommissioning obligation and in reduced investments for 

the new wind farm as foundations and the electrical infrastructure can be reused114. 

 
It is assumed that the option to repower will accrue to the partnering utility, hence have no effect on 

the decommissioning costs. The costs have been set at EUR 18 million in 2040 nominal (Case 

material). 

 
5.8 Final Model Inputs 
All inputs for the base-case valuation of Über Wind 1 have now been established. A summary is 

provided in Table 5-9: 

Table 5-9 Valuation Model Inputs 

 

The table shows selected years with significant changes in the static figures compared to the year 

before e.g. in year 2021 where the fixed O&M costs changes from the SWA agreement of EURm 

15.57 to the partly fixed O&M agreement of EURm 13.15. An explanation of the year to year 

changes can be found in the upper right hand corner of the table. A table containing all years can 

be found in the full valuation model on CD-ROM in appendix 17 

  

                                                      
114

 Given it is within the technical lifetime of the assets. 

Model assumptions 2014 2015 2016 2017 2022 2025 2032 2037 2040

Time of Valuation (first CAPEX) date 2014 Start of year Years are shown as:

Number of turbines 55 2014-2016 

Average wind speed (m / s) 9.87

Utilitization derived from the power curve MW 2.08 2017

Balancing cost EUR / MWh 2.35 2014 prices, adjustet with inflation

Down lift on prices % 9.0%

Production loss % 14.2%

Inflation % 2.0%

Construction start date 2014 Start of year

First Power date 2017 Start of year

Decomissioning year date 2040 End of year

FIT-support duration (Option 2) years 8

Trade recivables hold-back period days 75

Discount Factor % 5.052% 2040

Cost drivers (nominal values, mid-year) 2014 2015 2016 2017 2022 2025 2032 2037 2040

CAPEX

Capital Invesment mEUR 103.61   500.78  259.03   

Decomissioning cost mEUR 45.00      

OPEX

Fixed Operational & Maintanance costs mEUR 15.57       13.15      13.15       

Variable Operational & Maintanance costs mEUR 6.71        6.31         17.18       21.74      19.33      

Balancing costs mEUR 2.32         2.57        2.72         3.14         3.45        3.68        

Insurance (adjustet with inflation) mEUR 0.18      1.06       1.55         1.71        1.82         2.09         2.30        2.44        

Revenue drivers (nominal values, mid-year) 2014 2015 2016 2017 2022 2025 2032 2037 2040

Energy Price

EEX Price Forecast (Central) EUR / MWh 46.37     49.14    52.66     56.98       83.18      101.07     130.95     155.63    165.15    

EEX Energy Price with down lift EUR / MWh 44.72    47.92     51.86       75.70      91.98       119.17     141.62    150.29    

Subsidies or

8 year FIT-support (Option 2) EUR / MWh 190.00     190.00    35.00       35.00       

Generation factors

Hours per year 8,760       8,760      8,760       8,784       8,760      8,784      

Own creation based on valuation inputs

2037

2032

2025

2022

Decommissioning year.

Years with CAPEX.

First Revenue Year with 

100% fixed OPEX and fixed 

price tariff.

Fixed price tariff (period 2) 

expires, now 100% EEX.

Partly fixed OPEX expires, 

now 100% market prices.

Fixed price tariff (period 1) 

expires, now most likely EEX.

100% fixed OPEX expires, 

now partly fixed.
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5.9 Valuation Results 
The primary results of the base-case valuation are presented in Table 5-10. It shows that the 

investment has a positive NPV of EUR 265.51 million and an IRR of 8.58%, approximately 3.5 %-

points higher than the opportunity cost of capital of 

5.052 %. This indicates the investment adds value 

to the financial investor and the PVI of 1.33 shows 

that the initial investment is paid back with 33%. 

 
Limited public information exists of investors’ requirements to return for investments in offshore 

wind. However, in a recent article in Danish newspaper Børsen from Sep. 2013, analysts from SEB 

and PensionDenmark informed they perceived current opportunities to offer yearly returns of 7-8% 

and 7-10% respectively (Børsen 2013). The IRR level for Über Wind 1 of 8.58% is in the higher 

end of this range, and with tax optimisation, the IRR is estimated to be 9.9%115. Comparing the 

results with the excepted yearly return for a full-risk German offshore wind farm, which in section 

2.4.2 was anticipated to be 14.5%, it shows that the obtained IRR is significantly lower. This is due 

to the price per installed MW of EUR 4.36 million, which is higher than the expected industry 

average of EUR 3.6 million (section 2.7). However this is reasonable given the completely different 

risk profile, and the significant risk premium paid by the investor to the utility116.  

 
The non-discounted cash flows in Figure 5-9 shows how the yearly cash flows are stable over time 

with a higher level seen in the years with the fixed FIT-support: 

Figure 5-9 Annual and Accumulated Discounted and Non-Discounted Cash Flows 

   

                                                      
115

 Assumed that the financial investor can offset all corporate tax throughout the lifespan of the investment. The 
yearly tax rate would then be reduced to the trade tax of 14.63%. 
116

 A valuation without the premium has been conducted and the results have been in line with findings from other 
studies. The figures without the premium cannot be disclosed due to agreements with DONG. 
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In nominal value, the investment is repaid within the years with FIT-support. This reflects the 

dependency of the early years, as lower/higher production in these years in particular can impact 

the overall result. The discounted cash flow shows that NPV is equal to zero in 2029, which is five 

years after the FIT-support ends. This makes the investment dependent on future developments in 

electricity prices as this can prolong/shorten the time before economic break even. 

 
5.10 Sensitivity Analysis 
In this section, a sensitivity analysis will be performed to test the robustness of the results. 

In general, the investment is dependent on two major factors: the development in future electricity 

prices and the average wind speed. Therefore, the different price scenarios from Pöyry (2013) will 

be examined to investigate the effect if the price development diverges from the anticipated central 

forecast. Secondly, a critical value will be identified to test the wind speed that makes the 

investment break-even. Last, a Monte Carlo simulation will be carried out based on the base-case 

valuation with the central price forecast. 

 
 Price and Wind Robustness 

5.10.1There exists great uncertainty of the exact development of future electricity prices and since break-

even for the investment is after the period with FIT-support, it has been decided to analyse the 

effect of the two alternative price forecasts from Pöyry (2013): the low and the high forecast. 

Figure 5-10 Yearly and Accumulated Discounted Cash Flows with different Price Scenarios 

 

Figure 5-10 shows how the payback period differ between the three price scenarios. In the high 

scenario the payback period is, compared to the central scenario, shorten by two years to 2027. 

On the contrary, the low scenario results in a four year longer payback period with break even in 

2033, nine years after the FIT-support ends. This highlights how dependent the profitability of the 

investment is on the future price developments. All scenarios results in positive returns, but the 

difference in return is significant and diverge from EUR 85.34 million to EUR 533.81 million. The 

IRR in the low scenario of 6.48% is presumably lower than many institutional investors would find 
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acceptable. The reason hereof, is expectations to rising rates in government bonds and other high 

rated securities, why offshore wind needs to maintain a solid return in order to justify for the added 

credit and liquidity risks (Børsen 2013, Personal Interview). Furthermore, the late final repayment 

in the low scenario raise questions regarding the actual durability of the turbines, which is a risk 

most investors are uncomfortable with (Personal Interview). It should be mentioned, that the 

partnering utility could guarantee a fixed minimum price, but this would likewise come at a cost and 

limit the upside potential. 

 
Analysing deviations in the average wind speed further shows that the return is significantly 

affected by 5%-movements in mean wind speed. An average wind speed 0.5 m/s lower than the 

expected mean speed will decrease NPV with be approx. EUR 60 million. If the average wind 

speed increases, the NPV will likewise increase with approx. EUR 55 million. This reflects the 

effect of the skewed wind distribution, why the potential downside is slightly larger than the upside.  

Table 5-11 Valuation Output given different Average Wind Speeds, Central Price Forecast 

  

The critical value for the investment in regards to the mean wind is at 7.93 m/s where NPV equals 

zero. This is a risk that is greatly difficult to hedge for, but it must be stated as highly unlikely that a 

constant drop in mean wind speed of such size will occur over the next 27 years. 

 
 Monte Carlo Simulation 

5.10.2

To test the general robustness of the base-case, a Monte Carlo simulation has been performed. 

This allow to access risk with multiple variable input factors at the same time, instead of changing 

one at a time. The analysis is performed by multiple simulations, each time using a different set of 

random numbers from a predefined probability function. It therefore allows inspecting whole 

distributions of possible project outcomes (Brealey 2008). The following factors will be assessed in 

the analysis and established in following sections: EEX spot price volatility, production loss factors, 

wind speed uncertainty, O&M costs, and the discount factor. 

 
The Monte Carlo simulation has been performed with the @Risk Excel application by Palisade 

Corp. There are 215 input variables and the analysis was performed with 10,000 simulations. 

 
5.10.2.1 Price Volatility for Future EEX Spot Prices 
A reliable estimate for the future price volatility for EEX spot prices is needed in order to perform a 

sensitivity test of the presented valuation. Several methods can be applied to estimate volatility. 

One being calculation of the implied volatility included in the price for a traded European option 

Average wind speed 7.93* 8.87 9.37 9.87 10.37 10.87

NPV EURm 0.00 139.74 204.79 265.51 320.00 368.09

IRR 5.05% 6.98% 7.82% 8.58% 9.24% 9.81%

PVI 1.00          1.18          1.26          1.33          1.40          1.46          

* Average wind speed with NPV = 0
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with a future exercise date by applying the Black Scholes formula (Eydeland and Wolyniec 2003) 

The Black Scholes formula relays on five inputs including the volatility. However, calculation of the 

implied volatility from a long-horizon EEX option would be highly questionable as the market is very 

illiquid thus the observed traded option prices might not reflect the actual future volatility. E.g., only 

one yearly 2019-option has been traded at current date117. Given this, it has been decided to 

estimate the future volatility based upon historical spot prices. For this purpose, hourly EEX spot 

prices covering the period from June 1st 2003 to June 1st 2013 have been extracted from 

energinet.dk118. As seen in Figure 5-11, the EEX spot prices are strongly affected by seasonality: 

Figure 5-11 Seasonal Power Spot Price Fluctuations 

 

These seasonal fluctuations results in a high day-to-day volatility, which is important to account for 

when estimating the yearly volatility. An estimate for the yearly volatility is needed as the price 

forecast applied in the valuation is denoted in years. If the yearly volatility was to be determined 

upon spot price changes over the last 100 trading, it would suggest a yearly price volatility of 

approximately 240%119. This number is clearly a misleading indicator for the actual yearly volatility, 

hence it has been decided to base the estimation upon yearly average prices even though this 

decreases the sample size. It has further been decided to limit the estimation period to 10 years of 

data, because the price- dynamics of the spot markets were relatively different before the 

liberalization of the European power markets (Jamasb and Pollitt 2005). Therefore, inclusion of 

years prior to 2003 could skew the estimate120. 

                                                      
117

 Trading of 2019-option has been possible since 27-12-2012, option expiry date 28-12-2018, EEX 29-06-2013 
118

 EEX prices have been extracted from energinet.dk, since it is a free service. European Energy Exchange (EEX) is the 
original source, however extraction from their data base is costly. A sanity check has been conducted for June 2010 
hourly prices with a 100% match compared to the power prices listed at the EEX webpage. 
119

 Average daily prices have been calculated based upon the extracted hourly price. Calculation method for day-to-
day volatility is identical to the one presented in Table 5-12. To convert to yearly volatility is the day-to-day volatility 
multiplied by √365. A window of 365 days is used, as the EEX spot market is open 365 days a year in comparison to 
stock markets which are open 250-252 days a year.  
120

 Jamasb and Pollitt (2005) concludes in their study that several price dynamics changed, including overall more 
stable and lower prices, during the early stage of the EU power market liberalization in the period 1997-2003.  
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From this method, the historical yearly volatility has been calculated to 31% as presented in Table 

5-12. However, as the share of renewable sources in the energy mix is expected to increase in the 

future, it is likewise anticipated that 

volatility will increase due to the 

fluctuating generation of these 

sources. As a way to incorporate this 

expectation in the sensitivity analysis, 

it has been decided to increase the 

historical volatility of 31% with 0.2% 

for every year going forward, thus 

reaching a volatility of 36.20% in 

2040. This decision is entirely based 

upon an assumption. 

 

5.10.2.2 Loss Factors Uncertainty  
The sensitivity of the loss factors are divided into two types: incident related losses and production 

losses. The incident related losses include the availability losses, and production losses include 

blade fouling, internal array losses, wind wake, and high wind hysteresis. The two types will be 

assessed differently in the analysis, since they are expected to follow different distributions. The 

presented values were found in cooperation with a wind engineer and they are based upon 

findings in the industry. 

 

The availability loss-factor is expected to 

represent an overweight of minor incidents 

and only represent a small amount of large 

incidents that are affecting the overall 

availability in a year. Small incidents include 

electrical incidents in single turbines, while 

worst-case incidents could include a broken cable, which could result in a sustained period of non-

producing time. In order to analyse this expected distribution of availability losses, it has been 

decided to let the availability factor follow a log-normal distribution with a standard deviation of 

50%. Besides providing a realistic view of the distribution of the availability losses, the log-normal 

distribution further eliminates the possibility of negative values, which in practice are impossible. 

Table 5-12 Volatility Estimation, 10 Years Rolling Prices 

Year

2003 30.00

2004 28.52 -5.05%

2005 45.98 47.75% Std.dev. =

2006 50.14 8.66%

2007 37.99 -27.76%

2008 65.76 54.88% = 31%

2009 38.86 -52.62%

2010 44.49 13.54% n = 10

2011 51.13 13.90%

2012 42.60 -18.25% = 2.37%

2013 38.03 -11.35%

Log normal 

change Volatility Calculation

Avg. Price 

EUR / MWh

∑    ̅  

   

Table 5-13 Standard Deviations for Loss Factors 

Loss factor Mean Distribution
Standard 

Deviation

Avaliability 4.0% Log dist. 50%

Blade fouling 0.5% Norm. dist. 25%

Internal array losses 1.7% Norm. dist. 25%

Wind wake 7.6% Norm. dist. 25%

High wind hysterese 0.4% Norm. dist. 25%
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The production losses will follow a normal distribution as they are assumed to be evenly distributed 

around the mean value. The normal distribution has been accepted for the production losses as 

they have a standard deviation of 25, which only in extreme cases will result in negative values121. 

 
The standard deviation on the loss factors are to be found in Table 5-13 and will be independent 

from year to year. It is further assumed that all loss factors are uncorrelated. 

 
5.10.2.3 Wind Uncertainty 
Uncertainty in wind speed estimates accrue to measurement equipment and to deviations in wind 

speed in measured years compared to other periods. The uncertainty will normally be in the range 

of 3 - 8 % if calculated as a portfolio standard deviation (Personal interview). In this valuation, the 

average wind speed estimate has been obtained from 4cOffshore, and corrections based on above 

parameters of uncertainty are expected to be included in their published estimate. Because of 

missing insight in the methodology applied by 4Coffshore, it has been decided to add 15% of 

uncertainty to the measured mean speed of 9.87 m/s. The 15% uncertainty applied to 4cOffshore's 

methods follows a triangular distribution, thus all simulated values will be within ±15% of the mean. 

 
Besides the measurement uncertainty applied in year 0, every year going forward will be subject to 

a yearly standard deviation. The annual standard deviation in wind movement, for German wind 

sites, is acknowledged to be 6%, which will be applied (Garrad Hassan 2011). The annual wind 

deviations are expected to be uncorrelated from year to year and with other factors in the Monte 

Carlo simulation. The applied standard deviations for wind speeds are illustrated in Figure 5-12: 

Figure 5-12 Applied Uncertainty on 4cOffshore-Estimate and Annual Wind Deviations 

 

5.10.2.4 O&M Uncertainty 
The O&M costs are variable or partly variable for the most of the investmnets lifespan, why it has 

been chosen to include this factor in the sensitivity analysis. The short track record on large scale 

offshore wind projects results in uncertainty on the presented and expected O&M costs. However, 

no exact value have been possible to identify, why the standard deviation is an assumption: 

                                                      
121

 Negative values occurred 53 times in the 1,080,000 normal distributed loss factor related outputs (Appendix 17 ) 



Page 96 

 

A standard diviation of 20% has been decided for the O&M costs. It has further been decided to let 

the O&M costs follow a normal distribution and let it be uncorrelated with other input factors122. 

 
5.10.2.5 Discount Factor Ucertanity 
The apllied discount factor relies on estimates for proxy-betas, assumption of the risk-free rate and 

on historic observed values for the market premium. Finacial investors may estimate their discount 

factors diffrently, why the factor is hold variable in the simulation to account for the uncertainty. For 

this purpose, a standard deviation on the discount factor of 25% has been applied. 

 
5.11 Monte Carlo Simulation Results 
The results from the Monte Carlo simulation are presented in below Figure 5-13 and are full 

accessible in appendix 17. Two probality-levels for the NPV and IRR values have been applied: 

50% (P50) and 90% (P90). 

Figure 5-13 Cumulative Normal Distribution of NPV 

 

As shown, the P50 NPV is EUR 258 million, which is EUR 7.5 million lower than the anticipated 

base-case scenerio. The P90 level, which indicates 90% probalitity of exceedence, for IRR is 

7.5%. This is still within the reqired IRR- level for investors, though in the lower end. Further, the 

minimum observed NPV of EUR -1.08 million demonstrates that the investment is robust and that 

no major losses should be expected even in the occuracne of a combined servere unatractive 

development in loss factors, wind, prices, and O&M costs. 

 
The results supports the developed risk-profile in the valuation. Construction risk has been 

completely removed to meet the risk aversion for investors, while providing the utilties with a 

substantial premium payment. Further the sensitivity analysis shows that risk associted with the 

variable O&M costs in the late years are limited. In general, exposure to price and wind risks 

remains significant for the overall profitabilty, but the developed profile with a large amount of fixed 

costs and fixed prices provides great safety to facilate a return within the expected range.  

