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Executive summery. 

 

In the fall of 2014 the oil price began to drop. It plummeted. Causing bleeding numbers in the oil 

and gas industry. Initially the drop was expected to be short lived. 2016 have passed and the oil 

price is still halved compared to the pre drop level. The sudden change in oil price can be attributed 

to an increase in oil supply from North American tight oil and from the OPEC. This supply battle 

coincided with a slowing of Chinese economy causing the demand for oil to be less than expected. 

Meanwhile in Denmark, the largest and oldest gas producing field, Tyra, face the choice between 

reinvestment in a rebuild of the platforms that are currently sinking into the water or full 

abandonment. The Tyra field still has a substantial amount of remaining resources that the owners, 

the DUC, are able to extract. However, the profitability of the field is threatened by the low prices. 

The framework used to study the case of the Tyra redevelopment will be constructed by two parts. 

A strategic analysis of the oil and gas industry environment using a PESTEL analysis and the 

valuation analysis using the DCF model and a real option framework using binomial option pricing. 

From the PESTEL we learn that the economic environment is currently growing at very slow rates, 

which also explains the low demand for oil and that the popularity of oil in the public eye are 

diminishing as more sustainable solutions are becoming available. The political impact will make or 

break the future of the oil and gas industry. As the analysis shows, the taxes are subject to change 

with changing governments. 

The DCF model yield an unattractive investment. The NPV of the expected future cash flows are -

1,8 Billion DKK. The real option approach includes the upside of the oil price volatility values the 

Tyra field at 6 Billion DKK. 

The conclusion on this thesis is the recommendation that the Tyra field should be re-build. The 

economy is expected to increase growth eventually, increasing demand and raising prices, and 

because the alternative to DCF-result is -15 B DKK in abandonment costs. When combing the 

information from the DCF model and the upside potential from the real option price the decistion to 

re-invest seem reasonable. 
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1. Introduction. 

1.1 Motivation. 

The purpose of this thesis is to determine a value of the redevelopment of Danish Gas field Tyra. 

The oil and gas industry environment is changing, both economically and politically, and thus 

threatening the investments in oil and gas projects.  

During the past decade, global warming, and green, sustainable energy have gained an increased 

public and political focus. And a question arises; what happens to industry of fossil fuels and will 

the industry be able attract investments to sustain the production of natural gas and crude oil in the 

future?   

While being an undergraduate student I gained interest in the subject of energy. I worked as a Junior 

Analyst in the Exploration and Production (E&P) industry of oil and gas in the Danish North Sea. I 

noticed an ambiguity within the government goals for the future. On one hand spending millions of 

Danish Kroner on exploration and developments and on the other hand having a goal of being fossil 

fuel free in the year of 2050. 

From the mid-1990s the oil price continued to increase, reaching a plateau fluctuating around 110 

USD per barrel of Brent crude see figure below. (Except for the price drop during the 2008 financial 

crises).  The general industry expectation was that the oil price had a regime change, and that oil 

price would continue at this level. In 2014 the OPEC chose to increase supply dramatically, making 

the oil price plummet.  

The oil price remains less than 50 % of the 

pre-2014 oil price at 50 USD/bbl.  

 

 

Source:  

http://www.nasdaq.com/markets/crude-oil-

brent.aspx?timeframe=10y 
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Now (Fall 2016) the DUC (The Danish Underground Consortium) are deciding whether to shut 

down the largest producing and exporting field of natural gas – The Tyra field -  or to re-build the 

platform. 90 % of the natural gas produced in the Danish North Sea is connected to or produced at 

the Tyra platform.  As Peter Helmer Steen1, former CEO of the Danish North Sea Fund, explains, 

this would be a massive loss of energy resources and loss of future opportunities. The missing 

infrastructure from Tyra threatens the entire future production of natural gas in the Danish North 

Sea. 

The Tyra re-development was expected to pass easily through the project pipeline until the oil price 

dropped in 2014 and continued to stay at levels under $50 per barrel, which poses a threat to E&P 

industry worldwide.  

The scope of the project is to value the Tyra field using binomial option pricing. Real option pricing 

has extensively been used to value oil fields due to the build-in option nature of the staged project 

development2.  The original framework of valuation on oil reserves using real options was 

developed by Paddock, Sigel and Smith (1988). This method is also used in Damodaran (2012) in 

valuating real options, and several thesis projects have covered the use of real option pricing 

framework when valuating oil and gas fields3.  

A question remains: Why is it relevant to use the same theoretical framework on another oil and gas 

field in the Danish North Sea? For two reasons. First, the Tyra redevelopment is a unique case. It is 

not an “Invest or not”-case. In the Tyra Field, you have the option to invest and retrieve the 

remaining oil and gas or pay the costs of abandonment and abandon the field all together. 

Secondly, the context of the E&P (exploration and production) industry has changed, because of the 

large decrease in the oil price seen since the end of 2014 and a possible shift of oil price regime 

 

This thesis is divided into 5 parts. Introduction, case study and environment analysis, the valuation, 

conclusion and perspective. 

                                                 

1 http://shippingwatch.dk/Offshore/article8677710.ece 
2 See figure XX of Oil field development. 
3Examples on thesis’ covering the subject. ”Real Optioner: Case baseret værdiansættelse af oliefelter i Nordsøen” by M. 
Dehn and M. Andersen (2003). 
”Valuation of an oil field using a real option framework” by C.K. Jørgensen and M. Christensen (2006) 
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1.2. Problem statement 

The Tyra redevelopment. Tyra is the largest gas field in the Danish North Sea, but is also an 

important part of the Danish North Sea infrastructure functioning as a hub for a large part of oil and 

gas4. And with the extreme decrease in oil price the profitability of oil and gas reserves have 

simultaneously decreased. The Tyra platform is literally sinking into the water and the risk levels of 

operations are unacceptable and require action. A decision needs to reached by December 2016.  

 

This thesis seeks to investigate the value of the Tyra field with Binomial Option Pricing to 

determine whether it is an attractive investment to capture the remaining recoverable gas and oil 

that are still in the reservoir or if it is more profitable to abandon and remove the platform.  

Requirements for attractiveness:  

1) The value of the call option is significantly positive.  

2) The Net present value of the Free Cashflow is positive. 

Since the valuation of the project is a choice between investment or abandonment. If the investment 

is not undertaken 15 mill. DKK are payable within 1-5 years. How will this influence the 

attractiveness of the Tyra redevelopment project. 

Sub questions. 

The Valuation of the Tyra field is dependent on the oil price: 

1) What are the expectations for the oil price and oil price volatility? 

2) How sensitive is the valuation result to the oil price and oil price volatility? 

                                                 

4  The oil and gas runs through Tyra and then to Esbjerg or Fredericia to the refinery’s. 

 

Is rebuilding the Tyra-field an attractive investment for 

the Danish Underground Consortium? 
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1.3 Methodology 

The purpose of this section is to explain the choices and considerations of method and research 

design. The method functions as the thesis roadmap from the information gathering, through the 

analysis and ensuring a valid and reliable scientific conclusion. 

The methodology section is primarily based on the literature from I. Andersen (2008) on methods of 

the social sciences and R. K. Yin (2009) on case study research. 

Methodology. 

The first part will be an introduction to the methodology and the research design used to construct 

this thesis.  

The methodology is normative. Meaning that it provides guidelines on how different situations 

should be approached, I. Andersen (2009).  The approaches can either be inductive or deductive in 

their reasoning. In short, the deductive approach can be described as applying theory to explain a 

phenomenon whereas the Inductive approach uses empery. 

In the social sciences, including academics within finance, a positivistic view is the most common. 

A positivist approach can be explained as “the logical derivation of investigating an observed 

behavior, testing a hypothesis and analyzing the result”. (I. Andersen (2009)) 

Case study research based on empirical observations have a deductive structure. Accordingly, 

analyzing a problem using already existing theory is considered an inductive approach. This thesis 

will have a positivistic deductive approach. 

Further this thesis will investigate the value using different valuations methods using two different 

approaches to understand the value.  Both from a traditional point view via the Discounted 

Cashflow Model as well as an approach using option pricing to incorporate price uncertainty. 

Research design 

This part will be discussing the choice of research design. The case study framework and how the 

case study is build using two valuation methods. 

This thesis will be constructed as a single case study research to gain a holistic insight into the Tyra 

redevelopment. The project is an “unique” case of an oil development project. It is a RE-

development with the option of redevelopment or abandonment and the context for the project has 
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changed with the oil price drop in the 4th quarter of 2014. Uniqueness is a qualification for the use 

of a single case study, R.K. Yin (2009) 

 “A case study is an empirical inquiry that investigates a contemporary phenomenon in depth and 

within its real-life context”  

Yin (2009).  

I will analyze the financial aspect of the Tyra redevelopment project using already tested and 

known theoretical valuation models and an environment analysis as well as collected data on 

energy prices. 

Oil and gas industry is complex and the project is dependent on the commodity prices of oil and 

gas. And to understand the full picture this requires an investigation of the macro environment as 

well as the quantitative valuation to answer the problem statement. “The case study will allow for 

the studying of many variables” (I. Andersen (2009)). Other typical research designs applied in 

social sciences are static, dynamic and experiments (I. Andersen (2009)). If the thesis problem 

were to test the valuation theory, an experimental set-up could be more suitable, as would the 

dynamic design fit the time series investigation of trying to predict the future oil price. 

The use of two different methods. 

The first part of the case study analysis is deductive. First, a descriptive part of oil and gas industry 

and projects and second, a PEST-EL analysis of the macro environment. This part is based on 

secondary and mostly qualitative information. The second part of the case study is based on the 

theory of Binomial Option Pricing as a valuation tool and the model of the Discounted Cash Flow. 

This part is mainly inductive and based on quantitative information.  

The reason for using different methods is that allowing the thesis to include multiple variables will 

provide the desired holistic picture of the Tyra-redevelopment project. 

The thesis will be constructed from the DUC’s point of view as the Tyra-redevelopment is a part of 

the DUC project portfolio and as an individual investor they are not able to invest directly. 

The Tyra redevelopment is a unique case and a single case study research will accommodate the 

complex context of the project and create the needed information to answer the research problem: 

“Is the Tyra-redevelopment a profitable investment?”.  
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Stakeholders. 

The main stakeholders of this thesis project are economists within the DUC and Danish oil and gas 

industry, corporate managers responsible for investments in the Tyra field including executive 

boards, who are interested in the value in the Tyra redevelopment and is following the low oil price. 

Other stakeholders are finance students and other academic scholars interested in oil field valuation. 

1.4 Case study outline. 

Introduction to the case study: The Tyra field and the E&P industry. 

When examining the value of the Tyra redevelopment in the process of making an investment 

decision, it is important to understand what the drivers of profits are.  

- What is a typical timeline of E&P projects? 

- What are the profit drivers of the E&P projects? 

- What specific characteristics of the Tyra field are important to the investment? 

Analysis of the market for oil and gas 

The price of the commodity is important, as well of the cost of production. Doing a valuation of the 

Tyra field, the expected price of oil and gas is the determining factor in deciding if the project is a 

desirable investment or not. I will examine the supply and demand for oil and gas. 

A projects viability is closely related to the macroeconomic environment it operates within. I will 

conduct an analysis of the macro-environment using the strategic method known as the PEST(LE)-

analysis and a separate analysis of the pricing of oil and gas.  

This will give the answers to the following questions 

- What are the key macro-economic drivers affecting the E&P-industry? 

- What is expected for the future production and consumption of oil and gas? 

- What can be expected of the future prices of oil and gas? 

1.5 Delimitation 

This thesis will investigate the value of the Tyra re-development assuming that the choice is 

between full re-build and abandonment of the entire Tyra field. This is a simplification. Other 

possibilities could be included. However, the scope is to value the full re-development. Further the 

Tyra project will be analyzed as a stand-alone project, but the project is part of the DUC portfolio 
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and thus the stand-alone value might differ from the value it will add/subtract as a part of the DUC 

portfolio. 

Another limitation is the forecast of oil and gas prices and their volatility. The prices and volatility 

forecasting will not be included. However, the market will be analyzed and used to argue the chosen 

volatility and price forecasts. Price forecasts for oil and gas is done for short run, typically one year 

or less. I find that the use of the futures as price for the actual future costs will do okay for the scope 

of this project, where we use an average yearly price. Further, the forecast of the long run oil and 

gas prices are done in large macro-economic models by OECD World Energy Outlook, as well as 

large institutions like European Union. 

 

1.6 Introduction to theory 

To study the case of the Tyra redevelopment this thesis will be combined of the financial theory and 

a strategic analysis of the macro environment. The theory used will be discussed in detail 

simultaneously with the application in third part (Valuation). This section is a presentation of the 

theory to understand the composition of the thesis as it progresses. 

Theoretical framework and discussion and limitations. 

