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Abstract

SUBJECTS: real options, real option analysis, managerial flexibility, public projects, public-private projects

Real options can add value to projects due to uncertainties affecting public and public-private projects. Uncertainties require managerial flexibility to be valuable. Real options value this managerial flexibility. Not only do real options provide a method which values flexibilities it also adds strategic value towards unachievable financial and social objectives for stakeholders involved in the project. There are general uncertainties in every project where real options can provide another way of handling the effects of these uncertainties. In more project specific cases a real option analysis can value uncertain aspects of these projects which could normally cause stakeholders to lower their (financial) commitment or lower the number or quality of objectives for a project. By valuing real options it is possible that the feasibility of social and financial objectives incorporated in a project is enlarged. Successfully implementing real options requires awareness of uncertainties and decisions that affect the result of the project. Managing and optimizing real option usability requires creativity in designing options and strategically efficient use of available real options.  
REAL OPTIONS IN PUBLIC AND 
PUBLIC-PRIVATE PROJECTS

How real option valuation can be used to value flexibility 
for public or public-private investments 
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1 Introduction

This chapter will briefly introduce the topic of research. Shortly its relevance will be discussed related to relevant literature and recent studies. The thesis hypothesis and related questions are introduced together with the way the research has been designed in order to provide satisfactory results. A brief preview to the set up of this thesis related to the steps of the research will be given as well.
1.1 Research topic

The subject of this thesis, as the title suggests, is real options in public and public-private projects. The theory of real options states that the value of real option is highest in an environment where uncertainties affect the results and where managerial flexibility can influence the outcome of uncertainties. The practical use of real options in for instance infrastructure projects has been suggested in several financial articles. Infrastructure investments are considered “lumpy” and require a long time to build which requires a balance between flexibility and early investment commitment. 
1.1.1 Literature research

Smit
 uses a real option valuation process to emphasise the strategic value of an expansion option for an airport. He states that there is a holistic view towards investments in expansion of the existing network or infrastructure and that these opportunities should be considered in their strategic context. By incorporating real options it is possible to value the strategic growth options in an interactive competitive setting. The emphasis is on the developments in the European airport industry where each airport has firm specific assets with possible expansion options in a competitive environment with other European airports. Considering the existence of PVGO (present value of growth options) requires awareness for management towards the timing of the exercise of these options. The strategic position of the airport and its growth option value strongly depend on the timing of the expansion of the airport under competition. Besides the incorporation of game theory and strategic and competitive advantages the real options are used at the level of strategic business decisions. In an article by Smit and Trigeorgis
 the key role of the government is emphasised when investments in infrastructure are considered. It is their opinion that the growth option value does not only flow to the investor but is also shared with other players in the broader region where the investment takes place. The government sets a regulatory framework that does benefit more parties than the specific investor. The social impact of investments is part of a so called social cost benefit analysis (MKBA) that is part of the investment decision for public parties.  
Mattar and Cheah
 use real option analysis to manage so called private risk. Private risk is defined as risk only related to the specific investment; they start with the remark that many large scale projects require huge initial investments in exchange for uncertain future payoffs. These uncertainties can be managed by designing flexible strategies. These flexibilities require real option or decision analysis. The value of the real option can differ for different stakeholders. As an example a toll road concession is used. The real option to expand is more valuable for an investor who holds positions in an adjacent real estate market than an investor who does not have these development opportunities. The difference in value is caused by the difference in upside potential which does only exist of the payoffs from the toll road for the second investor but also from the payoffs of real estate development near the toll road for the first investor. 
1.1.2 Expanded approach

In most studied literature on real options related to public investments or investments in infrastructure the real options are used at a rather strategic or abstract level. The strategic or flexibility value of the real option is determined at the early stages of the project and mostly this is an option which value is affected by a wide range of uncertainties. In some cases there is a real option approach that requires an extra investment
 to obtain the possible advantages of managerial flexibility towards some uncertainties affecting the results of a project. The investment decision for this real option is then required at the initial or planning phase of the project. Vleesch Dubois
 and van Blokland
 both introduce real options on a more operational level for area development. These developments require investments from public as well as private parties. Both authors state that area development is a long and uncertain process, uncertainties may result into risk but can also provide some unforeseen opportunities. Vleesch Dubois focuses on the real option value for the private party. In his case the possible increase of cash flows that flow to the investor are valued by using real option analysis and valuation. The increase in value is used as a mean to provide extra quality to the public area that is being developed simultaneously. The real option investment is used for the payment for the added quality, which is a public responsibility. If the real option is exercised the real estate developer is left with extra cash flows generated by his investment. Van Blokland focuses on the real option value for the public party. A public party has to take the initial decision to develop a certain area for further development by private parties. This investment decision is based on a business case which holds uncertainties on timing of the actual investment by private parties and the height of the investments. Van Blokland states that municipalities as public investors in area development hold real options to abandon, defer or delay certain developments as well as real options to switch the segmentation of the real estate objects that are to be realised by the public parties. The latter being a flexibility choice depending on actual market situations.  

In this thesis the value added towards existing literature is the way real options are related to the feasibility analysis of the project. The feasibility of a project is determined by the willingness from stakeholders, public or private parties, to commit themselves towards a project. Their willingness and size of their commitment is dependant on their belief that their individual objectives will be realised by realisation of the project. The relationship between these elements can be analyzed by use of the PFAM, the project feasibility analysis model
. This model is developed to identify relations between strategic or financial objectives held by public and private stakeholders and their commitment towards the project organisation. Objectives for public as well as private parties do not necessarily have to be financial; they can be social or strategic as well. 
Real options incorporate flexibility towards decisions and therefore can obtain the possibility of postponing decisions on including some objectives. Where initially the objectives can not be realised within the present constraints of the project the future may provide a different view. More information is available, and a new analysis of the possibilities towards achievable and unachievable objectives can be made. This thesis focuses on practical examples where the presence of flexibility can be used for initially unachievable objectives. 
Next to real option analysis for general an issue related to public and public-private projects two cases with a specific real option situation have been put to the test for real option usability. Two fields of expertise are brought together to come up with answers on real option usability in public and public private projects. Financial economics and in particular the financial valuation methods for options are connected with the expertise of project managers and technicians involved with managing and designing of public and public-private projects. These projects are affected by every day and specific uncertainties.

1.2 Hypothesis

The emphasis is on projects with a public partner. Public parties initiate projects due to their public tasks and objectives. The projects in this thesis are initiated and financed by one or more public parties. An other public or private party can participate in the project because one of their objectives can be realised by the project organisation. The emphasis for these projects is on their feasibility given the objectives and commitment of the stakeholders. Feasibility of certain objectives can increase over time, for other objectives they can decrease. Acting on the development of the feasibility of objectives requires managerial flexibility. During the different phases of a project it is possible to decide whether objectives can or can not be included in the project. This research focuses on the question whether real option analysis can increase this managerial flexibility. Managerial flexibility is required since a project is affected by uncertainties. Since uncertainty is a state of nature, the outcome of uncertainties can affects a project in two ways; negatively and positively. If it is possible to act on the outcome of uncertainties; reducing the negative effects or increasing the chances of success this should be valuable. Real option analysis is a way of identifying uncertainties with managerial flexibility and measuring its value. 
	Thesis question: 
Can real option analysis be used to value flexibility 
in public and public-private projects?
Thesis hypothesis:

The value of a public or public-private project increases 
when real option analysis is used



The thesis question and hypothesis introduce other aspects that have to be considered. To start with the thesis question; in order to answer this question several other questions have to be answered first:

· What is real option analysis? 

· How are public and public-private projects defined? 

· Which flexibility affects public and public private projects? 

For the thesis hypothesis the most important question is: 

· What determines the value of a project? 

These questions are answered separately using literature and interviewing experts in the field of public and public-private projects. The research on these questions has raised new questions and fine tuning of the thesis hypothesis and question into sub questions and sub hypotheses. 
1.3 Set up for this thesis
Methodology and research approach are presented in chapter four. In this chapter the fine tuning of the thesis question and hypothesis is explained as well as the approach used to effectively use the results of interviews with experts. First the theoretical framework is set up in chapters two and three. Chapter two focuses on project specific aspects and the earlier mentioned Project Feasibility Analysis Model (PFAM). Chapter three introduces the theoretical framework of real option analysis. Together these chapters form the base on which the cases are built. The researched cases are separated in a general real option analysis for uncertainties affecting any public or public private project, chapter five, and two specific projects with unique real option analysis on an uncertainty affecting this specific project in chapter six. Chapter seven presents an overview of the research results, chapter eight concludes this thesis and presents the main conclusions and suggestions for further research. 
This thesis is written for anyone interested in the subject. I hope to be able to write in such a manner that non-financials are able to understand the path followed to reach the overall conclusions. For financials the specific project related content will be presented in an understandable way for those not familiar with the field. Of course this has its pitfalls. For financials some project related aspects are simplified and the other way around. 

CONTENT CHECK; checklist as presented by the EUR. 
[A normal set of chapters in a thesis would include chapters on

* theoretical models; PFAM and ROA chapter 2 and 3
* existing literature, results in previous studies and debate about interpretations; throughout cases and theory, chapters 1  through 6
* specific details about markets, countries; throughout cases 
* methodology and data for empirical research; interviews and case building chapter 5 and 6
* results of empirical research in this thesis, discussion and interpretations; chapter 5, 6 and 7
* conclusion, including suggestions for future research.; chapter 8
2 Project environment and PFAM© 

2.1 Project Characteristics

Real options are introduced as a special derivative comparable with financial options but with different underlying
. Real options and real option analysis are explained in chapter three. They are often introduced as options a firm or organisation has. For example, the real options a firm holds can be considered as the right to decide on the development of products based on patents the firm holds. Patents can then be considered real options on future cash flows generated from products developed with the use of these patents such as medication. The underlying which determines the value of the real option is the future cash flows generated by this medicine. For this research the underlying of real options are public or public private projects or project elements. Characteristics of public and public private projects are described in order to determine the applicability of real option analysis for these types of projects.  
Organisation of projects
Professor Rodney Turner from Erasmus University has defined a project as follows “a project is an enterprise where people, material and financial resources are organised in a specific way to act out a unique task with specified limitations on time and budget to accomplish a change defined by qualitative and quantitative goals”
. His ideas on the difference between project and business organisations can be seen in the next table
. 

	Project organisations
	Business organisation

	Unique (once)
	Routine (repeating)

	Ending
	Infinite

	Changing personnel
	Permanent personnel

	Objective oriented
	Routine oriented

	Flexible
	Stable

	Effective
	Efficient
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The emphasis of these differences is the temporary element of organisations. A project organisation is limited in time and will stop to exist. The business organisation is a permanent organisation managing its own existence over a longer not defined period of time. A project organisation is set up to organise public or public-private projects. A public task under the responsibility of a public party like the government or municipalities can be organised as a project. The public task can be providing infrastructure, the public project can be the realisation of a railway. To realise a railway a unique organisation is set up for this specific objective. 
Risk management
For a business organisation financial risks as well as operational risks play an important role. In a business organisation continuation of the business is one of the reasons for existence. Continuation requires financial results high enough to cover expenses and if possible leave a little profit. Results are uncertain and affected by financial and operational risk. Therefore it is important to manage the financial risks as well as the operational risk.  For a project organisation especially for public projects a different point of view exists. One of the objectives of a project organisation is to stop to exist. The financial result of a project is determined by the requirement to realise objectives within the financial budgetary constraints. The financial feasibility of a public project is not necessarily determined by a required financial return. The reasons for building a railway or adding driving lanes to a highway can be strategic or political as well. Financing these projects is done with money reserved by the government for their public tasks such as providing infrastructure. Financial risk as considered in a business environment does not affect the project itself
. Risks occurring in realisation of public projects do fall mainly in the category of operational risk. Technical risks and environmental risks are largely present in these kinds of projects. Quantification methods used for managing these risks are based on probability and consequences
. These consequences are not always expressed in financial effects. Effects in quality of the result, the possible delay, environmental impact and safety risks during realisation play an important role as well when it comes to risk management in public projects.   
2.2 PFAM©; Project Feasibility Analysis Model

The difference between a business organisation and a project organisation does not provide information on when a task can be organised as a project and whether the project objectives can be realised. Therefore the PFAM©
 can be used. In this paragraph the model is built. It starts with the separation between the content related view and process related view at the project. The content view focuses on the static situation of the model and its four quadrants. The process related view focuses on the development of the model from the initial situation towards the situation at which there is equilibrium between four quadrants of the model. 

2.2.1 Content related view:

There is a strategic and financial site to every project. The financial site considers the balance between budget and costs, the strategic site is concerned with stakeholders and their objectives. The strategic site of the model provides information on which parties are for what reasons related with the project. The financial site of a project gives information about what is or will be realised for the money available. 
Strategic site of the model

The strategic site of the model presents the relationship between objectives and stakeholders. 

Objectives: the project is initiated to achieve certain specified objectives, when related to projects in this thesis the separation between social and financial objectives can be made. For private parties mostly the financial objectives are important for public parties mostly social objective are set. 

Stakeholders: the objectives are defined by public and private parties. The objectives can be the result of legal obligations (environmental issues such as preventing air and water pollution), public tasks (such as providing infrastructure) and financial objectives (making money by providing services, selling property) 

The relation between these two is: Return (%)
Return from a strategic point of view: between objectives and stakeholders. This may look strange since return is often considered the financial value added on an investment. When it is related to public or public private projects however return needs to be defined a little different. Return can be social and financial. 
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Social return can be considered when social objectives are at stake. Examples of social objectives are; reducing air pollution, remove pollution in the surface, improvement of environmental impact, sustainable energy or increase public safety in a station area. The social return can not be presented as a financial return; what is the direct return on public safety near a railway station? Indirect return can be that more people are willing to take the train and therefore more train tickets are sold. What is the value of reduced noise pollution near a highway? Social objectives form a large portion of the objectives for public and public private projects. This makes sense since there is at least one public party involved as a stakeholder. This party can be the initiator of the project because a public task has to be fulfilled. 
Financial objectives are realised when financial return is made. The increase of property value is a financial return for the land owner. The perspective of financial return is the objective for the landowner. If agricultural use of land changes into use for housing the value of this property increases. Other financial objectives can be obtained by investment in a project in order to have the right to operate the use of this project such as a high speed railway. 
The decision on where to invest in order to realise social or financial return depends on the alternatives. Are there other opportunities where the same social or financial objectives can be realised, and at which price and risk?  
Financial site of the model

Scope (costs and/or assets): the scope of a project is the design of the project objectives. For some objectives this design is quite obvious such as a road to provide the connection between two cities. The relation between design (scope) and objectives is not always that obvious. When the goal is to provide an environment for certain flora or fauna to exist it is more difficult to provide the conditions for this (long term) objective to be realised. Scope also determines the costs of the project. An estimate is made on the costs required to realise all scope elements. Not only the physical realisation but also the engineering and management and so on determine the total costs. Total costs need to be covered by available budget.   

Budget (debt and/or liabilities): how much money is available for realising the scope of the project. Budget is the sum of all financial commitment from the stakeholders. In order to generate a financial return private parties are willing to invest in line with the risk profile of the investment. Public parties can provide budget for the project by using their public budgets available for their specific public tasks. 
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The relationship between budget and scope is: balance. Almost from a finance and accounting point of view; are assets and liabilities balanced out? The balance between scope and budget identify a surplus or deficit. A surplus means not all budgetary commitment is required to realise the scope. Scope is the physical form in which objectives can be realised so if a surplus occurs it is possible to increase quality, increase objectives or simply decrease financial commitment. A deficit means the financial commitment does not suffice for all necessary scope. Financial commitment must be increased or objectives must be designed in simpler but maybe qualitative inferior manner. Figure 2.2 states that the relationship between scope and budget is one-way. Because comparison between the two will only state whether there is a surplus or a deficit. The two can not be balanced out immediately this can only be realised by generating more budget, through stakeholders, or by scope adjustments in order to decrease the costs. To see what possibilities there are to realise a balanced situation between scope and finance the process related view is necessary.
2.2.2 Process related view

In total 5 relations between these four quadrants are important. Next to return and balance the following three should be taken into account. Between scope and objectives the relationship is Possibilities/Creativity: realizing the project objectives requires creativity, the design of the project has to be made. When objectives are unambiguous like realizing a connection between two cities through no-mans-land not a lot of creativity is required. But no-mans-land doesn’t exist and this means that connecting two cities is not the only objective of the project. 

Commitment, this finally results in a contractual agreement between stakeholders. Many different elements of the project can be stated in a contract:

· Responsibilities (tasks, risks etc.)

· Budget agreements

· Conditions

· Scope (Quality, time, technical requirements and so on)

· Realisation of set objectives
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Foundation (draagvlak) is considered as the direct relation between scope and stakeholders. Since the scope of the project is the design in which the objectives of the project, set by all stakeholders, must be realised it is important to manage the foundation for the scope as the design of the objectives towards the stakeholders. Do the stakeholders believe that the design will result in the achievement of the project and individual objectives? 
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Foundation is needed to achieve and maintain commitment of all stakeholders. When commitment is lost the balance between scope and budget can be lost or will not be achieved. 