                                                      
122

 It would have been beneficial to let the O&M uncertainty be correlated with certain loss factors, e.g. availability, 
but it has not been possible to obtain sufficient data to substantiate such a correlation. 

NPV

Min. -1.08

Max. 597.28

Mean 260.82

IRR

Min 5.84%

Max 10.95%

Mean 8.47%

Values 10,000

Own Calculations in @Risk by Palisade

NPV(P50) = EURm 258, IRR(P50) = 8.50% NPV(P90) = EURm 159, IRR(P90) = 7.50%
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6. Asset Backed Securities in Offshore Wind 

This chapter addresses the last research topic of the study, which involves analysis of introduction 

of a new investment product in offshore wind. As it was presented and briefly discussed in section 

4.4, securitization of offshore wind farms was identified as an investment model, which could be 

potentially beneficial to introduce in the industry. The reasoning hereof was, that the derived asset 

backed securities could be designed to meet various and specific investor-requirements regarding 

risks and maturity profiles. Therefore, securitization of offshore wind farms could theoretically 

possess the ability to open up the market to a broader investor base and attract new funds to the 

industry. These new funds could then serve as a new channel for the utilities and other project 

developers in overcoming their debt barriers in the project phases and assist in the goal of 

reaching the NREAP targets. 

  
For those reasons, primary focus of this chapter will be to analyse the business-potential and 

practical set-up for such introduction. By this, the chapter will provide the answering basis for 

Research Question 4. 

 

The sections leading to section 6.5 of the chapter seek to provide a general understanding of the 

structure and history of securitization transactions and further evaluate the current state of the 

securitization market. In continuation from the valuation from previous chapter, Germany will again 

be investigation market, why special attention will be given to the country’s’ market conditions. 

 
The following sections scope is to provide future strategic recommendations as well as to illustrate 

a conceptual design and structure of a potential set-up from which an offshore wind securitization 

can be carried out from. This include investigation of the proper firm structure, determination of 

optimal size of the securitization portfolio, the benefits and risks of such transaction, and evaluate 

the attractiveness of the possible return with a set of benchmark issuances of related ABS 

issuances in other renewable asset classes. 

 
However, it is not the intention to present a complete product with a final price, complete legal 

framework, quantitative assessment of a final credit rating and exact return profiles for the different 

securities included in such transaction.  
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 Securitization Data and Theory 

6.1.1

The theoretical framework for the elements included in the analysis will mainly be based upon 

publications by Vinod Kothari, Joseph C. Hu and Frank J. Fabbozi123. Nevertheless, it is 

acknowledged that most parts of the existing literature upon securitization is highly theoretical 

oriented and lacks practical information (Robbé 2008, C. Hu 2012). This practical gap is sought 

bridged by applying information from several German market practitioners: This includes inputs 

from a co-operation initiative among 13 German banks created in 2003 called the True Sale 

Initiative (TSI), which purpose is to advance the securitization market in Germany. Moreover, 

inputs from various consultancy firms and law firms with specialized knowledge of the German 

securitizations market will be utilized. Last, information published by respected governing 

organisations such as OECD, BIS124, ECB, and SIFMA125 will be applied to provide up-to-date 

information of the current market situation. The data-basis is summarized in below Table 6-1: 

Table 6-1 Main Data Inputs for Analysis of Securitizations 

 

 

6.2 Basic Concept of Asset Securitization 
Asset securitization is broadly defined as a financial tool for turning an illiquid pool of assets, which 

has stable and predictable future cash flows, into tradable liquid securities, which are backed by 

the asset pool. By this, securitization offers an opportunity for the original asset owner (also called 

the originator) to create assets suitable for sale from loans or other assets that might otherwise 

have been held to maturity (Bhattacharya and Fabozzi 1996). 

 
In a standard securitization, an originator, which often will be a bank, will collect a pool of illiquid, 

but interest/revenue paying assets from its balance sheet (typically a group of homogenous loans). 

Hereafter, a third party who act as arranger of the securitization transaction (typically an 

investment bank) will assist the originator in making a true-sale126 of this collected asset pool to a 

Special Purpose Vehicle (SPV). The SPV will be set-up as an independent legal entity, normally a 

                                                      
123

 These three authors are well respected within the area of asset securitization and have all contributed greatly to 
the general literature upon the subject. They have all worked in the industry, and have been among the pioneers of 
modern securitization in early 1980s. Joseph C. Hu has further published a book post the financial crisis presenting an 
up to date view of securitization. 
124 

Bank of International Settlements. 
125

 Securities Industry and Financial Markets Association. 
126

 A true-sale essentially means that the assets have been fully separated from the originator and that the credit-risk 
of the assets likewise has been isolated in the SPV alone (Fabozzi and Choudhry 2004). See more in section 6.6.1. 

Primary Data Theoritical Inputs Practical Inputs Market Describtive Data

Values and results from 

the valuation of an 

offshore wind farm

Acedemic publications by 

Vinod Kothari, Joseph C. Hu, 

Frank J. Fabbozi, and TSI

BearingPoint, PWC, 

Practical Law 

Companny,and TSI

OECD, BIS, ECB, SIFMA, 

TSI, and review of related 

issuances.
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company or trust127, created solely for the specific securitization transaction, thus it will not own any 

other assets. The SPV will then issue securities that are backed by the exact same assets to 

investors, and use the proceeds gained from this issuance to finance the purchase of the assets 

from the originator128 and 129. The issued securities are in a broad term called asset backed 

securities because their servicing is ensured by (and limited to) the performance and cash flows 

from the underlying assets including the collateral of these (TSI, 2013a). Below Figure 6-1 

illustrates the concept of a simple securitization including the time-order of major events inherent in 

the process: 

Figure 6-1  Securitization Process 

 
  

Following the issuance, the risk associated with the assets will have been removed from the 

originator to the investors. This means if payments made to the portfolio of assets are not sufficient 

to satisfy all investors’ payment claims, the investors will have to bear the loss (C. Hu 2012). Such 

losses may occur, if payments are delayed or are in default and/or the proceeds from the 

realization of collateral are insufficient (TSI 2013a). To cope with these risks and provide insurance 

for investors, ABS-issuances are typically assessed by one or more credit rating agencies. The 

ratings assigned will depend on the degree of credit enhancement incorporated in the structure. 

This can involve external wrapping of the issuance by a third-party monoline-insurer who receives 

                                                      
127

 The trust structure of SPVs is predominantly observed in the U.S while European SPVs normally takes form of a 
company: i.e. SPVs in the U.K, France, Germany, and Hungary are all typically set-up as different types of limited 
liability companies. For Germany, the GmbH set-up is the only observed structure in the market (PLC 2011) 
128

 In practice, several set-ups exists for the transfer of assets between the originator and the SPV: In some cases, the 
SPV will be granted a very short-term loan by either the originator, the arranger of the deal, or a third party in order to 
purchase the asset from the originator. Hereafter, the SPV will refinance the loan by issuing the securities to investors. 
In other set-ups, the SPV will sell the securities before the transfer and then purchase the assets directly with the 
proceeds gained. In addition, an underwriter (which could be the arranging investment bank), will take a very 
temporary long position in the securities on behalf of the SPV when issuing the securities. However, in practice these 
transactions will be followed by each other within seconds or minutes (Interview with Helle Breinholt, 2013). 
129

 In every securitization transaction, preliminary work including analysis of investor demand will be carried out ahead 
of the actual transaction. Therefore, the risk of under-pricing of the assets is limited, as the originator can decide 
whether to participate or not based on the markets expectations to the price and interest of the potential securities 
(Deloitte 2006). 



Page 100 

 

a fee for offering risk-insurance against defaulting payments. Another common method is risk-

subordination in tranches where the distribution of cash flows will follow the waterfall principle, in 

which investors highest rated tranche (senior tranche) will have first claim on the cash flows, and 

only after these have been paid, investors in second highest rated tranche will be serviced and so 

forth (junior tranches). The distribution list ends in the lowest tranche, typically a non-rated equity 

tranche owned by the originator, who thus will have the greatest possibility to incur a loss130 (C. 

Hull 2007). The availability of credit enhancement further facilitates that the issued senior securities 

normally can be sold with a higher rating than the one of the originating company (Sabarwal 2009, 

C. Hu 2011).   

 
6.3 Market Development and Asset Classes Suitable for Securitization 
Modern forms of securitizations131 started to appear in U.S in the early 1970s and in Europe from 

the mid-1980s. In both markets, the development was primarily carried forward by issuances of 

residential mortgage backed securities (RMBS), where loans of several mortgage borrowers were 

pooled and resold as credit rated securities. The RMBS-transactions typically offered higher 

premiums than other similar-rated securities, why the securitization markets experienced steep 

growth rates. In following years, the industry evolved further into other asset classes, which 

likewise mortgage debt, offered predictable future cash flows (C. Hu 2011). This included 

commercial mortgage backed securities (CMBS), securitization of debt from small and medium 

sized companies’ (SME),  and asset backed securities (ABS132) with a long list of underlying assets 

including, but not limited to, credit card receivables, auto loans or leases, student loans, equipment 

leases, trade receivables from corporations and whole business securitizations (WBS) (C. Hu 

2011, Kothari 2006). 

 
By 2007, securitizations had become the largest market of fixed income products in the U.S with 

an outstanding value exceeding USD 11 trillion, which was more than the combined value of 

outstanding U.S corporate bonds and U.S treasury notes (SIFMA 2013a). The European market 

for asset backed securities peaked two years later in 2009 with an outstanding value of more than 

USD 3 trillion (SIFMA 2013b). However, as shown in Figure 6-2, the financial crisis of 2007 

resulted in that only U.S agency issuances133 have remained at a rate similar to historic levels, 

while private-label issuances in both markets have slumped, due to diminished investor demand: 

                                                      
130

 See Appendix 23 for an illustration of credit enhancement through the waterfall principle.  
131

 See Appendix 24 for a broader review of the history of securitizations leading up to the financial crisis of 2007. 
132

 In general, the term ABS is the umbrella acronym for securitization of all type of assets, which not are residential 
and commercial mortgage. However, specific acronyms exist for some kinds of ABS transactions, such as WBS (whole 
business securitizations). 
133

 Such as issuances carried out by Fannie Mae and Ginnie Mae. See appendix 24 for further information.  
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Figure 6-2 Annual Issuances, Various Types of Securitizations, Europe and U.S 

 

Tragic ironically, consensus exists among academics, observes, organisations, and even the U.S 

Government that the development of securitizations played a key catalyst role in forming that exact 

crisis (BIS 2011, U.S National Commission 2011, Tett 2009, OECD 2011). Appendix 25 provides a 

broader overview of this criticized development, which facilitated that highly risky sub-prime 

mortgages became easy to obtain, since the loans could be “originated-to-distributed” for 

securitization purposes through opaque issuance-structures such as Collateralized Debt 

Obligations (CDO) and sold with high AA-AAA ratings (Roubini and Mihm 2010). However, as 

several sub-prime borrowers defaulted on their principal payments, the value of the issued 

securities decreased beyond the risk-expectations, which consequently led to an international 

liquidity crisis and loss of investor-confidence in securitizations (BearingPoint 2010). 

 
In the light of the topic of this study, it is however important to remark, that the abovementioned 

unsound methods surrounding securitizations mainly was a concentrated U.S issue. European 

issuances standards have generally been of higher quality and the issued securities have likewise 

not experienced higher than expected default rates (see end of appendix 25). Nevertheless, while 

European securitizations mostly have been properly priced in regards to credit risks, the market 

has been affected by liquidity risks, why investors have been forced to devaluate their holdings due 

to mark-to-market accounting rules (OECD 2011). The presence of this liquidity risk has resulted in 

new issuances to become increasingly challenging to promote (BearingPoint 2010). 

 
Regardless the low current market activity, securitizations are still perceived to be an important 

element for sound transferring of risk and funds in the financial system, and a recovery within 

securitizations could be a prerequisite for supporting a wide recovery of the economic system as a 

whole (OECD 2011). Such recovery is primarily anticipated to emerge from transparent 

transactions that are based on well-tested structures and issued by high-quality originators; as 

such issuances have been the preferred choice for investors post the crisis (ECB 2011). 

 

6.4 Securitization in Germany 
The structural degree of liquidity risks have likewise affected the German market for 

securitizations, why private placement issuances in the country have slumped to lower levels after 

Own Creation. Sources SIFMA 2013a-b. *CMOs and CDOs (Collateralized Mortgage/Debt Obligations) are securities bundled together of underliyng RMBSs or ABSs.

0

300

600

900

1,200

1,500

1,800

2,100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

USD billion Annual Issuances U.S and EuropeUSDbn 2,757

Europe Private Label (apprx. 50% RMBS and 50% ABS of: Auto Debt, Credit Card and
Consumer Debt, Leases, SME Debt, Mixed CDOs*, and WBSs)

U.S Private Label (apprx. 60% of RMBS and 40% of ABS of: Credit Card Debt, SME
Debt, Auto Debt, Fabrication Equipment, Student Loans, Mixed CDOs*, and Others)

U.S Agency Issuances (RMBS and CMO*)



Page 102 

 

the crisis. Nevertheless, the cumulative size of total securitization transactions has increased 

during the same period as banks have created internally-structured securitisations (typically 

RMBSs), which have been retained, meaning they not have not been placed in the private market. 

This have been done as European and German banks have benefitted from using these retained 

securities as collateral for liquidity generation via the ECB134, and thereby freeing up their balance 

sheets for further lending (ECB 2011). Below Figure 6-3 illustrates the development: 

Figure 6-3 Securitization Development, Germany 

 

Of interest to note, the relative share of retained transactions has decreased since 2009, and a 

positive development in the outstanding value of German securitizations has in 2013 been 

observed for the first time since 2008. Private placement securities worth of nearly USD 10 billion 

(EUR 7.28 billion) have been issued during the first three quarters of 2013. This is a more than a 

doubling compared to the years before, which indicates a positive shift in investor demand and 

perceptions. In regards to asset classes, the German market is well diversified beyond RMBSs and 

in Q2 2013, German issuances of CMBSs and auto-ABSs constituted 29% of all European private 

placed issuances (AFME 2013). In addition, German issuances have constituted 14% of total 

European issuance during Q1-Q3 in 2013 as opposed to a historic average share of 5% for the last 

10 years (SIFMA 2013b). This anticipates the German market to become the third largest in 

Europe in 2013, only surpassed by the Netherlands and the UK (ibid.), which likewise reflects the 

indications of a positive shift in investor perceptions and a rising demand for private market 

securitizations. 

 
6.4.1.1 German Securitization Infrastructure 
The relative attainment of market-activity in Germany may be attributed to the country’s historic 

practise of sound and transparent securitizations, and, unlike as in many other EU countries and 

U.S, issuance-standards have not changed dramatically post the crisis (ECB 2011). This is 

presumably the case as the vast majority of Germans securitizations are (and have been) carried 

out under the True Sale Initiative (TSI), which is a platform created by 13 German banks to 

                                                      
134

 The European Central Bank (ECB) facilitates liquidity for banks by allowing them to enter into repurchase 
agreements (repos) on favourable conditions. Therefore, transferrable assets, such as securities, are needed.  

USD Billions 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

2013                     

Q1-Q3

Issuance 7.8 8.6 27.8 46.7 28.2 149.0 24.7 18.2 17.9 13.1 22.5

Retained % * 90% 96% 77% 76% 66% 58%

Retained 134.5 23.8 14.0 13.6 8.6 13.0

Placed 7.8 8.6 27.8 46.7 28.2 14.5 0.9 4.1 4.3 4.5 9.5

Outstanding 22.0 27.1 47.9 86.8 120.4 175.7 140.3 126.0 113.0 98.3 99.7

Note: Outstanding values excludes retained securitizations.

Own Creation. Sources SIFMA 2013b. *Retained values are based on an average of transactions within The EU countries and not only Germany.

**Currency has been kept as USD as no information of the time of issuance for outstanding volumes have been known, why conversion to EUR could be flawed.
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promote a German issuance-infrastructure for originators of ABSs. The platform aims to 

standardize issuances and great efforts are being made in providing investors with information and 

transparency. In practice, every type of asset with predictable cash-flows can be securitized under 

the TSI-platform (TSI 2013b), why it likewise will be applied further in this analysis as part of the 

structuring set-up for offshore wind ABSs. Appendix 26 provides an overview of the TSI platform. 

. 

6.5 Offshore Wind Securitization 
The major objective behind an introduction of securitization in offshore wind would be to facilitate a 

greater flow of funds from the capital markets into the cash-constrained offshore wind sector and 

thereby assist in the goal of meeting the NREAP-targets. A successful set-up could allow attraction 

from investors who previously have been reluctant to enter offshore wind. As discussed in chapter 

4, section 4.1, this primarily concerns insurance funds, private investors135 and an extended group 

of pension funds beyond the few active pension players. Irrespective of the financial attractiveness 

of equity-JVs in offshore wind, the majority of insurance and pension funds have a preference 

towards bond-similar instruments with an investment-grade rating rather than direct equity 

investments (PWC 2012). Further, in order to overcome capital requirements for energy 

investments, smaller pension funds in particular requires pooled investment vehicles (OECD 

2012a). Such pooled investments have in minor extent been available for smaller investors through 

infrastructure funds, but problems with high fees and extensive leverage have made these to 

become less popular since the financial crisis (ibid). Therefore, introduction of a non-leveraged 

offshore wind securitization can offer such investors with a new alternative and provide greater 

flexibility in regards to: 

 Investment size - ABS structure would welcome both small and large investments. 

 Holding period – ABS structure would offer a secondary market with improved liquidity. 