To understand the value of a firm it is paramount to have an understanding of the macro 

environment the company operates within, or the project to be invested in. Using the strategic tool, 

the PESTLE-analysis (Political, Economic, Social, Technical, Legal and Environment), as a tool to 

underpinning the factors that will influence the success of the Tyra project. (Further explanations of 

theoretical background of the PEST and sources for the PESTLE (Chris, Clegg Stewart et al. 2011) 

Other strategic analysis approaches are Porters five forces (INDSÆT REF) or SWOT analysis. The 

different approaches differ in the focus of analysis. Porters five forces focusses on the “Competitive 

rivalry”, barriers to entry, threat of substitution, Supplier power and power of the buyers. Though 

the threat of substitution is relevant in the analysis of environment for oil and gas, in the light of the 

constant development of green energy sources, P5F lack the broader picture of the macroeconomic 

environment. The SWOT analysis is more general in categories; strengths, weaknesses, threats and 

opportunities. The first PEST analysis has been extended to include “EL”, the environment and the 

Legal environment. The law is extremely complicated when it comes to exploration and production 

and the environment is a major factor when production from underground and oil and gas, as well 

as the fact that oil and gas is not a popular in the public eye with continuing the movement towards 
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sustainable energy sources. The PESTLE analysis will give a structure to the analysis of the 

environment and the key influences important to the project successfulness will be discussed. 

The theory used for valuation of the Tyra redevelopment concerns the two different valuation 

methods Discounted Cash Flow – model and Real Option Theory. 

To evaluate firms or projects an endless number of approaches with different assumptions can be 

made. (Damodaran 2006) divides the valuation methods into 4 general categories. The discounted 

cash flow models, the models using accounting numbers, relative valuation using comparable firms 

multiples as proxies in valuation and real option pricing (“Contingent Claim Valuation”). Models 

using book values have long been unrealistic compared to the actual value (Damodaran) further the 

current book value  

The Discounted Cashflow model (DCF) is the most popular method to valuate projects. The easy 

applicable and understandable nature of the calculating the free cash flows that the project expects 

to generate and discount these at a reasonable discount rate makes it desirable. 

However, the first real option model was applied to projects the DCF is criticized of undervaluing 

projects by not incorporating the value of the financial flexibility of the future. 

Valuation methods other than real option theory and DCF are EVA – residual value models. These 

are more appropriate for the valuations of going concerns, whereas projects, especially upstream 

projects like the Tyra project with go-no-go choice is more appropriate to value using real option 

pricing. 

To determine the value of the Tyra redevelopment the Discounted Cash Flow Model (DCF). Using 

the DCF will give the stakeholder an understanding of the value generation and connection between 

the commodity prices and the project.  

The DCF model has been criticized for the lack of ability to comprehend complexity as Paddock, 

Siegel and Smith (1988) and (Damodaran 2012)points out and suggest using real option pricing for 

valuation of oil and gas projects (Petroleum leases). We will return in more depth in the valuation in 

section 3. 
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2. Case study, PEST(LE) and prince of oil and natural gas. 

This section covers the Tyra redevelopment case and the general project outline, the strategic 

analysis PEST(LE) and an analysis of the supply, demand and price formation of oil and gas prices. 

2.1 Introduction to the Tyra field and the E&P industry. 

This section will cover the general project outline of exploration and production (E&P) projects and 

Tyra field history and the challenge of the redevelopment. 

2.1.1 E&P Projects 

Exploration and production is essentially very different. This thesis is concerned with the latter part 

of the exploration phase, concept assessment and the choice to develop or not. This section will 

explain the main aspects of E&P projects. The oil industry has the distinct characteristic of ‘above 

normal’-profits. It is capital intensive, with high explorations and capital expenses and companies 

face high risks, especially in the exploration phase. 

The timeline in exploration and production is typically divided into four stages. Before entering a 

new stage, a choice whether to continue with the project or not is made. This is an important 

characteristic of oil field development, because this is why the use of real option as valuation 

method is relevant, as we will return to later. 

 

Figure 2.1.1: E&P project outline. 

 

1. Explorations stage. This is the part where seismic data is analyzed and geologists determine 

if the potential for oil is present and the possibility of a discovery is enough to justify the 

risks and costs involved in an exploration well. Exploration is a “trial and error”-process. 

Often requires more drillings, however the information from exploratory drilling provides 

the companies with detailed information on the reservoir size and quality, minimizing 

economic uncertainty. 

2. Appraisal stage. Determining probable reserve size and type. This is where geologists and 

geophysicists determine the probable reservoir size and together with finance teams 

determine if the resources are “economical”. If so, the concept assessment stage is entered. 

1. Exploration 2. Appraisal 3. Concept 
assessment 4. Development
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3. Concept assessment. Different scenarios are made by the engineers. Platform types, how to 

process the oil and gas and transportation opportunities. Options are evaluated by finance 

teams and adjusted until the best solution is constructed. 

4. Development. The last stage is the actual drilling and building up of the field.  

Exploration stage is followed closely by the Danish Energy Agency (DEA). To ensure the 

environmental issues are cared for a VVM-study is required. A VVM-study is an assessment of the 

environmental externalities potentially caused by the planned development.5 When ready to proceed 

the design and plan for the field development is submitted for the DEA approval. This is required 

by the Danish Sub Oil Act (See Legal section 2.2.5)  

In the exploration and appraisal stages the main drivers of the project are the size of the expected oil 

find, accessibility and level of required technology. As the project moves forward into concept 

assessment the expected oil price and required return on investment become the deciding factors of 

the project. Each stage represents an option to develop or reject the project. 

 

Characteristics of Oil and Gas developments and projects:  

- Capital intensiveness however having the advantage of economies of scale. 

- Oil and gas as a commodity only function once – non-reusable, gas is hard to store, 

production needs to mimic demand. 

- Long project life time implicates increased uncertainty: Future costs and earnings are 

unknown as the macro environment can change dramatically 10-20 years from now. 

- Long gestation period. 

Main factors influencing the valuation of oil and gas projects: 

- Price on oil (and a little bit the price of gas). 

- Taxation. 

- Required rate of return. 

- Operating costs. 

(Bhattacharyya Subhes 2011) 

                                                 

5 https://ens.dk/ansvarsomraader/olie-gas/miljoekrav-olie-og-gas 
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E&P projects, especially at sea, require large investments to accomplish. The metal used to 

construct platforms, the technology to drill several kilometers into the grounds and to extract 

reserves. However, once it is build and the right reservoir is found the companies can easily scale 

up production. 

Oil and gas projects are long term investments and it can be difficult to predict what happens 

tomorrow, but it is close to (if not totally) impossible to predict the microenvironment 20 years into 

the future. (We will however try to analyze the macroeconomic indicators in section 2.2 and 2.3.) 

Because of the large investments required, the technical expertise needed and the complexity of 

E&P projects exploring and developing a field face a long gestation period. 

The companies are willing to face high risk – high costs of the projects because finding a large oil 

reserves present large profit opportunities. This type of project development requires companies to 

optimize the costs and carefully determine what to expect from the oil price. We will return to these 

factors as inputs to the valuation model in section 3. 

2.1.2 The Tyra field. 

The Tyra field is located in the Central Graben, in the Danish North Sea’s continental shelf, and has 

actively produced since the year of 1984, making it one of the first and thereby oldest fields in the 

history of oil and gas production in Denmark. Since the focal point in this thesis is the Tyra Field, 

this paragraph will examine the characteristics of the Tyra field. 

The Tyra platforms are literally sinking into the ocean, because of the large amount oil and gas 

produced from the area lowering the sea floor, meaning the platforms are currently too close to the 

surface of the sea6. Combined with new information on large waves, the Tyra platforms are no 

longer meeting the required safety standards and are required to act. This is an important 

information because this means that the option to redevelop has an expiry date. 

The DUC is required to either remove the sinking platforms and end production or rebuild some or 

all. The cost of abandonment, removing the platforms, wells and production site has the estimated 

                                                 

6 http://www.dr.dk/nyheder/penge/maersk-vil-lukke-gasfelt-tyra-synker-langsomt-i-havet 
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costs of 15 billion DKK and would be scheduled to start in 2018. (See part 3: Valuation) If they are 

rebuilding, the plans need to be approved December 2016. 

The Tyra field is categorized as a gas field. This specifies that the largest quantity of hydrocarbons 

in the reserves is natural gas. The Tyra field has approx. 16,5 Billion Nm37 of reserves left (to 

produce) This is 20 % of the expected total gas reserves, as well as a considerable oil reserve of 7,7 

MMbbl (January 2014: DEA 2013). The Tyra field is the largest producer of gas in the Danish 

North Sea. The Tyra field has an expected total reserve of 82.31 b Nm3 (Billion normal cubic 

meters, produced and future expected reserves). See table in Appendix 4. 

The field is classified as a mature field. Oil and gas production follows a right tailed distribution 

and as a mature field, the remaining reserves are “tail-reserves”. This means that the production has 

peaked.(Höök, Hirsch et al. 2009). 

 This is shown in the figure 2.1.2, showing the production of oil and gas in the Tyra field from 1984 

– 2014. 

  

                                                 

7  % =  

  
∗ 100 % = ,

,
∗ 100% = 20,04 % 
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Figure 2.1.2: Historic production of the Tyra Field 

 

 

Source: Own construction. 
Data source: Danish Energy Agency, www.ens.dk 

 
 

On the left axis, the oil production is shown in thousand barrels of oil per year and of the right axis 

the gas production in million standard cubic feet. Oil production peaked in 1994 and the production 

of natural gas has declined since 2008. 

The Tyra field has a unique function as a gas production buffer. This means that in times of low 

demand for gas (like the summer, where heat is not needed) the gas from other fields can be 

injected into the Tyra field and increase the recovery of oil (IOR-technology) (Danish Energy 

Agency 2009). The Tyra platforms process and/or receive production from the following fields: 

Valdemar, Roar, Svend, Tyra SE and Harald/Lulita/Trym and gas production from Gorm, Halfdan, 

and Dan fields. A map of the fields can be seen in figure 2.1.3a. If the Tyra platforms are removed it 

will shut down 90 % of the Danish North Sea gas production.   

The Tyra redevelopment project is currently in the end of concept assessment phase, the 3rd stage in 

figure 2.1.1. The difference between other E&P projects and Tyra redevelopment, is the fact that the 
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Tyra field is known extensively to the scientific teams working on the project, and the 

redevelopment plan is in place, and the reserves are known since the field has been operated on 

since 1984. This eliminates the large risks of exploring and not finding oil or gas. What is currently 

the largest issue for the partners in the DUC is the low oil price level. The pricing will be discussed 

in section 2.3. 

The Tyra field plays a central part in the pipeline network in the Danish North Sea. The field is 

mature but a substantial amount of reserves remains and the plan to develop and extract the gas and 

oil left is made.  

2.1.3 The Danish Oil and Gas Industry 

The upstream industry in Denmark is mature and production is decreasing. In Denmark, the oil 

production was 4,2 million barrels in 2014. 170 M bbl./d. The total World production in 2015 was 

93 MM bbl./d. Despite the minimal contribution from the Danish industry to the world production, 

the Danish oil and gas industry (2012) contributed with 1,2 % of total GDP in Denmark. 

The industry is highly regulated (See section 2.2.5: Legal influences) The Danish Energy Agency, 

DEA, plays an important role in deciding who and where companies will be granted licenses. 

Licenses are given to a group of applicants. The applicants are obligated to create a joint operating 

agreement (JOA), and explore, drill and finally to commercialize the given field within the 

timeframe given. Another condition of operating on the Danish continental shelf is the Danish state 

is a mandatory participant. Practically this means the North Sea Fund is given 20 % of all license 

shares (since July 2012). This procedure tries to ensure fairness in terms of the competitiveness and 

optimal use of resources found.  
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Figure 2.1.3a: Map of Oil and gas fields in the continental shelf.  

 

-  

Source: Ens.dk 

 

The greatest oil and gas fields found in the North Sea are maturing, the end of field-life is closing 

in. The lack of investments in exploration and technology is the main reason the total production in 

Denmark is decreasing (Quartz 2013). Some of the largest players in the Danish North Sea, Maersk 

and DONG Energy, are moving business toward greener energy forms in the future, leaving behind 

the fossil fuels.  

46 % of all discoveries in the Danish North Sea have been developed. The lack of adequate 

technology or high costs prevent extraction at the current time. (Quartz&Co 2013) 

The oil and gas industry is capital intensive and to invest in exploration and production in new 

projects requires a high return. In Denmark, due to the small amount of oil and gas, this translates 

into a requirement for a higher oil price. However, the 2013 report from Quartz&Co also identify 

the current infrastructure is important for the development of new fields. 
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The small scale of the projects in the Danish North Sea makes the projects marginal and in a low oil 

price regime this has challenged the companies with investments in the Danish licenses.  

The 7th round of applications for exploration in the Danish North Sea resulted in 16 new licenses 

given and planned initial investments of 1 billion DKK, indicating a faith that more oil and gas can 

be recovered from the Danish underground. 