Analyzing the model itself tells that a project is a continuous process to achieve and maintain equilibrium between all four quadrants. This model has been tested on several cases of the AT Osborne practice. During the past forty years consultants of AT Osborne have been working on different public and public private projects. The research department
 of AT Osborne has worked on analysis of some of these projects. The criterion for a project to be selected for this research was that the initial project situation was that on the argument of shortage on financial commitment the project objectives could not be realised. Due to efforts made by managers and stakeholders the objectives had nevertheless been realised. The research was on the question what had caused this breakthrough for the project and what mechanisms were used to identify this possible breakthrough. This research has resulted in the development of the PFAM as a model that could visualize the initial and breakthrough situations of these projects. Testing the model on several projects made clear that in almost every case changes in every element of the model occurs during the realisation. Scope adjustments, loss of stakeholders and attracting new ones, adjustment in budget commitment and fine-tuning of objectives all determined the perspective on the feasibility of the project itself. In this perspective flexibility is needed to be able to realise these adjustments in a sensible way. Therefore high flexibility can mean that the feasibility of the project can increase. On this idea the thesis question and hypothesis is based. 

2.2.3 Mechanisms in PFAM©
The PFAM© is explained as a static situation providing information on possible situations for a project. The model can be used to analyse these situations and help to identify the possible mismatch between the four elements that causes an out of equilibrium situation. This can be done at any moment before or during the realisation of a project. 

Before a project; at this point a set of possible objectives and stakeholders and a possible budget and the possible scope to realise the objectives is available. If these elements are in equilibrium there is a solid base to start a project. If not the equilibrium can be realised by three specific strategies:

1 Increase of the strategic part of the model 

2 Decrease of the strategic part of the model 

3 Adjustments between the elements

Ad 1; Increase of the strategic part of the model. 

By increasing the objectives of a project more stakeholders can be interested to participate. With more stakeholders the possibility of generating more budget can occur. To increase the number of objectives and the stakeholders the return relationship between the two becomes important. Is the return for the stakeholder high enough? For financial return this is a comparison between risk and return with other investment possibilities for social return this is related to the effectiveness with which these objectives can be realised. Effectiveness does not only depend on money but can also be related to issues such as safety, environmental impact and planning. From a project perspective increasing the objectives and stakeholders also increases the complexity of the project and in order for this strategy to be effective there must be some kind of synergy between the objectives. Realising the objectives together must be more efficient than realising them individually. 

Ad 2; Decrease of the strategic part of the model. 

By decreasing the number of stakeholders it is possible that fewer objectives have to be realised. Shortly this is the opposite effect of the increasing of the strategic part of the elements. The result is an optimum where in a more efficient manner the objectives of the remaining stakeholders can be realised for a smaller budget. 

Ad 3; Adjustments between the elements. 

This obviously requires optimizing all four elements of the model. Some stakeholders need to drop some of their objectives or the scope needs to be adjusted to achieve the same objectives or the stakeholders are required to enlarge their commitment. This can be done by more budget or optimizing the time schedule of the cash flows so that less interest costs are affecting the project. The latter off course increases the financial commitment of the stakeholder or decreases the financial return. 

During the project: the same mechanisms hold but the liberty to change the strategic part is smaller or comes with higher prices since stakeholders are already committed to the project. This also means that their specific objectives have to be realised.  
Adjustments of the four elements of the model will lead to other perspectives for all stakeholders. Each individual stakeholder will monitor for him or herself how the adjustments affect him or her. This can result in synergy from which all stakeholders benefit. It can also lead to a beneficiary situation for one of the stakeholders and the decrease of results of one or more other stakeholders. The equilibrium can be maintained if all stakeholders accept the new situation. Acceptance can be realised by increasing commitment by the stakeholder that benefits most from the new situation. Maintaining equilibrium is a constant game where the four elements visualize the situation at hand and the connection between the elements are used to create an accepted situation. 
2.3 Other project characteristics

Besides organisation, risk and feasibility projects have other characteristics not yet explained in the part of Turners analysis or the PFAM. In this paragraph some of these characteristics are explained in regard of the thesis hypothesis and questions. 

2.3.1 Planning

A project has several separated phases. Each phase ends with a go or no-go decision. Rijkswaterstaat, the organisation that coordinates most national projects regarding infrastructure, uses the following phases
, although these phases are specific for Rijkswaterstaat they can be seen as the general stages for the lifecycle of a public or public private project.
Exploration phase (Verkenningsfase) 

The exploration phase focuses on the identification of problems and possible solutions from different points of view. In following phases these solutions can be developed into sustainable solutions for identified problems or objectives. From the moment the minister of V&W (Verkeer en Waterstaat) decides to incorporate a project in the exploration survey several consultants and research institutes investigate the problem and possible solutions further. The following questions require an answer:
· Is the identified problem really a problem?

· Which solutions are relevant and which are not?

· Is there a necessity to investigate solutions further?

· Is any form of indicative financial reservation required for future investment plans?

The exploration phase requires a go/no-go decision: therefore the decision is made whether it will be accepted into the next phase; the study phase. The goal of the exploration phase is to assist the decision makers in taking a careful decision towards problem, solutions and financial requirements. When related to the PFAM, the first quadrant, objectives, is defined. Scope, stakeholders and their possible financial commitment are not necessarily identified at this stage.
Study phase (Planstudiefase) 

A relatively complex and demanding period is called the study phase. During this phase among others the environmental impact is measured (MER, milieu-effect rapportage).This involves a series of research on environmental effects caused by for instance; changes of traffic movements. Several alternatives are examined on their environmental effects. Also a cost benefit analysis is made in which the economic effects of several project alternatives are estimated. Detailed calculations of effects on air pollution and noise effects are made. A further problem analysis, stakeholders involved, market situation, other alternatives, planning and costs are elements of this phase. 
Realisation phase and user phase (Realisatiefase en gebruiksfase) 

The traditionally last phase is the realisation phase. If exploration phase and study phase have led to the conclusion that problem and solution should be organized as a project and this project can be realised within the financial and timing constraints there is a go-decision towards the project. The realisation phase consists of designing and negotiating contractual agreements between contractors and project owner. Many forms of contractual agreements are available and negotiation towards risk and responsibility can be an important part before a contractor is hired. During the realisation phase contractor and project owner move together towards the delivery date at which the project should be finished, or at least be ready to use. The contractor is building and dependent of the contractual conditions the project owner is monitoring on time, quality and money. Risk management requires efforts of both parties since both have their own (residual) risks as agreed upon in the contract. 

After the delivery of the project the users phase starts. This is the phase where the project is used for the function it provides. Projects such as a road, a railway or a windmill park will have their own practical use once they are finished. 
2.3.2 Contractual aspects

In every phase of a project the owner of the project has to think about the contractual agreements. Besides specification of the project to be realised risk and responsibilities involved with the realisation is an issue to be acknowledged in the design of the contract. A choice is required on the risk ownership and responsibilities between the project owner and the future contract partner. The spectrum of contracts is between traditional contracts and more sophisticated contracts. With traditional contracts the single delivery and assembly of the project is required within the constraints of time, money and quality, but also on environmental and legal issues and other influences from outside the project boundaries that can affect these constraints. These are all as carefully as possible specified with minimal margins for interpretation. The disadvantage of these specified contracts is that any disturbance in reality will lead to claims for the project owner since the actual situations differ from the situations as specified in the contract.  

More sophisticated contracts use the different phases of the project to contract a partner. The partner can be responsible for the designing, building, maintaining and operational phase of the project during the lifetime of the project. These responsibilities come with a price but are a trade off between the costs made by the project organisation itself for these phases. Leaving more activities for a future contract partner requires a different form a project specification. In a traditional contract the specification is very technical; the exact number of cubic metres of concrete that has to be used to build a bridge is stated in the contract. Where the design activities are left for the contractor the specification is more functional; build a road which can hold trucks and cars, the alignment of the road shows that it crosses a river so probably building a bridge is necessary. It is up to the contractor to come up with a proper design given the constraints stated in the contract.  
3 Real options theory
3.1 What are real options?
Real options are related to financial options and financial option theory. Financial options can be used to mitigate or control risk. The value of an option depends on the underlying asset and is considered a derivative. In the case of a financial option this can be stock, traded commodities or any other asset that is traded on financial markets
. The difference between financial and real options is that for a real option the underlying can not be traded on a financial market and is specific for a single situation. Another important aspect is that the underlying is not a financial but a physical asset (e.g. land) or action (e.g. expand) that will create value
. An explicit definition of real options is given by Jonathan Mun in his book real option analysis: “Real options is a systematic approach and integrated solution using financial theory, economic analysis, management science, decision science, statistics and econometric modelling in applying options theory in valuing real physical assets as opposed to financial assets, in a dynamic and uncertain business environment where business decisions are flexible in the context of strategic capital investment decision making, valuing investment opportunities and project capital expenditures”
. With a definition like that real options look more like rocket science than an easy to use risk controlling tool. The definition does contain pretty much everything relevant for real options but then it does contain pretty much everything that effects any business decision. Another definition for a real option is: an option to modify projects
. This is based on the idea that discounted cash flow methods used to calculate the value of a project do not take into account managerial flexibility once the project is accepted. 

In order to determine whether a real option approach can be used to value flexibility in public or public-private projects real options must be explained. In this chapter the theory behind real options and real option analysis (ROA) is presented, chapter 5 and 6 introduce some real cases where real options occur. The basic rationale for real options is introduced in Brealey and Meyers
 as follows: “When you use discounted cash flow methods to value a project, you implicitly assume that all assets are held passively. But managers are not paid to be dummies. After they have invested in a new project, they do not simply sit back and watch the future unfold. If things go well, the project may be expanded, if they go badly, the project may be cut back or abandoned altogether. Projects that can easily be modified in these ways are more valuable than those that do not provide such flexibility. Options to modify projects are known as real options”. To explain this real option approach literature provides a lot of examples. All these examples try to explain the difference between a standard DCF approach and an approach where a real option is incorporated. The outcome is the same for every example. The value of the project increases when real options are taken into account. 

3.1.1 Types of real options

Many different types of real options can be found in literature available. In the following table a resume of the different types of real options is given. Off course this survey is not complete, since it is possible that other authors even have a different list for the types of real options they identify.

	Brealey & Meyers
	Jonathan Mun
	Damodaran
	Smit & Trigeorgis
	De Measeneire

	Wait and learn
	Delay
	Delay
	Defer
	Build/

Deferral

	
	Wait and see
	
	
	

	Shrink/

abandon
	Abandon
	Abandon
	Abandon
	Abandon

	Expand
	Expand
	Expand
	Expand/

contract
	Alter scale

	
	Contract
	
	
	

	
	
	
	Shutdown

	Shutdown

	Vary in-/output
	Choose
	
	Switch in-/output
	Input flexibility

	
	
	
	
	Output flexibility

	
	
	
	Growth
	Growth options
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There are differences and similarities, in many cases the differences only occur due to the description of the real option, the actual real option is similar. Since the usability of real options for public and public projects is the subject of this thesis the focus will be on the following types of real options: 

1 Option to wait (and learn/delay/deferral); basically this is the postponing of decisions until more information becomes available. The type of relevant information can be very different. It can be related to technical solutions and risk mitigation as it can be related to strategic decisions. 

2 Option to alter scale (expand/contract); when this option is present in a project there is the opportunity for scale adjustments. For projects this can be capacity related adjustments for users of railways, roads, office space and so on. 
3 Option to abandon; this is mainly a risk reducing option. When the risk occurs the loss can be minimized. An abandonment option is an option to stop the project or a part of it. Losses can be minimized by exercising the real option. 
4 Option to vary in- & output (choose/in- & output flexibility); for public projects this option can for example be related to materials used for building as it can be used strategically when office space can be changed to living space or when it is possible to choose between a railway or highway connection between two cities. 

5 Option to grow; the option to use a strategic or competitive advantage can open future growth opportunities. This can be related to special developed techniques or for example location related advantages for airports, public transport hubs or real estate developments.  

The other aspect for real options is that the mechanism for option still exists of four option positions
; long and short and call and put. So for all real options found in literature the actual real option has to be represented by one of those four positions. This helps in categorizing the real options
. They have to fit in one of the four option positions. The difference between a long and short position is simply the ownership so it suffices to distinguish only between the call and put. 

	Option
	Real option

	Call
	Option to wait

Option to alter scale (expand)

Option to vary 

Option to grow

	Put 
	Option to abandon

Option to alter scale (contract)

Option to vary
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The option to vary can be a call or a put option depending on whether the variation is used to minimize losses (put option) or to increase benefits (call). The same holds for the option to alter scale. 

3.1.2 Real option analysis

So there are different types of real options and when real options are incorporated they add value to a project when compared to a traditional DCF approach for the same project. For explaining this latter argument De Measeneire provides a survey of aspects that are assumed when standard DCF valuation is used and the reality that occurs towards these assumptions
. This holds important arguments for taking into account real options when valuing possible investments. 

	DCF Assumptions
	Realities

	Decisions are made now and cash flows are fixed for the future.
	Uncertainty and variability in future outcomes. Decision making in the future when uncertainty becomes resolved.

	Once launched all projects are passively managed.
	Projects are usually actively managed through project lifecycle, including checkpoints decisions on options, budget constraints etc. 

	Future free cash flows streams are highly predictable and deterministic.
	It may be difficult to estimate future free cash flows as they are usually stochastic and risky in nature.

	All risks are completely accounted for by the discount rate.
	Firm and project risk can change during the course of a project.

	All factors that could affect the outcome of the project and value for the investors are reflected in the DCF model through the NPV or IRR.
	Externality towards the project make it very difficult to quantify all factors in terms of cash flows. Strategic visions and entrepreneurial activity can be significant.  
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All these aspects lead to the fact that during the project managerial flexibility will improve the chances for success or prevention from extreme losses. When this could be incorporated in traditional DCF calculations this would lead to lower discount factors (lower risk) and/or higher positive cash flows (improved chances of success). The question that remains is the actual change of these numbers. Real option valuation does not provide the corrected discount factor or the corrected cash flows but it does provide insight in the value that is added by the managerial flexibility on the uncertainty that affects the project. To value real options for a business or project they must be identified before they can be valued. Copeland and Antikarov designed a four step model to identify real options 
.
	Step
	Objectives
	Remarks

	1 Calculate NPV without integration of flexibility
	Calculation of the base case for the project without flexibility
	Traditional NPV calculation

	2 Model uncertainties by using an event tree
	Provide knowledge in the development of the NPV with different uncertainties.
	Not yet a calculation of flexibility, the value should be equal with to the normal NPV found in step 1. 

Explicit estimate of uncertainties

	3 Identify and integrate possible management flexibility by using a decision tree
	Analysis of the event tree for identification and incorporation of managerial flexibility to respond to new information
	The event tree has been combined with a decision tree. 

Incorporated managerial flexibility has changed the risk profile of the project. 

	4 Value the total project and the option value(s)
	Calculate the new value of the project with and without managerial flexibility
	The difference is the value of (all) real options that are provided by managerial flexibility
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These four steps can be used for every project to identify and value the real options that may occur. The second and third steps are the hard work in this approach but they are essential steps in identifying the real options. The connection between uncertainty affecting the project and the possibilities to act ont these uncertainties is made in these two steps. 

Event trees: An event tree identifies all possible events that can affect the project. Whether the events take place and what the results towards the project of these events are once they occur is not (always) certain.

Decision trees: In a decision tree the required decisions are identified. Decisions that have to made during the course of the project. They can be related to technique, environment, finance, planning and so on. 

The connection between the event and decision tree is that at some events a decision is required. Not all decisions have a relation with uncertainty, but where they do the actual decision is affected by the outcome of uncertainty. Are risk mitigating measures taken or not? Does the project have possibilities to adjust to the changed environment? Risks and possible environmental changes are identified in the event tree. The actions that can be taken towards these issues require a decision identified in the decision tree. 

3.2 Option valuation

Real options, as part of its name implies, uses options theory to value physical or real assets as options similar to options on financial assets such as stocks and bonds. For the option valuation several methods can be used. All approaches have the same objective; determine every possible value due to the state of nature for the underlying at maturity and then compute the option pay off at maturity by using the probabilities of these possible future values. The present value of this probability weighted pay off of the option determines the actual option value
. The most common approaches to determine the value of an option are the binominal approach and the Black, Scholes and Merton approach. In this paragraph these approaches are explained in order to provide information on the aspects that determine the value of an option. For the reasoning, scientific and mathematical proof of the calculations the used literature is suggested
. The appendix can be used for further information of the different option positions and other relevant aspects for option valuation.