An ABS structure can further be attractive as it offers exposure to a specific asset pool from the 

originator rather than the total exposure of the originator, which e.g. could be obtained by 

purchasing a company bond, stock, or by providing credit. In the case of offshore wind, this is 

relevant, as the group of primary developers, the leading European utilities, have been 

underperforming the market for a number of years (PWC 2012). Moreover, the direct exposure 

would allow to foster SRI (socially responsible investing) profiles, which is a growing trend among 

institutional investors (HSBC 2012). Last, insurance funds will be subject to the EU directed 

Solvency II regulation from 1 Jan. 2016 and similar solvency regulation is being drafted for 

pensions funds (OECD 2012b). The regulation foresees significantly higher regulatory reserve 

                                                      
135

 Even though it is possible for private investors to invest directly in ABSs, it rarely happens as some experience is 
needed. However, private investors often gain exposure to ABSs through mutual- and hedge funds (C. Hu 2012). 
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capital requirements for infrastructure related investments compared to investments in rated 

bonds. This clearly underpins the need for new investment schemes in offshore wind if involvement 

from a broader share of this group of potential investors is to be anticipated going forward. 

 

 Related Issuances 

6.5.1

As of to date, no securitization of offshore wind has been conducted yet. In general, the history of 

related issuances is limited, as only a handful of transactions in renewable energy have been 

carried out globally. As listed in below table Table 6-2, this so far includes European and U.S 

issuances of ABSs and project bonds136 in onshore wind and solar power projects: 

Table 6-2 List of Historical Issuances of Securitizations (ABS) and Project Bonds (PB) in Renewable Energy 

 

The history of previous issuances suggests that investors initially have been comfortable with long 

maturities and low investment grade ratings, as those characteristics have been present in the 

majority of the transactions. Subsequently though, a number of the securities have been 

downgraded to speculative grades137. A few of the issuances have been backed by government 

agencies, which have provided higher ratings, while the German Breeze III transaction has relayed 

upon external monoline insurance to foster an AAA-rating. However, since the financial crisis, 

AAA-monoline-intermediaries have been subject to downgrades themselves138. Therefore, the 

quality of their “wraps” have fallen accordingly, and the price for market-trusted insurance 

consequently increased significantly, why it unlikely will be an applicable model going forward 

(PWC 2012). 

 

                                                      
136

 The structural construction of a project bond is similar to the features of a securitization, e.g. risk subordination in 
tranches and secondary market access, but with the difference that the underlying asset consists of a single project.  
137

 See Appendix 7 for overview of rating scales. 
138

 Breeze III was affected by the downgrade of its monoline insurer, MBIA UK Insurance Limited. MBIAs rating has 
slumped gradually from AAA in 2007 to Baa1 in 2013 (moody’s 2013c). 

Issuance Category Country Year Technology EURm* Maturity** Rating** Return**

Topaz I PB USA 2012 Solar 655 27.5y Baa3 5.75%

Breeze II ABS Germany 2006 Onshore Wind 470 20y BBB 5.29%

Alta Wind ABS USA 2010 Onshore Wind 435 24y Baa3 7.00%

Shepherds 

Flat 
PB USA 2010 Onshore Wind 394 19.5y AAA 4.79%

Breeze III ABS Germany 2007 Onshore Wind 370 20y AAA 4.53%

FPL Energy ABS USA 2003 Onshore Wind 278 20y Baa3 6.64%

Oaxaca ABS USA 2012 Onshore Wind 235 18y BBB- 7.25%

Andromenda PB Italy 2010 Solar 195 18y AA- 5.71%

Breeze I ABS Germany 2004 Onshore Wind 100 20y BBB- 5.70%

Own Creation. Sources; Breeze II-III Prospectus 2006-2007, Reuters 2010, Barclays 2011, E&Y 2011, PWC 2012, Bloomberg 2012c, Wind Power Monthly 2012, Citi 2012.

*USD denoted projects have been converted with averge USDEUR exhange rate 0.78 for 2010 and 0.77 for 2012 (Bloomberg).

** Maturity, rating (S&P, Moody's or Fitch), and return of the senior tranche as of issue date. See notes for futher information.

Issued on a combined 81 MW portfolio of small wind 

farms in Germany and Portugal. Downgraded by S&P to 

B- in 2010 due to insufficient wind.

Issued on a combined 350 MW portfolio in 45 wind farms 

in Germany. Downgraded by S&P to B in 2011 due to 

insufficient wind and insufficient monoline wrapping.

Notes

Issued on a combined 330 MW portfolio in 39 wind farms 

in Germany and France. Downgraded by S&P to BB in 

2010 due to insufficient wind.

Issued to fund part of the construction of 4 wind farms by 

Terra-Gen, an U.S-based renewable utility. (Moody's).

Issued on a 854 MW utilty owned wind farm. EUR 323 

million backed by US Department of Energy. (Fitch).

Secured on the cash flow of 7 US wind farms. (Moody's).

Secured on a 44 MW solar park, partially guaranteed by 

Italian export credit agency SACE and EIB. (S&P)

Issued on 2 utiltiy owned wind farms in Mexico totalling 

170 MW. (S&P)

Issued to partly fund a utility solar farm project in 

California. Rated by Moody's. Equal level by S&P.
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The three Breeze issuances, which have been subject to downgrades, have been criticized for 

overestimating the actual achievable energy yield in their production forecasts (Barclays 2011), 

and have further suffered from cost overruns during the construction phases followed by several 

operational problems (E&Y 2011). This have affected performance of the securities adversely139, 

which to some extent, provides an unsatisfying outlook for future German and European 

securitizations in onshore wind, thus also for the less mature offshore wind sector. Yet, regardless 

the disappointing performance of the Breeze issuances, it is important to evaluate the underlying 

characteristics of the structures before dismissing the future potential for securitizations. 

  
6.5.1.1 Differences in Design of Securities 
In common for the Breeze issuances is, that large risk diversification were sought in several layers 

by including numerous small projects, which were carried out by several independent project 

developers (IPD), which again utilized equipment from a number of different turbine 

manufacturers140. The goal with this diversification was to achieve a portfolio effect, in which the 

combined portfolio base-case yield should surpass the sum of the individual projects base-case 

yields, but the result has been inadequate. This presumably relays upon a too complex structure, 

which somewhat has skewed alignment of incentives through the value chain. The IPD’s141 that 

were hired for construction had no remaining interest shares in the actual assets post the 

securitizations, and were relatively inexperienced – most of them with a history well below 300 MW 

of previous installations (Breeze II-III Prospectus 2006-2007). Further, most of the IPDs were thinly 

capitalized with low credit-worthiness, which, combined with the no remaining interest shares, have 

made for an environment containing PA-conflicts between them and the security holders. This PA-

relationship can further be said to lack support in regards to the future O&M-engagement, due to 

the size-limited negotiation power of the smaller IPDs towards the turbine manufacturers, e.g. in 

the case of breakdowns or availability issues. 

 
Conversely, the history of past issuances observed in the U.S reveals that these have been 

narrower in their sense, by relaying on equally large portfolios as European issuances, but with 

less involvement from different parties. A preference towards utility scaled projects, in which only a 

part of the funding has been sought covered through the capital markets seems to dominate the 

pattern. In a rating perspective, it appears that the limited diversification effects are outweighed by 

                                                      
139

In 2010, 2012, and 2013 principal and interest payments on the subordinated tranches of Breeze II have been 
deferred (S&P 2013).   
140

 Breeze II projects was constructed by 5 IPDs with 5 turbines models from different manufacturers. Breeze III 
involved 9 IPDs and 8 turbines manufacturers (Breeze II-III Prospectus 2006-2007). 
141

 Among others, but most notably: EnergieKontor AG, ABO Wind AG, Energiequelle GmbH, Juwi GmbH, MFG 
Management & Finanzberatung AG, and Voltwerk AG (Breeze II-III Prospectus 2006-2007). 
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the solidness of the underlying projects, as no of the issuances have suffered from downgrades. 

This includes the FPL Energy transaction that was constructed prior to the financial crisis. In an 

investor perspective, the issuances have likewise been desired: Alta wind was significantly 

oversubscribed by high-quality insurance companies and money managers (Barclays 2011). The 

AAA-rated and government backed Shepherds Flat became three times oversubscribed in the 

private placement market (Citi 2012). Topaz I solar bonds was double oversubscribed and closed 

at a coupon rate lower than concurrent and identical rated 30 years bonds of Citigroup and Bank of 

America (Bloomberg 2012c). Last, the Oaxaca ABS, issued in USA but with assets in Mexico, 

succeeded oversubscription from a final investor group consisting of 61% pension funds, 27% 

insurance companies, and 12% banks and hedge funds (Wind Power Monthly 2012). 

 
6.5.1.2 Gaining Critical Size of Issuances  
Despite the relative success of the U.S issuances, the overall market for renewable bonds must 

still be categorised to be in its very early stages. HSBC (2012) estimates the value of global 

amount of outstanding bonds with primary exposure to some sort of “climate change” adds up to 

EUR 138 billion (USDb 179). However, 81% of that amount emerges from corporate bonds while 

only 3% are categorized as project issuances142. This is indeed a vanishingly amount in 

comparison to the total market of outstanding bonds in developed countries of USD 81 trillion (BIS 

2013a), in which securitized bonds accounts for USD 12 trillion (SIFMA 2013a-b). As stated earlier 

in chapter 4, institutional investors globally accounts for 71 trillion in asset under management, and 

it is expected that USD 6 trillion of these potentially will be applicable for placement in long term 

investments, including in renewable energy going forward.  

 
The first step, in gaining demand from such investors and tapping these potential funds, is to 

design an investment product that meets their requirements in regards to issuance-size. This so, 

as the due diligence required to perform an investment needs to be justified and also to have a 

meaningful impact on their portfolios (OECD 2012a). Further, large issuances enhance the 

possibilities for secondary market activities. Veys (2010) advices that the minimum size of an 

investment graded securitization targeted towards institutional investors should be EUR 360 

million, while HSBC (2012) recommends offerings of preferably EUR 380 million or more. As seen 

in Table 6-2, only half of the observed issuances have met this threshold. 

 

                                                      
142

 The HSBC (2012) report does not provide information of the specific issuances included in their USD 179 billion 
estimate. However, the 3% equals EUR 4100 million, which is EUR 1000 million more than the combined amount of 
the presented issuances in Table 6-2. The remaining 16% of renewable related bonds emerges from issuances by 
municipalities and government programmes.  
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6.5.1.3 New Initiatives 
As a result of the troubled financial markets, EU has through EIB launched the Europe 2020 

Project Bond Initiative (PBI), which objective is to stimulate investments in key strategic large-scale 

infrastructure project within the areas of transport, energy, and information and communication 

technology. The initiative is a clear response to the downgrade of monoline-insures which have 

resulted in an absent of projects financed with bonds (EIB 2012). By replacing the role of 

monoliners, the PBI seek to offer credit enhancement, thus making project bonds attractive for 

long-term focused institutional investors who requires placements above the BBB credit rating 

range143. The PBI offers partial credit enhancement by accepting large positions in subordinated 

junior tranches, which would allow structuring of more solid senior tranches. The credit 

enhancement can be provided in one of two ways with a maximum of EUR 200 million or 20% of 

total issuance value. This, either by providing directly placement or by offering a contingent credit 

line, which can be drawn upon in years where the generated cash flows are not sufficient to cover 

the senior bond holders (ibid.). 

 
The PBI is currently in a pilot phase until 2014 with a budget of EUR 230 million in which applicable 

projects can apply for support from 2016. So far, accepted projects includes primarily road 

construction, but also two German TSOs have received approval for projects related to offshore 

wind grid connection, which support a positive view towards the sector.   

 

6.6 Structural Recommendations for design of an Offshore Wind Securitization 
This section will contain the primary recommendations to the design of a future offshore wind 

securitization. The recommendations will be based upon the obtained knowledge gained from 

analysis of offshore wind investments in chapter 4, from the valuation in chapter 5, and from the 

obtained knowledge of the securitization markets and related issuances as presented in this 

chapter. The focal point in every of the recommendations have been to facilitate a set-up that is 

simple for investors to understand and to provide these with high safety for acceptable returns. 

 
1. As it was shown in the market study in chapter 2, 72% of the currently installed 5 GW have 

been constructed by the six leading utilities. Therefore, to provide investors with confidence, 

the securitization set-up should be based upon these utilities future projects, since these are 

able to present proven track-records. To enhance investor confidence further, a high degree of 

risk retention is recommended, why only a part of the funding should be sought securitized.  

 
2. Exposure to a pool of projects with different utility owners would be preferred as it diversifies 

firm specific risk to some degree. Likewise, exposure to projects with different geographical 

                                                      
143

 Normal credit rating for infrastructure projects without credit enhancement (EIB 2012). 
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placements can serve to provide a natural hedge of the production. Yet, it is important that the 

diversification measures will not harm the transparency of the issuance. Based on the wind 

farm analysed in chapter 5, the recommended securitization portfolio will consist of exposure to 

three projects, in which 20% of each project will be transferred to the SPV. Such issuance 

would amount to a capital relief for the utilities of total EUR 519 million144 in the construction 

phase, and also facilitate a size, which would be of interest for institutional investors. 

 
3. The stress-test in chapter 3 showed that for the utilities to continue the development, it is highly 

important that new debt must be avoided to some degree. For that reason, the securitization 

must not be categorized as such or have a negative rating impact. Therefore, involvement from 

an experienced financial intermediary who act as aggregator is needed – this means, that the 

financial intermediary will purchase assets from the utilities to form the pooled portfolio and 

thereby become the originator of the securitization (Kothari 2006). As a result, the utilities are 

not required to expand their business activities directly into an originating role and the final 

issuance can potentially benefit from the support of a high-quality originator. 

 
4. The asset purchased by the aggregator should be of the existing forms of JV-partnerships. This 

would provide the aggregator with viable construction risk protection, while facilitating an equity 

payment to the utilities, which support their credit ratings. Before selling the assets to the SPV, 

the aggregator would be required to hold the assets on its balance until one year after 

construction has ended. This would generate an asset history, which is of importance for 

investors. Following the issuance from the SPV, the JV-agreements would allow investors to 

benefit from exposure to well managed projects, in which revenue-streams are distributed 

accordingly to ownership shares, why PA-conflict are mitigated and proper maintenance can be 

expected as the utilities own income relies on the performance of the wind farms.  

 
5. Following the financial crisis, investors requests simplicity and transparency, why a non-

evolving “pass-through”-structure is recommended. This essentially means that no additional 

assets will be included post the issuance date and that all cash flows received in the SPV will 

be passed immediately on to pay the security holders and the service-fee to the aggregator (C. 

Hu 2012). To enhance market familiarity further, the issuance should apply the securitization 

infrastructure provided by TSI and credit enhancement should be sought covered through 

internal risk subordination through tranches. 

 

                                                      
144

 3 times 20% of CAPEX for projects identical to ÜberWind 1 presented in chapter 5 



 

Page 109 

 

6. It is expected that many investors will perceive offshore wind as high risk due to uncertainties 

of the actual durability of the installed offshore turbines. To cope with this expected risk 

perception, it is recommended to construct the senior tranche with maturity matching the 

government provided FIT-support period. This will facilitate a senior tranche with a medium-

term maturity of 7 years, in which cash flow will be similar, predictable and de-risked in regards 

to price volatility. A sub-ordinated junior-tranche and a non-rated equity tranche, both with 

maturities matching the full asset-lifetime of 23 years, shall be implemented as well, why the 

issuance will represent maturity profiles suitable for different types of investors.   

 
7. Several stakeholders to the industry would be beneficiaries from a successful securitization. 

This involves foremost the developers and potential investors, but also government bodies and 

policy makers would gain from an accelerated development. Therefore, cross-collaborative 

work between the parties will be required. Initially, this is recommended to include a 

collaborative fund set up the utilities to obtain part of the equity tranche in order to serve as 

credit enhancement and to show their “faith” in the product for external investors. In addition, 

solutions for applying the PBI-enhancement offered by EIB should be sought. 

 
The above listed recommendations have resulted in a final recommended securitization structure 

as presented in below Figure 6-4: 

Figure 6-4 Recommended Securitization Structure 
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As shown, the aggregator will play a key role in forming the securitization, and will be subject to the 

investments and the credit risks associated with the temporary equity position from year 1-3 until 

the asset-sale to the SPV in year 5. Therefore, the structure demands a risk willing aggregator with 

available space on its balance sheet, which can prove to be challenging to identify. However, the 

reasons for pursuing such structure relays upon an enhanced rating perspective for both utilities 

and investors. The temporary ownership of the aggregator will assist the utilities in the construction 

phases, thus assist the NREAP targets in general, and further provide investors with an asset 

history. In a panel discussion arranged by S&P in 2010, rating-analysts highlighted the importance 

of such asset-history, as renewable securitizations would be new type of product for investors, why 

additional confidence needs to be established (S&P 2010).  

 Structural considerations for the Aggregator 

6.6.1

Different incentives exist for originators to engage in securitizations. Most often, one or more of 

following objectives are the primary drivers (PLC 2010, Kothari 2006, Deloitte 2006, PwC 2011b):  

1. To generate revenue and/or liquidity by locking in the present value of the expected future cash 

flows from the assets and recognize an immediate accounting gain from the asset sale. 

2. To access an alternative source of funding for new projects, often at lower cost than what is possible 

to obtain through traditional bank loans, debt, or equity financing
145

. 

3. To facilitate balance sheet benefits, as the recognition of the asset sale will reduce the gearing and 

improve the capital adequacy of the originator. 

4. To manage balance sheet size, risks, maturity profiles, and exposure of asset portfolios. 

For originators, securitization transactions can be constructed so the securitized assets either are 

being consolidated on their own balance sheet or so the assets achieves off-balance treatment in 

the SPV post the issuance. On-balance treatment will be sufficient if the objective for the 

securitization concerns liquidity-improvement or access to alternative funding (objective 1 and 2). 

However, as the originating aggregator in this potential securitization serves an intermediary role 

with main objective on capital gains, it is expected that off-balance treatment is needed. This would 

limit the subsequent requirements for regulatory reserve capital146, and allow the aggregator to 

reuse such untied capital in other revenue-making parts of its business (Kothari 2006, BearingPoint 

2010). To achieve off-balance treatment, the asset-sale to the SPV must be recognized as a true-

sale, which in legal and accounting terms means that the assets have been fully separated from 

                                                      
145

 This is possible since the SPV will own the assets, which then will become the collateral for the issued securities. 
Investors/lenders will evaluate the credit quality of the collateral and not the credit quality of the originator. As a 
result, lower funding costs can be possible (PwC 2011b). An example is the Oaxaca issuance (see Table 6-2), in which 
Acciona (a Spanish utility-conglomerate) used the proceeds to pay off the existing bank debt on two wind projects 
(Wind Power Monthly 2012).  
146

 Such regulatory capital requirements can for instance arises from Basel III regulation. See more in section 6.6.2. 
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the originator and that the credit-risk of the assets has been isolated in the SPV alone (Fabozzi 

and Choudhry 2004).  