As mentioned above, the decrease in production is the same for the European region altogether. In 

recent times the biggest new discovery, that the industry had high hopes for, was the Hejre field, 

turned out to disappoint in terms of proven resources, and the development of the field has been 

delayed several times and now indefinitely. 

2.1.4 Danish Underground Consortium, DUC: 

All developments in the Danish North Sea consist of Joint ventures. The oldest, led by Maersk Oil 

and active in the sole concessionary area, is the DUC. The DUC is a joint venture between the 

Maersk Group, Shell, Chevron and the Danish North Sea Fund. The Tyra re-development is part of 

the DUC portfolio. 
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2.2 PESTLE 

Oil and gas projects are considered complex and require highly skilled attention from a wide range 

of scientist, and high-end technology to locate and extract the resources. In 2011 the Danish oil and 

gas sector produced more oil and gas than consumed. Due to lack of investments in exploration and 

technology, new field developments are not compensating for the declining production in the 

existing and mature fields. The price of oil is the main value driver determining the profitability of 

oil and gas projects, the price of oil is closely connected to the world economics and politics. 

The purpose of this section is to clarify the macro-environment affecting the oil and gas industry 

using the widely known strategic analytical tool PEST-(LE). Clegg et al. (2010). In the extended 

PEST-LE is an abbreviation for “Political, Economic, Social, Technological, Legal and 

Environment”. Understanding the key influences, risks and opportunities of the industry providing 

knowledge of the state of the E&P industry and adds important information when determining 

investment decision as wells as the input for the valuation in section 3. 

Figure 2.2a: PESTLE overview. 

 

P

•Taxes: Hydrocarbon tax is changed when profits were deemed too high for the industry 
•State participation. NOC’s: The Danish North Sea Fund and DONG Energy.
•Political ambiguity about the future of fossil fuels.

E

•Decreased demand: China was expected to have a growing demand, but Chinese growth in GDP have slowed down 
dramatically.

•Low interest rates should increase the investment - the low oil price is discouraging this.
•Exchange rate: The USD currency and the oil price have a reversed reactions to  economic changes. 

S
•Denmark is a steady country to operate within compared to industry giants like the middle east and some African 

countries.
•Focus on the environment. Global vs  local. could affect some peoples opinion of the oil and gas production.

T

•Emerging technologies, EOR and IOR 
•Rate of tech change is -- SLOW
•R&D tech investments - Low

L
•Laws concerning operations and production
•Laws on infrastructure

E

•Risks: Oil leak
•Damaging the seabed – Coral reefs etc.
•Fossil fuels are considered to be the most polluting form of energy.
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2.2.1 Political factors: 

The political factors influencing the oil and gas companies in Denmark are important. The main 

factor is the special taxation on the extraction of hydrocarbons. This paragraph will identify the 

important political factors the industry is influenced by. 

First, a discussion of the taxation of Hydrocarbons in Denmark. Secondly, the state participation in 

the Danish Oil and Gas industry. And the third part covers the ambiguity that exists within the 

government on one side promoting goals on green energy substitutions and on the other side 

investing in oil and gas exploration and production. The last political factor included is the political 

interest to ensure security of supply. 

  

Taxation of exhaustible resources. 

Fossil fuels are exhaustible and limited resources8. The oil and gas production earns economic rent 

and in Denmark the special hydrocarbon tax was created to eliminate the unfairness of the “high 

profits” associated with high oil prices. See figure 2.2.1a below. 

The oil and gas companies face two types of taxes on profits made from oil and gas production. 

The, above mentioned, tax on hydrocarbon extraction of 52 % and the corporate tax of 25 %. As an 

exemption, the producers have a 6-year running allowance of 5 % of investments, meaning that the 

companies can subtract 5 % of capital expenses (CAPEX), each year, 6 times, including a carry 

back on abandonment expenditures. Thus, E&P companies are often given a tax payout when the 

license is relinquished9 

Hydrocarbon tax. 

Shifting governments with different agendas have influenced the taxation of oil and gas extraction. 

This paragraph will cover the main changes in the taxation and their effect of the economics of E&P 

projects. 

 

                                                 

8 “Finite availability in the earth’s crust and… availability as resource quality declines and the possibility of recycling” Schultz 
(1974) 
9 Danish ministry of tax. 
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Figure 2.2.1a 

In 2013, the renegotiations of the 

terms for E&P industry in the Danish 

North Sea resulted in a drastic change. 

Until 2014 the hydrocarbon tax was 70 

%, however 25 % of CAPEX were 

deductible for 10 years. The large 

deduction encouraged investments in 

E&P-projects, pipelines and platforms 

by compensating economically for the 

associated high risks (I.e. risk of 

drilling a dry well or uneconomical 

amount of oil/gas). 

The price of oil has increased from ca. 

30 USD/Bbl. in 200010 to 100 

USD/Bbl. in 2008. From 2011-2014 

oil price fluctuating around 105-110 

USD/Bbl. As shown in Figure 2.2.1b, 

the historic Brent oil spot prices from 1988 until 2016. 

The government regulated the taxes imposed to eliminate the “unfair” profit gained from doubling 

of oil price and thus increasing profits for the Danish state by increasing taxes. 

The oil price plummeted from late-2014 to 2016, and the new tax regime is forcing the Danish E&P 

industry into the ground and the mature producing fields are barely breaking even. Some are 

incurring losses by keeping the oil pipes pumping. Maersk has a break-even oil price of 40 

USD/bbl., meaning that Maersk Oil is breaking even at 40 USD/bbl. of their combined oil 

business11. 

 

                                                 

10 Exept for the drop in 2009 in the wake of the subprime crises. 
11 http://shippingwatch.dk/Offshore/article9118525.ece 

•Establishment of the Sole 
Consessionary area and Dansh 
Underground Consortium, DUC.

•1966: First oil in the Danish North 
Sea

1962

•Oil crises in 1979 increase oil prices and 
profits for oil and gas producers, above 
normal profits.

•Hydrocarbon tax is introduced: 

1982

•"The North Sea agreement". The license 
for the Sole Consessionary Area gets 
extended to 2042 and the DUC accepts 
increase in tax rates. Meaning different 
licenses faces different taxes.

2003

•Political agreement to allign 
taxes for all licenses in the North 
Sea. Increase in taxes for most 
and North Sea Fund enters DUC.

2012

•Oil prices are extremely low, 
threatening the future of Oil and Gas 
production in Denmark. The minister of 
? wants to take a look on the 
Hydrocarbon taxes.2015/16
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Figure 2.2.1b Europe Brent Spot Price FOB (USD/barrel) 

Source: www.eia.com. Brent oil spot price. 

 

Another possible effect of the tax system is that the risk of exploring marginal fields, where profits 

are small, facing lower taxes or higher capex deduction would give companies incentive to invest, 

as in the UK (Quartz + Co 2013) 

Latest news on the Tyra field redevelopment from the operator Maersk Oil, is that it is the lack of 

political will to find a solution that is holding the DUC back12. This underlines the political impact 

on the industry.  

Creation of a substitute for DONG Energy, the Danish North Sea Fund. 

As part of the renegotiation of the sole concessionary agreement in 2012, and because the 

government plan for DONG Energy’s IPO, the Danish North Sea Fund was established and 

immediately held 20 % of all Licenses in DUC and 20 % of licenses created after 2012. Meaning 

that every time anyone drills into the Danish North Sea the State of Denmark is part of it with a 

partnership of 20 %. Sometimes more, counting the state ownership in DONG Energy. The North 

Sea Fund (NSF) has a mission to support the exploration and production in Denmark and because 

NSF is present in the fields in the Danish industry, they are in a unique position to take advantage 

of the knowledge across field and production sites. However, the goals of a private or publicly 

traded company and a state-owned company will not always be aligned, like the priority of 

maximizing profit in the short or long run. The NSF invests only in the Danish continental shelf 

                                                 

12 http://shippingwatch.dk/Offshore/article9118525.ece 
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whereas the other DUC-members (Shell, Chevron, Maersk) compare E&P-investments 

internationally. As well as the NSF’s mission to secure the energy supply covering domestic 

demand. 

The political dilemma: “Green vs. Black -energy”. 

The official goal of the Danish Government is to be free of fossil fuels in 2050 and appearing as top 

news at the Danish Energy Agency’s (DEA) webpage (May 29th 2016). E&P-projects are already 

being planned. Typically, a project life time is least 25-30 years into the future. This poses an 

ambiguity and a risk that will be outlined next. 

To minimize the Global Warming13 green and sustainable energy solutions are the future, meaning 

fossil fuels like oil and gas are to be phased out. 

The lifetime of a project, from the very beginning, of finding a geological area with characteristics 

needed for oil and/or gas to be captured, to producing and to the time of abandonment quickly 

exceeds the 30 years. As mentioned earlier, the E&P-industry is capital intensive with high risks 

and the companies investing in E&P-projects require prosperous incentives to proceed. 

The petroleum industry contributes with 1,2 % of GDP(Danish Energy Agency 2009) and this is a 

large amount to eliminate from the state finances. Eliminating jobs, the loss of profits from selling 

oil, and removing the revenue collected through taxes from the oil and gas industry. 

A political ambiguity can induce doubt and scare off investors, slowing the industry growth, 

companies might want to invest in countries where the E&P industry is more wanted, like in the 

USA. 

Security of supply 

Another issue that could be of political importance is security of supply. This does not gain a lot of 

public attention in the media. However, it is highly important to the society that we have electricity 

and heat whenever it is needed and the securing of the access matters. If the Tyra field closes and 90 

% of the natural gas production disappear, Denmark will need to import the natural gas from 

                                                 

13Assumption: Global warming is a fact, since most scientist agree that Global warming is happening and humans have contributed 
negatively (United Nations 2014) 
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Germany and Russia. The risk of political instability in Europe is low, compared to other regions of 

the world, however the risk to the supply security is still a topic in energy politics. 

The main political influences are the special taxes and the impact increasing taxes has on the 

incitement to invest in the marginal fields. And when the state increases taxes on the grounds of an 

increased oil price it is troublesome for potential investors, as is the current case, when oil price 

dramatically decreases, pressuring oil companies to cut activities and divest. The state participation 

will have a positive impact by enabling knowledge sharing. However, it could also create obstacles 

in the joint venture collaboration from differentiating goals. The political ambiguity can negatively 

impact the attraction of foreign or new investors, and thus the business in the E&P industry are 

dependent on the government, and political environment and opinions towards fossil fuels. 

2.2.2 Economical: 

The part of economic factors impacting the E&P companies, will cover the general economic 

influences, inflation, economic growth, interest rates and business cycles. Lastly, a comment on 

negative relationship between US dollar and the oil price. The supply, demand and pricing for oil 

and gas will be covered in section 2.3. and it will be shown that the price of oil is the largest impact 

on the project valuation. 

The Western world, including Denmark, are facing low growth rates in the wake of the 2008 

financial crises. This slow growth is reflected in the low inflation rates. The inflation rates for 

Denmark is shown in figure 2.2.2a and the corresponding rates on the 10-year Treasury bond in 

Denmark in figure 2.2.2b. Low growth is seen worldwide, however especially the slowdown of the 

Chinese economy have impacted the demand for oil (as we will return to in section 2.3) 

Following basic macroeconomic theory, low interest rates should increase investments and as will 

be shown, the required cost of capital is less during periods with low interest rates (risk-less rates). 
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Figure 2.2.2a Inflation: Increase in consumer price index % p.a. 2015=100 

 

Figure 2.2.2b: 10-year treasury bond 

 

Source: www.dst.dk 

 

The low inflation rate means that the economy is experiencing recession and the European Central 

Bank is actively keeping interest rates at low levels (sometimes negative) trying to boost the 

economy. (The National Banks are bound by the ERM2 collaboration to follow the ECB exchange 

rates by an interval of +/- 2.25 %) 

Denmark is a small economy. The interest rates, growth rates and economic conditions follow the 

world economy and especially the economy of the European countries. Low growth rates also 

indicate low demand for commodities including oil and gas.  

The E&P industry has prosperous investment opportunities with low interest  
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2.2.3 Social 

The social impacts such as demographics, lifestyle and education of the consumers can influence 

the profitability of projects. 

As the Chinese population and middle class continuous to increase, so does the demand for energy. 

The Chinese population growth means China is expected to become the largest energy consuming 

country, followed by India (WEO 15) and the other BRICS countries. The European Union is the 

largest consumption of natural gas in the world, however the European Union’s official goal is that 

20% of the energy consumption in 2020 stems from sustainable energy sources and the demand for 

fossil fuels are expected to be partly substituted in the future. 

As the political and public focus in the European Union and in the Danish population increases, the 

focus choosing organic food, green energy and living more sustainable follows. Sharing cars, baby 

clothes and solar panels on the roofs of the villas in the suburbs. The public is slowly endorsing 

greener solutions and the first drilling for shale gas Thy (2015) drew a lot of negative attention.  

 

2.2.4 Technological: 

The technological development depends on the educational level and the investment into R&D. The 

latest technological advances have been the EOR (Enhanced Oil Recovery) and IOR (Improved Oil 

Recovery). As well as smarter drilling strategies and well-technologies. 