3.2.1 Binominal approach

The binominal approach is based on scenario analysis and a binominal tree to value options. The binominal option pricing formula was developed by Cox, Ross and Rubinstein in 1979
. The model is discrete, which makes it relatively easy to understand. The binominal approach requires two steps. The first is the estimation of the risk neutral probability, this is input for the second step; determining option value. For the calculations values for the following variables are required:
S 
= Share price

X 
= Exercise Price

t 
= Time to maturity
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The variables are used to determine the risk neutral probability (p). When the volatility of the value of the underlying is known the risk neutral probability, the upside (u) and the downside (d) after the time to maturity is expired can be calculated. The upside (u) and downside (d) are the return values the underlying can have at maturity. If u = 1.25. The upside potential is an increase of 25% of the present value of the underlying. The upside potential (u) of an option position is determined by the volatility of the value of the underlying asset and the time to maturity. On the other hand if d = 0.8 there is a possible loss of 20% of the value of the asset that is used as the underlying. How upside potential and downside risk are used to determine the risk neutral probability is shown in the following formulas.  
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	Boxed text 3; The rationale behind risk neutral probability 

	One important assumption for option and real option valuation is the so called risk neutral probability. The determination of the risk neutral probability is found by comparing the option position with a position in the same underlying and a risk free asset. This replicating portfolio should have the same pay off as the option on the same underlying. The risk neutral probability is not a real probability; it is a mathematical approach to determine the representing replicating portfolio. The result of the use of a risk neutral probability is that only the risk free rate is needed to determine present values
. The risk neutral approach is mathematical equivalent way of applying the no-arbitrage principal, which implies the law of one price. The no arbitrage principle states that two different assets with cash flows that are exactly equal must have the same price
. 


[2] Shows the calculation of the risk neutral probability which is required to determine the value of the option and the value of the option positions if the value of the underlying share (S) increases (Cu) or decreases (Cd) after the time to maturity (t) has expired. 

Cu
= Value of the call if S increases  
= maximum of uSt-X or 0

Cd
= Value of the call if S decreases 
= maximum of dSt-X or 0

C
= Call option value

Now the value of the call option can be calculated using the binominal approach. First the value of the call option in both the upside (Cu) and downside (Cd) situation are determined. The downside value of a call option (Cd) is usually zero since the call option will not be exercised when the value of the underlying is lower than the exercise price. The value of the call option is the higher of the two possible values it can have at the expiration date. This is either the intrinsic value (uSt-X) or zero at the time of maturity. The intrinsic value is the difference between the exercise price and the share price at time to maturity. Suppose the exercise price is 50 and the share price at time to maturity is 60. The intrinsic value of a call option, the right to buy the underlying at the exercise price, is 60-50 = 10. The owner has the right to buy at a price lower than the actual price. 
With found values for Cu, Cd and p the value of the call option (C) can be calculated as follows:
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[3]
When volatility is not available

The volatility of the value of the underlying is not always available because neither historical data nor a Monte Carlo analysis is available and therefore the volatility can not be estimated. The future value the underlying can have is then estimated with the use of scenario analysis. This analysis will result in an upside potential and a downside risk. For the binominal approach it is assumed that the value of the underlying will have one of only two possible values after the option period (time to maturity). So the value can either go up or go down. These two values are similar to the upside (u) and downside (d) estimated by using the volatility of the underlying. 
For real options the upside and downside value is often based on a scenario analysis. Assume that the underlying of a call option is an investment I0. The value of I0 today is 50 and value can increase to be 60 or decrease to be 40 in the future. The upside (Ru) is 60/50 = 1.2 and the downside (Rd) is 40/50 = 0.8. R stands for the return on investment I0 in the upside or downside situation and can be found by dividing the future value by the initial value of the investment. Ru and Rd can be used to determine the risk neutral probability (p) in a similar way: .
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[4]
The investment of 50 has to be corrected for the time value of money
 and is actually 50 x rf at the time of maturity. 
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[5]
[6]
Again values for p, Cu and Cd are found. The value of the call option can be calculated using formula [3].
Put-Call-Parity 

For call and put option positions with the same conditions the put-call parity holds. This is based on the non arbitrage argument that it should not be possible to introduce a cash-machine by holding a certain long and short position on the asset and a call and put option. The put-call parity describes the relationship between the value of the call option (C), the value of the put option (P), the share price (S) and the present value of the exercise price (PV(X))
.  
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Using the Put-Call-Parity the value of the put option can be calculated. The results found in the calculations for the value of the call provide the required values. 

[image: image20.wmf]0.626

0.697

1.435

0.697

1.0025

R

R

R

)

r

(1

p

60

1)

d(t

1)

u(t

1)

d(t

t

f

=

-

-

=

-

-

+

=

=

=

=


The described binominal approach is for a single period. Multiple periods will be introduced in one of the cases in chapter six. 

3.2.2 Black, Scholes & Merton

Financial options can also be valued using the Black, Scholes & Merton approach. These calculations require the input the same variables as used for the binominal approach. Black, Scholes and Merton developed a continuous time model to determine the value of a European option. This means that the approach can only be used for options that may only be exercised at the time of maturity and not before that date (European options
). The continuous timing aspect means that for the approach it is assumed that the value of the underlying moves constantly. The approach requires a calculator and a normal distribution table to determine the value of the option. 
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[9]
The values found for d1 and d2 are used to determine the normal probability (N) using a normal probability density curve. The Put-Call-Parity can in this situation be used as well to value the put option (P). Both the binominal and Black, Scholes & Merton approach do determine the value of a call or put option based on information on the variables that determine the value of the underlying. The time value is in both cases required to determine the present value of a future position as well as the range of values that the underlying can have during that period. 

3.2.3 Other valuation methods

Besides these two well known methods for option valuation other methods are available.

· Monte Carlo analysis, the emphasis is on estimating volatility for the value of the underlying asset. This is needed to be able to use the Binominal or the Black, Scholes and Merton approach when no historical data is available. 

· Residual value for valuation of flexibility
 

The first method is used to provide an estimate of the volatility of the value of the underlying. This is based on a set of possible outcomes that can occur. These possible outcomes are taken into a multiple (5000 or more) scenario analysis given the results of this scenario’s the volatility is estimated. The biggest pitfall for this method is of course the input. This input is often an estimation itself, so the argument “garbage in, garbage out” is definitely appropriate for this method. 

The second method simply uses the possible scenarios for the case at hand. This is similar to the Binominal approach. The value of the project with the real option incorporated is compared with the same project using the DCF calculation. The difference between the two is the value of the real option. 

3.2.4 Comparing valuation methods

Valuing options also helps in identifying the aspects that effect option value. The Binominal approach uses slightly different parameters than the Black, Scholes & Merton approach. 

	Variable 
	B, S & M
	Binominal

	Stock price
	Required; the actual value of the underlying asset.
	Idem

	Exercise price
	Required; the purchase or selling value of the underlying asset at the time of maturity. 
	Idem

	Volatility
	Required; determines the probability for value changes of the underlying.
	Not required, event trees and scenario analysis can be used to estimate the possible future values of the underlying

	Time to maturity
	Required; together with the volatility determines the possible price changes of the underlying. Also required to determine the present value of the exercise price.
	Only required to determine present value of exercise price when possible values of the underlying are determined by an event tree or scenario analysis.

	Risk free rate
	Required; determines the present value of the future exercise price.
	Idem

	Dividend

	Can be incorporated in the calculations.
	Can be incorporated in the event tree.
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The presented approaches use the same variables, except for the normal distribution that is not used for the Binominal approach. Each variable has an effect on the option value. In the following table the used parameters are shown as well as their effect on option value. The effect is based on a rise of the variable in the left column. 

	Increase of variable
	Value of a call
	Value of a put

	Share price
	Increase
	Decrease

	Exercise price
	Decrease
	Increase

	Volatility
	Increase
	Increase

	Time to maturity
	Increase
	Increase

	Risk free rate
	Decrease
	Decrease
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The reasoning is relatively simple. To start from the bottom; a high risk free rate leads to a low present value. So both the call and put decrease in value when the risk free rate increases. A longer time to maturity means a longer period in which the value of the underlying can move in the right direction. Of course this direction is not the same for a call and a put. An increase of volatility means that the chances of larger changes in the value of the underlying can occur. This means a greater chance that the value of the underlying will move significantly in the right direction for the option position. The exercise price is the price that has to be paid when the option is executed. For a put a high exercise price means the underlying can be sold at high price, hence an increase in the exercise price increases the put option value. The call option gives the right to buy at the exercise price, hence the higher the exercise price the lower the call option value. Finally an increase in the share price means that the value of the underlying increases for a call option an in the money
 option becomes more valuable with a high share price. For a put option the opposite holds. 

3.3 Applicability of real options

3.3.1 Comparing real options with financial options

The comparison with financial options is essential especially for the valuation of real options. If the binominal or Black, Scholes & Merton approach is to be used the variables of a financial option must have similar counterparts for real options
. 

	Financial option
	Real option

	Stock price
	Required investments for the project (value of the underlying at t=0)

	Exercise price
	Required investments for the project in a future situation (value of the underlying at t=i).

	Time to maturity
	Time until expiration of the real option

	Volatility 
	Uncertainty of the value of the underlying
 

	Risk free rate
	Risk free rate 
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Comments on the use of these variables are given by De Maeseneire
. The comparison between real option variables and financial option variables requires a little attention at some points

Underlying value; the value of the underlying can not directly be observed. It is the value of the project with the risk profile that occurs towards this project. The risk profile is difficult to estimate and therefore so is the value of the underlying which is used for comparison with the flexibility value. 
Exercise price; the exercise price is usually assumed to be known. For an option to abandon the resale value of the project and its assets is assumed. This is in itself is not certain. For expansion options volume and price are assumed constant, given the outcome of uncertainty towards these variables, which may not be the case. 
Time to maturity; the maturity time is the period at which the option can be executed. For many project there is no such explicit time. This affects the option value. 

Volatility; when volatility is used to determine the upside and downside of the project a constant volatility during the time to maturity is assumed. Especially for long term projects the risk profile may change and when the risk profile changes volatility changes too. 

Riskfree rate; the risk free rate is typically assumed constant over time. In reality there is no such thing as risk free rate. Assumptions of long term government bond rates are used, but even these change over time. This aspect affects the DCF calculations in the same way so for most option valuations the sensitivity towards the volatility of the risk free rate is rather small. 

3.3.2 Real options occurrence and usability
Real options can occur naturally or may be planned and built in at some extra costs. The segregation can be made between natural real options and created real options
. 

Natural real options, these are already present within the project. For instance the presence of minerals or the flexibility options in the use of a certain assets. In the latter case the value of the real option can increase by extending the flexibility in time (the execution of the real option). 

Created real options, additional actions and presumably costs are needed to create real options. These options are not present in the initial asset but can be created with adjustments to the asset. For instance extra capacity for the production of a product. When the demand for this product increases more than expected the costs for expanding the production line are smaller when compared to increasing the extra capacity requirements when no over-capacity is available. The initial investment is larger than required for the expected demand. The real option is the extra capacity installed in the initial investment. 

Real options should be valued on their possibility to maintain flexibility towards decisions. The role of these options is either to decrease the negative effects of risk or keep a perspective of being able to benefit from the positive effects of uncertainty. Discounted cash flow calculations do not, at least not explicitly, value flexibility. When real option calculations are taken into account the value is always higher than traditional DCF calculations
. Whether the difference between the two calculations is significant depends on the value of the flexibility. 
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Flexibility is valuable when the possibility of getting new information is high and when the ability to respond to new information or situations is high
. Real option analysis is useful when some conditions are met. The most important one is that uncertainty must exist. But only when uncertainty affects the results of the project and when management has managerial flexibility to make midcourse corrections flexibility has a value
. Real option analysis provides a pathway for incorporating managerial flexibility in projects in order to optimize project results. Project managers are helped by real option analysis by
:

· Identification of different decision pathways that management can navigate given the highly uncertain conditions

· Valuing each decision pathway and what they mean in terms of financial and strategic feasibility

· Prioritizing the different pathways based on quantitative and qualitative analysis

· Optimizing the value of the decision pathways 

· Timing of the execution of decisions and managing existing or new options for future pathways and decisions

ROA implementation issues

The argument of being able to value flexibility is the most important one to convince people for the use of real option valuation and real option analysis. There are some arguments which emphasise that the use of real option valuation is not always easy to implement
. 

Marketing problem: Selling real options to management, appreciating the utility and benefit, understanding their capabilities and strengths (and weaknesses) and communicating these ideas

Analysis problem: The problem of framing; isolating real option analysis from other business or project related issues, and  correct technical analysis. 

Impact problem: Not the interpretation of results but rather acting on them implementing them and managing the whole process. 

These ROA implementation issues are essential for the research in this thesis. Especially in the interviews with project specialists where their perception to these problems helps to determine the applicability of real options for the cases presented in this thesis. 
4 Thesis question and methodology

In this chapter the methodology and research design are described. The concept that real option can be used to value flexibility was the starting point from which the thesis questions and hypotheses were developed. In order to do research on real option usability in public projects a further specification of this research and development of a workable methodology is required. 

4.1 Thesis questions and hypotheses

In chapter 2 the mechanisms of the PFAM© have been explained. It becomes clear that flexibility of all elements of the PFAM© increase the possibility to reach an equilibrium situation. On the strategic site it can be helpful to be flexible in the objectives and entry or exit of stakeholders. On the financial site it can be helpful when objectives can be realised with flexible scope (or scope solutions) and when financial commitment is flexible. This opens the way for introducing real options. Real options can provide extra flexibility without introducing extra risk (the negative effects of uncertainty). Therefore the next thesis question and hypothesis are stated: 

	Thesis question: 

Can real option analysis be used to value flexibility 
in public and public-private projects?
Thesis hypothesis:

The value of every public or public-private project increases 
when real option analysis is used




In chapter three the different types of real options have been explained. The most common ones will be used to examine whether real options can provide extra flexibility in order to reach or maintain an equilibrium situation in the PFAM©. 
When incorporating real options with the PFAM the segregation between strategic real options and functional real options
can be made. This segregation is related to purpose of the real option. Is it used to maintain or enlarge strategic possibilities? Or is it used to control risk without losing the upside potential (call option) or limit the losses if risk occurs (put option)? Strategic real options are related to the return side of the model. As stated earlier this return can be social or financial. These options affect the strategic part of the model which consists of the relation between objectives and stakeholders. 
Functional real options mainly have a risk mitigating role. These options concern the possibilities and creativity part of the model. The relationship between objectives and scope determines whether real options are available or can be designed to help realise objectives. The actual decision on whether the real options are valuable for the project is whether the investment in the real options is lower than the increase of the value of the project itself. This is the financial comparison between scope (cost of and design of the real option) and the budget (added value for stakeholders and willingness to enlarge financial commitment as a result of real option valuation).
Based on this analysis of the real option relationships with the PFAM© the earlier stated general thesis question and hypothesis is divided towards more specific relationships with the model. The three relations are:

1 Strategic real options: the possible connection between objectives and stakeholders

2 Functional real options: the possible connection between objectives and scope

3 Valuation of real options: the necessary connection between costs and budget
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Ad 1: The reason for stakeholders to be part of the project and its organisation is the social or financial return towards their individual objectives. Real options can be used to maintain the perspective towards these objectives. For example long term objectives towards sustainability or other social issues or the future expansion for real estate development. Another argument can be that possible stakeholders can be attracted in a latter stage of the project when more certainty about the chances of realisation of their objectives is obtained.
Ad 2: Functional real options can be related to the design of a project. In every stage of the design the project the number possible technical solutions towards the objectives decrease. Using real options to hold on as long as possible to flexibility in technical solutions can help as risk measurement tool. On the other hand this flexibility can be used to adjust to time related influences towards the project such as actual market situations or political uncertainty. 
Ad 3: In the end it all comes down to a cost benefit analysis. The costs required to acquire the real option must be compared to the value that is added. The value of the project is represented by the budgetary commitment from all stakeholders. The real option value determines the possible increase of their financial commitment. If a real option is available and has a positive value the value of the project has increased when compared to a situation without the identification and valuation of available real options. The real option is related to a scope element or objective. If one or more stakeholders benefit from the presence of the real option on this objective this should be valuable to that same stakeholder. 
To summarize there are three aspects for real options in projects: the strategy, the design and the valuation. Valuation requires the use of the valuation methods explained in chapter three. Several more specific hypotheses towards the aspects strategy and design can be stated.
Other hypotheses related to the strategic part of the PFAM are: 
· Real options can be used to provide perspective towards unachievable objectives. The achievability of some objectives may not be present at the initial stage of the project. This can be caused by the uncertainties affecting the project. Expected costs, environmental impact, possible subsidiaries may for instance be uncertain when related to the realisation of sustainable energy sources.  
· The feasibility of a project increases when real options are taken into account. This hypothesis shows great similarities with the overall thesis hypothesis. But there is a difference between project value and feasibility. Where project value can increase when real options are taken into account the feasibility is not necessarily affected. If the project value, that is the financial commitment from stakeholders, is higher than realisation costs real options introduce an even higher value. The difference between scope and budget becomes higher in a positive way. When feasibility is an issue the initial value of the project without real options is lower than the realisation costs and therefore the project and none of its objectives will be realised. The incorporation of real option value may tip the scale of scope and budget in the right direction. By increasing the value of the project an opening is created to obtain more financial commitment from stakeholders. This can turn out to be the difference between a feasible and a non feasible project.  
The hypothesis related to the design part of the project focuses mainly on the risk mitigating function real options can have. 