 
A true-sale recognition will further foster a positive rating effect and provide safety for investors, as 

the SPV will become insolvency remote of the aggregator. This ensures, that in case of aggregator 

default, other creditors to the aggregator will have no claim on the securitized assets (PLC 2010).  

 
Under German law, there are no specific provisions setting out the prerequisites for a true-sale 

(PLC 2011). The German-based specialized law firm in securitizations, Norton Rose Fulbright, 

explains that each transaction “would need to be addressed in detail, but, off-balance sheet 

treatment can often be achieved” (Norton Rose Fulbright 2008, p 3). Below listed conditions 

represents what is generally considered sufficient to achieve recognition of a true-sale in 

Germany147: (PLC 2011, Norton Rose Fulbright 2008, TSI 2013a): 

 The SPV is a legal separated entity and is not treated as a subsidiary of the originator;  

 The SPV has business activities solely related to the specific transaction; 

 The SPV will not have any employees and will have outscored all business services; 

 The SPV will have no recourse to the seller, meaning the liability and the risk of the asset falls 

entirely upon the SPV; 

 The SPV has no option to sell the asset back to the originator, and the originator has no option to 

buy the asset back; and 

 The originator has no remaining interest and/or payments entitled to the asset pool
148

. 

A barrier for fulfilling those requirements could potentially arise from agreements in the underlying 

JV-contracts between the utilities and the aggregator. Some previous JV-transactions have 

contained option-structures, which allow the utilities to reacquire ownership shares on 

predetermined terms (personal interview). Going forward, utilities would need to waive such rights 

if securitization solutions should be sought. 

 

 Potential Aggregator Candidates 

6.6.2

Most ideal candidates for the realization of an offshore wind securitization would involve firms that 

already are perceived as high-quality originators. This could include Deutsche Bank, Santander 

Bank, HSH Nordbank, or Commerzbank, which all have carried out non-downgraded RMBS and 

auto-ABS transactions through the TSI platform (TSI 2013c). The dominant incentive would be the 

                                                      
147

 It should further be noted that requirements for recognition of a true-sale are fairly similar globally, why the listed 
conditions likewise can be applied in many other countries and jurisdictions.   
148

 The originator can however retain/obtain a share of the issued securities after the transaction without endanger 
the true-sale recognition and also function as servicer of the transaction if the service-fees terms have been 
established as non-revocable (PLC 2010). 
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outlook to a risk-reward payment of significant size (see next section), but also positive corporate 

effects stemming from the sustainable focus should be considered. 

 
Since 2008, it has been a requirement under German law for originators to retain a 5% net 

economic interest in the issued securities, which is expected to increase to 10% from 2015 (PLC 

2011). The regulation serves to ensure alignment of incentives between originators and investors 

and will likewise possess a positive rating effect if the risk-retention is placed in the equity tranche, 

which is recommended. However, in the perspective of the aggregator, such retention can be 

unattractive in combination with Basel III regulation that is currently being implemented for banks. 

The new regulation will increase risk-weights applied for non-rated and low rated securitizations 

tranches to 1,250%, which technically means that owners will be required to set aside a reserve 

amount identical to the value of the securities149 (BIS 2013b). 

 
A potential candidate that would be immune for such requirements is the German state-owned 

development bank KfW. The bank has a strong focus towards energy efficient projects and a 

yearly budget of approx. EUR 70 billion, why both incentives and balance sheet are aligned for 

such type of transaction. In regards to securitizations, approx. 2% of KfWs yearly budget is 

earmarked for providing “anchor investments” in selected issuances in order to provide credit 

enhancement for other originators (KfW 2013). However, more importantly, KfW has previously 

been a market-making issuer within the SME-segment with purpose of raising the general market 

familiarity in Germany (ibid). Therefore, if adopting a similar approach towards the presented 

offshore wind securitization, KfW could potentially spur increased market activity among other 

potential aggregators. 

 

 Potential Cash Flow Structure 

6.6.3

As previously stated, the recommended structure included a portfolio consisting of three JV-

ownership shares of 20% in projects similar to the Über Wind 1 project, totalling an investment 

need of EUR 519 million. Under the assumption that it would be possible for the aggregator to fund 

the assets by issuing parent level 3% bullet-bonds with matching maturities to meet the three 

yearly instalments, the costs will add up to EUR 534.4 million in nominal value. Hereafter, the 

aggregator will sell the assets to the SPV with an added premium to offset the intermediary risks 

that have been incurred. This is suggested to provide EUR 604 million in incoming sales revenue.  

 
The SPV will issue securities in three tranches, separated as following: 

                                                      
149

 8% reserve capital of risk-weighted asset, e.g. EUR 100 asset value*1,250%*8.0%=EUR 100 reserve requirement. 
Securities with ratings ranging from AAA to BBB will have a risk-weight from 20% to 700% depending on maturity and 
size of tranche. Direct equity investments will typically have risk weight of 600% (BIS 2013b). 
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 Senior tranche entitled to 70% of the cash flows generated during the initial 7 years under the FIT-

support scheme. Issuance value of EUR 280 million, maturity 7 years. 

 Junior tranche entitled to 20% of the cash flows during the initial 7 years and 90% of the cash flows 

in the remaining years. Issuance value EUR 270 million, maturity 23 years. 

 Equity tranche entitled to 10% of the cash flows of all years. Meant to be retained by the aggregator 

and the utility fund to provide credit enhancement. Issuance value EUR 54 million, maturity 23 years. 

Below computation illustrates the distribution of cash flow. Remark that in comparison to the values 

from the valuation in chapter 5, the yearly cash flows are here presented without payment of 

German corporate tax. This so, as SPVs used for securitization purposes will be tax transparent in 

order to avoid double taxation of assets. However, as this specific securitization involves real 

assets, trade tax will still be levied on SPV level150. 

Table 6-3 Potential Cash Flow (CF) Structure 

 

As seen, the senior tranche possess an IRR of 7.9%, which indicates that the potential issuance 

would be in-line or above the level of the related issuances presented earlier in Table 6-2. The 

aggregator would benefit from an IRR of 9.4% for facilitating the transaction, mainly derived from 

the asset sale and in less degree from the continuing servicing of cash flow distribution151. In 

addition, the aggregator would be subject to the revenue generated by half of the equity tranche. 

 
The collaborative fund set up the utilities would generate an IRR of 9.9%, which is lower than the 

utilities isolated project IRRs. Moreover, the utilities would be subject to capital commitments of 1% 

of the project costs (5%-equity placement in a 20%-project owner share). However, these 
                                                      
150

 Informed via email by TSI Direktor, Mario Urhmacher. In Germany, only securitized bank loans are exempted from 
tax claims. However, it was informed, that by placing the SPV in another country, such tax-exemption could might be 
facilitated for offshore wind assets as well. 
151

 IRR for the aggregator without 2% service would be 8.74%. Therefore, if the continuous involvement of the 
aggregator could endanger the true sale recognition, an external servicer could be hired, without harming the overall 
business prospective of the transaction. 

EURm nominal 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Avg.          

2026-2040 IRR

-62.2       -300.6    -156.1    66.1        83.8          77.3       77.5       77.3       75.0       76.2       77.8        42.4       43.4            9.9%

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Avg.          

2026-2040 IRR

-64.0       -309.6    -160.7    66.1        605.7       1.5          1.5          1.5          1.5          1.5          1.6          0.8          0.9              9.4%

Expected Future CF 83.8          77.3       77.5       77.3       75.0       76.2       77.8        42.4       43.4            

2% Service-Fee to Aggregator 1.7            1.5          1.5          1.5          1.5          1.5          1.6          0.8          0.9              

CF Availab le for Securitization 82.1          75.8       75.9       75.8       73.5       74.7       76.3        41.5       42.6            

Payment 

2018 2018 2019 2020 2021 2022 2023 2024 2025

Avg.          

2026-2040 IRR

-280.0 57.5 53.1 53.1 53.0 51.5 52.3 53.4 7.9%

-270.0 16.4 15.2 15.2 15.2 14.7 14.9 68.7 37.4 38.3 9.2%

-54.0 8.2 7.6 7.6 7.6 7.4 7.5 7.6 4.2 4.3 9.9%

sum: -604.0 82.1 75.8 75.9 75.8 73.5 74.7 129.7 41.5 42.6

Own Calculations

Total CF from 3 owner-shares 

of 20% in 3 utility projects.

Aggregators expected CF 

including debt-costs of 3% 

added to CAPEX-years. The 

aggregator receives payment 

of the securities in 2018 and a 

service-fee of 2% for 

distribution of all future CF.

   (604+1.7)

Senior Tranche, 7 years maturity                                                            

70% of CF from years with FIT support.

Junior Tanche, 23 years maturity                                                                                        

20% of CF from FIT years + 90% of CF for remaining years.

Equity Tranche, 23 year maturity                                                         

10% of CF from all years.
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disadvantages are evaluated to be outweighed by the increased capital inflow and the future 

prospects of “educating” a larger investor group to become more familiar with investments in 

offshore wind. 
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7. Conclusions 

This study has entailed different investigational works regarding the development of the European 

offshore wind market leading up to NREAP target year 2020. It has been found that pipelines of 

sufficient size to meet the target exist, but likewise, there exist voluminous uncertainty of the 

amount of actual possible installations before 2020. The “most certain” industry-pipeline of 25.7 

GW shared among the leading six utilities, new utility entrants, IPDs, IPPs, and financial investors 

represents well matured projects with great prospects for actual realizations. However, due to the 

short timeframe from now until 2020, it is anticipated that only experienced developers, in particular 

the leading sex utilities, will be technical able to complete potential projects beyond what is 

included in the “most-certain” pipeline. A completion of 12.4 GW of the six leading utilities 

combined potential pipelines of 16.6 GW would result in reaching the NREAP target of 43 GW a 

year ahead of schedule in 2019. Yet, the financial ability of the leading six utilities to complete 

potential projects is questionable, and this study finds the capital requirements for doing so too 

substantial to avoid further negative assessment in their already pressured corporate ratings. 

 
Therefore, it is evaluated that direct investments of approx. EUR 53 billion in external capital is 

needed in order to overcome funding challenges in the construction phases. In particular, 

investments from an increased group of pension funds seem to be possible to attract. Placements 

are primarily expected to occur in joint venture projects with utilities, as these provides the greatest 

comfort-levels in regards to track-records and mitigation of several risk parameters, such as 

construction and on-going O&M involvement. Analysis of a hypothetical joint venture project in the 

promising market of Germany in this study finds, that with the current level of FIT-support 

available, the investment opportunity will offer a P(50) IRR of 8.50%. Even in the event of a severe 

unattractive development in wind speed, market prices, and O&M costs, the investment will 

continue to provide stability with a P(90) IRR of 7.50%. This must be regarded as attractive in the 

current economic environment categorized by long term government bonds offering low returns. 

 
Since 2010, the industry has gained interest from external investors, but the amount of active 

parties is still limited. Despite the apparent attractiveness, the industry is young and investors are 

not yet accustomed with the characteristics of transactions and the associated risks. In particular, 

insurance funds and a broader share of smaller pension funds are relevant and untapped investor 

segments. Such investors are expected to be averse in regards to the long holding periods and 

high ticket-sizes required for JV-engagements, and instead require structured products with a 

credit rating, which facilities secondary market opportunities. In recognition of this need and as a 

possible solution for utilities to attract new capital streams without harming their credit rating, this 
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study suggests a securitization structure that facilitates issuance of securities that are backed by 

the revenue generated by offshore wind farms. In general, securitizations of various assets have 

been affected adversely by low confidence after the financial crisis of 2007, but an upswing in the 

German securitization market has been observed during the first three quarters of 2013. This could 

indicate a shift in perception, which supports the potential for offshore wind securitization. In 

addition, several structural considerations have been taken to increase alignment of incentives 

between developer, aggregator, and investors, which seek to mitigate the shortfalls observed in 

previous related issuances of European onshore wind securitizations. Yet, an actual issuance 

would require involvement from a risk willing aggregator and credit enhancing participation from 

the EIB and/or the German Development Bank KfW could be required to facilitate investors with 

adequate confidence in the product.  

 

Overall, meeting the NREAP target appears difficult, but depending on conditions on external and 

internal factors in the industry, not entirely improbable. Below Figure 7-1 illustrates four potential 

outcomes of the industry by 2020 based upon findings in the study: 

Figure 7-1 Potential Outcomes by 2020 given different Market Surroundings 

 

In the Slow Progression (1) scenario only the “most certain” projects will be completed, while some 

additional potential projects will be completed in scenario 2 and 3. In the Rapid Growth (4) 
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scenario, at least some and possible all potential projects will be completed and the NREAP target 

possibly met.  For this scenario to become a reality, the industry is dependent on strong political 

engagement facilitating increases in the ETS-price and generating a more attractive environment 

for investment in offshore wind. Likewise, withholding of the support-promises is of paramount 

importance and slightly negative alterations could greatly decelerate the development. 

 
7.1 Future Perspective 
This study has provided new public insights in regards to the structuring of JV-investments and the 

returns hereof. Such information has previously been restricted to the parties directly involved in 

past transactions. This calls for a rethinking of the process for attracting new investors. While all of 

the investigated utilities in this study have well designed websites informing of their various 

engagements in offshore wind, none of them have “educating” sections entailing the characteristics 

of specific investment-cases in past and coming projects. Information of such form could be of 

great value for several investor segments with no prior engagement, and could potentially lead to 

an increased amount of requests for project participations. Likewise, utilities need to establish 

greater flexibility in regards to ticket-size and evaluate their projects platforms to accommodate an 

increased number of investors in each project, preferably with introduction of structures products 

allowing for credit ratings. This study identifies and presents a preliminary design of an ABS 

issuance that could facilitate such opportunity, but additional work determining a final tranche 

structure, legal aspects for the SPV, and a complete tax-assessment is needed. 

 
Seen from the perspective of regulators and policy makers, future investigational works should 

evolve around the issue of providing support in more efficient ways without increasing the costs for 

governments and taxpayers. An interesting topic arises in possibilities for redistributing a greater 

amount of support to the construction phases while lowering the following tariff- and premium 

based support schemes. Attraction of capital during construction phases is a key catalyst for 

ensuring a development in line with the NREAP target, why regulatory modifications of such 

character could spur an accelerated development. However, incentives must be aligned, why 

redistribution of support should not be seen as increased grants, but must come with governance 

structures setting minimum targets for generated outputs levels years ahead, potentially allowing 

for fines if projects fail to deliver as anticipated. 
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10.1 Appendix 1 – Country specific NREAP targets 
 

Official 2020 targets included in European member states National Renewable Energy Plans 

(NREAPs)  

 

 
 
Source European Commission Joint Research Centre 2011 
 
* Belgium added a target for offshore wind subsequently to the NREAP plan that the country handed in to the 
European Commission. Source EWEA 2011. The added target is included in the 43 GW cumulative target. 
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10.2 Appendix 2 - Offshore wind support scheme Germany 
 
Overview of the German compensation model: 
 

 Compensation Model: Fixed Feed in Tariff (FIT) 

 Compensation: A base feed tariff of EUR 35/MWh for a duration of 20 years.  

o For the initial years, the tariff will be higher. Operators can choose between two options: 

  Option I of EUR 150/MWh for 12 years; or 

  Option II of EUR 190/MWh for 8 years. 

o After these options expire, the base tariff will be available. 

o The tariffs will be available upon commissioning, meaning that all wind turbines must have been 

installed, connected, and tested for a certain period without major incidents.   

o There exists added increases in tariffs for wind farms under certain geographic conditions (see 

below). 

o A degression of 7% of the size of the initial tariff will be applicable for wind farms that are 

commissioning later than 2017 (see below). 

 
 
Overview of FIT structure with Option I and Option II based on commissioning year: 
 
 

 
 

 
 
See more on next page 
  

Commissioning
Base feed in tariff         

20 years

Option I                 

starting tariff               

12 years

Option II                       

Increased starting tariff                 

8 years 

Year EUR/MWh EUR/MWh EUR/MWh

2013 35 150 190

2014 35 150 190

2015 35 150 190

2016 35 150 190

2017 35 150 190

2018 35 139.5 n/a

2019 35 129.7 n/a

2020 35 120.7 n/a

2021 35 112.2 n/a

Own Adaption. Source 3E 2013
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 Degression of the increased starting feed in tariff: until (and including) 2017 -> 0%; from 

2018 on -> 7%; the base feed-in tariff will not decrease. It is uncertain wheather Option II 

will be availbale after 2017. 

 

 Option I: 

o Increased starting feed-in tariff is paid for at least 12 years (see prolongation bullet point 

below). After 12 years EUR 35/MWh are guaranteed until 20 years after start of 

production 

o Prolongation: the period of the increased starting feed in tariff (of Option I) is prolonged 

by 

 1.7 months for each meter of water depth over 20m. 

 0.5 month for each Nautical Mile (NM) beyond 12 NM. 

 

 Option II: 

o Increased starting feed-in tariff is paid for 8 years (see prolongation bullet point). After 8 

years  EUR 35/MWh are guaranteed until 20 years after start of production. 

o Prolongation: the period of the increased starting feed in tariff is prolonged by 

 1.7 months for each meter of water depth over 20m. 

 0.5 month for each Nautical Mile (NM) beyond 12 NM. 

but the increased feed-in tariff for the prolongation is only the one of Option I. 

 

 It is generally expected that the projects will drop out of the support scheme after the period 

with high compensation (and possible prolongation), since the price they can get on the 

market can be expected to be higher than the EUR 35/MWh minimum support. 