The extraction of oil and gas in the North Sea has gone through a substantial technological 

development. The first Oil and Gas fields in the 1980s were only able to extract 11 % of known oil 

reserves, in 2012 this was up to 28 %. 

The main technologies within the gas sector are concerning Natural Gas Liquids (NGL’s). Cooling 

the gas under pressure making the gas transportable will expand the global trade (WEO 2016) 

2.2.5 Legal: 

The E&P industry is highly regulated. Three different laws address the industry and these influence 

the execution of projects. 

The three laws concerning the E&P industry are: 
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1) The Continental Shelf Act: “The State of Denmark is the owner of all natural resources”14. 

2) The Danish Sub Oil Act: “To ensure an appropriate use of the continental shelf and its 

natural resources”15 

3) The Danish Pipeline Act: ”Transportation of Oil, Gas and Condensate are to be transported 

via DONG Energy’s pipeline and facilities” 

As mentioned in the introduction to the E&P industry in section. 2.1.1 you apply for an area in a 

license round staged by the Danish Energy Agency (DEA). The DEA determines what licenses are 

given to whom. 

VVM. Before drilling exploration wells a detailed plan is sent for approval by the DEA. This is a 

process. The DEA may have inputs or alterations before the drilling plan. 

The data received from the exploration wells need to be analyzed thoroughly, still the DEA has a 

timeframe that limits the time license-holders can hold a license without moving forward. Either the 

license-holders declare the license commercial or the license needs to be relinquished 

(relinquishment requirements). If commercialized a Plan of development and operation (PDO) 

needs to be submitted. 

2.2.6 Environmental: 

Production oil and gas has a large impact on the environment. From drilling the wells to end-

product use. This section will cover the main environmental impacts of the E&P industry. 

The environmental externalities with oil and gas productions is a great concern. Large machinery 

drilling into nature will have consequences for the nature surrounding the platform, destroying coral 

reefs and natural eco-life in the process of drilling wells, the drilling of kilometer-deep wells into 

the ground and thereby destroying the nature, injecting chemicals (Fracking), fuel and flaring16 and 

the risk that the chemicals will leak into the surroundings and the risk of an oil leak into the ocean 

causing a large financial distress on the project financing, as well as the products themselves, oil 

and natural gas, are polluting the atmosphere. 

                                                 

14 https://www.retsinformation.dk/forms/r0710.aspx?id=22501 
15 https://www.retsinformation.dk/forms/r0710.aspx?id=138657 
16 The burning of redundant natural gas. 
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The increased awareness of global warming and the need for more sustainable energy source 

meaning an increase in use of electrical cars, solar and wind power etc. gaining market shares. This 

is however still at an insignificant level. and the lack of technology, immature infrastructure in the 

renewable sector still gives producers and consumers of energy incitement to use fossil fuels. 

In the light of climate changes and the awareness of fossils fuels negative impact on the 

environment, there is a growing demand for cleaner sources of energy, the so-called renewables, 

however the technology, infrastructure etc. does not allow for sole use of renewables.  

The oil price is frequent topic in news feeds. It is also an important factor of production. A vast 

majority of the world population needs or uses some form of fossil fuels in their everyday life. 

  

2.3 Oil and Gas Industry – introduction to market characteristics. 

This section is an overview of the oil and gas industry. The first part will be an analysis of the Oil 

supply and demand. The second part will be on the market for natural gas and the third part will be 

on the price of oil and natural gas. The prices are the one most important value driver in oil and gas 

projects. 

 

2.3.1 World market for petroleum. 

The detection of the first (known) drilling for oil was circa 350 years AD in the republic of China. 

Commercial production of oil began in the years of mid-1800.  

Since the late 1990’ies until the financial crises in 2008 oil prices kept increasing to levels above 

100 USD. Oil prices have been at the highest level seen since the oil crises in the 1970’ies reaching 

with price at approx. 110USD/bbl. (Figure 2.3.3a). The high level of oil prices increased incentives 

to invest in made smaller or more risky projects. 

Price shocks have been presents several times in the oil industry, like the oil price crises in 1973, 

1979 had influence on the policy makers and made the world aware of the sensitivity to oil prices, 

and the counter shock in 1986.(Bhattacharyya Subhes 2011)  
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Figure 2.3.3a. WTI futures. 

 

http://markets.ft.com/research/Markets/Tearsheets/Summary?s=IB.1:IEU , Sep. 29th 2015 

 

2.3.2 The supply side: The production of petroleum. 

Production of Oil and the market structure for supply side has the special characteristic that it has 

been affected by the oil cartel Organization for Oil Producing Countries (OPEC). During the past 

decade, the revolution of American tight oil have increased supply and this year the trade restriction 

on Iranian oil was lifted. 

The OPEC have long gained attention for their attempts to manipulate market prices by controlling 

the supply of oil. Recent studies questions the extend of the market power (Baumeister, Kilian 

2016a) The OPEC is the dominating supplier (Table 2.3.2a) however, as we will see the total supply 

of oil has increased the past decade, forcing OPEC to actively increase oil supply to sustain losing 

market share. 

In the mid-1980, where OPEC17 was officially formed (OPEC 2016), the production of petroleum 

has been dominated by the OPEC-countries. The OPEC remains the largest entity producing 36 

                                                 

17 Organization of Oil Exporting Countries. 
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million bbl./d. The total World production of oil in 2015 was 93 million bbl./d making OPEC 

accountable for 39 % of the World’s oil supply. (Energy Information Administration (2016)) 

Divided into regions the Middle East18 is the largest contributor with 30 % or approx. 28 million 

bbl/d of world production. The second largest producer of oil is North America extracting 23 % of 

World production (21 million bbl/d).  

The oil production in figure 2.3.2a below, shows the distribution of oil supply by region from 1994 

to 2015. The world production of oil has increased 24 million bbl/d. 

Figure 2.3.2a: World production of Oil. 

 
 

 

 
Source: U.S. Energy information Agency, www.EIA.gov 19 

The increase in North American and Middle Eastern production accounts for most of the production 

increase. In North America, production rose from approx. 15 million bbl/d in the mid-1990’s to 21 

Million bbl/d, a total increase of 6.3 million bbl/d. The historic high oil price above $100 per barrel 

made the development of tight oil and shale gas fields economically feasible and dramatically 

changed the petroleum production industry in North America20.  

                                                 

18 For specific countries included in OPEC and Middle East, see ‘End notes’.  
19 https://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=5&pid=53&aid=1&cid=regions&syid=1994&eyid=2015&unit=TBPD 
20 http://www.cfr.org/united-states/shale-gas-tight-oil-boom-us-states-economic-gains-vulnerabilities/p31568 
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The Middle East increased production from 7.8 Million bbl/d reaching the 9.3 mmbbl/d. The 

increase in production in the Middle East is regulated at the annual OPEC forum and they are 

continuing to keep production at a high level to pressure oil prices.21 

In the table below is shown that all region, but Europe, have increased production of oil during the 

past 2 decades. Especially the OPEC contributed with 40 % of the increase in World production. 

North America accounts for approx. 25 % of the increase in total oil production.  

Table 2.3.2a. Oil production by region in 1994 and 2014. 

 
 

 

 
Source: U.S. Energy information Agency, www.EIA.gov: International Energy Statistics. 

European region has seen a steady decrease from 6,3 million bbl/d to 3,8 million bbl/d. 

The main change occurred 2014. OPEC decided to increase production for two reasons. First Saudi 

Arabia wanted to eliminate competitors from the Fracking-industry (Tight oil) in the U.S.A. and the 

second reason was to pressure the Iranian oil production. 

The Fracking-industry in the U.S.A. bloomed during the period with oil prices above USD $100. 

Fracking is a method to force natural gas out from shales in the ground, by injecting water and a 

mixture of chemicals. The method of fracking is expensive, especially due to trial-and-error drilling.  

                                                 

21 http://oilprice.com/Energy/Energy-General/Rising-OPEC-Oil-Production-Worsens-Glut.html 

Production of oil
1994 2014

Absolut 
change

Growth 
1994-2004

% of WP 
1994

% of WP 
2014

mbbl/d mbbl/d mbbl/d % % %
North America 14.912 21.216 6.304 42,27 21,73 22,76
Central and South America 5.673 8.408 2.736 48,23 8,26 9,02
Europe 6.527 3.870 -2.657 -40,71 9,51 4,15
Eurasia 7.253 13.905 6.652 91,72 10,57 14,92
Middle East 20.036 27.836 7.801 38,93 29,19 29,87
Africa 7.039 8.707 1.668 23,70 10,26 9,34
Asia and Oceania 7.198 9.258 2.060 28,62 10,49 9,93
World 68.637 93.201 24.564 35,79 100,00 100,00

OPEC 26.615      36.321      9.705 26,72 38,78 38,97
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In the U.S.A, an adventure in Shale gas is unfolding. E&P companies are drilling of thousands of 

exploration and production wells and the production and the US government is considering lifting 

the 40-year-long band on oil exports. 

The increase in American production and OPEC increasing oil supply to force out competitors have 

created an situation with an over-supplied market causing the oil price to decrease. (Baumeister, 

Kilian 2016b, OECD, International 2014) 

 

2.3.3 Petroleum Demand: Why the Oil price dropped.  

Oil price shocks were since the 1980’s perceived as supply driven and it was commonly assumed 

that the OPEC cutting or increasing supply as well as instability in oil producing countries were the 

key to understanding the drastic changes in prices. Recent studies have showed that the changes in 

supply were just a small piece and that changes in demand for oil is the largest influence on oil 

price shift (Baumeister, Kilian 2016a) 

The business cycle is driving the demand for raw materials and as the wheel on the economy turns 

the demand for oil increases. When the economy is going through a recession and depression, 

investments are low, because the demand for goods and services are lower and production decrease 

to accommodate and in turn the need for raw materials falls. The opposite goes for expansion that 

will increase the demand for oil and gas. 

Another factor shown to affect the oil price is the demand for inventories. (Baumeister, Kilian 

2016a) shows that change in demand for inventories indicate expectations of the future oil market. 

Inventories increases when we expect the oil supply to decrease in the future or expect an increase 

in demand. Changes in inventories is an indication of changed expectations for the future price. 

Baumeister and Killian (2015) found that the price decline began in June 2014 with lower inventory 

demand followed by adverse demand shocks of slowing economy. 
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Oil Price 

Until now, this section covered the retrospective descriptions of oil demand and supply. Supply is 

up and demand is not growing as fast as expected. This part will cover the pricing. Outlining the 

main drivers of the current low oil price and we will be applied to analyze the expectations for the 

future oil price.  

The oil price is determined in the market by supply and demand. The presence of OPEC distorts the 

natural pricing. The oil price has historically experienced shocks, unexpected large drops or 

increases. And currently the oil price has not recovered from 2014-shock. It seems the current low 

oil price is the dual effect of oversupplying and dampened growth of the economy. 

Determining the future prices for oil is complex. It basically means that we need to analyze the 

whole macroeconomic environment to understand what will change. Each year the International 

Energy Agency publicizes their macroeconomic analysis of production, demand and prices for the 

major energy sources and forecasts future demand and prices using economic models, Table 2.3.3b. 

In Appendix 8, the World Bank and IMF oil price forecasts can be seen, also showing increases in 

oil demand and the oil price. 

Figure 2.3.3b World Economic Outlook demand and price expectations. 

 

 

Future oil price forecast. Source: WEO 2015 

 



Master Thesis  Jan. 16th 2017 

37 of 82 
 
   

The price of oil is difficult, if not impossible to forecast.(Baumeister, Kilian 2016a) (2015). 

especially for the long run. 

Models to predict oil price give reasonable forecast within 12-months.The methods to obtain an 

estimate of the future oil price can be divided into three groups (Gao, Lei 2016) The first group 

bases forecasts on experience, opinion, industry knowhow, using today’s price as a guess for 

tomorrow.  

The second group is the econometric models, using historic data and input. And the third group are 

the new approaches using stream learning by automatic/constant update model with newest 

available input. 

The prices. 

The prices are driven by supply and demand shocks. Currently, the major impact on prices is the 

low demand caused by the slow economic growth especially in China, however the western 

countries are also facing low inflations rates. Historically the oil cartel OPEC have had the main 

influence of the oil supply and hence the price of oil. OPEC members, with Saudi Arabia in the 

lead, meets to decide the amount of oil each of the members will supply. 

Determining the oil price is a complex matter and investigating this reaches beyond the scope of 

this thesis. The E&P projects easily lasts for more than twenty years.  

 I will use the WEO 15 New policies scenario, as seen in table 2.3.3 and as well for the natural gas 

(Appendix 9). 

 

2.3.4 Natural Gas – market and supply 

The Tyra is referred to as a “Gas field”. However, the value of oil reserves in the field also presents 

a considerable value. (See DCF-model). Thus, the valuation of the Tyra field is on the price of oil 

and that is why there is a great emphasis on the oil/petroleum in the following section. 