· Real options are only useful for protecting a project from the negative effects of uncertainty. Public projects are financed by public money. Investing in real options in order to possibly benefit from upside potential is therefore not allowed since it is speculating with public money. 
· Real options need to be identified at the early stages of a project. Since uncertainty is highest at the early stages of the project real options must be identified at these early stages. The realisation of the stages that follow can be used to decide on the exercising of these options. 
4.2 Methodology: case building and interviews

After the idea has been born it is time to design the research. Earl Babbie introduces three purposes of research: exploration, description and explanation
. The research for this thesis is mainly focussed on exploration. An exploratory study is done for several purposes; one of these purposes is to test the feasibility of undertaking a more extensive study. With this study an attempt is made to test the practical use of real options in public and public-private projects. This may result in recommendation for further research on the same subject. The subject, real options and public projects, is relatively new. Although some research has been done on real options in public projects or investments in infrastructure there is not a lot of practical application of the real option theory. 

In this thesis the exploration is done in order to increase the knowledge about the practical use of real options their usability for public and public-private projects and the introduction of the real option theory to field experts. These experts are familiar with do’s and don’t of public and public private projects but probably not with the field of real option analysis. Exploring the possibilities of implementation of real option theory is part of this thesis.  

For research on the thesis question and hypotheses three different cases will be researched. The selection is based on their primary observed possibility for real option usability. This means that there is certain randomness for the selected projects. These projects crossed my daily work and when I was able to understand some of the uncertainty the project was facing I thought there might be a real option situation for this uncertainty. Based on this first glance I did a further investigation in project characteristics and organisation. This was the first part of the case building. Once a case had been built it was time to interview people involved with the project. 

4.2.1 Case building process

The case building process exists of four steps. These steps show similarity with the real option analysis introduced by Copeland and Antikarov which was explained in chapter three. The start is a little different since the position of different stakeholders and their objectives affect the cases. 
1. Analysing the project using PFAM

2. Identifying uncertainties affecting the project

3. Identification of possible managerial flexibility

4. Identification and valuation of real option possibilities

The last step forms the required input for the interview sessions. As well as verification of the analysis the interviews were used for testing the concept of real options for these projects.
Firstly the PFAM© is used to identify the objectives, stakeholders, scope and budget of the project. A further project analysis is done to identify any possible real options. These real options can than be stated as functional real options or strategic real options. After that research focuses on whether it is possible to value these real options in a sensible way. 

4.2.2 Interview sessions:

In order to be able to compare the results of the interviews there will be a limited number of subjects that are discussed. The subject can be related to the model that is used to explain the relation between stakeholders, objectives, budget and scope. 

· Can the concept be understood? (Marketing problem) The interview is used to present the real option analysis of the project. The question is whether the design of the managerial flexibility and the estimate of the value of the real option is acknowledged by the interviewee. Are the uncertainty and the possible outcome presented correctly and can the interviewer understand the real option valuation process as a result of the uncertainties and possible outcomes? (Analysis problem)
· Can the concept be managed? (Impact problem) Understanding the real option concept is the first step acting on them is required for successful implementation. How does the interviewee feel about the manageability of this concept where uncertainty is considered to be valuable instead of a thread?  

These questions are based on the real option analysis problems presented in paragraph 3.3.2., the marketing, analysis and impact problem. During the interview the real option case that is based on the specific project will be reflected upon by interviewer and interviewee. Another important question for the interviews and more related to the thesis hypothesis is:

· To what extend can the position of different stakeholders affect the use of real options? The thesis hypotheses in paragraph 4.1 states that the feasibility of some objectives may increase with the use of real option analysis. The PFAM© states that objectives are linked to stakeholders. So when feasibility of objectives increases stakeholders must be willing to act on the increased feasibility of their objectives. 
The interviews held are to be considered qualitative interviews where respondent and interviewer have a comparative knowledge of the subject in this case public and public-private projects and the uncertainties that affect them. A qualitative interview is considered an interview which is based on a set of topics to be discussed in depth rather than based on the use of standardized questions
. The results of these qualitative interviews often lead to an iterative process in which the actual question or subjects are narrowed to more specific issues. For this thesis this happened in two manners. The first being the further specification of the case itself, the second being a specification of the real options applicability for the cases. 

5 A case illustration: option approach for price changes
This chapter presents a general case where an option approach can be used. This case reflects an uncertainty that affects any project. The cases in chapter six represent different types of real options. The option approach on price changes, which is the subject of this chapter, has characteristics of a financial option. It is incorporated in this thesis because the subject has a great impact on the value and results of public projects. This example was therefore recognisable towards many of the people involved in projects and interviewed for this thesis. 

5.1 Time value of building projects

The cost for the realisation of a project strongly depends on the costs of input. Different commodities and labour determine the bid at which the contractor can offer the realisation. The realisation can last for several years and the actual costs can therefore differ from the initial bidding offer due to the effect of price changes. The risk of price changes can have a large impact on the entire costs of the project and on the results for the project owner or contractor. 

	Boxed text 5; Price risk in projects

For projects with a realisation period longer than one year there is a price risk. This means that the initial price offer at the moment of the bid is under the uncertainty of price changes. In the contractual agreement between contractor and project owner conditions are set to handle this uncertainty. This can be done by asking the contractor to state one price at which all risk is paid off. The contractor of course then owns the real price risk. Another agreement is paying the actual risk that occurs. This can be done by agreeing upon a certain price change monitor as the indicator for payments regarding these changes such as GWW risicoregeling
. In this case the project owner is holder of the risk of price changes.  So in both cases one party is holder of the actual price risk. 


The general four steps for real option analysis are NPV calculation, event identification, decision identification and real option valuation by incorporating the managerial flexibility towards the decision that has an effect on the results of identified events
. For the aspect of price changes the event is simply the upside or downside scenario for real price changes compared with the expected price changes. The decision for the project owner therefore exist of taken the risk or pay a fixed premium to let the contractor take this risk. 

Scenario analysis

When the project owner agrees to pay for price changes during the realisation of the project he will reserve a part of his budget for price risk. When the owner pays for all risk due to price changes there is an upside when the actual risk is lower than his reserve and a downside when the price changes are higher. This is presented by the red line in the left graph of figure 5.1. When the project owner pays a fixed price for all prices changes he has no risk but there is no upside or downside. The actual price risk in the market does relate to a virtual profit or loss (the profit that could have been made or the loss that could have occurred). This is presented by the blue line. The same holds for the contractor. When a fixed price is paid by the project owner to the contractor the blue line represents the risk for the contractor; when real price risk is lower there is a profit and vice versa. When the real price risk is compensated by the project owner the risk is zero.  
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For an option comparison the option premium should be compared with the total price of the risk. For instance the risk of price changes during the realisation of an infrastructure project which will approximately take five years. Selling the entire risk will be based on the expected future price changes. The exact price change is uncertain and can be higher or lower than the expected changes. It is possible to agree on a fixed price, paid to the contractor, for the entire period (compared to a futures contract). Any loss or profit is held by the contractor
. 

Option approach

Another possibility is agreeing upon a maximum that will be paid by the contract giving party. The actual price changes will be paid until a certain level. The extra price changes that can occur beyond that level are still held by the contractor. This maximum is the strike price for the call option for price risk. The premium is determined by the possibility that the strike price is exceeded by the real price. An agreement between contractor and project owner towards price risk during realisation is a put option. When a premium is paid by the project owner he or she holds a long call position on the price changes (buying the underlying at a pre specified price). The strike price is a maximum that the contractor is obliged to accept for the compensation of price changes from the project owner (selling the underlying at a pre-specified price). 

When the price changes are lower than the strike price the real price changes are paid, when the changes are higher the extra costs for these changes are paid by the writer of the put option in this case the contractor. The contractor requires an option premium for taking this risk. A classical call option situation which will leave the two parties with the following pay-off diagrams: 
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The price risk has an effect on the total value of the project. Therefore the underlying for this option is the initial bid for the project. The earlier mentioned GWW risicoregeling can be used to value the project at different moments of the realisation of the project. 

5.1.1 Calculations of option value for price changes

The option position for the project owner is a long put position. To calculate the value of this call option the following variables are required: Share price, strike price, volatility and time to maturity. For the project these variables are presented as follows: 

Share price: 


initial bid for the project

Strike price: 

set at the initial bid

Volatility: 


volatility of weighted price index

Time to maturity:

realisation period of the project, set at 5 years

Risk free rate: 

set at 0,25% per month (app. 3% p.a.)

The actual index
 is 152.7 and the volatility is 7.1 per month. When the initial bid and strike price are set at 100% this leaves a volatility of 4.7% per month
. Public institutions have the benefit of not having to borrow from financial institutions. For determining the discount factor workgroups of the ministry of finance have determined that there is a discount factor that should be used for NPV calculations by public institutions
. 

Binominal approach:

To determine the risk neutral probability the upside and downside have to be calculated
.
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The value of the call can be calculated using the Binominal approach
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In this example there is no correction for trend. Normally price changes have increasing trend which follows the inflation rate. The calculations have set the exercise price at the initial offer. Correction for trend can be done in two manners. The first one is setting a different strike price which is based on the average trend over the past period. The second manner is more complicated and involves correcting the volatility with the found trend for the past period. Correcting for trends with the exercise price will lead to lower option prices. If the trend is a growth of two percent per year the exercise price would be (1+2%) to the power five for a five year project. Instead of an exercise price of 100 the exercise price will be 110.4. This increase will lead to a lower call price. Of course then the upside potential for the owner of the call has decreased. 

In this example the index is a weighted set of price changes for the required commodities for an infrastructure project. Two important elements for the overall price changes are steel and labour. Steel has a higher volatility than labour. So instead of having a call option on the entire project it can also be set with the most volatile elements as the underlying asset. High volatility results in high option value
. 
For the project owner it is difficult to influence the real price changes. The contractor does have the ability to influence the effect of price changes during the realisation. Simple measures as negotiating with subcontractors and suppliers of raw materials can affect the real price changes. These negotiations can lead to forward contracts or other conditions that set the price for the contractor. In reality no contractor will be able to mitigate the price risk entirely. 

5.1.2 Analysis of (real) option usability for prices changes

In order to explain the effect of option on the risk of price changes for projects the following graph shows the pay offs for the option agreement for both parties in one diagram. The blue line is for the contractor, the red line for the project owner.
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The diagram does not show the budget reservations made by both parties for the actual price changes. The project owner will have reserved a budget which is set at the exercise price of the option and the premium paid for the option agreement. The contractor has the option premium as a reserve for excessive price changes. 

Situation A; actual risk is lower than strike price. The project owner pays the actual price changes and has paid a premium for the option agreement. The option is not (yet) exercised and the total costs for the price changes, actual changes and option premium, are lower than reserved budget. This means costs are lower then expected beforehand. For the contractor the premium is received without extra costs for the contractor. Both parties have a positive result when compared to reserved budgets.
Situation B; the actual risk exceeds the strike price. The contractor has a profit until the received premium can no longer cover the extra price changes. For the project owner the entire reserved budget is spent on price changes. 

Situation C; For the project owner there is a virtual profit. Without the option agreement there would have been no maximum on the compensation towards the contractor for price changes. The contractor now faces the residual price changes; these are losses since the contractor does no longer compensate price changes. Although the surplus on price risk is a risk for the contractor when an option is written it is important to realise that the chance of extreme price changes is not that big. The normal density curve, when Black, Scholes & Merton would have been used, shows that to the left of the curve the chance of occurrence decrease. This emphasises that the chances of large losses or large profits for the project owner, and owner of the put option, are relatively small. 

6 Project Analysis

This chapter provides the research on actual projects where real option situations occur. Each case is build, starting with the PFAM. The use of the project feasibility analysis model provides the information about the objectives, stakeholders and scope of the project. This analysis is used for the evaluation of the real option analysis that has been made for these projects. For the cases data has been analyzed and experts involved in these projects have been interviewed. The interviews were held to obtain information about the projects and more specific the uncertainties that are affecting the project. The interviews where also used to reflect the real option analysis and the way they would affect the project or stakeholders of the project. The presented real option situations are related to these projects but are not necessarily unique for this project. The following projects are presented: 

1 Bicycle flat Utrecht City Centre 
2 Photo panels for Rotterdam and Utrecht Central Station
For real option valuation in general the Binominal approach is used. In most of the cases the possible future values of the underlying of the real option are estimated with the use of an event and decision tree. No Monte Carlo analysis has been used to obtain a reference for volatility to determine the real option value. Besides the fact that is difficult to obtain volatility numbers on the value of the underlying the Binominal approach is easier to explain. This is useful in presenting the cases. Besides using the relatively simple binominal method the cases have been simplified for this thesis. The complications that have been left out are mainly related to the overall organisations of these projects 

6.1 Bicycle flat Utrecht City Centre

This case concerns the real option to realise office floor space on the roof of the bicycle flat. Realisation of office space on the roof of the flat is only possible when the construction of the flat is adjusted. The decision for doing so can not be made afterwards. In this case the Triodos bank has opted for possible development of floor space. Hence the city has asked ProRail
 to build in the extra construction necessities for future development. This can be seen as a real option situation. The city invests now in order to keep the option of developing office floor space alive. Triodos bank has not committed to development of the office space floor. The actual decision for Triodos strongly depends on the market value of office space in the future. Given the actual market situation Triodos is not prepared to commit itself fully to the development yet
.

For Central Railway station Utrecht the parking of bicycles is a problem. Now that the entire Central Station area is being rebuilt this problem is one of the many issues that has to be solved. The plans that so far have been developed contain, amongst others, the realisation of a so called “bicycle flat” a multi floor building providing 9.000 parking places for bicycles. The location is set on the eastern side of the central station near the Mariaplaats. The height of the building is over twenty meters. 

Besides the ambition to park several thousands of bicycles there are other ambitions in the central station area. In the entire plan thousands of square meters of office floor space are planned. A possibility to realise these meters is building offices on the roof of the bicycle flat. 
6.1.1 Project in PFAM© (data analysis)

Each stakeholder has its own objectives. The next step is combining the individual perspectives for the project. This can provide information in reinforcing and conflicting elements of the project. 

	PFAM for Bicycle flat

	Objectives 

· Provide parking places for 9.000 bicycles

· Improve area quality which is now affected by bicycles parked everywhere

( Increase available office space locations
	Stakeholders

City of Utrecht 

(Triodos bank?

	Scope/costs

A 20 meters high construction where the required number of bikes can be parked

approximate costs €17 million

( Constructional adjustments to realise office floors on the bicycle flat? Approximate costs € 0.8 million?
	Budget

€17 million (City of Utrecht)

( € 0.8 million required (Triodos Bank?)
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The four quadrants have been filled
, the analysis does not show any conflicting objectives but the objective of real estate development is not certain. The commitment, the relationship between stakeholders and budget, towards the building of office space depends on the market situation. The objectives of the city of Utrecht are not financial, their objective is social; improvement of the quality of the station area. Providing enough parking places for bicycles is one of many measures that can improve the quality of this public area.  
	Boxed text 6A; Organisation of the project

ProRail is responsible for the realisation of the bicycle flat. Their organisation is equipped for developing the design and contract for projects affecting the station area and working near or above railway tracks. Also are they capable of designing the contract for hiring contractors and guiding the realisation. The project does follow the general phases as presented in chapter 3. The exploration phase and design phase are filled in by ProRail and paid for by the city of Utrecht, budgetary constraints are set for each phase. After the designing phase a contractor has to be found by having a tender procedure. Before hiring a contractor a decision has to be made on the incorporation of extra constructional requirements for the future realisation of office floor space. After realisation of the bicycle flat the city of Utrecht will probably own the flat and contract another party to exploit it. The realisation of the bicycle flat is practically in the backyard of ProRail; it is next to the railway station, the platforms and the railway tracks. Therefore the city of Utrecht has contracted ProRail to realise the entire project. The primary responsibilities of ProRail are:

· Managing railway capacity on the tracks. 
· Offering safe railway tracks for public transport organisations (NS) and carriers of goods.
· Delivering travel information for travellers.
· Realisation of new railway tracks and railway stations.
· Operation and maintenance of the existing railway tracks.
· Operation of railway stations and transfer possibilities such as platforms, escalators, elevators, and station hall. 
Realizing parking space for bicycles, or any other form of parking in the station area, is a responsibility for the city of Utrecht. 