 

Source: 3E (2013) 
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10.3 Appendix 3 - Definition of Wind Farm Statuses included in the 4cOffshore Database 
and forecast selection method  

 

Below listed definitions explains the different kind of a “status” that an offshore wind farm can be 

awarded in the 4cOffshore database.   

Development Zone - This refers to an area or zone that the government has identified as being suitable for 
development for offshore wind. Normally developers are then invited to submit project proposals falling within 
the area. 
 
Concept/Early Planning – The early stages of a wind farm. At this pre-application stage tasks are 
undertaken to establish the feasibility and design of the project.   
 
Consent Application Submitted – The formal application has been officially submitted and is awaiting a 
decision from the authorities.  
 
Consent Authorised – Approval has been granted by the authorities and construction can begin. 
 
Under Construction – The offshore construction is in progress. No turbines are yet energised. 
 
Partial Generation/Under Construction - At least one turbine has been energised and is feeding power to 
the grid. Part of the project is still under construction. 
 
Fully Commissioned – All turbines energised and feeding power to the grid. 
 
Dormant - The planning process for a country is moving forward but the wind farm is not explicitly include in 
plans. However the wind farm has not formally been declined by the authorities or cancelled by the 
developer.  
 
Failed Proposal – The application has been declined by the authorities. 
 
Cancelled – The developer/owner has decided that the project is not viable. 
 
Decommissioned – The project has come to the end of its lifecycle. The turbines and foundations are 
removed. 
 
Unknown – The project is known to exist but no information is yet available as to its current status. 

 
 

In total, the 4cOffshore database contains 89 different information-fields for each offshore wind 

project. One of these fields is the above explained “Status”. Other information-fields are for 

instance of financial, geographic, technical, and legal characteristics etc.  

 

Important information-fields for the estimation of forecasts are: 

 expected dates for construction start; and 

 expected production start (first power).  

 

If these fields are not filled out in the database, it partly suggests that very little information of the 

projects have been released to the markets, why it could be expected that the completion date is 

still uncertain. Likewise, if only one of the fields have been filled out, it likewise suggests a lack of 
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consistent and covering information of the project, why the information could be an expression of 

intend rather than expression of an actual project plan. However, for projects in the database with 

no information-fields that are omitting values, it suggests that the projects are well underway in 

their development.  

 

Therefore, below listed search criteria have been applied in the estimation of the two types of 

forecasts included in this study: 

  
Search Criteria applied “Most Certain”: 
 
 

Base case “Most Certain” 2020 Forecast: 

 
 
 
 
Search Criteria applied “Potential Pipeline”: 
 
 

Pipeline for leading six utilities with potential completion date before 2020: 

 
  

Country Wind farm status: Contstruction Start First Power

Under Construction

Within EU Consent Authorised Before 2020  and 2013 - 2020

Consent Application Submitted

Country Wind farm status: Contstruction Start First Power Developers

Under Construction No Value and Before 2020

Consent Authorised 

Consent Application Submitted

Concept/Early Planning Latest 2018 and No value

Centrica, DONG 

Energy, E.ON, 

RWE, SSE, 

Vattenfall 

Within EU      and/or
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10.4 Appendix 4 – Value Chain for Offshore Wind Projects 
 

Below figure illustrates the typical project development progress of an offshore wind farm. As it can 

be seen, typical project completion times are in the range 6 to 10 years. The total project duration 

can vary as several of the phases in the project development overlap with each other.  

 

 
IPD = Independent Project Developer 
IPP = Independent Power Producer 
G&O = Gas and Oil companies 
 
 

 
 
 
Sources: Own Creation with inspiration from Roland Berger (2013) and IHS (2012) 
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10.5 Appendix 5 – List of wind projects included in the 4cOffshore “Most Certain” forecast 
 
 

Projects have been seperated into several rows in the cases where ownership of the windfarms 

were shared by one of the leading utlities and one or more other investors, i.e. Anholt. The 

seperation have been based upon owner share. In total, 79 projects are included in the forecast 

with expected completion dates (First Power) between 2013 and 2020. 

 

 
 

First Power Owners Country Name MW

2013
DONG Energy United Kingdom

Gunfleet Sands 3 - Demonstration 

Project
72

DONG Energy United Kingdom West of Duddon Sands 195

DONG Energy Denmark Anholt 200

E.ON Climate Sweden Kårehamn 48

EDF Energy Renewables United Kingdom Teesside 62.1

ENOVA Energieanlagen GmbH,EWE AG Germany Riffgat 108

HEAG Südhessische Energy Ltd (HSE),Norderland 

Projekt GmbH ,Stadtwerke München GmbH,Esportes 

Offshore Beteiligungs GmbH,EGL Renewable 

Luxembourg AG ,Windreich AG

Germany Global Tech I 400

PensionDanmark Denmark Anholt 120

PKA Pension Denmark Anholt 80

RWE AG United Kingdom Gwynt y Môr 342

Samsung Heavy Industries United Kingdom Fife Energy Park 7

Scottish and Southern Energy (SSE) United Kingdom Hunterston Test Centre 24

ScottishPower Renewables United Kingdom West of Duddon Sands 195

Siemens AG United Kingdom Gwynt y Môr 171

Stadtwerke München GmbH United Kingdom Gwynt y Môr 57

Trianel GmbH Germany Borkum Phase 1 200

N/A Belgium
Belwind Alstom Haliade 

Demonstration
6

N/A France VertiWind 2

N/A Spain Gamesa 5MW Test Turbine 5

2013 Total 2294

2014 Aspiravi ,WE-Power Ltd (Colruyt group) Belgium Northwind 216

DONG Energy Denmark NearshoreLAB 36

DONG Energy Germany Borkum Riffgrund I 140

DONG Energy United Kingdom Westermost Rough 210

E.ON Climate United Kingdom Humber Gateway 219

EnBW Energie Baden-Württemberg AG Germany EnBW Baltic 2 288

Energiekontor AG Germany Nordergründe 110.7

Kirkbi A/S Germany Borkum Riffgrund I 89

National Renewable Energy Centre (Narec) United Kingdom
NaREC Offshore Wind 

Demonstration Project
99.9

Oticon Foundation Germany Borkum Riffgrund I 50

RWE Innogy GmbH Germany Nordsee Ost 295.2

Stadtwerke München GmbH Germany DanTysk 144

Vattenfall Germany DanTysk 144

Windland Energieerzeugungs GmbH,Blackstone Group Germany Meerwind Ost/Sud 288

N/A Malta Hexicon 54

2014 Total 2382
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First Power Owners Country Name MW

2015 Electrawinds NV,Rent-A-Port n.v.,Aspiravi ,Power@Sea 

NV,Dredging, Env. &amp; Marine Eng (DEME),SRIW 

Environment,Socofe,Nuhma

Belgium RENTEL 550

Eneco,Mitsubishi Corporation Netherlands Eneco Luchterduinen 129

HVC Groep,Typhoon Offshore BV Netherlands Gemini 600

Koepel Windenergie Noordoostpolder Netherlands
Westermeerdijk buitendijks - 

Windpark Noordoostpolder
144

RWE AG Germany Innogy Nordsee 1 332

Vattenfall Europe Windkraft GmbH United Kingdom Kentish Flats Extension 51

Windkraft FiT GmbH Germany Demonstrationsprojekt Albatros I 50

Windreich AG,FC Windenergy GmbH Germany MEG Offshore I 400

wpd Offshore GmbH,Marguerite Fund,Industries 

Pension,PKA A/S,Siemens Financial Services
Germany Butendiek 288

2015 Total 2545

2016 2-B Energy United Kingdom 2-B Energy Test Site 12

Centrica Renewable Energy Limited United Kingdom Race Bank 580

DONG Energy Germany Gode Wind II 252

DONG Energy United Kingdom London Array Phase 2 120

E.ON Climate Germany Amrumbank West 288

E.ON Climate United Kingdom London Array Phase 2 120

E.ON Climate United Kingdom Rampion 700

Financial Insurance GmbH Germany Ostseeperle 245

Financial Insurance GmbH Germany Ostseeschatz 315

Masdar United Kingdom London Array Phase 2 48

RWE AG Germany Innogy Nordsee 2 295.2

Trianel GmbH Germany Borkum Phase 2 200

Vattenfall United Kingdom
European Offshore Wind 

Deployment Centre - EOWDC
84

N/A Germany Deutsche Bucht 210

2016 Total 3469

2017 Air Energy sa,Electrawinds NV Belgium Norther 470

BARD Holding GmbH Germany Veja Mate 400

Erste Nordsee-Offshore-Holding 

GmbH(51%Strabag/49%Northern Energy)
Germany Albatros 345

Financial Insurance GmbH Germany BalticEagle 500

Iberdrola Renovables Germany Wikinger 400

Mainstream Renewable Power United Kingdom Neart na Gaoithe 450

RWE AG Germany Innogy Nordsee 3 369

Statoil ASA,Statkraft United Kingdom Dudgeon 560

Windreich AG Germany Austerngrund 400

2017 Total 3894

2018 E.ON Climate Sweden Södra Midsjöbanken 700

EDP Renováveis,Repsol Nuevas Energies United Kingdom Telford Offshore Windfarm 500

Fluor Limited United Kingdom Firth of Forth Phase 1 Alpha 263

Fluor Limited United Kingdom Firth of Forth Phase 1 Bravo 263

RWE AG United Kingdom Galloper Wind Farm 252

RWE AG United Kingdom Triton Knoll Phase One 400

Scottish and Southern Energy (SSE) United Kingdom Beatrice 1000

Scottish and Southern Energy (SSE) United Kingdom Firth of Forth Phase 1 Alpha 263

Scottish and Southern Energy (SSE) United Kingdom Firth of Forth Phase 1 Bravo 263

Scottish and Southern Energy (SSE) United Kingdom Galloper Wind Farm 252

ScottishPower Renewables United Kingdom East Anglia One 600

Vattenfall United Kingdom East Anglia One 600

2018 Total 5356
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First Power Owners Country Name MW

2019 EDP Renováveis,Repsol Nuevas Energies United Kingdom Stevenson Offshore Windfarm 500

2019 Total 500

2020 4 Energia (OÜ Nelja Energia) Estonia Hiiumaa 700

EDP Renováveis,Repsol Nuevas Energies United Kingdom MacColl Offshore Windfarm 500

Eolus Vind AB,Vingkraft AB,VindIn AB Sweden Blekinge Offshore AB 2500

RWE AG United Kingdom Triton Knoll Phase Three 400

RWE AG United Kingdom Triton Knoll Phase Two 400

Windreich AG Germany GAIA V 400

N/A Denmark Bornholm 36

N/A Denmark Sæby 75

N/A Denmark Sejrø Bugten 75

N/A Denmark Smålandsfarvandet Vest 75

N/A Denmark Vesterhavet Nord 75

N/A Denmark Vesterhavet Syd 75

2020 Total 5311

2013-2020

Grand Total 25751

Potential Parks in France before 2020

First Power Owners Country Name MW

2017 eole RES France Saint-Brieuc 250

Iberdrola Renovables France Saint-Brieuc 250

2020 DONG Energy France Saint-Nazaire 240

DONG Energy France Courseulles-Sur-Mer 225

DONG Energy France Fécamp 249

EDF Energies Nouvelles France Saint-Nazaire 240

EDF Energies Nouvelles France Courseulles-Sur-Mer 225

EDF Energies Nouvelles France Fécamp 249

France Total 1928

2013-2020

Grand Total Including France 27678.7
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10.6 Appendix 6 – List of projects included in Potential Pipeline for the Leading six 
Utilities. 

 

This pipeline of potential projects has been based upon information in the 4cOffshore database. 
 

Projects have been seperated into several rows in the cases where ownership of the windfarms 

were shared by more than one of the leading utlities. The seperation have been based upon owner 

share. In total, 37 projects are included in the forecast with potential completion dates between 

2013 and 2020. 

 
  
 
 
  

Owners Country Windfarm   name Windfarm  Status

Construction 

Starts

First 

Power

Capacity 

MW

Centrica United Kingdom Rhiannon Wind Farm Concept/Early Planning 2017 2018 1100
Centrica Total 1100

DONG Energy France Fécamp Concept/Early Planning 2017 2020 249

France Courseulles-Sur-Mer Concept/Early Planning 2018 225

France Saint-Nazaire Concept/Early Planning 2016 2020 240

Germany Borkum Riffgrund West Consent Authorised 2019 400

Germany Gode Wind III Consent Application Submitted 2017 105

Germany Gode Wind I Consent Authorised 2016 332

France Courseulles-Sur-Mer Concept/Early Planning 2018 225
Netherlands West-Rijn Consent Authorised 2018 150

Netherlands Breeveertien II Consent Authorised 2017 175

Netherlands Den Helder I Consent Authorised 2020 234

Germany Borkum Riffgrund II Consent Authorised 2018 349
United Kingdom Rhiannon Wind Farm Concept/Early Planning 2017 2018 1100

DONG Energy 

Total
3784

E.ON Germany Delta Nordsee 1 Consent Authorised 2016 240

Germany Delta Nordsee 2 Consent Authorised 2020 160

Germany Arkona-Becken Südost Consent Authorised 2018 480

Germany Beta Baltic Consent Application Submitted 2019 150

Sweden Utgrunden II Consent Authorised 2017 86.4

E.ON Total 1116

RWE Netherlands Tromp Binnen Consent Authorised 2019 295

Netherlands
TKI Wind op Zee (FLOW - 

Turbine Demonstration 
Concept/Early Planning 2016 20

Netherlands

TKI Wind op Zee (FLOW - Far 

Offshore Demonstration 

Park)

Concept/Early Planning 2017 40

United Kingdom
Dogger Bank Creyke Beck B 

(Tranche A)
Concept/Early Planning 2017 2017 400

United Kingdom
Dogger Bank Teesside A                   

(Tranche B)
Concept/Early Planning 2018 2019 400

United Kingdom
Dogger Bank Teesside B          

(Tranche B)
Concept/Early Planning 2019 2020 1200

United Kingdom Atlantic Array Phase Two Concept/Early Planning 2018 2019 500

United Kingdom
Dogger Bank Creyke Beck A 

(Tranche A)
Concept/Early Planning 2016 2017 400

Germany Kaskasi II (formerly Hochsee Consent Application Submitted 2018 170
RWE Total 3425
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Owners Country Windfarm   name Windfarm  Status

Construction 

Starts

First 

Power

Capacity 

MW

SSE Netherlands West-Rijn Consent Authorised 2019 150

Netherlands Breeveertien II Consent Authorised 2018 175

Netherlands Den Helder I Consent Authorised 2016 234

United Kingdom
Dogger Bank Creyke Beck B 

(Tranche A)
Concept/Early Planning 2017 2017 400

United Kingdom Firth of Forth Phase 2 Echo Concept/Early Planning 2017 2018 303

United Kingdom Firth of Forth Phase 3 Golf Concept/Early Planning 2019 2020 113

United Kingdom
Dogger Bank Teesside A                

(Tranche B)
Concept/Early Planning 2018 2019 600

United Kingdom
Dogger Bank Teesside B               

(Tranche B)
Concept/Early Planning 2019 2020 600

United Kingdom Islay Concept/Early Planning 2017 2019 690

United Kingdom Firth of Forth Phase 2 Charlie Concept/Early Planning 2017 2018 305

United Kingdom Firth of Forth Phase 3 Foxtrot Concept/Early Planning 2019 2020 282

United Kingdom
Dogger Bank Creyke Beck A 

(Tranche A)
Concept/Early Planning 2016 2017 400

United Kingdom Firth of Forth Phase 2 Delta Concept/Early Planning 2017 2018 303

SSE Total 4555

Vattenfall Sweden Kriegers Flak II Consent Authorised 2017 640

Germany Sandbank Consent Authorised 2015 288

Germany Nordpassage Consent Application Submitted 2015 400

Sweden Trolleboda Consent Application Submitted 2015 150

United Kingdom East Anglia Four Concept/Early Planning 2020 600

Germany Sandbank Consent Authorised 2015 288

Sweden Taggen Vindpark Consent Application Submitted 2014 300

Vattenfall Total 2666

Grand Total, 2013-2020 Potential Pipeline 16646
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10.7 Appendix 7 – Credit Rating Definitions and Overview as of August 2013 
 

 

 
  

Moody's S&P Fitch Moody's S&P Fitch
Long-term Long-term Long-term Definition Long-term Long-term Long-term

Aaa AAA AAA Prime

Aa1 AA+ AA+ Centrica A3 (s) A- (s) A

Aa2 AA AA

Aa3 AA- AA-

A1 A+ A+ Baa1 (s) BBB+ (n) BBB+ (n)

A2 A A

A3 A- A-

Baa1 BBB+ BBB+ E.ON A3 (n) A- (s) n/a

Baa2 BBB BBB

Baa3 BBB- BBB-

Ba1 BB+ BB+
Non-investment 

grade

RWE Baa1 (s) BBB+ (s) n/a

Ba2 BB BB speculative
SSE A3 (s) A (n) n/a

Ba3 BB- BB-

B1 B+ B+ Vattenfall A2 (n) A- (s) n/a

B2 B B

B3 B- B-

Caa1 CCC+
(s)= Stable Outlook, (n)=Negative Outlook

Caa2 CCC

Caa3 CCC-

DDD

Own creation. Sources Moody's, S&P, and Fitch wep pages (2013)

DONG Energy

Own Creation. Sources Moody's Credit Opinions (2012-2013a-f), 

utilities Investor Relation web pages (2013)

Utility

Highly 

speculative

CCC

Substantial 

risks

Lower medium 

grade

High grade

Upper medium 

grade

In default

Ca

CC

Extremely 

speculative

C

C D
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10.8 Appendix 8 – CD-ROM Appendix of Stress Test Model 
The developed Excel model applied to test utilities credit ratings in regards to increases in their net debt can 

be found on below CD-ROM 1:  
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10.9 Appendix 9 - Moody’s Rating Methodolodgy Explanied 
 

Illustrated with figures for Centrica 2008-2010: 
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10.10 Appendix 10 – Potential Rating Affects for Sub-Factors excluded in the Stress Test 
This appendix serves to describe and evaluate the potential effect for increases in net debt and 

investments in offshore wind for the sub-factors that were excluded for adjustments in the 

performed Stress Test from chapter 3. 