The price of natural gas is still indeed influential. However, the gas price is still dominated by 

movements in the oil price. 
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2.3.5 The market for gas and gas prices. 

The market for natural gas market is a bit different than the market for oil. The nature of natural gas 

makes it expensive to store and transport. New technologies makes it possible to liquidize the 

natural gas and then the gas can be shipped across oceans, however the infrastructure for this type 

of gas transportation, storage and use of NGL are limited. 

The market for natural gas in Northern Europe has yet to be fully liberalized and the price is not 

only determined in the gas hubs. This is due to the market structure where natural gas is sold 

forward in private contracts. These contracts often have a large oil component. Meaning that the gas 

price is related closely to the oil price. 

The natural gas production needs to mimic the demand, this means that in the winter we consume 

more natural gas than in the summer time, this is also an explanation of the natural gas is highly 

contract based. 

The determining the price of gas. 

Until now the oil price and the economical drives oil price have been discussed. It leaves a question: 

The Tyra field is a natural gas-field, what about the gas price? Oil price is a topic of great 

macroeconomic concern. This is not the case for natural gas. However, oil and gas have long been 

considered substitutes to the consumers (For example heating in houses) however in terms of 

production they are considered complements. There is a natural occurrence of gas when oil is 

produced. The natural gas follows the price of oil this is shown in figure 2.3.4. 
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Figure 2.3.4 Brent oil and natural gas price 

 

 

 
Source: Own contruction: Data source: www.EIA.com  

However, as seem in the figure 3.2.4 and explained by F. L. Joutz and J. A. Villar (2006) the gas 

price is decoupling from the price of oil. Especially in the north American market. 

The EIA provides following example on a natural gas contract from Europe: 
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Source: U.S. Energy Information Administration http://www.eia.gov/naturalgas/workshop/pdf/Session1_Jensen.pdf 

As the general gas contract in the example above show the contract price is linked to both heavy 

and light fuel, as will a spot component. When a lot of the market have contracts like the one above, 

the natural gas prices will reflect the changes in oil price. 

The price of natural gas is a bit more complicated to price due to the characteristic of the product. 

The density of Natural gas makes it difficult to storage, to transport via oceans and vehicles.  

Natural gas needs to be cooled and thus it is expensive to handle. In periods with excess supply 

companies can choose to flare the gas (burn it) or fill expensive storage sites. However, a shortage 

of demand could mean that the consumers of natural gas for example businesses and households 

would be unable to heat houses and water. Another consequence of the nature of Natural gas is 

prices can vary extensively globally. 

Natural Gas demand is expected continue to increase. Mainly because of the Chinese economic and 

public growth and the North American Shale gas revolution (WEO2016) especially because of the 

low natural gas price (Figure 2.3.4) Further technologies with NGL is developed then the natural 

gas market will bloom. 
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3. Valuation. 

This part will be the calculations and valuation of the Tyra Future project. The nature of the thesis is 

to find the value of a project. First the data collection and the validity and reliability of the collected 

data is presented and discussed. Then the Discounted Cash Flow valuation and the final section in 

the real option valuation of the Tyra field. 

For the Tyra rebuild endless different solutions could be chosen. Instead of a full rebuild or 

abandonment solutions might include shutting the sinking Tyra platforms (East and West) and just 

keep the South-East platform running. 

This thesis will focus on the full rebuild of the Tyra field for several reasons. First, the Danish state 

represented by the Danish North Sea Fund are working to have a full rebuild (Danish North Sea 

Fund 2016) it is not clear what legal implications will impact other solutions. I.e. the commitments 

to develop all possible recoverable resources when fields declared commercial. 

This section will answer the following questions: 

What is the NPV of the Tyra re-development calculated using the DCF model and using binomial 

option pricing? 

What can explain the difference in valuation results? 

What are the limitations of the valuation results? 

Input to the valuation models. 

This part will cover the data retrieval. The data used to construct the case study of the Tyra re-

development is gathered from different sources and where public data is unavailable the data will be 

estimated using comparable information from similar businesses, projects, industry etc. 

Data collection. 

All information and data gathered is publicly available and is categorized as secondary information. 

The collected information is of both quantitative and qualitative nature.  

The quantitative data used in the case study of Tyra redevelopment includes information of costs, 

prices, inflation, market data on risk-less rates, market premiums, as wells as financial data on the 

companies in the joint venture DUC. 
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The information on costs is gathered from company websites and journalistic articles. The initial 

investment, capital costs are publicly disclosed in external meeting records from the Danish North 

Sea fund (Danish North Sea Fund 2016) and these numbers can be further verified by the Tyra Field 

Operator, Maersk Oil in news articles where analyst Jacob Pedersen, Sydbank, reports these exact 

numbers. 

These numbers were made available on April 4th 2016 Maersk had to notify the markets and Dong 

Energy (The main buyer of gas from the Tyra platform) that the current Tyra-platform closes in 

2018 and that they will not be able to uphold contracts of delivery. Retrieving numbers from 

newspaper articles should be used with care because the purpose of the newspaper articles is not 

necessarily meant for valuation purposes, however since the same numbers reappear in meeting 

records from the North Sea Fund and considering their fiduciary responsibilities, I found the 

numbers to be reliable. 

Forecasting. 

Operating costs. 

Besides the initial investment and abandonment costs, the operating costs (OPEX) or variable cost 

for producing the oil and gas remains unknown. The Danish Energy Agency (DEA) and Energy 

Information Administration (EIA) collects information on historic OPEX, these are used to estimate 

the expected operating costs for the Tyra field. 

Data on oil and gas reserves. 

Estimating reservoir size, how much oil and gas is recoverable and create production profiles is 

done by Engineers and Geophysicists. The companies operating in the Danish North Sea are 

obligated to report to the Danish Energy Agency (DEA). Thus, I found it fair to assume the data of 

oil and gas production published by the DEA is reliable. The production data is what the DEA 

expects to be produced, at an unspecified oil price and (of the time of the publications expected and 

known) economic scenario. The reserves expected to be produced under the expected future 

economic scenario is called economical resources. Other listings of reserves are the technical 

amount and is the amount of oil that is technological possible to retrieve and is more than what is 

economical, and at last the total amount of resources which in turn is what we perceive is the 

amount of oil and gas in the reservoir. (Quartz 2013 and common sense)  
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In section 3.2.2 the production profiles are estimated using an exponential decline regression with 

MS Excel, knowing that the Tyra field is mature and are facing a declining oil recovery. Figure 

3.2.1 (Höök, Hirsch et al. 2009) and figure 3.2.2.  

Oil and gas prices. 

Is gathered from the forecasting made by the World Economic Outlook 2016. The Brent oil price 

and the natural gas hubs Dutch FTT and the British NBP prices platforms are the European 

reference prices. 

Oil is a traded commodity and can be bought and sold via spot and future. Since the Tyra field is in 

the Danish North Sea the oil price relevant is the Brent oil price and Northern European hub gas 

prices.  

Qualitative data. 

DEA webpage – www.Energinet.dk, US Energy Information Administration, www.EIA.com  

 – Newspaper articles, internet news, company webpages 

3.2 Cost estimation 

For the Tyra re-development, some of the costs are publicly disclosed and some we need to estimate 

using available data and costs studies. This section will explain how the costs are derived and their 

limits. 

What we know about the costs. 

- CAPEX has an estimated value of 30 billion DKK (2016) 

- ABEX has an estimated value of 15 billion DKK (2016) 

The costs are disclosed a public meeting record (Danish North Sea Fund 2016)  

CAPEX are the capital expenses and include platform rebuild, pipeline investments and in the Tyra- 

Case the capex covers the removal of damaged or non-reusable platforms, to be able to rebuild. 

The ABEX is estimated 15 to 20 million DKK and this is the costs involved in removing all 

platforms, wells, and production equipment from the Tyra License. I will assume these number 

correct and focus on the uncertainty of the operating expenses. 
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The precise estimates of operating expenses (OPEX) are unknown, and the expected operating costs 

for the redeveloped Tyra field will be estimated using data on OPEX from the Danish North Sea 

production from the DEA. 

3.2.2 Operating Expenses, OPEX. 

In this paragraph, I will explain what factors influence the OPEX and how the OPEX have evolved 

in the time of exploration and production in the Danish North Sea (DNS). This will be the basis for 

the estimated OPEX. 

The operating cost in the North Sea has increased corresponding with the maturity of the DNS 

fields. The cost of oil and gas recovery increases with the lifetime of the field. This is explained by 

increasing maintaining costs as equipment ages, as well as the pressure (needed to extract the oil or 

gas from the underground) decreases when oil and gas is produced. The decreased pressure then 

requires injection of for example water or gas to sustain acceptable flow rates. The typical 

production profile can be seen in figure 3.2.1 

When a field is developed the production quickly reaches the peak oil and a production plateau. As 

the field empties the pressure declines and so does the flow rate, meaning a decreasing oil and gas 

recovery. 

Figure 3.2.1. Typical production profile for Oil and Gas E&P. 

 

 

 
Source/directly copied from:(Höök, Hirsch et al. 2009) 
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The maturity of the fields in the Danish North Sea are progressing and new discoveries have not 

compensated for the decrease. In figure 3.2.2 below the cost of operating, OPEX and the production 

of oil and gas (expressed as barrels of oil equivalent, BOE). 

Figure 3.2.2. Operating costs in the Danish North Sea oil and gas field 

       

Source: Own construction / Data: www.ens.dk, Danish Energy Agency. 

 

Assuming that the Tyra redevelopment will have operating costs equal to the average of the 

Operating costs from all the fields in the Danish North Sea. Luo&Zhao (2012)  

 

3.3 Estimating production profiles. 

Production profiles for the oil and gas are not publicly assessable. A production profile specifies 

what year and how many cubic feet of gas or barrels oil produced. The DEA published in the yearly 

report the amount they consider to be realistic for Tyra field to produce. However, the amount of 

gas left in 2009 were 22.5 Bn. Nm3 of natural gas and 5 Mill. Barrels of oil (Danish Energy Agency 

2009) and the Tyra field historic production is known (figure 2.2.2). 
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Bhattacharyya (2011) explain how the production of oil and gas evolve and divides the production 

profile into 3 different stages. Each stage can be estimated with a separate formula. 

The Tyra field is mature and defining the maturity of the field according to Bhattacharyya (2011) 

and the figure 3.2.1 from Höök, Hirsch et al. (2009) and comparing with Figure 2.1.2, the historic 

production, the Tyra field is in the decline face. The production in the decline phase can be 

described mathematical by an exponential decline equation (Adelman and Jacoby (1979); Paddock 

Siegel, Smith (1988): 487; Luo&Zhao 2012): = −  

Using the Excel forecasting tool the following figures and equations are produced describing an 

exponential decline in the produced oil and gas. 

Production profiles for oil and gas extraction in the Tyra Field. 

 

Figure 3.3.1a. Estimation of production profile for natural gas. 

Source: Own 

construction: Data from 

www.ens.dk “Economic 

key-figures” 

Gas production 

function, estimated 

using MS Excel  

y = 6E+120e-0,136x 

R² = 0,7041   

 

 

Figure 3.3.1b. Estimation of production profile for oil. 
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Oil production 

function: 

Y = 2E+49e-0,052x 

R² = 0,7534 

 

 

 

 

 

 

The reserves left to be produced are known and the exponential functions estimated with MS. Excel 

are adjusted to compensate. 

Tyra reserves included in the valuation to be produced from 2019:  

16.5 MMMm3 Natural gas 

7.7 MM Bbl. Crude oil. 

Making the production functions for oil and natural gas the following22. 

Oil production = 2E+49e-0,052x -1650 

Gas production = 6E+120e-0,136x + 6.45 

These estimates are my own construction and they might defer from the actual production profile. 

The purpose of creating a function for the production was to create an estimation for the production 

distribution throughout the years and it seems reasonable when the amount of oil and gas fits the 

                                                 

22 The production estimation is found in the Excel file: “Calc. Yearly Production Data” and “The Discounted Cashflow 
Model” 
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reserves from the DEA. (Introduction to Tyra, section 2.1.2). The production profiles are shown in 

the DCF model valuation model in Appendix 7. 

3.4 Capital Asset Pricing Model, CAPM. 

In this section the CAPM is used to calculate equity and debt cost of capital. The theory is 

introduced and the cost of capital is calculated. To calculate the cost of capital we need to determine 

a beta for the equity and debt for the project, the market risk premium and the risk-free rate. 

Calculating the equity and debt cost of capital with the capital asset pricing model, CAPM. 

The capital asset pricing model is based on the capital market theory on risk and return.  

Capital Asset Pricing Model, CAPM.

 
( ) = + ∗ ( − )  

( ) is the expected return in asset, i. 

 is the risk-free rate 

 is asset i’s sensitivity to systemic risk (sensitivity to the general movements to market) 

−  is the market premium. The expected excess return an investor gets when investing in 

the market portfolio compared to the risk-free rate.  