6.1.2 Real option analysis for office space on the bicycle flat

Real option analysis considers the following steps:

1 NPV calculation for the base case

2 Identification of uncertainties affecting the project by developing an event tree. 

3 Identification of managerial flexibility by combining the event tree with the decision tree. 

4 Determine the real option possibilities and value for the project with the usage of found managerial flexibility. 

The value of a real estate object can be determined by different approaches. The value of the same object can be different. Whether it is valued as an object that is part of a real estate portfolio or the value is determined by the usability for a specific function to be housed can lead to different values for the same object. Therefore several visions on value are separated. For this case the value is the “free market value free from rent and use”
. This value can be determined by a so called BAR or gross yield calculation. With a BAR calculation the value is determined by two numbers, the annual income when fully rented out and the BAR (Bruto Aanvangs Rendement) or gross yield. 
	Boxed text 6B; Value drivers for real estate
A BAR calculation requires the determination of a BAR; this number is affected by several parameters: 
Vacancy : vacancy means no income. The real estate monitor for the city of Utrecht and particularly the centre produce the following numbers for vacancy. At the start of 2008 vacancy is 6,2%. This is a decrease compared with the previous year (7,2%). Vacancy is relatively low when compared with the average of the Netherlands (10,7%). From the four big Dutch cities only The Hague has a lower vacancy rate. 

Rent : the actual value of a real estate object is determined by the cash flows it can generate. These depend strongly on rent. For this location rent has increased with 5% over the last year (€ 195/m2 mid 2007 and € 205/m2 mid 2008). The station area remains popular, the market expects further increases in rent for the future.

Demand: The actual number of square meters that have been added in the last year determines the quantity of demand for office space. For 2007 a record breaking demand of 201.000 m2 occurred. For 2008 the demand is expected to be smaller. The first half year of 2008 the demand was 61.000m2. Demand is not only determined by the price but also by approachableness, charisma, location and so on
Supply: Not only the quantity that is available is relevant also the usability of these square meters is important too.  Realtors determine 25% of the 215.000m2 of available office space as incurrent. 

These are numbers presented by real estate monitor for the city of Utrecht
 what they do not tell is the incentives real estate developers give due to actual market situations. Incentives such as free rent for the first period when a long term contract is closed are not presented in rent values but do affect the value of a real estate object. The market rent does not reflect the actual rent when incentives and length of rental contracts are incorporated. Therefore using market rent as the only value driver for the value of a real estate object is not correct
. 


The future value of the real estate object is determined by the variables mentioned in the boxed text. They can be incorporated in an event tree. The event tree presents the possible events that can occur and affect the value of the real estate object. 
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These events can happen simultaneously or not in the presented order. So the actual result is that due to changes of the presented variables real estate prices go up or down. This simplified reflection of the market, the NPV calculation and the uncertainty analysis results to a simple real option identification. 
Real option analysis for real estate developer

Let’s assume the following numbers for the position of Triodos to determine the base case. Within the base case the uncertainty is already incorporated by using an up and down future value for the revenues. 

	Variable
	Value

	Initial investment
 (per m2)
	I0= 250

	Revenues: residual value
 (per m2)
	RV0 = 240

	Future residual value (per m2); upside situation
	RVu(t=1) = 1.25 x RV0 (p=0.5)

	Future residual value (per m2); downside situation
	RVd(t=1) = 0.80 x RV0 (q=1-p)

	Risk free interest rate

	Rf = 3%
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[15]
Based on this calculation Triodos will not invest in this project. At t = 0 the expected residual value is lower than the investment costs
. When it is possible to wait until certainty about the residual value is available and thereby decrease the chances of losses this should be valuable. What is the value of this timing option for the real estate developer? 
	Boxed text 6C; The concept of land issue price (gronduitgifteprijs) and residual value

Every city or municipality determines the use of property within its boundaries. By developing a so called development plan (bestemmingsplan) the use can be changed from for instance agricultural use towards housing, industry or offices. The city has to provide all the required changes such as infrastructure, permits and so on. Revenues for these costs are obtained by selling property that is owned by the city to real estate developers. Historically the prices were set at the average costs for realizing the required conditions for further development. For industrial use these costs are lower than when offices are planned. Cities and municipalities did set prices just to prevent losses. Nowadays these prices are set by the residual value determined by the difference between the market price of the real estate development and the investment costs. 

With the use of the land issueprijs and the BAR calculation the so called residual value of a real estate investment can be determined. A short and simplified example: 

	Market rent per m2 
	€ 200

	Investment costs per m2
	€ 1.500

	BAR
	10%

	
	

	Value as determined by BAR calculation: 
	€200/10% = €2.000/m2

	Investment costs; changes in infrastructure, permits and so on per m2
	€200

	Residual value
	€2.000 - €1.500 - €200 = €300/m2

	The land issue price can be set by the municipality somewhere between €200/m2 and €500/m2. If set at the lowest level all residual value is for the investor and investors will line-up to obtain the right to develop if the land issue price is set at the highest level the profit for any investor becomes relatively small and possibly no investor is interested in the right to develop. The land issue price is not object specific; for the central station area the land issue price is the same for every possible location in this area. So it is not possible to drop or raise the land issue price per location based on its residual value. The residual value is what remains for any other costs and possibly profits. 


When no investment is made both parties lose the possibility of having a positive project. So what is the value of the extra investment needed to keep the option alive? When related to the PFAM; which increase in scope is possible in relation with the possible increase of commitment from the stakeholders? If the value of the project increases due to the positive value of the option the stakeholders should be willing to increase their financial commitment. This can be compared to a call option. As stated in chapter 4 the following variables are used to determine the option value. These variables can be related with the parameters for this case. 
	Variable
	description
	
	Value

	Share price
	Present residual value
	RV0 
	240

	Exercise price
	Land issue price
	I0 
	250

	Future share prices
	Possible future residual value
	RV1 = RV0 x d or u
	

	Upside potential
	Possible increase of residual value
	u
	1.25

	Downside potential
	Possible decrease of residual value
	d
	0.80

	Upside return
	Return on investment if upside occurs
	Ru(t=1) =RV1/I0  
	1.20

	Downside return
	Return on investment if downside occurs
	Rd(t=1) = RV1/I0
	0.77
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The numbers are similar to the ones used in the NPV calculation. The first step to determine real option value
 is calculating the risk neutral probability (p). 
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[16]
Based on the p-value of 0.61 it is possible to determine the call option value. The future value of the call is the intrinsic value determined by the possible future values and the strike price. The strike price of the call is the initial investment costs corrected for the time value of money presented by the risk free rate. When the downside situation occurs the option will not be exercised, hence the value of this position is zero. Using the Binominal approach
 the following calculation is made. 
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[19]
The interpretation of this call option is as follows. The long call position gives the holder of the option the right to develop office space floor at a specific location at the price of 257.5 per m2. The holder of the option will chose to do so when the residual value is higher than the exercise price.  This option valuation can be used for the decision whether the investment in extra construction value is rational or not. The calculated option value should be compared with the extra costs for the construction. The presented approach is based on the traditional relationship between the city and the real estate developer. 
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The city has set the land issue price; this determines the minimum residual value for the real estate developer. The developer is the party that faces a possible profit. Based on the real option analysis the real estate developer should be willing to pay for the postponement on the decision to develop or not. For the city costs are made now, the option premium the developer is willing to pay should therefore be higher than these costs. The city is then prevented from possible losses occurring from the costs for the extra construction. Selling the option to the developer requires a short call position for the city. But this does not mean the city faces a loss if the option is exercised. Since the city will in a traditional situation not develop the plot herself to obtain the possible profit. 
Real option value for the city of Utrecht
For the city of Utrecht the decision on whether to adjust the bicycle flat or not needs to be taken now. By building in the extra construction capabilities Utrecht holds the option for possible revenues from selling office floor space in the future. Revenue for the city exists of the opportunity to sell real estate development rights. So what is the value of the option to expand for the city of Utrecht? Let’s assume the same situation from the perspective of the city. More numbers are required especially on the investment costs for the city. The land issue policy states that land is issued at 250 per square meter. If land is issued besides the infrastructural investment costs (see boxed text 6C) other, mainly managerial, costs occur for the development; more permits, evaluation of presented building plans and so on. These extra costs are estimated at 200. Of these costs 50 are made before issuing the land, the other 150 occur only when a real estate developer has bought the development rights for the plot. The uncertainties affecting the city are the same as for the developer. The option situation is as follows; if the city decides on the development now it faces a possible profit of 50 but also a possible loss of 50. If the city can wait with this decision it mitigates the risk of this loss. Considering that the decision for investment is affected by the same uncertainties; real estate market development, the following real option analysis is made. 
	Variable
	description
	
	Value


	Share price
	Revenues from land issue 
	RLI0 
	0

	Exercise price
	Preliminary organisational costs
	OC0 
	50

	Upside potential
	Intrinsic value if upside occurs
	RLIu
	100

	Downside potential
	Intrinsic value if downside occurs
	RLId
	0

	Upside return
	Return on investment if upside occurs
	Ru(t=1) = RLIu /OC0  
	2.00

	Downside return
	Return on investment if downside occurs
	Rd(t=1) = RLId /OC0
	0
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If the investment is made now the share price is zero since no land will be issued due to market circumstances. If these circumstances improve the situation occurs that land will be issued. In this case the return on investment of 50 is 100. The extra costs of 150 occur simultaneously with the income of the issue price of 250. This net cash flow is 100 resulting in a profit of 50 over the initial investment of 50. The value of the call value is based on the following calculations:
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[21]
[22]
[23]
Financial return is not an objective of the city. The return made on the issue of land can be used for realising the overall objective; improve the quality of the public area. 
6.1.3 Analysis of real option usability

Implications for stakeholders

For both parties the option to realise real estate has a positive value. So both parties should be willing to increase their financial commitment towards the project. The value of the same option is different for both parties because the return that can be made differs. Based on the individual analysis the real estate developer and the city of Utrecht should be willing to increase their financial commitment with 25.02 and 25.75 respectively. The uncertainty affecting the exercise of the option is the same for both parties. Hence the total real increase of the commitment is the sum of both real option values. If the option is exercised both parties have a positive return on their investment. The remaining question is whether this increased commitment is sufficient for the extra construction costs that are required to realise the real option. The calculated real option value is stated per m2 of real estate development. With today’s plans for the development a total of 30.000m2 can be developed. A total value of roughly 1.5 million can be added to the budget if both parties are indeed increasing their financial commitment. Three situations can occur

1 Total costs are higher than increased commitment

2 Total costs are higher than one party is willing to increase their commitment

3 Total costs are lower than the individual value of the real options 

In the first situation the extra construction will not be realised. The second situation does require the commitment of both parties. The third situation leads to a situation where both parties can individually invest in the real option but this leaves the other party with a free ride. This introduces strategic and game theoretic aspects. The PFAM does change when the real option is incorporated. The required adjustments are estimated at 0.8 million. This leads to situation 2; both parties will have to increase their commitment.

	PFAM for Bicycle flat

	Objectives 

· Provide parking places for 9.000 bicycles

· Improve area quality which is now affected by bicycles parked everywhere

· Increase available office space locations

( Realise/sell office space?
	Stakeholders

City of Utrecht 

Triodos bank; option holder

	Scope/costs

· A 20 meters high construction where the required number of bikes can be parked

· approximate costs €17 million

· Constructional adjustments to realise office floors on the bicycle flat? Approximate costs € 0.8 million?

( Option for office floor space
	Budget

€17 million (City of Utrecht)

€ 1.5 million by Triodos Bank and city of Utrecht

( Land issue price minus costs
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In the initial PFAM situation the objective to increase office space location was uncertain. With the realisation of the constructional adjustments this objective is realised. Whether this location will be used is still uncertain and depends on the market situation. Exercising the option will lead to realisation of office space and this will in turn lead to cash flows for the city of Utrecht by land issue. This can be added to the overall budget available for the improvement of the station area. Exercising the option does also increase the return for the real estate developer. This return is not added to the budget of the project. 

Other social objectives
The strategic element also depends on the non-financial objectives related to this development. For the City of Utrecht it can be important to show any investors that it is willing to provide as much development possibilities as possible and is willing to invest in MVO (Maatschappelijk Verantwoord Ondernemen) by providing multiple space usage (meervoudig ruimtegebruik). For Triodos bank the location itself can help in branding the organisation as a green and social one developing real estate near a large public transport hub on a bicycle flat participating in multiple space usage projects in a scarce urban area. 

6.2 Photo panels for Rotterdam Central Station

This case is about a real option to apply photo panels on the roofing for a train station. Rotterdam Central Station is being rebuilt. The small roofs that provided shelter for train travellers on the platforms will be replaced with an enormous roof covering the entire railway platforms of over twenty railway tracks. Incorporation of photo panels on the roofing over the platforms at railway stations has not been successful everywhere. An important aspect that determines this success is the actual energy the photo panels can provide with technology today. On the other end the costs of producing photo panels and successfully installing them are still high. Altogether this results in negative NPV calculations. This case is about the real option to postpone the investment decision on instalment of photo panels on the roofing over the platforms over Rotterdam Central Station. 
6.2.1 Project in PFAM© (data analysis)

The Rotterdam Central Station project is element of the so called NSP
 (Nieuwe Sleutel projecten). The Dutch government has appointed several grand railway stations for a serious renovation program. Together with local governments and the operator and the owner of the stations (NS en ProRail) these stations will be adjusted to modern public transport hubs in their cities. The ministry of Transport public Works and water management
 and the ministry of housing, spatial planning and environment
, the city region of Rotterdam, Dutch Railways and the city of Rotterdam together invest in the capacity of Rotterdam Central Station. With the connection with the high speed railway (HSL-Zuid) Rotterdam Central station improves international railway connections. For the mentioned ministries this was the motive to improve six railway stations. For the stations Rotterdam Central, Amsterdam South/WTC, The Hague Central, Utrecht Central, Arnhem en Breda 1,5 billion Euros are made available by the two ministries. For Rotterdam Central Station and the central station area, which is a public transport hub for trains, subways, trams, busses and taxis as well as an area where many pedestrians and cyclists change their form of transportation, ProRail and the city development bureau (OBR) are delegated principal. The national government (both ministries), Dutch railways (NS), city region of Rotterdam and the municipality Rotterdam all invest in the quality and development of Rotterdam Central station and the entire traffic hub. The further development of the city area is the responsibility of only the municipality Rotterdam.
	PFAM for Photo Panels 

	Objectives 

1 Provide roofing over rail tracks and platforms 

2 Integrate sustainability

3 Minimize interference with daily operations
	Stakeholders

1 Ministry of Transport public Works and water management 

2 Ministry of housing, spacial planning and environment

3 Dutch Railways (NS)

4 ProRail

5 City and region of Rotterdam

6 (future) energy producers/distributors

	Scope/costs

Roof of 28.500m2 over 18 platforms and rail tracks;

Approximate costs €34,5 million
	Budget

Ministry of V&W 

Ministry of VROM

Dutch Railways (NS) 

City and region of Rotterdam
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A parallel initiative is SUS Station (sustainable stations). This is a European initiative where subsidiaries are awarded for integration of sustainability in train stations in Europe. This initiative led to the research of the possibility for integrating photo panels on the roofs of railway stations. One of these stations is Rotterdam Central Station. The total surface of the roof is 28,500 square meters. Ten thousand square meters are available for photo panels, since natural light must be able to reach the platforms as well. One enormous glass roofing will cover all platforms. The roofing is comparable with stations like Amsterdam, Antwerp and Berlin. The transparent roofing rests on Y-shaped columns. The roof itself is 140 meters wide and 250 meters long. The height is twelve meters and supports the overhead wires for the trains. The roofing will have sound reduction elements incorporated
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Project organisation of Rotterdam Central. 

The responsibilities for the realisation of the new Rotterdam Central station area are divided between the so called city domain and the tracks domain. The first is the responsibility of the city of Rotterdam which will realise the central station hall and its connections with the city and other forms of public transport such as subways and busses. ProRail is responsible for the tracks domain which contains the roofing of the tracks and the renovation of the platforms and the bridges and tunnels across the tracks. The total estimate off all planned elements for Rotterdam Central station is €0,65 billion. This is based on the definite design of the integral public transport terminal which is accepted by all stakeholders. The city domain is estimated at € 370 million and the tracks domain is estimated at € 280 million. Stakeholders have agreed upon the financing and height of the budget, the agreement consists of several contracts. 

6.2.2 Real option analysis

In order to achieve the objective of sustainability the initiative was taken to cover the roof construction over the tracks with photo panels. This way solar energy could be obtained together with the covering of the tracks. From a financial point of view the decision depended on the business case consisting of the required investments and the expected revenues from selling electricity. As any business case this one holds uncertainties. And for real option analysis identification of uncertainties affecting the project is an important step. So before modelling the traditional NPV approach the uncertainties are presented
. 
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The uncertainties can be divided in two groups: affecting the costs and affecting the revenues:

Costs affecting uncertainties are:

· Costs of photo panels; the technical development can lead to changes of costs other than changes due to market developments. 

· Costs of installation; the experiences of application of photo panels for situations like this are small. 

Revenues affecting uncertainties 

· Subsidiaries; The “green wind” that is blowing leads to possible subsidies for investing in sustainable energy. It is possible that, let’s say due to a financial crisis, these subsidiaries decrease or, as a result of higher acknowledgement of “green investments”, the subsidiaries increase. 