 
 

Moody’s Rating Methodology – Stress Test 
The applied framework for the credit rating stress test in the analysis followed the framework that 

Moody’s has developed to assess the risk of utilities; called Unregulated Utilities and Power 

Companies (2009). In this framework, the utilities are evaluated on four overall factors with eleven 

sub-factors. The framework assigns a rating for each sub-factor, from where the final rating is 

derived as a weighted average of all the sub-factors.  

 

Weight of Rating Factors.  Source: Moody's 2009 

 

 

To analyse the credit rating sensitivity in regards to increases in net debt, potentially derived from 

investments in off-shore wind energy, the quantitative, thus more objective, factors in this 

framework was assessed. This limited the analysis to three sub-factors in the Financial Strength 

Matrix, which accounts for 30% of the final rating. However, the remaining factors, which was kept 

constant in this analysis, could likewise be impacted by changes in net debt. In the following 

sections, these possible changes are described as well as the other factors are explained.  

  

Weight Sub-factor Weight

25% Size and scale 15.0%

Competitive position and market structure 10.0%

Fuel strategy and mix 5.0%

Degree of integration and hedging strategy 5.0%

Capital requirements and operational performance 5.0%

Contribution from low-risk/high risk businesses 10.0%

(3) Financial Policy 10% Financial Policy 10.0%

(4) Financial Strenght Metrics 40% Cash Flow Interest Coverage 10.0%

Cash Flow / Debt 12.5%

Retained Cash Flow / Debt 12.5%

Free Cash Flow / Debt 5.0%

Total 100% 100.0%

Own Adaption. Source: Moody's 2009

Factor

(2)

(1)

25%

Market Assessment, Scale 

and Competetive Position

Cash Flow Predictability of 

Business Model

Applied 
ratios
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(1) Market Assessment, Scale and Competitive Position factor 
 

Rating Criteria Factor 1: Market Assessment, Scale, and Competitive Position table

 
 

The first sub-factor in the Market Assessment, Scale and Competitive Position factor analyses the 

size and competitive position of the utilities. As a result of the liberalization of the European 

energy markets, the challenges of the energy sector have increased. According to Moody’s (2009), 

these challenges include increased  competition, the need to secure supply with contracts of 

sufficient volume, management of commodity price volatility, potential regulatory and political risk, 

and huge investments in infrastructure to meet both long-term growth and diversification towards 

cleaner energy. The utilities that are best suited to face these challenges are the ones with 

resources and scale to generate substantial and regular cash flow through a well-diversified 

portfolio. Further are they the ones with the financials to undertake large investments in the future. 

Total asset size is used to measure this sub-factor from which a rating is assigned based upon 

predetermined ranges as seen in above table. Larger asset base equals a higher rating (Moody's 

2009). 

 

The second sub-factor within the Market Assessment, Scale and Competitive Position factor is the 

Competitive position and market structure. This sub-factor assesses the strength of the utilities 

competitive position in regards to the market characteristics where the regulatory framework and 

the degree of entry barriers are evaluated. The rating of this factor is assigned upon the utilities 

market share in their core market(s), in terms of generated annual TWh output of their core 

business. Further the core market is evaluated on its total size, i.e. a leading or dominant position 

in a small regional market is rated lower than the equivalent position in a large national market 

(Moody's 2009). 
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Impact of Increased Debt for the Market Assessment, Scale and Competitive Position factor 
 

Increased debt would not impact the size and scale sub-factor in itself, but the derived investments 

in assets would increase the company's total assets, hence improving their size and scale sub-

factor rating. As seen above, the needed level of total assets to achieve a Aaa rating is USD 100 

billion while the lowest rating, Caa, is given for asset portfolios less of USD 1 billion. 

 

RWE and E.ON already have Aaa ratings, hence they have no possibility for improvement 

(Moody's 2012c, Moody's 2013a). It is also considered unlikely that RWE and E.ON would divest 

assets to an extent that would result in a downgrade in this sub-factor. 

 

Centrica, DONG, and SSE currently have an A rating in this sub-factor with total asset pools in the 

range of USD 29 billion to USD 33 billion (Centrica AR 2012, DONG AR 2012, SSE AR 2012). 

Therefore, it is less likely that they can improve this rating to Aa (USD 50 billion) demanding an 

increase in assets of USD 17 to 21 billion before impairments on existing assets. 

 

Vattenfall has SEK 530 billion (USD 83 billion) in total assets and is rated at Aa in this sub-factor 

(Moody's 2012e). With USD 83 billion in total assets, the company is located in the mid-range for 

Aa and need additional USD 17 billion in assets to get a notch up to Aaa (USD 100 billion). Given 

the size of Vattenfall, increased debt could result in an improved rating based on the derived 

increased asset portfolio. According to the stress test a yearly increase of 10% in debt would result 

in additional USD 18 billion of debt in 2018 and USD 23 billion in 2020 (Appendix 8 - Stress test 

model). If all debt went to investments in new assets the Size and Scale sub-factor would be 

affected positively and result in a notch up to Aaa. For the remaining utilities there is no indication 

of either an improved or weakened rating due to this sub-factor.  

 

The Competitive position and market structure sub-factor is only, if at all, affected in minor degree 

by investments in renewable power. Even though all tested utilities are pursuing strong growth in 

their renewable energy portfolios, none of the tested utilities have it as its core business, which 

must still be considered to be conventional power generation. For the tested utilities, a negative 

change in the market positioning in their local markets seems unlikely, as they all are among the 

leading utilities in their respective markets and are well-positioned according to this sub-factor 

rating. 
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(2) Cash Flow Predictability of Business Model 
 

Rating Criteria Factor 2: Cash Flow Predictability of Business Model 

 

 

The cash flow predictability of business model factor covers four sub-factors.  

 

The first sub-factor is fuel strategy and mix. The rationale behind this sub-factor is to analyse 

whether the utilities energy mix are aligned with the general energy mix in their main market. With 

an energy mix in line with the market average utilities will typically benefit from higher load factors 

and lower risk of mismatch between their cost drivers and the drivers of market prices (Moody's 

2009). The exposure to carbon is also analysed in this sub-factor, as a higher exposure results in 

higher costs due to CO2 emissions. 

 

The second sub-factor, Degree of integration and hedging strategy covers how well the utlities 

down-stream base is and how well-hedged their portfolio is. The down-stream base secure against 

volatility in prices as utilities can pass it on to their customer base while their hedging activities - 

such as Power Purchase Agreements (PPA) - secure known and fixed prices in the future which 

also functions as a tool to cover for price volatility.  
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The third sub-factor is Capital requirements and operational performance which  is adressed to 

analyse the risk associated with a significant investment programme that may result in execution 

risk and overrun costs. Both the size of the total capital expenditures (CAPEX) for property, plant 

and eqiupment (PPE) and the complexity of the investment programme are assessed. This sub-

factor is relevant because of the high investment level in the sector. Further are the general age 

and replacement costs of a utility's equipment also assesed, so that a utility that postpone 

maintance does not benefit from this in the sub-factor score. The sub-factor is measured with as 

annual capital expenditures as a percentages of total assets with the quantitative measure: annual 

CAPEX / net PPE and by the age level of the utility's equipment. 

 

The last sub-factor is Contribution from low/high risk business. This business risk factor 

analyses how big a proportion of the utilities business that is regulated and derives from markets 

with a well-established and transparant regulatory framework. A large proportion of regulated 

activities in a well-stablished market results in a lower risk profile, thus a better rating. Renewable 

energy is, once in operation, considered low risk once as governments aimes to promote 

generation from renewable sources (Moody's 2009). 

 

Impact of Increased Debt for the Cash Flow Predictability of Business Model 
 

The fuel strategy and mix would be positively affected by an increase in generation from renewable 

sources relatively to conventional energy, due to the lower CO2 emissions. It would further 

decrease the exposure to input price volatility due to the cost-free nature of wind and solar inputs. 

However, it is important that the utilities maintains a portfolio of conventional energy assets that 

can function as flexible balancing units.  

 

The degree of integration and hedging strategy sub-factor is not affected by an increase in debt 

levels or by an increase in renewable energy. It must be assumed that the utilities would continue 

to hedge their positions regardless of the source of the generation.  

 

The effect on the Capital requirements and operational performance sub-factor would be 

negatively affected as the construction of offshore must be considered as complex. It is assessed 

that the complexity of the construction will outweigh the lower average age of the new assets and 

the outlook for this sub-factor will be negative. 

 

Contribution from low/high risk business would be positively affected by an increased contribution 

from generating renewable energy (Moody's 2012b). The fixed price regime for renewables will 
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further contribute positively to this factor. Last, it is considered most-likely that the utilities will 

continue to act in the same markets as the already are, hence no additional risk from business in 

unstable or non-transparent markets is expected to occur. 

.  

 

(3) Financial Policy 
  

Rating Criteria Factor 3: Financial Policy

 

 
 

The Financial policy sub-factor analyses the utilities financial policy which gives a guide to 

management's appetite for future risk and the direction of the future capital structure. This factor is 

also assessed through the dividend and share payback policies; whether it historical has been 

stable and to what degree its targets appear to be realistic. Further is the utility's ability to maintain 

adequate liquidity assessed. This is important because of the volatility in commodity prices that 

calls for huge differences in prices, hence significant margin calls, and because of the capital 

intensive nature of the sector. 

 

To measure the risk element described above, Moody's analyses the utilities M&A activities and 

how sound the capital management have been in that regard. It is analysed how closely the 

transactions are linked with the utilities core-competences, how these transactions are most-likely 

to be funded, and the ability to integrate and enhance the acquired business. If the transactions are 

funded through debt-financing or credit-transformation they increases the riskiness of the utilities 

and the rating is negatively impacted. The liquidity perspective is measured with a debt / EBITDA 

ratio. 
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Impact of Increased Debt for the Financial Policy Sub-Factor 
 

The impact on this factor is negative given the nature of the stress test, where all investments are 

debt financed. The stress test also shows that financial ratios is weakened when adding debt to the 

utilities balance sheets, which would have an negative effect on the debt / EBITDA ratio. 

Dividend and the pay-out policy is not considered to be impacted.  

 

  

(4) Financial Metrics 
Rating Criteria Factor 4: Financial Metrics 

 

The Cash Flow Interest Coverage ratio is used to assess a company’s ability to cover interest 

and other fixed charges from the cash it generates operating its business. A stronger ratio 

indicates greater capacity to absorb a decline in earnings and cash flow without impairing the 

company’s ability to meet interest payments and payments on other fixed obligations on a timely 

basis. 

 

Impact of Increased Debt for the Cash Flow Interest Coverage 
 
The omitted sub-factor Cash Flow Interest Coverage ratio in the Financial Strength Metrics would 

be negatively affected by increases in net debt as the interest expenses would move accordingly. 
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10.11 Appendix 11 - Centrica Credit Opinion August 2012 
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10.12 Appendix 12 - Moody's Financial Metrics - Centrica 

 

Moody's Financial Metrics
Moody's Investors Service

07-Feb-2013, 05:57 Eastern Time

Centrica plc

WINDSOR, UNITED KINGDOM  Ticker: CNA
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In British Pound (Millions)  unless otherwise specified

BALANCE SHEET ITEMS

ASSETS

Gross property, plant and equipment 13,469 1,548 -46 14,971

Accumulated Depreciation 7,057 7,057

    Net Property Plant and Equipment 6,412 7,914

Financial assets - non-current 190 190

Other non-current investments 190 -128 62

Other investments in Subs/Affiliates 2,620 2,620

Investment in Subs /Affiliates 2,620 2,620

Goodwill 2,518 2,518

Other intangible assets 1,221 1,221

Deferred tax assets 235 235

Derivative Assets 290 290

Other assets (including pensions) 487 487

Other Assets 777 777

    NON-CURRENT ASSETS 13,973 15,347

Inventories-Net 442 442

Inventories 442 442

Trade receivables 1,467 1,467

Other receivables 574 574

Current tax receivables 81 81

Derivative Assets 315 315

Prepayments and accrued income 2,171 2,171

Other Current Assets 2,567 2,567

Other financial assets 28 28

Short-term Investments 28 28

Deposits 0 262 262

Cash & Cash Equivalents 518 -134 384

    CURRENT ASSETS 5,596 5,724

    TOTAL ASSETS 19,569 21,071

LIABILITIES

Bonds/Senior Debt 3,727 3,727

Capitalized Leases 330 1,548 1,878

    Borrowings/Long-term Debt- Gross 4,057 5,605

    Less: Current Maturities -388 -105 -493

    Net Long-term Debt (net of current maturities) 3,669 5,112

Retirement benefit obligations 83 83

Other provisions 1,903 1,903

Other payables 33 33

Other financial liabilities 505 505

Other Long-term Liabilities 2,524 2,524

Deferred Tax 1,506 -12 1,494

NON-CURRENT LIABILITIES 7,699 9,130

Trade creditors 988 988

Trade payables 988 988

Other Creditors 855 855

Derivative liabilities 1,140 1,140

Accounts Payable - Other 1,995 1,995

Accrued Liabilities 1,674 1,674

Accruals 1,674 1,674

Current Tax Liabilities 226 226
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Financial Statistics
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Current tax payables 226 226

Deferred income 577 577

Provisions 308 308

Other liabilities and payables 308 308

Short-term borrowings 114 114

Short-term debt 114 114

Current portion of borrowings/long-term debt 388 105 493

    CURRENT LIABILITIES 6,270 6,375

    TOTAL LIABILITIES 13,969 15,505

SHAREHOLDERS EQUITY

Share capital 319 319

Share premium account 874 874

Less: Treasury Stock -19 -19

Merged Reserves 483 483

Revaluation Reserve 26 26

Other Reserves 112 112

Common stock & paid-in-capital 1,795 1,795

Retained earnings 4,043 -34 4,009

Cumulative translation adj -238 -238

    TOTAL EQUITY 5,600 5,566

    TOTAL LIABILITIES & EQUITY 19,569 21,071

INCOME STATEMENT

Gross revenue/sales 22,824 22,824

Net Sales 22,824 22,824

Cost of goods sold 18,617 18,617

Cost of Goods/Products/Services Sold 18,617 311 -224 -548 55 -757 17,455

    Gross Profit 4,207 5,369

Other Operating Income 67 -67 0

Other Operating Expenses 2,860 2,860

Operating Expenses 2,860 48 -34 -289 -438 2,146

Selling, general and administrative expenses 0 0

Depreciation (including impairment charges) 0 1,055 1,055

Depreciation - Capitalized Operating Leases 0 172 172

Amortisation of Intangibles (including impairment charges) 0 140 140

    DEPRECIATION & Amortisation 0 1,195

    OPERATING PROFIT 1,414 1,856

Other Non-Operating Expenses 154 154

Equity-accounted Income 0 0

Interest Income 37 37

Other income 175 175

Other Non-Operating Income 212 212

Interest expense - provisions 55 55

Interest expense - debt 149 149

Interest Expense 204 4 86 46 -55 285

    PRE-TAX INCOME 1,268 1,629

Current tax expense 754 754

Deferred tax expense 72 72

Taxes 826 -94 -12 -16 704

Equity-accounted Income (A.T.) 0 67 67

    Net Profit After-tax Before Unusual Items 442 992

    INCOME (LOSS) FROM DISCONTINUED OPERATIONS -21 -21

    NET INCOME 421 971

Unusual & Non-Recurring Items - Adjust. After-tax 0 268 34 -853 -550

    NET INCOME AFTER ADJ FOR UNUSUAL & NON-RECUR ITEMS 421 421

Preferred Dividends Declared 0 0

    Income Available to Common Shareholders 421 421

CASH FLOW STATEMENT

OPERATING ACTIVITIES

Operating profit 1,347 1,347

Interest received 20 20

Interest paid -3 -3

Income Taxes paid -692 -692
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Financial Statistics
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Income Statement Activity 672 -34 -4 -40 594

Depreciation of PPE 1,055 1,055

Depreciation of Intangibles 140 140

Depreciation & Amortisation 1,195 172 1,367

Deferred Income Taxes 0 -12 -12

Undistributed Equity Earnings 0 0

Postretirement provisions -12 -12

Provisions - Other 395 395

Stock-based compensation expense 40 40

Other 404 404

Other Non-Cash Items 827 12 839

Other operating cash flows -498 -498

    Discontinued Operations -23 -23

    Funds From Operations 2,173 2,267

(Inc)/Dec in accounts trade receivable 201 201

(Inc)/Dec in inventory -79 -79

Inc/(Dec) in accts payable and accrued/other liabs 42 42

Changes in Working Capital Items 164 164

Changes in other oper. assets & liabilities - ST 0 4 4

Changes in Other Oper. Assets & Liabilities - LT 0 12 -12 0

    CASH FLOW FROM OPERATIONS 2,337 2,435

    CASH FLOW FROM OPER After Unusual & Non-Recur Adjs 2,337 2,435

INVESTING ACTIVITIES

Cash payments to acquire PP&E -765 -765

Expenditures on intangible assets -299 -299

Cash payments to acquire PP&E and Intangibles -1,064 -172 46 -1,190

Proceeds from sale of PPE. 6 6

Proceeds from Disposal of PP&E and Intangible 6 6

Acquisitions -630 -630

Business acquisitions -630 -630

Proceeds from Business Divestitures 78 78

Other movements - investing activities 58 58

Interest received 6 6

Dividends received 147 147

Other investing cash flows 211 -153 58

    INVESTING ACTIVITIES OF DISCONTINUED OPERATIONS -1 -1

    NET CASH FROM INVESTING ACTIVITIES -1,400 -1,679

FINANCING ACTIVITIES

Proceeds from long-term borrowings 114 172 286

Financial liabilities repaid -55 -55

Repayments of borrowings -55 -172 -227

Long-term Debt Proceeds/(Repayment)-net 0 0

Net Short-term Debt Changes 0 0

Other financing cash flows -19 -12 -9 -40

Share issues 23 23

Common Stock Issued/Repurchased 23 23

Treasury Stock Issued/Repurchased -6 -6

Payment of dividends -762 -762

    INTEREST PAID -202 202 0

    NET CASH FROM FINANCING ACTIVITIES -907 -726

Exchange rate impact -2 -2

Exchange Rate Impact on Cash and Cash Equivalents -2 -2
    NET INC(DEC) IN CASH & EQUIVALENT 28 28

© Copyright 2013 M oody's Investors Service, Inc. and/or its licensors and affiliates including M oody's Assurance Company, Inc. (together, "M OODY'S"). A ll rights reserved.
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10.13 Appendix 13 - Calculation of input figures based on Moody's Methodology 
 

The appendix illustrates the calculation method behind the input figures; Adjusted Net Debt, FFO 

adjusted, RCF adjusted, and FCF adjusted. These input figures are subsequently used to calculate 

the rating sub-factors; FFF ratio, RCF ratio, and the FCF ratio. The adjustments from several 

financial posts, that are applied to calculate the input figures, have been found in the Moody’s 

publications called Financial Metrics (which is represented for Centrica in appendix 12). The Excel 

cell-references used in the calculations can be found in the model on the CD-ROM in appendix 8. 