 

CAPM Assumptions:  

1. Investors can buy and sell at competitive market prices, no transactions costs or 

taxes, and borrow at the risk-free rate. 

2. Investors hold the efficient portfolio, max E(rp) given each investor’s preferred 

riskiness. 

3. Homogeneous expectations for volatilities, correlations and returns. 

(Berk, DeMarzo 2011) 

In a competitive market the Law of One Price securities with the same cash flows must have the 

same price. It follows that companies that operates within the same industry and are undertaking the 
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same kind of projects will have similar risks and thus it fair to assume that they have the similar 

required returns on projects. 

The assumptions made in the CAPM model are strong and some are definitely not true in the real 

world (All investors do not hold the market portfolio), also the CAPM will capture the average risk 

of all the projects in the firm. . 

Other mean variance models (Extensions on the mean variance theory made by Markowitch (1991)) 

that determine expected rate of returns are 

- Arbitrage Pricing model (APM) 

- Multifactor models (MFM) 

What the two models have in common and what differs from the CAPM is that the models try to 

eliminate the unrealistic assumptions required for the CAPM to hold. In the APM introduced by 

Ross (1976) divides risk like the CAPM into firm specific risk and market risk. The difference lies 

within the market risk component. APM allows for different unidentified sources of market risk and 

beta’s for each more specific risk factor, where CAPM assumes all market risk is captured within 

the market portfolio. (Damodaran 2012). The MFM tries to identify the specific market risk factors. 

(See Chen, Ross, and Roll (1986) that where left unidentified in the APM. 

Determining required return is not an exact mathematical formula, more so a combination of 

experience and information. In spite of the strong assumptions made by the CAPM, it is a common 

method to calculate cost of capital.(Berk, DeMarzo 2011) “Trade-off between precision and 

simplicity”. Accordingly, Berk&DeMarzo (2011) states that the CAPM is reasonable reliable as 

well as simple. The model captures the important relationship between risk and return and is easily 

applied. 

To calculate the required return in accordance to CAPM the risk-free rate, beta and the market 

premium will be determined next.  
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3.4.1 Risk-free rate:  

The interest rates on government bonds are accepted broadly as a good proxy for the risk-free rate. 

This is not true for all government bonds and treasury bills worldwide, however the Danish 

government bond are considered risk-less (S&P debt rating: AAA) and thus suitable as proxy for 

risk-free rate 

A risk-free rate implies that the actual rate of return equals the expected rate of return (Damodaran 

2012) and the conditions for a risk-free rate are:  

- No default risk – government bond (western economies, like US Treasury bill or the Danish 

government bond – they control the money press i.e. True in nominal terms. 

- No reinvestment risk – when investing for 10 year period, a 6-month risk-free rate cannot be 

used, because one would need to reinvest every 6 month i.e. No guaranties for the same rate 

and hence not risk-free.   

(Damodaran 2012) 

Long term investment should use long term government bonds for the risk-free rate to be risk free. 

The Danish National Bank issue long term bonds with the duration of 10 and 30 years.  

Further (Damodaran 2012) states that well-behaved term structures have long term rates with a 

difference of maximum amount of two to three percent compared to the short-term rate. 

DKK Treasury bond 10 year 1.75 % vs 4.5 % in the 30-year compared with the short-term rate at 

0.25 %. Not well-behaved and PWC 2016 report discusses the practical use of risk-free rates where 

German bonds used as proxies for 20 year bonds – now the most common used bond is the 10 year. 

Further the 30-year government bond is illiquid – rarely traded. 

Because the risk-free rate is very close to the limit of “well-behaved” rates, as Damodaran (2012) 

defines it, I find it reasonable that using a 10-year average of the 10-year treasury bond rate 2.33 %, 

even though the Tyra project are expected to run to 2042 a total of 26 years from now, noting that 

there will be a re-investment risk after both 10 and 20 years.  

I would argue that the 10-year rate average is more reliable compared to the 30-year risk-free rate. 

The 30-year-rate being illiquid would also have to be exited after 26 years as wells as the current 

unusual behavior of the interest rates. 
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3.4.2 Determination of Beta. 

“The beta of a security measures its volatility due to market risk relative to the market as a whole” 

(Berk, DeMarzo 2011): 

Beta and unlevered Beta. 

 

=
( , )

( )
 

 

 =
  

1 + (1 − ) ∗ ( ⁄  )
 

Damodaran 2011. 

 
 

A Development project like the re-development of Tyra does not have a publicly readable beta or 

interest rate. To estimate an approximation different methods can be applied using comparable 

publicly traded firms (Damodaran 2012); Pindyck (2010) have identified firms within the E&P 

industry. It is worth noting that the firms involved in the DUC Tyra redevelopment are not included. 

Shell, Chevron and Maersk all have different lines of business, not involving exploration and 

production and calculating and including their beta-values would be misrepresentative for the Tyra 

project. 

Table 3.4.1 List of Exploration and Production firms. 
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Source: Company websites/Own construction. 

 

As comparable firms in the Oil and Gas exploration and production shown above, we can calculate 

the unlevered beta’s from Asset beta in table. 

Table 3.4.2: Calculation of unlevered beta: Firms within E&P industry. 

 

Company: Europe: Other:
Anadarko USA, Gulf of Mexico, South America, Africa,

New Zealand
Apache UK North Sea Canada, USA, Egypt
Cheasepeake Energy Corp USA: Primary operation is shale production
Denbury Resources USA: Inhanced production using

Co2 EOR technology
Devon Energy Corp Canada and USA, Oil and liquid rich gas
EOG Ressources, Inc UK East Irish Sea USA, Canada, China, Trinidad & Tobaco
Noble Energy USA, South America, Africa, Isreal, Cypres: 

Mixed portfolio from low risk developments to 
high risk explorations

Pioneer Natural Resources Company USA - oil shales
Range Resources Corp USA, incl. Drilling and production from

the largest USA natural gas reservoir, Marcellus
Southwestern Energy Company USA, E&P in both crude oil and natural gas

 Areas of opera ons:
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Source: Own construction. See Excel file “Data collection” – “ Beta” sheet. 

 

Average marginal tax rate, t = 27 % 

Comparing this with the Stern’s 2016 industry review: Oil and gas Exploration and production Beta 

unlevered: 0,95 (using 351 firms) (Damodaran 2016) the average beta of the selected firms are 

lower than the Stern industry review, however not far from the Pindyck report (2009) with an 

industry beta of 0,88. 

The drawbacks from using Comparable beta’s determining a proxy for the beta on our project is that 

we did not account for the differences in operating and cost structures. All the firms are American, 

however in Europe the publicly traded firms within the E&P industry like Shell and Maersk are 

involved in many lines on business and the American companies chosen only have E&P projects. 

However, since the E&P industry is affected by the same macroeconomic risks it is a reasonable 

assumption Tyra re-development faces similar market sensitivities as the companies used as 

comparable-analysis of unlevered betas. 

Measuring the debt’s sensitivity to the market is a bit tricky, again the use of external information is 

used. Bonds and bank loans are traded rarely and it will difficult to retrieve enough information on 

the individual returns on these securities (Berk&DeMarzo  2016) Instead Berk and DeMarzo 

suggest using the betas implied by the their debt rating (Schefer&Strebulaey 2009)  

Schaefer& Strebulaev / Berk-Demarzo 
(2016) 

D 

Bill. USD

E

Bill. USD

D/E Taxable 
income

Thousands

Tax

Thousands

Effective tax 
rate

Tax/Tax. Income

Equity beta Unlevered 
beta

Market cap. Calc. Paid Calc. Calc.
Anadarko 17,52 27,29 0,64 -9.689.000    -2.877.000         0,30 1,35 0,93
Apache 8,72 18,86 0,46 -28.226.000 -5.469.000         0,19 1,19 0,87
Cabot 1,54 11,46 0,13 -187.273       -73.382               0,39 0,23 0,21
Cheasepeake E. Corp 9,65 4,87 1,98 -19.098.000 -4.463.000         0,23 1,93 0,77
Denbury Resources 3,08 1,21 2,55     -6.325.982 -1.940.534         0,31 3,4 1,23
Devon Energy Corp 12,87 22,69 0,57  -21.268.000 -6.065.000         0,29 2,16 1,54
EOG Ressources, Inc. 6,99 48,73 0,14     -6.921.556 -2.397.041         0,35 0,94 0,86

Noble Energy 7,92 14,78 0,54 -2.219.000    222.000              -0,10 1,16 0,73
Pioneer Natural Resources Company3,67 30,37 0,12 -421.000       -155.000            0,37 0,87 0,81
Range Resources Corp 2,57 6,43 0,40 -1.052.362    -338.677            0,32 0,96 0,76
Southwestern Energy 5,78 6,66 0,87 -6.561.000    -2.005.000         0,31 1,16 0,72

Mean 0,86
Data source: Finance.yahoo.dk Median 0,81

Firms within the E&P industry
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Debt beta by rating:   
A and above 0,05 > 
BBB 0,1   

 

Because all the partners in DUC are rated BBB+ and above the risk of default is low the sensitivity 

of the debt to market is very small. 

Given the rating beta’s in the table above, the approximation of the beta on debt held by DUC-

project is calculated as a weighted average using the company split of the joint venture companies.  

Table 3.4.3: Debt beta’s for DUC Companies.

 

   S&P   

% of DUC Company 
Debt- 
rating β, debt 

31,20% Maersk BBB+ 0,1 
20% State of Denmark AAA 0,05 
12% Chevron AA- 0,05 

36,80% Royal Dutch Shell A 0,05 

    
Weighed 
avg. 0,0625 

 

Source: Berk&Demarzo 2016 

  

3.4.3 Market risk premium: 

The market risk premium in the CAPM is the excess return an investor requires to hold the market 

portfolio, investing in the systemic risk, rather than the risk-free asset; measured as the difference 

between the return of the market to the Risk-free rate. − .  

The market risk premium for is obtained from 2 different external sources. The ‘often-quoted’ 

Fernandez, Ortiz et al (2016) paper, surveys professors, analysts and company managers “What 

market risk premium they used to calculate the required return to equity”. Receiving 6700 answers 

came up with at market risk premium for Denmark at 5.5 %. 

Dimson, Marsh et al. (2016) from London Business School documenting MRP for Credit Suiss for 

Denmark at 5,5 %. Comparing this to the average of 5.46 % MRP average by (Ege, Fong 2016) it 

seems reasonable to use MRP = 5.4 % 
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Table 3.4.3 Market risk premium. 

  MRP % 
(Dimson, Marsh et 
al. 2016) 

5,3 % 

(Fernandez, Ortiz 
et al. 2016) 

5,5 % 

Mean 5,4 % 
 

3.4.4 Calculation of CAPM 

 

= + − = 2,33% + 0,86(5,4%) = 7,44 % 

( ) = + − = 2,33% + 0,1(5,4%) = 3,14 % 

 

The cost of capital is low due to the level of the risk-free rate and because the investors require a 

mere 5,4 % in MRP. To account for the market-imperfection the presence of taxes is, the WACC is 

calculated next and used as the project discount rate. 

3.5 Weighted Average Cost of Capital, WACC. 

The required rate of return calculated from the CAPM assumes no transactions costs, like taxes. To 

incorporate the effect of taxes we can calculate the WACC including the interest tax shield 

(Berk&DeMarzo 2016) 

E&P projects have an average D/E ratio of 0,76 (Calculated from table 3.4.2) As the required cost 

of capital from 3.4.4. shows debt financing is cheaper than equity, remembering that increasing debt 

financing also increases risk. We will assume that the DUC uses the average D/E ratio for financing 

the project. 

Weighted Average Cost of Capital, WACC. 

 

=
+

+
+

(1 − ) 

=0,35*7,44 % + 0,65*3,14 %*(1-27 %) = 5,61 % 
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=     
=      
=    

Berk&Demarzo (2016) 

 

3.6 Discounted Cash Flow 

Valuating the free cash flow in table 3.4.4 using the Discounted Cash Flow (DCF) Model to 

evaluate the redevelopment of Tyra using the discount rate calculated with the WACC above. 

There is a 2-year production stop for the rebuilding of the Tyra platforms. The base case oil and gas 

price can be seen in appendix 8. 

The WEO’15 New Policies forecast as oil and gas price (Appendix 8). This is considered the most 

likely future outcome for prices by the WEO. 
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Table 3.4.4. Free Cash Flow 

 

=
1 +

+
(1 + )

+
(1 + )

+ ⋯ +
(1 + )

 

 (Berk&DeMarzo 2016) 

     WACC= 5,61 %.  