· Demand for energy that will lead to price changes. This depends on market developments towards the demand and the scarcity of alternative energy sources such as oil and gas. 

· Technologic changes; next to more efficient production processes that will have cost reduction effects technologic development can lead to photo panels that produce more energy with the same volume or surface. 

The rational expectation for the cost affecting uncertainties is that the chances of a decrease of costs are higher than chances of an increase in costs. The same goes for technological developments that will lead to more energy per unit. The other revenues affecting uncertainties have an equal chance of decreasing or increasing. Similar to earlier case the uncertainties can be presented as follows.
In which order uncertainties will affect the project is unknown. The simplification of this problem leads to the conclusion that costs as well as revenues can go up or down. All together the result can go up or down. For this case there is a timing option, waiting until more information is available is valuable. But the scenario to wait with the investment should be considered carefully since the roofing itself has to be realised on a certain date. Two real option approaches are set up:

1 Postpone the decision on whether to adjust photo panels or not until the actual moment of building. The design period has not reached its final situation and no contractors are contracted yet. Flexibility in the design process can help postpone the decision for approximate 1 or 2 years. Extra costs are required to maybe realise two technical designs; one with and one without photo panels. 

2 Change the roofing materials itself during the lifetime of the construction which will be at least 30 years. If during this lifetime the financial results per square meter increase until a level at which a positive net present value occurs this option can be executed. 

Both scenarios can be used since they follow each other in time. If the first option is not exercised the second option is available during the lifetime of the construction. The second scenario is applied for this case. There are three decisions required, they are presented in the decision tree in figure 6.4
. 
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To come up with a numerical example the scenario has to be worked out in more detail. Two possible scenarios have to be compared. The first scenario is for the situation where no measurements are incorporated for the decision on the adjustment of photo panels for the second scenario these measurements are incorporated. They both present a real option to wait; the difference is the preliminary adjustments for the second scenario. The costs now present the initial costs for realizing the roofing over all tracks, the future costs are made at the moment when the photo panels are installed. 

	Scenario 1; no preliminary measures

	Costs now
	Costs in the future

	· Realisation of construction and glass panels
	· Removal of glass panels

· Adjust construction for placing and functioning of photo panels

· Installing photo panels

	Scenario 2; with preliminary measures

	Costs now
	Costs in the future

	· Realisation of construction and glass panels

· Provide cabling and other preliminary actions for photo panels
	· Removal of glass panels

· Installing photo panels
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The difference is the moment of installing the required constructional adjustment for photo panels. This is not simply taking costs earlier. Once the construction is build it is more difficult to adjust it then when it can be incorporated with the realisation of the construction itself. It is more practical to build on ground level than on the level of the realised roofing construction. The availability of the railway tracks during the realisation of the entire roofing construction provides easier access than when the railway tracks are used by actual trains. If total investment costs for both scenarios are equal a NPV approach would lead to a higher value for scenario 1 since all costs are closer to the revenues. Since the total costs are higher for this scenario this is not the case. This has nothing to do with the real option. But both scenarios are based on a real option to wait. This real option has different values for both cases. The preliminary investment for scenario 2 lowers the strike price which increases the option value. The increase of the option value should be higher than the preliminary costs. 
	Boxed text 6C; How to incorporate preliminary measures

The installation of Photo panels does not exist of the panels only. Transport of generated energy from the panels to the net has to be installed as well. This requires cables, cable connectors infrastructural adjustment near railways and platforms and so on. These required elements are easier to install before or during the realisation of the entire roofing then afterwards. Besides these elements it is possible to make adjustments that provide easier switching between normal glass panels and photo panels. It is possible to use the same size for both panels which may not be the optimal size for the glass panels. Also the way both panels are connected on the construction can be designed in a similar way, which may not be the cheapest manner for the glass panels but does lead to savings once it is interesting to use photo panels.   


NPV calculations

The design of this situation starts with a standard NPV approach where investment costs and revenues are compared with the unity of square meters. The total investment cost for adjustment of the entire construction for applying photo panels is divided by the total surface of 10.000m2. For the revenues the same approach is used. 

	Variable
	Scenario 1

Value (no measures)
	Scenario 2

Value (with measures)

	Initial investment photo panels (per m2)
	Ipp= 500
	Ipp= 500

	Expected annual revenues at t=0
	Ro =15
	Ro =15

	Costs for adjustment of construction
	It = 150

	Ipa = 50

	Time to maturity

	30 years
	30 years

	Change revenues (per m2); upside per year
	Ru(t=1) = 1.15 (p=0.5)
	Ru(t=1) = 1.15 (p=0.5)

	Change revenues (per m2); downside per year
	Rd(t=1) = 0.87 (q=1-p)
	Rd(t=1) = 0.87 (q=1-p)

	Risk free interest rate
	Rf = 3%
	Rf = 3%
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With the given numbers the NPV for scenario 1 is based on I0 and R0. The result is a negative NPV of -/- 161 when these numbers are used for the 30 year period in which revenues
 occur (calculation 24). 
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[24]
[25]
[26]
The uncertainties affecting the project can lead to a situation that provides a positive NPV. To analyse this Rt and It are required where the remaining cash flows are determined by the remaining life time of the roofing. After five years R5 the total revenues expected for the remaining 25 years (calculation 25) lead to a negative NPV of -171, partly due to the extra costs for installation. After 1 year the actual revenue level is known. In an upside situation the level has increased to 17.25. A new NPV can be calculated for the following 29 years. And so on for year 2, 3, 4 until the total lifetime of 30 years has been calculated
. With the other given numbers for investments an annual increase of 15% will lead to a first positive NPV at t=9. After 29 years the NPV becomes negative again simply because the remaining lifetime is too short. Graph 6.5 shows the level of annual cash flows for the first twenty years. The black line indicates which level will lead to a positive NPV. This analysis shows that a positive NPV is possible. So there is a real option value to wait. The next step is using real option valuation to determine this real option value. One aspect that affects the real option value is the exercise price. Without preliminary measures the exercise price is the total of investment costs which are estimated at 500 for the installation and 150 for adjusting the construction of the roof
. The real option value can be higher when the exercise price is lower. This can be achieved when preliminary measures are taken (calculation 26). For this case it is assumed that the preliminary measures affect the costs for adjusting the construction. The costs for preliminary adjustments are set at one third of the cost level. If the costs of these preliminary measures are lower than the change of the real option value these measures should be taken on a risk neutral base. 
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The red line shows the required level of annual cash flows that result in a positive NPV when preliminary measures are installed at t=0. The lower exercise price of the option results in more situations that will lead to exercising the option. With the changed costs for constructional adjustments and an annual increase of 15% a first positive NPV occurs at t=7. After 29 years the NPV becomes negative again simply because the remaining lifetime is too short. The red and black line in figure 6.5 show the level of annual revenues that is required for a positive NPV calculation. These lines cross the maximum level of possible revenues in year 9 and year 7. After this year the annual revenues can either go up or down. The expected annual level has reached its critical level and will result in positive Net present values. 

This real option calculation requires the use of the general multiplicative Binominal approach. This means that from the last node in the event tree the value of the real option is determined using the Binominal approach. The approach was popularized by Cox, Ross and Rubinstein in 1979
. In chapter 4 the Binominal approach is explained, this is a single period model. In the multiplicative approach each following period is considered an identical problem as the previous period. The call value of the option is determined by the up- and downside that can occur. By working backwards it is possible to determine the value of the option at each node. Doing this for the period of thirty years requires a lot of calculations. The general multiplicative Binominal approach is the calculation of all these nodes and is presented by the following formula. 

[image: image55.wmf]Valuation

  Identification

Choose

Strategy

  Management

  Identification

uncertainty

NPV

-

value

Managerial

flexibility

Real option valuation

  Management


[27]

This formula requires a lot of number crunching so for the calculations for this case the scenarios have been simplified. Let’s state that there are only three moments at which it is possible to exercise the option: now, after ten years or after twenty years. 
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The height of the revenues is presented by the upside and downside value of 15% and -13% per year. So after ten years the revenues are either increased with 15% per year 15 x 1,1510 =  or decreased with 13% per year giving a annual revenue of 15 x 0,8710 =  For the following ten years the value increases with 15% or decreases with 13% and so on. With these revenues the Net present values at every node can be calculated. Since the investment costs are determined by the preliminary measures two values are found for every node. Bleu is without preliminary measures, red is with preliminary measures
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With the NPV at every node it is possible to determine the real option value for every node and for the entire project at t=0. Backwards calculations will result in two call values at t=10 and a single call value at t=0. Both call values have the same risk neutral probability (p).
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[28]
In the previous case the value of the call was the maximum of the revenues at the time of maturity minus the investment at that time. This is similar to the NPV value at the time of maturity of the revenues minus the investments. In the figure they are presented at the values discounted to t=0. For the situation where no preliminary measures are taken: 
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[29]
[30]
[31]
The value of the call option for photo panels is positive. So it is valuable to hold the call. But this has to be compared to the values that have occurred at t=10. The top half of the figure shows that at t=10 already a positive NPV has occurred. The NPV is 66.9. This is lower than the call value at t=10. So in a risk neutral world the option will not be exercised at t=10. With the highest value at t=10 the value of the call at t=0 can be calculated. The risk neutral probability is the same.  
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[32]
[33]
[34]
The value of the call to wait or defer at t=0 is 29.8. The call option gives the owner the right to exercise it after ten years. By this time the intrinsic value is either zero or 66.9. The option value at t=10 is the intrinsic value or the option value to wait for ten more years. Exercising the option means investing in photo panels on the roofing over the platforms and generate solar energy which can be sold for the following 20 years, the remaining lifetime of the roofing construction. The estimated positive NPV is 66.9. Holding the option with a value of 138.7 will give the owner the right to exercise the option after another ten years at t=20. 
The same analysis can be made for the situation where preliminary investments are made. The same risk neutral probability holds but since the investments are lower, which represents the exercise price, the value of the call option is higher. 
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[36]
[38]
The value of the call is compared with the NPV after 10 years, which is 166.9. This is contrary to the previous calculations higher then the value of the call. So the option is exercised at t=10 if the upside scenario has occurred. The value of this call at t=0 is: 

[image: image63.wmf] 

S

-

PV(X)

C

 

P

   

PV(X)

C

 

P

S

PCP

+

=

®

+

=

+

®

[39]
[image: image64.wmf];0)

I

)

r

(1

I

MAX(R

C

;0)

I

)

r

(1

I

MAX(R

C

0

f

0

1)

d(t

d

0

f

0

1)

u(t

u

´

+

-

´

=

´

+

-

´

=

=

=

[40]
[41]
The call value is higher; this is in line with the analysis made in beginning of the paragraph where the preliminary investments lead to more and earlier positive NPV situations. 

	Call values at t=0

	Without preliminary measures
	With preliminary measures
	Difference

	29.8
	35.9
	6.1
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The costs for preliminary measures are 50; the difference in option value is not enough to account for the extra investment costs. Preliminary measures add value to the option but it also means an actual premium is paid for the increased value of the option. The situation where no preliminary measures have been taken does not require any investment without losing the real option. 

About the assumptions

This example simplifies several issues. The time to maturity is 30 years and the moment of exercising the option is not limited to the exact 10 or 20 years. This simplification has been made for mathematical reasons. Other assumptions are made to simplify reality into an example that can be worked out into a numerical example for this thesis. 

1 The cost of latter installation of the entire project has not been calculated. The costs can be calculated and can even change over time. Calculations require information about planning, and technical solutions to overcome some of the issues that make it difficult to install the photo panels in a latter stage. 

2 The growth number is the same every year: some of the uncertainties affecting the NPV value of the project may stop to exist or increase with a smaller number. Installation costs and production costs will never be zero. There is a limit to what the decrease of these costs can be. The same goes for the energy generating possibilities per m2. At some point solar energy has reached a maximum level. 

3 It is assumed that the option to install photo panels always exists. And that the investment costs do not change with exception of the time value of the investment. This may not hold since the number of trains and travellers will increase over time and therefore leading to more costs for unusable railway tracks (buitendienststellingen) to install the photo panels.

6.2.3 Analysis of real option usability

This case has introduced a real option to wait or defer. Related to the PFAM several stakeholders have been introduced. The base case for NPV calculations was made on the assumption that the investments required a positive NPV to be taken on as a project by one of the stakeholders. Most likely to be the energy company which will eventually distribute and sell the generated solar energy. The initial situation provided a negative NPV. For the roofing of the platforms the statement could be “sad but true”; (Jammer maar helaas) sustainable roofing is not feasible given the future revenues and initial investment costs. The real option analysis provided the information that a positive NPV can occur during the lifetime of the roofing. Hence there is real option value. This would not change anything for the actual situation. The real option is simply there and when time moves on and a positive NPV occurs an energy company can invest. The next possible step was to take preliminary measures in order to increase the real option value. The assumed initial costs for these preliminary measures are higher than the increase of the real option value. Based on this analysis the preliminary investments will not be made. 

The PFAM does show other objectives than only financial return. The objective to integrate as much sustainable measures as possible is a social objective. Whether to invest in photo panels on the roofing has been evaluated from three points of view all with different financial results. 

	scenario
	

	Invest now in photo panels

· NPV = -/- 190.9
	The NPV is negative, an expected loss of 190.9 at t=0

	Do nothing

· NPV = 0

· Real option value = 29.8
	In latter stages, after 9 years or even later the investment can be made with a positive NPV. The real option value is there but there is no argument to let one of the stakeholders pay for this option. Waiting does not cost anything and there are no exclusive rights to be sold. 

	Take preliminary measures

· NPV = 0

· Real option value = 35.9
· Investment measures = 50
	Costs are made to increase the real option value and the chances for a positive NPV situation. These costs are lower than the loss that occurs in the first situation. The real option value covers a large part of the costs of the preliminary measures. Also the upside potential is significantly larger than when no preliminary measures are taken. 
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The last situation provides opportunities for the individual stakeholders and their individual objectives. If it is possible to have one of the stakeholders pay for the real option. Most likely this will be an energy company. The energy company than holds the exclusive rights to realise a solar powered energy system on the roof over the platforms. For the public parties such as the ministries and the city of Rotterdam the public investment in sustainability can then be limited to 50-35.9 = 14.1.

For the PFAM there are two mechanisms. 

1 The strategic real option is in this case the opportunity to attract another stakeholder that is willing to increase the number of objectives that can be realised for this project. And on a risk neutral basis is willing to pay for the upside potential that the future holds. 

2 Technically the real option is designed by the preliminary measures. This results in a lower exercise price which in turn leads to more and higher Net Present Values in the remaining lifetime of the option. 

7 Results of case analyses and interviews
Chapter 5 and 6 contained a series of real option usability in actual situations. This chapter reflects on the results found on the analyses of these cases and the people interviewed for these cases. Chapter 2 till 4 contained the theoretic framework and thesis hypothesis. The methodology used focuses on the building of the case itself and the responses from experts interviewed for the cases. This splits the research results in two elements:

1 Real option analysis for the cases

2 Responses on real option applicability for the cases

As presented in chapter four the interviews were held to built the actual cases and get responses on the real options identified for the cases. This process has led to a series of interviews where in some cases respondents were interviewed twice. The cases were developed simultaneously. This has created the opportunity to use all cases as examples to explain the real option approach to all respondents. In turn all respondents were able to reflect not only on their specific project but also on the other cases. Since all respondents are working in similar fields of expertise, especially project, risk and financial management of public and public private projects, their reactions on all cases are considered relevant. In the next paragraphs the reactions from respondents are presented. For the development of the separate cases the project managers of these projects were interviewed. Reflections on the thesis hypothesis and questions are not necessarily obtained from specific respondents and are therefore presented in a more general way.   
7.1 Reflections on real options analysis for the cases
In this paragraph the implications of the presented cases are examined. This is done by considering the separate four steps of real option analysis. This analysis will result in a qualitative approach for the cases. The next step is to consider the cases in line with the PFAM and the way the real options is or can be used. Next to the question whether the option can be used functional or strategic the value of the option is examined. Does the value found for the specific cases represent a realistic value? 
7.1.1 Analysis of option usability for price changes

As stated in chapter five this case does not necessarily have to be considered as a real option. The underlying for this option is the entire project which will be built using different materials, machinery and labour. These elements are not unique for this underlying and can be used for different projects. The financial effect of price changes is determined by the project itself and not tradable so an option agreement on price changes can also not be considered a financial option. Price changes do form an uncertain aspect that affects every project. The analysis is focused on the possibility to present price changes and the way to handle the financial effects of these price changes in such a manner that the management of this uncertainty is done by the party who can manage this in the most effective way. By presenting it as an option with a premium to be paid by the project owner both parties can profit from low price changes and the contractor is compensated for the management of excessively high price changes and its financial effects. 
Analysis and valuation of the option for price changes

For every project a NPV calculation can be made, generally an expected price change is used for the realisation period of the project. This results in a total amount expected for the effect of price changes and is taken into account for a NPV calculation. The option analysis can be made using historic data on price changes and its volatility. Especially for the most common building materials this is not a problem. Their price development over time is monitored by the GWW-risicoregeling. Given the realisation period, the composition of materials and the volatility an option value can be calculated either by using Black, Scholes and Merton or the Binominal approach. The risk neutral probability states that this is a risk neutral value which is the same for the project owner and the contractor. 