 
 

For the applied calculation-method of the sub-factors for RWE and SSE is referred to the method described 

in end of section 3.1.4 of this study. 

Centrica DONG E.ON RWE SSE Vattenfall

Reported gross debt 3,841 40,227 29,914 18,168 5,904 167,858

Liquid assets -384 -11,219 -11,273 5,276 -189 -27,304 

Operating Leasing 1,878 2,484 1,638 943 1,362 7,200

Hybrid Capital 0 4,769 0 809 581 2,221

Pension 0 15 3,233 6,856 430 19,216

Non-std 0 0 9,896 -3,028 0 0

Adjusted net debt 5,335 36,276 33,408 29,024 8,088 169,191

FFO (Reported) 2,173 11,706 5,011 5,446 1,606 38,256

Hybrid Coupon 0 -258 0 -13 -33 364

Capitalised Interest -46 -373 -312 0 -76 -953 

Operating Leasing 172 276 182 121 113 800

CF Adjustment -4 -503 0 0 0 3,168

Non-Std - Pub -28 60 392 237 100 0

Unusual - C 0 0 1,954 0 0 -475 

FFO Adjusted 2,267 10,908 7,227 5,791 1,710 41,160

FFO Adjusted 2,267 10,908 7,227 5,791 1,710 41,160

Dividend -762 -2,203 -3,066 -1,543 -629 -6,500 

Hybrid Coupon 0 -258 0 0 -33 -364 

RCF Adjusted 1,505 8,447 4,161 4,248 1,048 34,296

CFO Adjsuted 2,435 12,330 6,872 4,740 1,813 33,680

Capital Expenditures -1,064 -17,851 -6,216 -5,081 -1,902 -35,353 

-Operating Leasing -172 -276 -182 -121 -113 -800 

-Capitalised Interest 46 373 312 0 76 953

Dividends -762 -2,461 -3,066 -1,543 -662 -7,065 

FCF Adjusted 483 -7,885 -2,280 -2,005 -788 -8,585 

FFO ratio (FFO / Net debt) 42.5% 30.1% 21.6% 20.0% 21.1% 24.3%

RCF ratio (RCF / Net debt) 28.2% 23.3% 12.5% 14.6% 13.0% 20.3%

FCF Ratio 9.1% -21.7% -6.8% -6.9% -9.7% -5.1%

Sub-factor ratio Centrica DONG E.ON RWE SSE Vattenfall

FFO ratio (FFO / Net debt) 42.5% 30.1% 21.6% 19.6% 21.5% 24.3%

RCF ratio (RCF / Net debt) 28.2% 23.3% 12.5% 14.4% 13.2% 20.2%

FCF ratio (FCF / Net debt) 9.1% -21.7% -6.8% -6.8% -9.9% -5.1%

Moody's methodology

New
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10.14 Appendix 14 -Significant Net Debt Movements 2007-2012 
 

Explanations of Net Debt movements of more than 40%: 

 

 

E.ON 2008 

Extensive acquisition of an asset portfolio from Enel/Accoinia and high investments in gas 

infrastructure and new property, including offshore wind farms. 

 

SSE 2008 

The primary contributor was the GBP 1.349 billion acquisition of Airtricity, a renewable energy 

company with a large expertise in wind farm development.  

 

Vattenfall 2008 

Large investments in primarily nuclear and wind power. Further net debt affected negatively with 

SEK 10,8 billion due to liabilities in foreign exchange and severe weakened Swedish krona. 

 

Centrica 2009 

The increase in debt was reflected of an acquisition of Venture, a North Sea gas producer and an 

acquisition of a 20% stake in British Energy (a nuclear power generator).  

 

DONG Energy 2009 

Issuing of bonds totalling EUR 2 billion. Gross investments of DKK 17.9 billion mainly in offshore 

wind farms, and the acquisition of A2SEA, a specialist offshore wind construction wessel company. 

Actual Net Debt

2007 2008 2009 2010 2011 2012

Centrica GBPm 711 511 3,136 3,312 3,435 4,097 476.2% 54.9%

DONG Energy DKKm 14,792 15,253 26,930 22,139 23,615 33,494 126.4% 22.7%

E.on EURm 23,432 44,946 44,665 37,701 36,385 35,879 53.1% 11.2%

RWE EURm 16,514 18,659 25,787 28,964 29,948 33,015 99.9% 18.9%

SSE GBPm 2,233 3,660 4,822 5,292 5,891 6,755 202.5% 31.9%

Vattenfall SEKm 43,740 66,000 154,987 144,109 141,089 111,907 155.8% 26.5%

185.7% 27.7%

Yearly Percentage Change in Net Debt
2007 2008 2009 2010 2011 2012

Centrica % 711.00 -28.1% 513.7% 5.6% 3.7% 19.3%

DONG Enegry % 14,792 3.1% 76.6% -17.8% 6.7% 41.8%

E.on % 23,432 91.8% -0.6% -15.6% -3.5% -1.4%

RWE % 16,514 13.0% 38.2% 12.3% 3.4% 10.2%

SSE % 2,233 63.9% 31.7% 9.7% 11.3% 14.7%

Vattenafall % 43,740 50.9% 134.8% -7.0% -2.1% -20.7%

Cells marked in grey indicates yearly changes in net debt of more than 40%. Sources:  Annual Reports 2007-2012.

Geometric 

average yearly 

change

Total change         

2007-2012
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Vattenfall 2009 

The primary contributor to the increase in net debt was the debt-financed acquisition of 49% of the 

shares in N.V. Nuon Energy totalling SEK 52 billion. In addition new investments in wind power of 

SEK 8 billion and in nuclear power of SEK 4.2 billion. 

 

DONG Energy 2012 

Entered into agreements on investments in property, plant and equipment (primarily wind farms) 

totalling DKK 36.775 billion where a large part had not yet paid any cash in-flows at year end. 
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10.15 Appendix 15 - Risk factors 
 

The risk factors for an offshore wind farm lays within all phases of the expected life time. The 

factors identified are within the construction phase, the technical elements, power prices, and 

within the produced volume of electricity (PWC 2010).  

 

The risk associated with the construction phase is high as it involves a lot of untested construction 

techniques and it is highly dependent on the weather. Further, the greater distance to shore and 

increased depth for future offshore wind farms will lead to higher risk, because the construction is 

more complicated and the weather will have a higher impact on time frames where construction is 

possible. 

 

The technological risk covers the turbines, other technological elements, and the O&M. Most of the 

currently applied turbines are starting to develop and a track record, which helps to reduce the risk 

for both technological issues and the O&M. However, the newer generation of larger turbines will 

have a limited track record, increasing the risk again. 

 

Price risk covers the volatility in the spot prices doing the life time of the asset. The risk is likely to 

increase with an increased amount of renewables in the fuel mix. Investors have several 

instruments available to limit the price risk and a PPA with an off taker is among the most typical.  

 

Volume risk covers the probability that the offshore wind farm have a lower output than expected. 

This could be due to variations in weather patterns etc.  

 
Source: PwC 2010 
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10.16 Appendix 16 – Applied Formulas 

The applied method for calculating the NPV, FCF, CAPM, IRR and PVI was adopted from Brealey, Myers, 

and Allen (2008). The used methods are presented below: 

 

Net Present Value - NPV 

The net present value of the assets are calculated by discounting the free cash flows by the discount factor.  

 

    ∑
    

(                 ) 

 

   

 

 

CAPM 

         (     ) 

              ,                  ,                         

 

Present Value Index - PVI 

    
  (   )

                  
 

 

Internal Rate of Return - IRR 

    ∑
    

(                 ) 

 

   

   

 

Free Cash Flow - FCF 

 

  

1 Revenue

2 Costs

3 = 1 - 2 Earnings before interest, taxes, and amortization (EBITDA)

4 Depreciation and amortization

5 = 3 - 4 Earnings before interest and taxes (EBIT)

6 Payable Tax (Including tax shield from Depreciation)

7 = (5 - 6) Gross Cash Flow

8 Capital Expenditures (CAPEX)

9 Changes in Working Capital

10 = 7 + 4 - 8 - 9 Free Cash Flow
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10.17 Appendix 17 - CD-ROM Appendix Valuation 

This CD-ROM 2 contains five files related to the valuation 

 

1. The "Beta calculation" spread sheet contains the Bloomberg sector list including the selected 

companies for the beta calculation, the Bloomberg data applied for the regressions, and the 

calculation of the portfolio beta 

2. The "Stress test" spread sheet contains Moody's financial metrics for the utilities, the 

calculations of the key-figures, and the stress test of the estimated pipelines. 

3. The "Valuation" spread sheet contains the valuation and the assumptions and input factors 

behind it. The wind distribution is further calculated in this file.  

4. The "Monte Carlo" spread sheet contains the Monte Carlo simulation. This model is an 

extension of the Valuation model and it contains cell references to the @risk software. As a 

result, it will not return any values unless @risk is installed and open on the computer. 

5. The "Monte Carlo Output" spread sheet contains the output from the Monte Carlo simulation 

applied in the sensitivity test in the valuation  
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10.18 Appendix 18 – Foundation Types 
The choice of foundation is dependent on turbine type and geographically conditions - water depths in 

particular. A market survey performed by KPMG (2011) clearly shows how participants prefer the monopile 

foundation on shallow water depths up to 20 m. In deeper water conditions the participants preferred 

foundation type changes and on 20m to 40 m the jacket and the tripod foundations are the most preferred 

(together 58 %). On water depths above 40 m is the jacket foundation preferred by 49 %. 

 

The use of foundation types depending of water depth  

 

 

 

 

 

 

 

 

 

 

Source: KPMG 2011 

 

Types of foundation 

The four mostly used foundation types are monopile, tripod, jacket, and gravity and they will be described in 

the following sections. Information about the different types of foundations has been gathered from LORC's 

online knowledge database. 

 

 

Source: E.ON Fact book 2012 
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Gravity 

The gravity-based foundation is basically a huge block of reinforced concrete filled with ballast that are 

placed on the seabed. The principle is that the weight of the structure and the ballast holds the turbine in 

place, hence no drilling or hammering into the soil is needed. The seabed however has to be levered out 

with gravel and concrete before the foundation can be placed. After the structure has been placed it is 

pumped with ballast that can constitute up to two thirds of the final weight. 

 

Monopile 

The monopile is the currently mostly used foundation type and of the world's 2,688 installed offshore 

turbines, 1,923 are installed with this technology. The monopile is one long tube with diameters ranging from 

3.5 to 6 m. The tube is hammered into the soil, normally with half above and half below the seabed. On top 

of the tube, a transition piece is mounted whereto the turbine is installed. 

 

Tripod 

The tripod design is well known for  photographers and the design is widely used in other industries such as 

the oil and gas industry. The tripod for offshore wind turbines is made out of steel and consist of a central 

column, diagonal bracings, and three supporting sleeves. Three piles are placed through the sleeves and are 

hammered into the soil (like nails). Last, the connection between the piles and the sleeves is filled with 

concrete. 

 

Jacket 

The jacket foundation is also known from the gas and oil industry and it is made up of three or four legs, 

which are connected to each-other by bracings. The bracings are connected into tubular joints where they 

are welted together. Jackets are normally attached to the seabed using piles hammered into the soil, but 

gravity bases can also be used. 
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10.19 Appendix 19 - Scaling Factors for CAPEX 

This appendix shows how EEA's (2009) scale factors have been adjusted by the authors to meet the 

German market conditions, where the costs related to grid connection of offshore wind farms are covered by 

the TSO.  

 

It has been necessary to apply scaling factors to the values from the Business Case, as the true origination 

of the actual transaction could not be disclosed. For example, the wind farm being evaluated in this study 

have been placed at another distance to shore that the originating “Business Case”. 

 

However, as the TSO, TenneT, will be legally obliged to bear the costs of grid connection, it has been found 

most correct to exclude the cost of grid connection in the scaling.  

 

EEA Data and Methodology 

European Environment Agency (EEA 2009) has conducted an analysis, in which the estimated cost impact 

on the five major cost components has been presented for different distances to shore and for different water 

depths. These five major cost components includes; turbine, foundation, installation, grid connection, and 

other costs.  

 

The analysis has resulted in scale factors, which can be used to adjust the CAPEX when assessing offshore 

wind farms under different geographical conditions. 

 

EEA (2009) data is presented below in table 1.1 and shows how the grid connection costs increases as a 

function of the distance to shore. As it further can be seen, grid connection increases significantly more than 

the other factors, why it would be misleading to include this cost component in the scaling, given that the 

TSO will bear the costs of grid connection. 

 

                Table 1-1 Increase in offshore installation costs as a function of distance to cost 

 

  

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200

Turbine 772 772 772 772 772 772 772 772

Foundation 352 352 352 352 352 352 352 352

Installation 465 476 488 500 511 607 816 964

Grid connection 133 159 185 211 236 314 507 702

Others 79 81 82 84 85 87 88 89

Sum 1801 1840 1879 1919 1956 2132 2535 2879

Scale factor 1.000 1.022 1.043 1.066 1.086 1.184 1.408 1.599

Distance to coast (km)

C
o

s
t 

(E
U

R
/k

W
)
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Table 1.2 further shows that grid connection costs is not affected by increased water depth. 

 

                  Table 1-2 Increase in offshore installation costs as a function of water depth 

 

 

The individual scale factors for distance to shore and the individual scale factor for water depth is ultimately 

linked together in a two dimensional table. This is presented in table 1.4 in which scale factors for different 

combinations of the two parameters are presented EEA (2009). 

 

          1-3 Scale factors for cost increases as a function of water depth and distance to coast 

 

 

Adjustments to EEA (2009) data to exclude grid connection cost in scale factor 

The adjustment have been performed by keeping the grid connection costs constant in above table 1.1. The 

adjusted table is presented in below table 1.4. 

 

                        Table 1-4 Increase in offshore investment cost as function of distance to the coast 

 

 

The impact shows in the lower row, where the adjusted scale factor for distances of 10-20 km from shore 

now have a scale factor of 1.007 instead of 1.022 as before in table 1.1.  

 

0-10 20-30 30-40 40-50

Turbine 772 772 772 772

Foundation 352 466 625 900

Installation 465 465 605 605

Grid connection 133 133 133 133

Others 79 85 92 105

Sum 1801 1921 2227 2515

Scale factor 1.000 1.067 1.237 1.396

Depth (m)

C
o

s
t 

(E
U

R
/k

W
)

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200

0-10 1.000 1.007 1.014 1.022 1.029 1.083 1.200 1.283

20-30 1.067 1.074 1.081 1.089 1.096 1.150 1.267 1.349

30-40 1.237 1.244 1.251 1.259 1.265 1.320 1.436 1.519

40-50 1.396 1.404 1.411 1.419 1.425 1.480 1.596 1.679

Distance to coast (km)

D
e
p

th
 (

m
)

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200

Turbine 772 772 772 772 772 772 772 772

Foundation 352 352 352 352 352 352 352 352

Installation 465 476 488 500 511 607 816 964

Grid connection 133 133 133 133 133 133 133 133

Others 79 81 82 84 85 87 88 89

Sum 1801 1814 1827 1841 1853 1951 2161 2310

Adjusted scale factor 1.000 1.007 1.014 1.022 1.029 1.083 1.200 1.283

Distance to coast (km)

C
o

s
t 

(E
U

R
/k

W
)
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Since there is no changes in grid connection costs as a function of water depth, table 1.2 by EEA (2009) will 

not be adjusted.  

 

The final applied adjusted scale factors are presented in table 1.5.  