 
Revenue  2017 2018 2019 2020 2021 2039 
Oil MMDDK 0 0 2155 2305 2176 320 
Gas MMDDK 0 0 3315 3282 2982 584 
 Total 0 0 5470 5588 5157 905 
Operating costs       
- OPEX MMDDK 0 0 2082 1999 1922 919 
EBITDA MMDKK 0 0 3388 3588 3235 -14 
Taxes        
- Corporate MMDKK 0 0 0 0 0 0 
- HC MMDKK 0 0 0 0 0 -40158 
Net Income MMDKK 0 0 3388 3588 3235 40145 
Free Cash Flow       
- Capex MMDKK 10000 7650 7803 5306  23190 
FCF MMDKK -10000 -7650 -4415 -1718 3235 16955 
        
NPV(FCF) MMDKK -1799      

 

Source: Own construction.  (See full FCF model in appendix 7) 

 The NPV of the Tyra Project calculated with the DCF-method are -1.799 MMDKK. This would 

normally mean that the project should not be undertaken. However, if the project is rejected the 

DUC faces abandonment costs of 15 B. DKK. Further, we have analyzed the NPV sensitivity to oil 

price, costs and discount rate. Especially changes in the price of oil and gas can change the project 

economics.  
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Table 3.4.5 how NPV changes when oil and gas price changes.  

 
 

NPV, 
MMDKK  

Δ Oil price Δ Gas 
price 

Δ Gas and 
oil price 

Base case, 
NPV 

   

-1799 

Price ↑ 10% -1161 -751 -102 
 ΔNPV 638 1048 1697 

Price ↑ 20% -231 302 1891 
 ΔNPV 1568 2101 3690 

Price ↓ -10% -2766 -2826 -3901 
 ΔNPV -967 -1027 -2102 

Price ↓ -20% -3420 -3962 -5638 
 ΔNPV -1621 -2163 -3839 

 

=  ∗ #   +  ∗ #  

Example of sensitivity calculation of a 10 % increase in oil price: 

∆  %   

∆
= 638 MMDKK 

 

Table 3.4.5 displays the influence changes in the level of oil and gas price have on the NPV. The 

first column is the change in NPV in million Danish kroner when only the oil price changes (Δ Oil 

Price), the second column the change is the price of natural gas (Δ gas price) and the last column is 

the effect of an increase (Decrease) in both natural gas price and oil price. Because the Tyra field 

has a large amount of natural gas the NPV is most sensitive to changes in the price of natural gas. 

However, the NPV is still affected greatly to changes in the oil price. 

Influence of the WACC – discount rate. 

From the formula in table 3.4.4 the present value of the free cash flow discounted at the WACC. 

=
1 +

+
(1 + )

+
(1 + )

+ ⋯ +
(1 + )
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It follows that if the WACC increases the denominator in each link increases and the fraction will 

decrease. Thus, an increased discount rate will decrease the NPV of the project, and a decrease of 

the discounting rate will increase the value. The NPV of the Tyra redevelopment with different 

discount rates can be seen in the table below. 

Table 3.4.6. A) NPV of the Tyra redevelopment with different discount rates. B) Absolut NPV 
changes when costs change. 

 
A. B. 

             

 

 

 

Source: Own construction, from Discounted Cash Flow Model. 

 

The Tyra redevelopment is valued using a WACC of 5.6 % which corresponds with the NPV of      

-1799 MMDKK. Table 3.4.6 displays what happens to the NPV when the discount rate is lowered 

to 5 % and 0 % and raised to 10 % or 15 %. With all other being equal the NPV is 0 (zero) of the 

project is discounted at 4.76 % (Found by trial-and-error). Changing the discount rate from 5.6 % to 

5 % increases the project value by 1257 MMDKK. The NPV is very sensitive to changes in the 

discount rate, and thus small changes in the CAPM and WACC have substantial impact on the NPV 

calculations. 

 

Incorporating the option nature of the Tyra-redevelopment either the DUC can invest at receive a 

future cash flow or reject the investment facing the abandoning costs. Meanwhile accounting for the 

uncertainty associated with the future prices of oil and gas into.  

3.7 Valuation using real option pricing. 

Until this point we have determined the NPV of the Tyra redevelopment using the DCF-model. The 

DCF model discounts the expected future cash flow under the assumptions of a specific set of 

expected future oil and gas prices. Sensitivity analysis will reveal the effect different prices will 

Disc. Rate, % NPV, MMDKK 
 

0      18.297  
4,7611 0 

5           -542  
10       -7.749  

15     -10.643  

Costs NPV, MMDKK -1799 
 

OPEX   ∆NPV 
10%             -2.390            -591  

-10% -1217            582  
CAPEX     

10%             -3.029        -1.230  
-10%                -621          1.178  
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have on the NPV. But using option pricing theory, it is possible to capture the price volatility into 

the valuation results. 

This section is divided as follows. Introduction to option theory followed by real option theory. 

Next I will introduce the inputs needed for the real option pricing. The final part is the valuation of 

the Tyra redevelopment using binomial grids to price the Tyra re-development. 

Theory on options. 

The first part to be introduced is a model for pricing options. Black and Scholes (1973) developed a 

model for pricing (European)-options, based on financial options pricing. (For example, Meyrs 

(1966) and later the proposed use of options to valuate options to delay, abandon, expand etc. was 

introduced. However, in terms of oil and gas project valuation Paddock, Siegal and Smith (1988) 

Argued that the use of real option would capture more value lying with in the staged decision 

process of exploration and production. One way to incorporate the future financial options is by 

using the real option framework instead of only including the expected future cashflows. It is still 

somewhat complicated to determine what inputs and what real option method should be used. For 

the Tyra project the project is valued as call option. Because of the maturity of the field, however 

for exploration projects it might be better to lean towards  the contribution by Copeland and 

Antikarov (2005). Focusing on risk simulations and proposing a practical method of applying real 

options as a valuation tool using 5 simple steps. 

The Tyra Redevelopment is contingent on a positive development in oil price. Assets where the 

generated cash flow is contingent on occurrence of specific events can be viewed as options. The 

DCF model undervalues projects by underestimating the value that lies within the flexibility to 

make decisions along the project timeline (Damodaran 2012).  

Still, the DCF-model remains the most applied valuation technique (Benninga 2014, Berk, 

DeMarzo 2011) The DCF model only considers the expected future cash flow. To incorporate the 

ignored value of financial flexibility, we will now turn to theory on options. 

To develop the model for valuation using real option pricing, the first part of section 3.7 will 

introduce the basic option theory on put- and call options.  

Basic options. 
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Call options gives the holder the right to buy the underlying asset, at an exercise price, on a given 

date, (European calls)23 and holding a put option gives the right to sell the underlying stock at a 

specific price at the time of expiry24 The pay-off function and figures below are of the simplest 

form. For a call option the pay-off increases as the stock price (St) increases. If the stock price 

decreases the payoff for the call will be the price of the options.  

  

                                                 

23 on or before a given date (American Call).  

24 American puts and calls can be exercised at any time until the expiry date, T 
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Figure 3.7.1 The pay-off for a call put and call option. 

 

 :  

, = ( − , 0);  , = ( − ; 0) 

Table 3.7.1a. Determinants of option value. 

 

Summary of Variables affecting Call and Put Prices. 

  Effect on: 
Increase in: Call Value Put value 

Underlying asset ↑ ↓ 

Variance in underlying asset ↑ ↓ 

Exercise price ↓ ↑ 

Dividends paid ↓ ↑ 

Time to expiration ↑ ↓ 

Interest rates ↑ ↓ 

      
Source: Benninga 2012 

Inspired by (Ege, Fong 2016) 

 

A call option is said to be in-the-money when the price of the underlying asset exceeds the exercise 

price X. This means that the option can be exercised at a profit. Accordingly, the call option is out-
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the-money when the underlying assets remain less than the exercise price. Vice versa for a put 

option. 

In figure 3.7.1a, an overview of the effects of an increase to model inputs that will change the price 

of call and put options and the arrows indicating either an increase or decrease in price. The price of 

the underlying asset has a positive effect on the price of a call option. When the value of the 

underlying asset increase the right to buy or hold that asset logically will increase. 

When the variance in the underlying asset increases so will the price of a call option. An increase in 

the variance will increase the probability of both a higher and a lower price in the underlying. For a 

call option, the lower price range will not impact the price, because the value of a call out-the-

money is 0, regardless of how low the price is. However, the call option will gain value from the 

upside that an increase in variance. 

Because of the long-term investment, the constant changing nature of energy prices, using real 

option pricing as a valuation tool for an oil and gas project is sensitive to the inputs used in the 

model. To exercise the option the price is the extremely high investment has to be undertaken 

(CAPEX). The interest rates are still historically low as seen in figure 2.2.2b.  

The price of the option can be determined using Black and Scholes model (Black, Scholes and 

Merton) developed for European options, using binomial option pricing applicable for both 

European and American options or using the method of risk-neutral probabilities. 
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Binomial option pricing. 

Relying on the (strongly) simplifying assumptions that the stock price at the next period only has 2 

prices, and that this payoff can be replicated by a portfolio consisting of the underlying asset and the 

risk-free bond. 

1 step - binomial tree, call option. 

 

0 1 

 Stock Option 

  : ( − ; 0) 

   

  : ( − ; 0) 

 

To determine the price movements for the up and down state25: 

± √⁄  

σ: Volatility of the stock 
n: Number of periods in a year. 

 

The general 1-step binomial grid illustrated above considers the current stock price S. In the 

binomial model, in the first period, the price of the stock will either increase to Su or decrease to Sd. 

(Cox, Ross, Rubenstein 1979; Rendleman, Bartter 1979). The value of the call option in period 1 

will be either Cu or Cd. 

To calculate the price of the call option today, using arbitrage theory – the law of one price, a 

replicating portfolio can 

 be constructed. Black and Scholes showed that the payoffs of an option can be replicated by a 

constructed portfolio consisting of a risk-free bond and the underlying stock. 

The Binomial Model. 

                                                 

25 Standard approach (Berk&DeMarzo, 2011:712) 
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The replicating portfolio.  

∆ + 1 + =   ∆ + 1 + =  

∆=
−
−

  =
− ∆

1 +
 

 

∆: Number of shares of stock 

B: Position in risk-free bond. 

The option price, C. 

= ∆ +  

Berk&DeMarzo (2011) 

 

The option delta is also an expression of the options sensitivity to ‘stock price. The option will have 

the same price as the replicated portfolio with same possible pay-offs, otherwise arbitrage 

opportunities would emerge. Assuming that we know the option pay-off, Cu and Cd, the stock prices 

Su and Sd, and the risk-free rate.  To create the replicating portfolio the number of shares of stock 

(S) to invest in and how much to invest in the risk-free bond need determining. Then we can 

determine the price of the call option today, using the formula above. 

Another method to determine the price of an option is the Black and Scholes model. This model can 

be derived from the Binomial model above26, by increasing the period length to zero and the 

number of periods each year to infinity. 

Black-Scholes option pricing, call option. 
. 

 

= ∗ ( ) − ( ) ∗ ( ) 

                                                 

26 The Black Scholes model were not derived from the binomial model in the original work, however it can be. 
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=
/ ( )

√
+

√
2

, = − √  

N(d): Cumulative normal distribution 
T: Time to expiration 

Black-Scholes 
Berk&DeMarzo(2012) 

 

The BS formula for pricing options is valid for non-dividend paying European options. However, 

the BS approach relies on the normal distribution only applicable for positive numbers. For the Tyra 

redevelopment we will have to be able to phase non-positive numbers.“Black, Scholes Merton in 

the case of options preferences (Investor beliefs and tastes)” Berk&DeMarzo pg. 704. 

 

Real options. 

The use of real option theory to valuate natural resources was introduced by Myers.  

Paddock Siegel smith researched real option valuation of petroleum leases, and the work of 

Copeland and Antikarov trying to determine a user-friendly method for real option pricing (2005) 

Paddock, Siegel and Smith (1988). Option valuation of claims in real assets.  

- Considers every stage from bidding process to production. 

- “It has been observed that contractual claims to real assets that also display option-like 

characteristics, suggesting that (Black-Scholes-Merton)-analysis might be useful in valuing 

such claims” 

- McDonald and Siegel’s (1984):  Real option valuation requires a deeper understanding of 

market equilibrium in the underlying asset. 

- Specifying a rule for when a petroleum lease should be explored or developed. 

- Future expected commodities prices vs risk-adjusted interest rates. 

DCF: Choosing risk-adjusted discount rates in the presence of complex statistical structure of the 

cash flows is difficult and subject to error and subjectivity. 

As we saw in the beginning of section two oil and gas exploration and production moves through 

stages. This is why real options come in handy. The Tyra project only has one decision left. Produce 

or shut down.  



Master Thesis  Jan. 16th 2017 

67 of 82 
 
   

Development stage: 

- Option to pay developing cost and install production capacity with Value X(V,T-t;D(Q)) 

Q: Recoverable resources in tract. 

D(Q): per unit developing cost. 

V: Current value of a unit developed reserve. 

t: Current data 

T: Expiration date 

What does Flexibility imply. 

Problem for real option pricing  is that the underlying asset is not traded asset or commodity. If we 

assume that the Tyra redevelopment is only depended on oil and gas price volatility, this short 

coming is  

The DCF did not include the value of the real option that lies within the Tyra project. First, we need 

to determine if and what types of real options embedded in the Tyra redevelopment: 

- Possibility of the oil and gas price to increase and/or decrease. The up and downside of the 

project is not included into the DCF-NPV. 