The project is defined at the beginning of the bidding procedure. This determines the development time, and the composition. These are considered constant during the exercise time of the option when the option value is determined. In reality projects change and this would require a constant monitoring of the expiration date and assembly of the actual price index. This would lead to continuous adjustment of the option premium. This is not different from any other form of agreement between project owner and contractor. In a situation where the contractor is obliged to take the price risk a change of delivery date and composition of the project will lead to claims for adjustment of the price risk premium. 
Strategic and functional use of the option for price changes

The costs for the uncertainty for the development of price risks can be constructed as an option. This can be done for strategic reasons for the contractor and the project owner. Price risk can be a large part of the bid during the tender phase of a project. Therefore this aspect of the contract is often used for strategic biddings. Of course this means a higher risk profile for the contractor and a lower price for the project owner. With an option agreement, the option premium and the compensation for price changes are the same for all possible contractors during the bidding. The residual risk is small and will lead to a smaller competitive element than a situation were the contractor is asked to price all risk that occurs with price changes during the realisation of the project. When an option agreement between the contractor and the project owner is part of the bid this means that contractors do not compete on their willingness to take risk but on their ability to manage and organise building projects. The project owner may have to pay a higher price but has decreased the risk of high claims that can occur due to changes of the project. Introducing this option agreement for functional reasons can be interesting as well. The agreement has introduced an incentive for both parties to minimize the effect of price changes. The project owner compensates for price changes until a certain level has been reached. The contractor is left with the risk of excessive price changes. During the realisation of the project the effect of changes affects both parties. The decision on changes affects the option agreement and thus affects both parties. 
7.1.2 Analysis of option usability for the bicycle flat

The real option analysis for this case presented two situations. A real option for the real estate developer and a real option for the project owner in this case the city of Utrecht. Both parties are affected by the uncertainty in a similar way. An increase in market prices for office space floor will for both parties result in an exercise of the real option.  

Analysis and valuation of the option for office floor space
The market for real estate is very volatile. Many aspects determine the value of office floor space. The volatility of the real estate market is not captured by one variable such as rent. It is therefore very difficult to determine the effect of all variables on the market value of office floor space. The option analysis can be simplified which makes it easy to understand the concept. The valuation of this real option and especially the value of all input variables that affect the uncertainty of market prices is very difficult.  
Strategic and functional use of the option for office floor space
Related to the PFAM the real option introduction has a strategic optional aspect. Meaning that the realisation of the real option provides the opportunity of realizing more objectives and the commitment of more stakeholders. This would not have been possible before hand and when the real option is not used the possibility of risk mitigation for the city of Utrecht would not have been identified. 
7.1.3 Analysis of option usability for the photo panels

The case of the photo panels presented two scenarios. The real option is always present but when preliminary measures are taken the real option has a higher value since it will lower the exercise price. In the used example the costs for these preliminary measures were higher than the increase in real option value. 
Analysis and valuation of the option for price changes

Similar to the case of the office floor space on the bicycle flat the uncertainties affecting the business case for photo panels are hard to estimate. For example; how will the development of the production process for photo panels affect the costs and how will it affect the technological progress and how are the two related. Does the technological progress come with higher costs or will it lower the prices for photo panels. Since these aspects are difficult to estimate it is hard to value the real option. The same holds for the value and costs of preliminary measurements.
Strategic and functional use of the option for price changes

Both scenarios present a strategic real option. When no measurements are taken the real option is simply there and when related to the PFAM the identification of the real option also identifies possible future objectives; in this case implementation of a sustainable energy source. When measurements are taken this measurements can be regarded as risk mitigating measures that will lower the operational risk when the real option is exercised. Think about the safety risk and the risk of damage which can result in a non operating railway tracks or platforms.
7.2 Reflections on real option applicability by respondents

The three cases have been built with the help of several experts involved in these projects or with expertise in the field of public and public private projects. Their help consisted of providing information about the cases and respond on the analysis made. These experts have also been interviewed. Interviews were held in order to obtain information on the practical applicability of real options for these specific cases and public projects in general. The experts have different fields of expertise relevant for the management and realisation of public or public private projects. During the interviews the ROA implementation issues have been discussed. These issues were presented earlier in chapter three:
1 Marketing problem: Selling real options to management, appreciating the utility and benefit, understanding their capabilities and strengths (and weaknesses) and communicating these ideas

2 Analysis problem: The problem of framing; isolating real option analysis from other business or project related issues, and correct technical analysis. 

3 Impact problem: Not the interpretation of results but rather acting on them implementing them and managing the whole process. 

7.2.1 Results for the case of prices changes

For the use of real options as a risk mitigating measure I have interviewed several risk management field experts. Ir. Jeroen Versteegen
 is a risk manager for several Rijkswaterstaat projects and author of the book Management of uncertainty (managen van onzekerheden) Dr. Ellen Gehner is a risk management consultant and has earned a PhD degree for her research on risk measurement in real estate development. 

Ing. Marcel van Rosmalen
 is a financial expert for infrastructure and real estate projects with a focus on project and cost control. Ir. Th. Wildeboer
 is a contract manager for Heijmans BV. Heijmans BV is a large construction company in the Netherlands. His contract management involves tender offers and realisation of projects. With these experts I have discussed the possibility to use an option approach to cap the price risk for large projects. Their responses towards this approach were very positive. The idea of splitting the risk between the two parties other than just dividing the actual costs was an eye opener for most of the respondents.

Marketing problem: can you grasp the concept? 
All participants did not have a problem with grasping the idea. A pay-off or profit diagram was enough to explain the option approach towards the management of price risk. Talking about the option approach introduced the analysis problem and possibilities for this and other options for projects. The framing of the option as a single element within a project is difficult. For every event that causes the planning of the project to change, whether it is caused internal or external the time value of the project changes. The option approach as stated in this example needs to be adjusted and so does the premium. So there still is a residual price risk for the project owner. 

Analysis problem: Is it manageable, not only the design but also the actual management during the period of realisation? 
The respondents stated that the design of the option can be managed but will lead to questions towards other uncertainties affecting the time value of the project. The contractual agreement for the option requires adjustments for this. This in turn will leave risk for both parties that is not captured or mitigated by the option agreement as designed for this thesis. 

Marketing and impact problem: Could it be implemented within projects? 
The example given has its complications as already mentioned. But the general opinion is that these issues can be designed into a workable approach which does justice to the concept. The issue of price risk and time value of a project of which the realisation takes several years is significant enough to give some extra thought. This opinion was held by people who work for project owners as well as contractors. For contractors the incorporation of price risk is an important issue of the bidding offer. It has a competitive aspect as well. Therefore an approach that can help set the bar for all possible contractors is in favour of the contractor. He can than compete by offering his core business, realizing projects, instead of managing market risk. 

7.2.2 Results for the case of the bicycle flat

For this project the project manager of the bicycle flat was interviewed; Ir. Marieke Koopmans-van Berlo. She has been involved with the project since 2007 and has a wide knowledge of the project and stakeholders involved. For financial management of this project Ir. A.S.C Schütte has been interviewed. He is financial advisor for the POS (Project Organisation Station area) and involved in many projects in the station area affecting the financial results for stakeholders. For data analysis and real estate valuation questions drs. Y. van der Werff and S. Weekers MRA have been interviewed. Both are advisors in the field of real estate value related and have a wide knowledge of the variables that determine this value. The response towards the ROA implementation issues can be summarized as follows. 

Marketing problem: can you grasp the concept?
For the project manager of the bicycle flat the uncertainty towards the possible commitment of Triodos is a real concern. The concept of asking a premium in return of exclusive development rights is interpreted as a realistic measure to manage this uncertainty. At the moment of the interview negotiations between the two parties was focused on the sharing of the extra costs for the constructional adjustments required for development of office space. So basically both parties were aware of the fact that a beneficial situation is realised by incorporating the extra construction. The discussion was focused on actual costs and not on added value. All interviewees acknowledged the situation as a real option situation. Presenting the real option with the help of scenarios for both stakeholders helped them to understand the valuation process. 
Analysis problem: Is it manageable, not only the design but also the actual management during the period of realisation?
The design of this real option is unambiguous and therefore manageable for both parties. For the real estate developer there is an agreement where the premium and exercise price are set. Managing this real option consist of monitoring the development of the real estate market. For the project owner, the city of Utrecht, the real option value is determined at a specific moment in time and can be used for a go/no go decision. Exercising the option is based monitoring actual market situations and actual development costs. Both can change during the time to maturity of the option. This latter is also considered manageable but requires more monitoring. A variable exercise price does introduce residual risk if the exercise price increases.
In the case several determinants were introduced to determine upside potential, downside risk, investment costs, strike price and so on. All these numbers are highly uncertain and a change of the expected value of these variables changes the value of the real option significantly. Once the option value is determined the management of the option is relatively easy. But since the case presented a situation where the option can be traded between two parties the valuation of the real option will lead to a lot of discussion. Especially about the used values in the calculation. 

Marketing and impact problem: what is your opinion on the basic idea of managing flexibility by using a real option approach?
The concept of real option analysis and real option valuation is considered valuable by the interviewees. However the valuation is determined by many variables which will lead to discussion for the increase of financial commitment towards a project. For the real option value of postponing the decision to develop office floor space the number of variables and its value are too many for determining an unambiguous result. Despite the fact that the value is determined on a risk neutral basis both parties will not accept the result immediately and discuss all values used to determine upside potential, downside risk and so on. The real option analysis, especially the presented scenarios, can help in convincing parties that the real option situation holds value.  
7.2.3 Results for the case of the photo panels

For this case the project manager of the photo panel application for Rotterdam Central Station and Utrecht Central Station has been interviewed. Drs Jan Willem Kuil is a financial analyst and responsible for managing the business case for the applicability of the panels and obtaining possible subsidiaries in order to lower the financial risk profile of the program. Jan Willem Kuil, projectmanager is convinced that at the moment of writing this thesis other than financial objectives determined the decision whether to install photo panels or not on the roofing over the railway tracks. Simply because the NPV calculations made at this moment provides a negative present value and installation is being financed by subsidiaries from the European Union, City of Rotterdam and ministries VROM and V&W. No private or public party has taken on the project on a financial and individual base without these subsidiaries. 

The case of the photo panels was also introduced to Ir. Th. van Leengoed, Dr. E. Gehner and Ing. M. van Rosmalen who have been introduced in the case of price changes. 
Marketing problem: can you grasp the concept?
Once again the concept of the real option was easily understood by all interviewees. Presenting the possible scenarios was enough to see the available real option and the determinants of its value. 
Analysis problem: Is it manageable, not only the design but also the actual management during the period of realisation?
The same goes for the manageability. When no measurements have been taken this will lead to a more passive management since no extra costs have been made and explicit losses will not occur. When measurements are taken the management of the real option will probably be done more actively. Annual monitoring of the business case can be part of this active management. 
Similar to the case of the bicycle flat the actual option value especially when measurements are incorporated is rather difficult to determine. The value of the variables that determine the real option value are highly uncertain and the height of this uncertainty is unknown. A change in the assumption for the possible values of these variables affects the real option and the decision to increase financial commitment or not significantly. 

Marketing and impact problem: what is your opinion on the basic idea of managing flexibility by using a real option approach?
For cases like this the real option scenarios can help the involved parties in their decisions. Knowledge about the uncertainties that affect specific project elements such as the applicability of photo panels is valuable. Real option analysis provides insight in the way these uncertainties are affecting the business case. The presentation of the two scenarios, with or without preliminary measurements, makes clear that there is a real option available and that it is not necessary to install the entire system of photo panels now. Towards the PFAM it is clear that the social objective of sustainable energy sources has increased the commitment by providing subsidiaries from certain parties. The measurement of this social return is difficult. How valuable is the reduction of carbon based energy sources, and for whom?
8 Conclusions
8.1 Real option usability in a public project environment
In chapter four the PFAM and ROA have been combined. This resulted in three dimensions for real option analysis (see figure 8.1). The cases have been analyzed for their possibility to use real options for the uncertainties affecting the cases. This paragraph focuses on the analytical part of their usability based on the results presented in paragraph 7.1. 
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Table 8.1 presents a survey of the analysis for the cases and the way the real option can be used. The difference between the strategic or functional use of the real option is whether it is used to mitigate risks for project objectives related to scope or attract stakeholders with the opportunity to incorporate their objectives. 

The real option for office floor space on the bicycle flat and the real option for photo panel applicability can be used strategically as well as functional. They both provide the opportunity to lower the operational risk when the option is exercised. When these two options are exercised they add an objective for the project and have had strategic value when regarded as an option in a pre-exercise situation. 

The option for price changes reduces a strategic competitive element for contractors. In the bidding offers contractors can use the price changes element of their offer strategically to outbid their competitors. When price changes are captured by an option agreement this strategic use no longer exists. 

	
	ROA dimension in PFAM

	Case
	Strategic option usability
	Functional option usability
	Valuation possibility

	Price changes
	No
	Yes
	Possible

	Bicycle flat
	Yes
	Yes
	Difficult

	Photo panels
	Yes
	Yes
	Difficult
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8.1.1 Strategic use

Towards the strategic use of real options the thesis hypothesis has been narrowed to the following statements

Real options can be used to provide perspective towards unachievable objectives. The PFAM can be used to find equilibrium between four elements. Strategically this requires a balance between stakeholders and objectives. The cases of the bicycle flat and the photo panels present situations where an objective is not feasible within the present constraints of the project organisation. Present or created real option for these cases provided the opportunity to maintain flexible towards a latter incorporation of these objectives and possibly attract new stakeholders or commit stakeholders in an early stage by selling the real option. 
The feasibility of a project increases when real options are taken into account. When feasibility is questionable the initial value of the project is lower than the realisation costs and therefore the project and none of its objectives will be realised. The incorporation of real option value may tip the scale of scope and budget in the right direction. By increasing the value of the project an opening is created to obtain more financial commitment from stakeholders. This can turn out to be the difference between a feasible and a non feasible project. The cases that were analyzed for this thesis were not in a similar situation. So it is hard to tell whether this statement holds. Intuitively the biggest problem for this statement is the willingness for stakeholders to invest in an unknown concept; a real option. Together with the problem of valuing the real option in an unambiguous manner this will probably not help a non feasible project to become feasible. 
8.1.2 Functional use

The combination of ROA and PFAM introduced the concept of functional use of real options. The researched cases all presented the functional use of the real options. The functional use focuses on the mitigation of risks that occur without the option. For the bicycle flat and photo panels the feasibility of the added objectives; office floor space and solar energy; was uncertain. Investment in these objectives would have introduced the risk of losing the investment costs when the office floor space or photo panels will not be realised. Keeping the real option alive or investing realisation of the real option has reduced this risk. For the price changes the option is a risk mitigating measure. The risk is mitigated by sharing the possible positive result of price changes and active management of excessive price risk by the contractor for which he is compensated by an option fee from the project owner. 
The thesis hypothesis was narrowed for the functional use of real options by the following statements
Real options are only useful for protecting a project from the negative effects of uncertainty. The argument for this statement was the investment with publically financed funds should not be allowed. Therefore the use of real options and investment in real options should only be based on the argument of risk mitigation. The cases of the bicycle flat and the photo panels showed that investment in real options can be used for social objectives too. The private investment in a sustainable energy source helps in achieving the social objective of reducing environmental impact. 
Real options need to be identified at the early stages of a project. Since uncertainty is highest at the early stages of the project real options must be identified at these early stages. This statement has not been specified in the cases. Real option theory shows that as long as uncertainty is present and acting on the results of uncertainty is possible a real option analysis can be made. Projects are affected by uncertainty at every stage so a real option analysis can be made at every stage too. 
8.2 Real option manageability for a public project organisation
It is the project organisation that has to manage the project. So an important aspect for real option usability is the manageability by the project organisation. Paragraph 7.2 stated the interview results specifically related towards the ROA implementation issues. The results are presented in table 8.2.

	
	ROA implementation issues

	Case
	Marketing problem
	Analysis problem
	Impact problem

	Price changes
	No
	No
	Yes

	Bicycle flat
	No
	Yes
	No

	Photo panels
	No
	Yes
	No
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Overall it can be stated that the concept of real options is applicable for the examined cases. Presenting the uncertainty in different scenarios where an upside potential and a downside risk can occur is understood by all respondents for every case. 