 

Table 1.5 Adjusted scale factors for cost increases as a function of water depth and distance to coast

 

 

 

 

 

 

  

0-10 10-20 20-30 30-40 40-50 50-100 100-200 > 200

0-10 1.000 1.007 1.014 1.022 1.029 1.083 1.200 1.283

20-30 1.067 1.074 1.081 1.089 1.096 1.150 1.267 1.349

30-40 1.237 1.244 1.251 1.259 1.265 1.320 1.436 1.519

40-50 1.396 1.404 1.411 1.419 1.425 1.480 1.596 1.679

D
e

p
th

 (
m

)

Distance to coast (km)
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10.20 Appendix 20 - Wind distribution and utilization 
 

 

 

 

 

 

 

 

 

Scale factor 11.14              Scale Utilizatation

Shape factor 2.30                input 2.08

Mean 9.87                input

Interval mid 

point

Probability in 

interval
Power Curve

low er upper mid

m/s m/s m/s P(m/s)

0 0 0.0000 0

0 0.5 0.25 0.0008 0

0.5 1.5 1 0.0091 0

1.5 2.5 2 0.0218 0

2.5 3.5 3 0.0357 0

3.5 4.5 4 0.0495 0.5

4.5 5.5 5 0.0621 0.6

5.5 6.5 6 0.0725 0.8

6.5 7.5 7 0.0799 1.2

7.5 8.5 8 0.0840 1.4

8.5 9.5 9 0.0847 1.8

9.5 10.5 10 0.0821 2.3

10.5 11.5 11 0.0768 2.7

11.5 12.5 12 0.0694 3.2

12.5 13.5 13 0.0606 3.6

13.5 14.5 14 0.0512 3.6

14.5 15.5 15 0.0419 3.6

15.5 16.5 16 0.0332 3.6

16.5 17.5 17 0.0255 3.6

17.5 18.5 18 0.0190 3.6

18.5 19.5 19 0.0137 3.6

19.5 20.5 20 0.0095 3.6

20.5 21.5 21 0.0064 3.6

21.5 22.5 22 0.0042 3.6

22.5 23.5 23 0.0027 3.6

23.5 24.5 24 0.0016 3.6

24.5 25.5 25 0.0010 3.6

25.5 26.5 26 0.0006 0

26.5 27.5 27 0.0003 0

27.5 28.5 28 0.0002 0

28.5 29.5 29 0.0001 0

29.5 30.5 30 0.0000 0

Wind speed interval

Output given 

w ind speed

Wind speed distribution
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10.21 Appendix 21 - Annual Net Production 
 

 

 

 

                          
(                           )   

       
                     

 

  

Net Production (GWh) 2014 2015 2016 2017 2018 2019

Utilizatation given average w ind speed of 9.87 m/s 2.08          2.08          2.08          2.08          2.08          2.08          

No. of turbines 55             55             55             55             55             55             

Hours per year 8760 8760 8784 8760 8760 8760

Gross Production (GWh) -            -            -            1,001.12   1,001.12   1,001.12   

Loss (GWh) -            -            -            142.16      142.16      142.16      

Net Production (GWh) -            -            -            858.96      858.96      858.96      

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

2.08           2.08           2.08           2.08          2.08          2.08          2.08          2.08          2.08          2.08          

55              55              55              55             55             55             55             55             55             55             

8784 8760 8760 8760 8784 8760 8760 8760 8784 8760

1,003.86    1,001.12    1,001.12    1,001.12   1,003.86   1,001.12   1,001.12   1,001.12   1,003.86   1,001.12   

142.55       142.16       142.16       142.16      142.55      142.16      142.16      142.16      142.55      142.16      

861.31       858.96       858.96       858.96      861.31      858.96      858.96      858.96      861.31      858.96      

2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

2.08           2.08           2.08           2.08          2.08          2.08          2.08          2.08          2.08          2.08          

55              55              55              55             55             55             55             55             55             55             

8760 8760 8784 8760 8760 8760 8784 8760 8760 8760

1,001.12    1,001.12    1,003.86    1,001.12   1,001.12   1,001.12   1,003.86   1,001.12   1,001.12   1,001.12   

142.16       142.16       142.55       142.16      142.16      142.16      142.55      142.16      142.16      142.16      

858.96       858.96       861.31       858.96      858.96      858.96      861.31      858.96      858.96      858.96      

2040 2041 2042 2043 2044 2045

2.08           2.08           2.08           2.08          2.08          2.08          

55              55              55              55             55             55             

8784 8760 8760 8760 8760 8784

1,003.86    1,001.12    1,001.12    1,001.12   1,001.12   1,003.86   

142.55       142.16       142.16       142.16      142.16      142.55      

861.31       858.96       858.96       858.96      858.96      861.31      
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10.22 Appendix 22 - LORC Capacity Factors 
 

 
Source: LORC 2013 

 

  

Installed 

capacity 

(MW)

Commisioned Location 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average

Alpha Ventus 60 2010 North Sea 50.80   50.80     

Arklow  Bank 1 31.97   37.74   34.86     

Avedore Holme 33.01   39.89   40.22   37.71     

Barrow 25.06   39.69   34.20   30.65   40.69   38.19   34.75     

Beatrice Demonstration 24.75   34.51   24.36   27.87     

Blyth 19.22   13.94   15.63   18.58   16.84     

Bockstigen 23.53   26.72   30.18   27.42   30.50   30.02   23.81   21.87   25.09   24.97   26.41     

Burbo Bank 1 23.08   30.99   28.46   37.16   32.60   30.46     

Frederikshavn 29.24   31.74   23.75   31.32   29.29   30.17   32.63   34.24   30.88   30.36     

Greater Gabbard 27.07   27.07     

Gunfleet Sands 31.65   34.48   33.07     

Horns Rev 1 160 2002 North Sea 32.80   26.18   44.95   42.54   47.06   44.73   41.47   40.37   47.79   48.23   41.61     

Horns Rev 2 209.3 2010 North Sea 46.66   49.69   52.14   49.50     

Hyw ind Demonstration 36.73   50.13   37.22   41.36     

Kemi Ajos 26.49   26.72   29.61   27.61     

Kentish Flats 1 24.97   33.63   29.49   30.96   34.74   32.63   31.07     

Lillgrund 33.79   33.09   31.42   43.20   35.06   35.31     

Lynn and Inner Dow sing 31.17   31.69   35.76   32.35   32.74     

Middelgrunden 28.55   24.77   26.90   25.33   23.36   28.53   27.94   26.34   25.50   25.24   25.90   26.21     

North Hoyle 33.68   36.10   36.15   27.18   32.20   34.72   33.34     

Nysted 1 39.79   37.72   35.65   27.98   41.99   38.06   36.26   41.10   39.65   37.58     

Ormonde 150 2012 Irish Sea 31.77   31.77     

Pori Offshore 1 45.36   45.36     

Rhyl Flats 26.62   36.29   37.29   33.40     

Robin Rigg 42.02   33.12   37.57     

Rodsand 2 45.96   46.03   46.00     

Ronland 37.19   45.87   43.97   42.90   49.07   44.10   43.50   41.92   48.09   48.59   44.52     

Samso 40.33   39.16   35.64   41.64   39.54   40.23   38.92   43.55   42.32   40.15     

Scroby Sands 27.63   28.90   32.24   28.21   32.72   32.42   30.35     

Sprogo 34.65   36.11   36.45   35.74     

Thanet 31.35   31.27   31.31     

Tuno Knob 32.64   28.06   32.05   30.73   26.81   34.00   30.64   20.05   30.67   32.28   32.72   30.42     

Utgrunden 1 31.21   29.28   34.87   36.65   34.66   37.55   34.04     

Vindeby 23.74   22.61   26.77   23.77   19.02   26.27   25.52   22.56   22.10   20.05   20.29   23.44     

Vindpark Vanern 26.09   33.13   9.80     23.01     

Walney 1 183.6 2011 Irish Sea 36.09   36.09     

Walney 2 183.6 2012 Irish Sea 36.53   36.53     

Yttre Stengrund 27.56   25.33   29.72   3.49     16.21   23.86   9.51     14.71   18.83   16.83   14.72   18.25     

Average 32.19   32.22   30.44   30.50   36.16   33.54   33.80     
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10.23 Appendix 23 – Illustration of Watterfall Concept in Securitization Tranches  
 

The illustration shows how assets are pooled in a SPV, and then how the cash flows from the 

assets are distributed in different tranches according to risk preference.  

 

Note: The included information is illustrative. Several tranches with different ratings can be 

included. However, it is expected that at least 2 and normally 3 tranches will be included in a 

securitization (C. Hull 2007) 

Illustration of the Waterfall Principle used to Separate Securities in Tranches 
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10.24 Appendix 24 – Securitization History  
 

This appendix serves as support for section 6.3 in the study, with an extended overview of the 

history of securitizations in Europe and U.S: 

 

Securitization History 
It can be said, that securitizations have existed for more than 200 years in form of mortgage 

covered bonds in Denmark (Realkredit bonds), and Germany (Phandbriefe bonds). The structures 

of these covered bonds are much similar to the later emergence of modern residential mortgage 

backed securities (RMBS) that started to appear in U.S during the early 1970s (Kothari 2013a, 

2013b). However, a major difference between traditional Danish and German covered mortgage 

bonds and RMBS is that the traditional covered bonds are kept as on balance asset for the issuers 

in comparison to modern types of securitization, which are predominantly kept as off-balance asset 

for the issuers due to the SPV-structures152. 

 
The modern mortgage securitization market in U.S. grew out of public policy concern of 

channelling funds into the private sector to spur home ownership, thus not only relaying on regional 

banks and thrifts153 abilities to extend mortgage credit from their regionally raised deposit base 

(Bhattacharya and Fabozzi 1996). From 1972 to 1985, the primary issuers of RMBSs were the 

government-backed agencies GNMA (Today called Ginnie Mae) and FNMA (Today called Fanni 

Mae) that were able to issue securities with the full faith and credit of the U.S government. This 

government support enhanced the attractiveness of the mortgage securities as they offered a 

negligible risk premium compared to government bonds (ibid.). As a result, the U.S securitization 

market experienced steep growth rates. 

 
By 1985, the U.S mortgage securitization market had grown to a market size of $397.9 billion in 

outstanding value (SIFMA 2013a). To set this volume in context, the size of the long-existing 

market for U.S corporate bonds was at the same time $776.6 billion in outstanding value (ibid.). 

Additionally, 1985 was further the year that the first securitization was observed in Europe in form 

of a RMBS transaction (SIFMA 2013b), and also the year that the U.S securitization market began 

to involve into other asset classes which, likewise mortgage debt, offered predictable future cash 

flows (C. Hu 2011). The new introduced asset classes included primarily commercial mortgage 

backed securities (CMBS) and securitization of debt from small and medium sized companies’ 

                                                      
152

 More on the topic of off-balance treatment can be found in section 6.6.1 in the study. 
153

 Thrifts are institutions which are restricted by law to only accept deposits and extend mortgage and student credit. 
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(SME). However, from the late 1980s and forth, the market for asset backed securities (ABS154) 

started to pick up volumes with a long list of underlying assets including, but not limited to, credit 

card receivables, auto loans or leases, student loans, equipment leases, trade receivables from 

corporations and whole business securitizations (WBS) (C. Hu 2011, Kothari 2006).     

 
The increased group of assets classes that had become suitable for securitization transactions led 

the market to grow significantly from 1985 to 2007 in both the U.S and Europe. Private-label 

Securitizations155 of various asset classes started to appear in larger amounts by investment 

bankers who collected assets from their balance sheets (or originated on behalf of others) and 

structured these as securities. By 2007, asset backed securities had become the largest market of 

fixed income products in the U.S. with an outstanding value exceeding USD 11 trillion156, which 

was more than the combined value of outstanding U.S corporate debt and U.S treasury notes 

(SIFMA 2013a). The European market for asset backed securities peaked two years later in 2009 

with an outstanding value of more than USD 3 trillion (SIFMA 2013b). However, subsequently to 

the financial crisis, private label issuances have decreased as illustrated in below figure 

Annual Issuances, Various Types of Securitizations, U.S and Europe 

 

Likewise, the outstanding values of securitizations have decreased post the crisis as shown in 

below table:

 

  

                                                      
154

 In general, the term ABS is the umbrella acronym for securitization of all type of assets, which not are residential 
and commercial mortgage. However, specific acronyms exist for some kinds of ABS transactions, such as WBS (whole 
business securitizations). 
155

 Private Label Securitizations are transactions, which are not structured and supported by a Government agency.  
156

 Out of these USD 11 trillion, roughly USD 8.5 trillion were accredited to agency sponsored RMBSs and CMSs while 
USD 2.5 trillion were accredited to various types of private label ABS transactions (SIFMA 2013a). 

Own Creation. Sources SIFMA 2013a-b   *CMS (Collateralized Mortgage Obligations) are securities bundled together of underliyng RMBSs.
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Outstanding USD billions 10,920.9 9,833.4 9,100.4 2,104.1

Sources SIFMA 2013a-b

Outstanding Value of Securities, end of 2012
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10.25 Appendix 25 – Securitizations Role in the Financial Crisis of 2007 
 

This appendix serves to support of section6.3 in the study, with an extended overview of 

securitizations role in the credit crisis of 2007: 

 
Securitizations and the Credit Crisis of 2007 
In the years leading up to the crisis of 2007-2008, investor-demand for asset backed securities 

increased significantly as the securities typically offered a risk premium 2-3 percentage point 

higher than corporate bonds and treasury notes with the same rating (McLean and Nocera 2010). 

However, the high demand led to increasingly exotic structures, such as diversified multi-sector 

Collateralized Debt Obligations (CDO). Such structures itself are securities that are bundled 

together and backed by a group of different underlying asset backed securities, which often are 

backed by numerous types of underlying assets. Even structures of CDOs squared and CDOs 

tripled (CDOs created out of other CDOs) have been observed. As descried in appendix 24, asset 

backed securities are typically sold in tranches with different credit ratings. In CDO structures, the 

lower rated (thus difficult to sell) tranches from several ABS issuances were typically bundled 

together and used for new CDO issuances. CDO squared transactions repeated this maneuverer 

again and bundled the lower rated tranches of several CDO issuances together and created new 

high rated securities. Below figure illustrates the practical structure of a CDO issuance: 

Illustration of CDO-Structure 

Thereby, these CDO structures, in worst cases, allowed investment bankers to sell securities that 

in practice were backed by non-sellable ABSs and have these final CDO-structures awarded with 

high AA-AAA ratings (Tett 2009). The market culminated in a state where the demand for the 
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securities in fact exceeded the demand for new mortgage loans, which constituted a significant 

amount of the underlying assets. This resulted in a situation where many loan originators started to 

adopt poorly screening standards of borrowers, as they knew they could “originate-to-distribute” 

the loans to further securitization purposes (Roubini and Mihm 2010).  

 

However, with a rise in the U.S Federal Reserve interest rates in 2005 and 2006, an increasing 

number of borrowers with low credit scores and variable loan-rates got into payment difficulties. 

Several “sub-prime” borrowers defaulted on their principals and enforced housing sales became an 

increasing reality. While sub-prime and non-prime mortgage defaults affected all securities backed 

by mortgages, CDOs were especially impacted. More than USD 300 billion worth of tranches 

issued in 2005, 2006, and 2007 rated AAA by rating agencies, were downgraded to below 

investment grade status by 2009 (U.S National Commission 2011). This further affected the rest of 

the securitization-market that were non-related to “sum-prime” mortgages as well, and by mid-2007 

institutional investors had lost confidence in the private label transactions (BearingPoint 2010).  

 
In the aftermath of the crisis, several observes and economist have deemed the U.S sub-prime 

CDO-securitization market as key catalyst and a root cause for the financial crisis (U.S National 

Commission 2011, OECD 2011). Misalignments of incentives through the entire securitization 

value-chain have been criticized greatly: loan originators and investment bankers have been 

accused for illegally performing moral-hazardous behaviour by exploiting information asymmetries 

between them and borrowers and investors for their own gains (BIS 2011, Keys et. al 2010). 

Likewise, rating agencies have been criticized for flawed risk assessments and a tendency to 

assign high ratings in return for hefty fees and steady workflow (Roubini and Mihm 2010). Last, 

governing organisations, regulators, and auditing institutions failed to evaluate the structural 

degree of the risks and led the development continue beyond what was manageable (ibid.). 

 
Nevertheless, it is important to emphasize that the abovementioned unsound methods surrounding 

securitizations mainly was a concentrated U.S issue. European issuances standards were 

generally more aligned through the value chain with much less disengagement (OECD 2010). 

Moreover, no “sub-prime”-similar asset classes were being securitized (BIS 2011). The structural 

health of European issuances is further reflected in historical default rates for securitizations as 

illustrated in below table: 

 Source OECD (2011) Compiled upon S&P data.

Default Rates 2007 - 2010, European and US Issuance

All European Securitizations All U.S Securitizations All U.S Corporate Bonds

6.34%7.71%0.95%
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10.26 Appendix 26 – True Sale Initiative by True Sale International 
 

This appendix explains the basic concepts of the platform developed for securitization transactions 

in Germany, called the True Sale Initiative: 

  

In 2003, The True Sale Initiative was created in cooperation among following 13 German Banks: 

Bayerishe Landsbank, Citigroup, Commerz Bank, Dredsner Bank, Deutsche Bank, Dekabank, DZ 

Bank, Euro Hydro, Helaba, HSH Nordbank, HVB Group, KfW Bankengruppe, and WestLB. 

 
The objective of the initiative was to advance and promote the securitization market in Germany by 

building up a neutral and open securitization infrastructure in the country. By this, the member-

banks of the initiative, other banks and external third-parties were welcomed “free of charge” to 

apply their platform, which provides the groundwork for setting up a SPVs and issuing of ABSs in 

Germany. 

 
Later, in 2004, an independent company called True Sale International GmbH (TSI) was created 

for the purpose of managing the initiative. Today, 101 securitizations transactions have been 

conducted under the platform (as of October 2013) and it is by far the preferred structure for 

issuing ABSs in Germany. The platform is illustrated and explained below:  

 
True Sale International Platform for Securitizations in Germany 

 
Source. Commerz Bank, TSI. 

 

The shareholders in the SVPs are three charitable foundations committed to promoting 

scholarship. This ensures precise compliance with the criteria applied to SPVs by the capital 

market and the rating agencies, such as the desired insolvency remote structure. 
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Procedure: 

 Originator buys GmbH (EUR 25.000), selects the management, and prepares the creation 

of the SPVs. 

 The goal is to have the trusts acquire the shares in the GmbH via a donation (EUR 25.000). 

 Originator provides the trusts with documents, incl. 

o Extract from Commercial Register 

o Certificate of donation 

 This certificate may be issued by any "qualified credit institution" (primarily credit institutions 

in the EU with investment grade rating or better). Also, any "qualified credit institution" can 

serve as a donator in this sense. 

 

Main content of the certificate of donation 

 The SPV has its seat in Germany, its share capital is paid in and it can start operating free 

from any financial burdens 

 According to its statutes the SPV serves as a special purpose vehicle for ABS transactions 

 The management may not conduct any business requiring consent under the German 

Banking Act (KWG) 

 The share capital is safely invested 

 The ABS transaction has certain characteristics, e.g. 

o placement with a rating or only with institutional investors 

o at least one qualified credit institution is among the key parties (arranger, lead 

manager) 

o appointment of an internationally renowned auditing firm 

 

Source: Commerz Bank, TSI 

 