- The flexibility of new E&P projects. Estimated 500-700 Mill.bbl. oil in reserves will not be 

produced if the Tyra redevelopment is not chosen.(Danish North Sea Fund 2016)  

- The Option to abandon at any future point. 

The option to delay is a commonly used real option. Waiting could bring more information and with 

the current low oil and gas prices this would be a valuable. Since the decision of the Tyra 

redevelopment have been delayed until the final hour, this option to wait/delay has already 

expired/been exercised. 

BS European options most real options are exercised early + underlying prices are not continuous. 

Input for valuating natural resource option: (A. Damodaran 2012) 

- Available reserves and estimated value if extracted today. 

- Estimated cost of developing the resource 

- Time to expiration of the option 

- Variance in value of the underlying asset 
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Time to expiration is 26 years. The Tyra Field is a part of the Sole concession initially grated to 

Maersk in 1962, now also called “The contiguous area” and was extended until 2042 in the 2012 

renegotiations. 

The Tyra redevelopment 

The empirical research on real option valuation by Paddock, Siegel and Smith (PSS, 1988) concerns 

undeveloped reserves. As discussed earlier, the Tyra field has returned to the development phase. It 

has already been explored, the reserves are known and the reservoir is extensively known. Hence, 

the project is single-phase not multi-phased as the framework from PSS. 

We can describe the options in the Tyra development in development phase and production phase. 

Options in development phase. 

(Call) Option to develop: Pay the initial developing costs and develop the field. The Tyra field 

removing the sinking platform and building new platforms. The exercise price, X, of this option is 

30 Bill. DKK. 

 Option to abandon: If the expected pay-off from the Tyra field is unsatisfying, the DUC have the 

choice to abandon and relinquish the field, with X = 15 Bill. DKK 

 

Volatility. 

The volatility is a measure of risk. The risks involved in an E&P project can be divided into 

different categories. Risk associated with the reservoir, uncertainties of future costs and risk of the 

future prices. Copeland & Antikarov 2005 argues that when pricing real options all possible 

uncertainty should be used in the project assessment. Damodaran (2012, slides) Paddock, Siegel, 

Smith assumes that the risk of an oil project is similar to the price uncertainty of the oil price (Oil 

price volatility)    

In a valuation of an oil project uncertainties about the size of the reservoir and extractable resources 

is related to the exploration-phase. Due to the maturity of the Tyra field, the scientific teams have 

gained substantial know-how of the license from 32 years of production, and would it seems fair to 

assume a limited uncertainty regarding the resources, risk of failure etc. and the main uncertainty 

influencing the future value of the Tyra-project is the risk from the oil and gas prices. (Damodaran, 

Kristiansen&Jørgensen 2006) 
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The impact of costs increase/decrease will be accounted for using the DCF.  

Further, this thesis puts an emphasis on the low oil price (and gas price) regime, this we will turn to 

the determination of price volatilities. 

 

Volatility of oil and gas prices. 

The size of volatility will impact on the valuation result. As reported in figure 3.7.1a. An increase in 

volatility will increase the price of the call option and thus the project valued as a call option to 

invest or not will have a higher value. 

Financial price volatility is a continuing research topic. However, the research of oil price volatility 

is limited (Sadorsky (2006)). The most commonly applied model for forecasting is a version of the 

autoregressive model called GARCH (Generalized autoregressive conditional heteroscedasticity). 

Literature review (Sadorsky (2006)) shows a general consensus that GARCH models are superior to 

ARMA, exponential smoothing and linear regression in forecasting price volatility. 

Modelling oil price is challenging because the oil price volatility has the characterized by fat-tailed 

distribution, volatility clustering, asymmetry and mean reversion. 

The T-GARCH model works better for volatilities in natural gas prices. (Sadorsky 2006) 

 Generally holders of options will benefit for increased volatility because higher volatility means the 

change of a higher price/lower prices of the underlying asset. For a call option with the possibility 

to be deep in the money (a call option deep- or ‘just’ out-the-money has the value of zero) 

(Berk&DeMarzo 2011, 688). 

Pyndick (2004) found the volatility in oil price to be 0.34 and 0.29 p.a. respectively by using the 

Moving Average (MA) model and GARCH Model. For data during the period from 1990 to 2003. 

Ronn (2006) finds the implied historical volatility at .27 (Yearly volatility) on WTI crude oil (North 

American oil). Volatility of WTI and Brent oil prices display the same patterns and WTI estimates 

can be used as proxy for Brent volatility. 

Christensen&Jørgensen(2006) found the average volatility between 2002 and 2006 to be between 

.2648 in 2006 and 39.33 in 2003 with an average volatility of 0.3339. The volatility calculated from 
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weekly data of the historical oil price, though simple and not as precise as the Autoregressive 

models, these estimates seems to align with the other numbers. 

3.7.2 Yearly volatility estimates   

 

 

 

 

The northern European natural gas prices from the Hubs in Holland and in England are greatly 

influenced by private gas contracts priced with an oil component, as discussed in the paragraph on 

natural gas in section 2. This means that a large part of the volatility is correlated directly with the 

price of oil. And the volatility of the oil price will be used to reflect the uncertainty of the project. 

 

Oil Price, 
USD/Bbl 

  46 

Gas Price, 
DKK/Mscf 

  17,11 

Price of call = value of the 
project. MMDKK 

6602 

 

 

The process of underlying asset and the binomial option tree is in appendix 8. 

 

Comparing of Valuation results 

The DCF valuation result were NPV -1,8 Billion. Cash flows based on WEO 16 prices for oil and 

gas and discounted using the WACC. However, including the alternative to the -1,8 billion which is 

-15 billion DKK. Furter the DCF result is sensitive to the discount rate. If risk premium increases 

this will affect the projec 

Pindyck 2004 .34 

Ronn 2006 .27 

Christensen&Jørgensen 2006 .3339 

Damodaran 2012 .27 

Mean ,3035 

Volatility Value of 
Call 

2% 0 
5% 105 

10% 1195 
25% 5375 
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Whereas valuating the Tyra project as a call option yields a value of 6602 B DKK. The Real option 

model approach the investment seem attractive. However as shown above in option valuation result, 

when the volatility decreases so will the value of the option.  

 

 

4. Conclusion. 
This focus of this thesis was if the Tyra redevelopment were an attractive investment for the DUC. 

On the basis on the beliefs about future energy prices, world demand for energy and collected 

project inputs. 

Oil and gas industry outlook. The political and public opinion is turning towards greener solutions, 

however there is still a demand for oil and gas. The macro environment is slow, the inflation rate, 

interest rates and demand for goods are slow. However, it is expected that China will regain the 

higher growth rates and in turn demand for oil and gas. This would indicate a future of higher oil 

and gas prices in the longer run. 

DCF result. Under the assumptions the assumptions made the DCF with increased oil prices yields 

a negative NPV, at -1.799 MMDKK. Which immediately should disqualify the investment.  

Option valuation yielded a result of 6.6 B DKK which is completely different from the Discounted 

Cash Flow. Because the result is found using the theory of call option, the extreme upside from the 

high price volatility. 

The requirements for an attractive investment in outlined for this thesis are positive NPV and the 

real option results should be significantly positive. However, because the choice is to abandon or 

invest. The DUC should invest having taken both valuations results into account and knowing that 

the demand and prices will increase somewhat again. 
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5. Perspective. 

Tax reliefs. 

2016. The politicians are currently negotiating with Maersk about tax reliefs making investments in 

the Tyra redevelopment more attractive. The reasons for the hydrocarbon tax was the above normal 

profits. However, with oil prices around USD/bbl 40, the profits are diminishing. Projects are being 

shelfed and licenses returned.  

Looking at the DCF from the Tyra project the cash flows reveals that the taxes relating to the Tyra 

redevelopment are low. The actual impact of a low taxation would actually not change the current 

conclusions when looking at the stand-alone project. However, the DUC portfolio might benefit 

from both taxation advantages of the investment in the Tyra redevelopment as well as lower taxes 

now. However, as the oil price is expected to increase tax incitements would be very beneficial in 

the future. 

The political trouble is, should we produce oil and gas at all? If so, something has to be done to 

create incitement to invest in risky exploration. 
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 APPENDIX. 

 

Appendix 1 Conversionfactors 

Conversion factors: 
Nm3/scf 37,2396 
m3/bbl 6,293 
Scf/BOE 5800 

 

Source: Årsrapport fra DEA. 

 

Appendix 2: OPEX estimation. 

 

Appendix 3: Hydrocarbon definitions. 

Hydrocarbon is the chemical name for petroleum and natural gas. Petroleum or (crude) oil will be 

used interchangeably throughout the thesis. The same goes for Natural gas which will be referred to 

as gas.  

Brent oil is the European reference oil for prices and Henri Hub is the reference price for European 

Natural Gas. 

M: Thousand 

MM: Million 

MMM: Billion 

Stb: Standard Barrels 

BOE: Barrels of Oil Equivalents  

Nm3: Normal Cubic meters 

Scf: Standard cubic feet. 

BTU: British Thermal Units. 
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Appendix 4 

Table 2.1.2 Known gas reserves  

 

Data source: www.ens.dk 

 

5 Brent oil price and Henri Hub Natural gas price 

 

Field name: Billion Nm3 

(Produced + reserves) 

Dan (o) 26,40 

Gorm (o) 16,04 

Skjold (o) 4,15 

Tyra (g) 82,31 

Rolf (o) 0,19 

Kraka (o) 1,70 

Dagmar (o) 0,16 

Regnar (o) 0,06 

Valdemar (o) 8,06 

Roar (g) 16,64 

Svend (o) 0,98 

Harald (g) 23,88 

Lulita (o) 0,75 

Halfdan (o) 34,02 

Siri (o) 1,36 

Syd Arne (o) 8,37 

Cecilie (o) 0,08 

Nini (o) 0,47 
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Source: own construction; 

Data source: 

https://www.eia.gov/forecasts/steo/query/index.cfm?periodType=ANNUAL&startYear=1997&endYear=2017&formulas=x73x4x72

x8 

 
Brent 

crude oil 

spot 

price 

Natural 

Gas 

Henry 

Hub 

Spot 

Price 

($/mcf) 
 

Oil Price 

USD/BBL 

Gas 

Price 

USD/mCf 

1997 19,09 2,56 

1998 12,74 2,16 

1999 18 2,33 

2000 28,59 4,42 

2001 24,43 4,07 
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Master Thesis  Jan. 16th 2017 

78 of 82 
 
   

2002 25,03 3,45 

2003 28,86 5,64 

2004 38,3 6,05 

2005 54,6 9,06 

2006 65,18 6,93 

2007 72,49 7,16 

2008 96,94 9,1 

2009 61,75 4,05 

2010 79,64 4,49 

2011 111,33 4,09 

2012 111,65 2,82 

2013 108,56 3,83 

2014 98,89 4,53 

2015 52,32 2,72 

2016 43,3 2,58 

2017 50,91 3,22 

 

Appendix 6. Oil price forecasts 

From Knoema.com : 

https://knoema.com/yxptpab/crude-oil-price-forecast-long-term-2016-to-2025-data-and-charts 
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Appendix 7: Discounted Cashflow Model 

 

 

 

 

 

 

 

Revenue 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Oil MMDDK 0 0 2155 2305 2176 2049 1925 1334 1246 1161 1077
Gas MMDDK 0 0 3315 3282 2982 2715 2479 2271 2086 1923 1779

Total 0 0 5470 5588 5157 4765 4405 3604 3332 3083 2856
Operating costs
OPEX MMDDK 0 0 2082 1999 1922 1850 1784 1721 1311 1272 1235
EBITDA MMDKK 0 0 3388 3588 3235 2914 2621 1883 2021 1812 1620
Taxes
Corporate MMDKK 0 0 0 0 0 0 0 0 0 0 0
HC MMDKK 0 0 0 0 0 0 0 0 0 0 0
Net income MMDKK 0 0 3388 3588 3235 2914 2621 1883 2021 1812 1620
Free Cash Flow
Capex MMDKK 10000 7650 7803 5306
FCF MMDKK -10000 -7650 -4415 -1718 3235 2914 2621 1883 2021 1812 1620

NPV(FCF) -1799

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
988 1380 1280 1182 1075 981 592 567 504 441 380 320

1652 1541 1684 1573 1275 1192 747 704 668 636 608 584
2641 2921 2964 2755 2350 2173 1339 1271 1171 1077 989 905

1201 1169 1138 1110 1082 1056 1032 1008 985 962 940 919
1440 1752 1826 1646 1268 1117 307 263 187 115 48 -14

0 41 282 263 191 172 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 -40158

1440 1711 1544 1383 1077 944 307 263 187 115 48 40145

23190
1440 1711 1544 1383 1077 944 307 263 187 115 48 16955
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Appendix 8: Binomial tree. 

See Excel “Option Pricing model” 

 

 