It is questionable whether the presented scenarios can be valued in an unambiguous manner. This requires two steps; the design of the real option and determining the value of the uncertainty affecting the real option value. The presented cases were simplified in order to present the uncertainty as a single source that affects the value of the underlying and the real option. The assumptions made have been the subject of discussion. Not how they affect the option value but to what extend. For the case of the price changes this effect is regarded smaller than for the other cases. This is mainly due to the fact that the value of the volatility for price changes can be determined by using historical data. 
The fact that the real option value can be determined for the price changes causes an impact problem. The actual real option management should for this option be based on an agreement on the expiration date of the option. The fact that the planning of a project is uncertain makes this agreement difficult to implement. For the other two cases the option valuation is difficult but managing the option is not. The uncertainties affecting this option can not be managed by the project organisation but acting on the outcome of uncertainty can be managed by the project organisation. 

8.3 Real option usability for public projects

The analysis presented in paragraphs 8.1 and 8.2 are an introduction to the reflection on the overall thesis question and hypothesis as stated in chapter 4. The found results on the strategic and functional use of real option and the possibility to value the presented real option for the cases are used to answer the thesis question and present a statement towards the thesis hypothesis. The real option implementation issues are relevant for the introduction and usage of real options for real projects. 

	Thesis question: 

Can real option analysis be used to value flexibility 

in public and public-private projects?



The real option analysis process consists of identification of uncertainty, the manageability of uncertainty and the value of uncertainty. For the first two parts real option analysis can be used for public an public private projects. The value of a real option that has been identified; a manageable uncertainty with an upside potential and a downside risk, is difficult to determine. This is similar to remarks stated by Lint and Pennings “In practice the application of option pricing methods for real investments raises some problems. Issues arise with the exercise moment, with the concept of risk neutral valuation and tradability of underlying assets, and with estimating volatility of project values”
. 
That does not mean that real option analysis should not be considered for public or public private projects. The case of the photo panels identified a real option that is naturally available. The possible exercise of the option should be managed by the holder of the option. Another argument to use and manage real options is the strategic use of real options. 
	Thesis hypothesis:

The value of every public or public-private project increases 

when real option analysis is used




For the cases in this thesis the real options have a positive value. So the value of the project increases when real option analysis is used. As stated earlier it is difficult to determine the real option value. Related to the PFAM a measurable real option value is required to increase the financial commitment from stakeholders who hold the real option. 
The reflections on the thesis question and hypothesis has led to the following conclusions:
1 The design of the real option is difficult. Although the thought of an option is present it is difficult to determine the scenarios for the option approach and the comparison with alternatives. Not only is it difficult to make a comparison with a non-option-use approach it is also difficult to determine the range of future possibilities to determine up- and downside potential. The variables required to determine the option value are highly uncertain or not available. Initially high uncertainty means high option value but when it is difficult to determine the height of the uncertainty it is difficult to determine the option value. Volatility is not available since the underlying assets are not tradable and historic data on comparable assets is lacking
2 The psychological effect of investing in an option is a difficulty. On a risk neutral probability the option premium can be quite large in comparison to the downside risk or even the strike prices. Such a high premium to be paid for a specific scenario that might not even occur will raise some eyebrows.

Lint and Pennings address this issue. The valuation of real option uses Black, Scholes & Merton or a binominal approach. Both methods require an estimate of the risk neutral probability. The concept of risk neutral probability is based on assets tradable on free markets. The underlying assets on real options are project related and not tradable
. 

8.4 Suggestions for real option applicability
Research done for this thesis consisted of case analyses and interviews with field experts. Besides the reflection on the cases presented in this thesis several other issues towards real options analysis occurred. In this paragraph some of them are presented since they can be interesting for further research. 
8.4.1 Real options as a risk management tool

Risk management and real option analysis both require managerial flexibility towards the uncertainties affecting a business or a project. There are similarities between the risk management process and the real option valuation process. 
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The risk management process and the real options valuation process both require a pro-active attitude towards uncertainty affecting a project. Identification and valuation of real options demand an awareness of which uncertainty affects the project and how decisions can optimize these effects on the project. The time of execution of real options asks for awareness towards uncertainties identified in an event tree.

	Risk management
	Real option analysis

	
	NPV of the base case

	Identification
	Identification of uncertainty 

	Valuation
	Identification of managerial flexibility. This stage identifies where decisions can have an effect on the value of the project. The decision determines whether chances are used for beneficiary effects or the negative effects of risks are minimized. Both increase the value of the project

	Strategy
	Real option valuation; which real options occur or can be created and require active management. This step in de real option valuation process concerns the choices a manager has to make during the lifetime of a project. Decisions on possible investments in real options as a risk mitigating tool have to be made. The event tree can help in determining when the real options expire. 

	Choose
	

	Management
	Management of real option positions. Events and new information are the sources for decision making during the realisation or the lifetime of a project. 


[image: image71.wmf]25.75

1.03

0

0.48

51.5

0.52

r

1

p)C

(1

C

p

C

0

51.5;0)

MAX(0

;0)

r

CO

r

MAX(RLI

C

51.5

51.5;0)

MAX(103

;0)

r

CO

r

MAX(RLI

C

f

d

u

f

0

f

d

d

f

0

f

u

u

=

´

+

´

=

+

-

+

´

=

=

-

=

´

-

´

=

=

-

=

´

-

´

=


Real options can change the perception of risk in a fundamental way. Volatility is no longer a threat, but an opportunity to catch the ‘peaks’ as a financial investor would. Uncertainty now equals flexibility, and opportunity for managers. It seems reasonable to assume that real options present real value. The financial methodology seems applicable to real options as long as the characteristics of the option are clearly defined. This means that the real option should have an exercise price and a maturity, and that the underlying asset should be defined in terms of value and volatility. Real options are different from each other only in this respect; once the parameters have been established, a traditional model can serve to calculate the option premium
.

8.4.2 Social cost/benefit analysis MKBA’s (Maatschappelijk kosten/baten analyses)

A relevant element related to the social objectives of the project is the question how so called MKBA’s (Maatschappelijk kosten/baten analyses) can be incorporated in the value of real options in a project. The value of social objectives is estimated by social cost benefit analysis. Elements that are valued are life expectancy for people who live near the analyze projects. For example the reduction of CO2 can increase the average life expectancy with two years; this affects an area with five thousand inhabitants so ten thousand years are added with an average value for each year. This value can be added to the project but does not necessarily lead to an increase of the budget. The investment in sustainable energy improves the living environment and can result in increasing prices for real estate. Inhabitants who own property in the affected area will not experience these increase this value if they are not selling their houses. So how can this increase in value be valuable for the project itself? This and other similar issues on social impact of projects is a question for many public parties. Real option analysis can design some of these issues as a real option which can be exercised during the realisation of the project. Real estate owners can sell an option on their property to the owner of a project that affects the value of this property. The project owner who now owns a call option with an exercise price set at the value without the social beneficiary impact can exercise the option when the value of the property has indeed increased. The seller of the option can than choose to pay the difference between the strike price and the actual value or sell the property to the project owner. This thought experiment introduces incentives for the project owner, mostly a public party, to create social value by investing in the option. A successful implementation will increase the value of the area which can result to an actual cash flow by exercising the option. 
8.4.3 Resaerch and Development
Lint and Pennings state in their article “R&D as an option on market introduction” that the development of new techniques can be considered as real option a company has on possible future revenues as a result of successful introducing new products. Jonathan Mun presents a similar statement: “research and development initiatives abound, implying that senior management sees significant intrinsic value in such initiatives. So there arises a need to quantify such strategic values”

Innovation in public projects can possibly be designed as a real option too. Similar to the result of social objectives and the social cost benefit analysis innovative techniques can be considered. For an individual project and one contractor the risk of using an innovative technique can be too high. The experience with a certain technique affects the project owner and the contractor. If the innovative technique is applied successfully it can be used on other projects by the same public party. In the bidding procedures as to be followed by a public party this does not necessarily mean the same contractor can be hired. Buying an option on the implementation of an innovative technique reduces the risk for the contractor and gives the project owner the right to exercise the option when results are successful. 
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10 Appendix chapter 3; the derivative options
This appendix provides information about options. Since not every reader might be familiar with the concept of options and their mechanisms this appendix is added. 

Derivatives can be used for mitigating risks. Most of these derivatives are based on the trading of risk where both parties are obliged to meet the contractual agreement. A special place however is set for options. Options provide the owner with a right but not the obligation to meet the contractual agreement. The writer of the call however is obliged to meet the contractual agreements but does not have the right to execute the option when he or she wishes to. In general an option is defined as a contractual agreement that provides the owner the right to buy (call option) or sell (put option) an underlying asset
.

In this appendix the concept of options will be examined further. The concept of options will be explained using financial options where the underlying is a financial asset such as stock. Understanding financial options will help in understanding real options which will be introduced in paragraph XX. Options present a value. The willingness to pay for an option depends on two different arguments:

1 The value of mitigating risk, how much are you willing to pay to protect yourself from the downside effect of uncertainty, if possible without giving up the upside potential? In this case the option must protect you from some kind of risk so not every option on any asset will do. 

2 The value of possible return or so called upside potential. How much are you willing to pay to be able to profit if things turn out to be good? For this type of decision other arguments are needed to determine which option is best. Not the downside risk but the upside potential is important, For financial options this is related to price volatility of the underlying
.

The price of financial options on traded stocks can relatively easily be found since they are traded on financial markets setting prices every day. But this does not provide any information on the rationale behind the valuation of options. In general the value of any asset is the present value of the expected cash flows on that asset
. However the value of an option depends on the value of the underlying and it is not an obligation but a right. This latter complicates the calculation for the present value of expected cash flows. On the other hand it introduces flexibility. Whether the option will be executed is not decided before the initial investment is required. The execution decision can be made until the moment of expiration of the option
. Traditional net present valuation does not appreciate the value of this flexibility. The uncertainty that determines the future value of a company or asset is affected by the managerial flexibility that is available. Changes in directions can help to fully benefit from the upside potential and protect from any harm from downside risk. This latter argument is important when it comes to real options. 

To determine which aspects determine the value of an option pay-off and profit diagrams can be used. The pay-off diagram shows the value of the option itself, when profit diagrams are used the pay-off diagram is corrected with the option price. The profit diagrams of four different option positions are stated in figure 10.1, for call option positions, and in figure 10.2 for put option positions. The vertical axis shows the profit of the option position compared with any value, increasing from left to right, of the underlying asset. 

All four positions show different profits. The owner of a call is protected against decrease of the value of the underlying asset; the writer of the call gains the value of the call when there is a decrease in value of the underlying asset. However an increase in the value of the underlying asset gives the writer of the call an obligation to pay the increase to the owner of the call hence a loss for the writer of the call. 
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	If you own a call option you have a long call position. Most literature starts their explanations of options with this position. The call option is then defined as follows. A call option gives its owner the right (but not the obligation) to buy stock at a specified exercise or strike price on or before a specified exercise date
.
	
	If you sell a call you have a short call position. This is exactly the opposite of a long call position. Using the definition for a long call the short call can be defined as follows: the seller of the call option is obliged, but does not have the right, to sell the underlying stock at a specified exercise or strike price on or before a specified exercise date.
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For a long put position the owner has the right to sell the underlying at a higher price than the actual price of the asset. Profits are high when asset value is low. The writer of the call gains when prices of the underlying are high. His profit is limited to the option premium. 
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	Where the call option is the agreement for buying stock the put option is an agreement for selling stock. The long put option can be defined as follows. A put option gives its owner the right (but not the obligation) to sell stock at a specified exercise or strike price on or before a specified exercise date.
	
	The short put position is exactly the opposite of a long put position an can be defined as follows: The seller of the put option is obliged, but does not have the right, to buy the underlying stock at a specified exercise or strike price on or before a specified exercise date.
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In the following a call option is used to describe three market situations. 

1 Out of the money; the exercise price is above the actual stock price. At this point the intrinsic value (difference between exercise prices and stock price) is zero. A call option will not be exercised. Let’s say the exercise price is 50 and the stock price is 40. Execution will give the owner of a call option the right to buy stock at the exercise price of 50. He can sell stock on the market for 40. This will leave a pay=off of -10. The call option will therefore not be exercised. The net loss is the price that is paid for the option itself.  The seller or writer of the call option has a profit equal to the price of the option. 

2 At the money; the exercise price equals the stock price. At this point the intrinsic value is zero. The option will not be exercised. Let’s say the exercise price is 50 and the stock price is 50. Execution will give the owner of a call option the right to buy stock at the exercise price of 50. He can sell stock on the market for 50. This will leave a pay off of 0. The option will therefore not be exercised. The net loss is the price that is paid for the option itself.  An owner of a put option will also not exercise the option since the pay off is also zero.  

3 In the money; the exercise price is lower than the stock price. The option will be exercised. Let’s say the exercise price is 50 and the stock price is 60. Execution will give the owner of a call option the right to buy stock at the exercise price of 50. He can sell stock on the market for 60. This will leave a pay-off of +10. Therefore the option will be exercised. The net profit is the difference between the intrinsic value, stock price minus exercise price, and the price that is paid for the option itself.

Let’s take these market situations into account for the all four option positions, long and short call and long and short put. For all examples the exercise price and the option price are set at 50 and 4 respectively. 

Situation 1; exercise price > market price

The exercise price is the price at which the owner of the option can buy or sell the underlying asset. In the following table the profit of the four different option position is presented when the market price of the underlying asset is lower than the exercise price of the option. 

	Position
	Option price
	Stock price
	Exercise price
	Intrinsic value
	Net profit

	Long call
	-4
	+40
	-50
	0

	-4

	Long put
	-4
	-40
	+50
	+10
	+6

	Short call
	+4
	-40
	+50
	0
	+4

	Short put
	+4
	+40
	-50
	-10
	-6
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The owner of a put option with an exercise price of 50 has the right to sell stock to the seller of the put option for the exercise price of 50. He or she can buy stock at the market for 40 and sell it for 50 leaving a profit of 10. The net profit is the difference between the intrinsic value and the option price. This is the loss for the seller or writer of the put option. The call option is out of the money and the put option is in the money when the exercise price is higher than the market price of the underlying asset. 

Situation 2; exercise price = market price

In the following table all positions are regarded when the price at which the underlying asset is sold equals the exercise price at which the owner of the option can buy or sell the underlying asset. A negative sign of course means a loss or cash out effect for the position. Both the call option and the put option are at the money. 

	Position
	Option price
	Stock price
	Exercise price
	Intrinsic value
	Net profit

	Long call
	-4
	+50
	-50
	0
	-4

	Long put
	-4
	-50
	+50
	0
	-4

	Short call
	+4
	-50
	+50
	0
	+4

	Short put
	+4
	+50
	-50
	0
	+4
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In this situation none of the options are exercised. The only profits and losses that occur are these resulting from option transaction between the buyer and writer of the options. In this situation both the call and put option are at the money

Situation 3; exercise price < market price

The exercise price is the price at which the owner of the option can buy or sell the underlying asset. In the following table the profit of the four different option position is presented when the market price of the underlying asset exceeds the exercise price. 

	Position
	Option price
	Stock price
	Exercise price
	Intrinsic value
	Net profit

	Long call
	-4
	+60
	-50
	+10
	+6

	Long put
	-4
	-60
	+50
	0

	-4

	Short call
	+4
	-60
	+50
	-10
	-6

	Short put
	+4
	+60
	-50
	0
	+4
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The call option is at the money and the put option is out of the money when the exercise price is lower than the market price of the underlying asset. 

Based on these situations the effect of several variables on the option value can be concluded
. 

Exercise price: a high exercise price decreases the price of a call option and increases the price of a put option. When in previous examples the exercise price would be 55 instead of 50 the net profit of a call option would drop to 1 when the stock price equals 50. Therefore the buyer would be willing to pay more for a call option when the exercise price is low. For the buyer of a put option the opposite holds. A high exercise price increases possible profits (sell at 55 when the market price is 40 leaves a higher profit). 

Stock price: a rising stock prices increases the value of a call option and decreases the value of a put option. Compared towards the numbers used in previous tables a market stock price of 70 would mean a net profit of 16. Related to the actual market value of the stock are the possible price changes that a stock can have. When data for stock prices are analyzed also the stock price changes are part of the analysis. This is captured in stock price volatility.

Volatility: high volatility increases the option value. This can be explained by the next numeral example. Considering once again the situation where the exercise price is 50 and the stock price is 40. When expected stock price changes are small, let’s say between -10% and +10% it is very unlikely that the owner of an option will ever make a profit when the option price itself is 4. When the expected stock price changes are between -50% and +50% the upside potential is considerably higher. The option on the second stock is therefore more valuable since the upside potential, when you own a call option, is higher. Also the protection from downside risk, when you own a put option is higher. This will in turn lead to higher option prices, for the call option as well as the put option. The possible range of the price of the underlying is called the price volatility. So when price volatility increases the option price increases. 

Time to maturity: Let’s say at a certain point in time the price of the stock is 40 and the call option gives the owner the right to buy this stock at a price of 50. The option will not be exercised at this point. However since the price of the stock can change during the remaining holding period of the option the option is still valuable. If during the holding period the stock prices rises from 40 to 60 there is a positive pay off. So the holding period of the right to buy stock at a specified price during a certain period should affect the value of the option. A long time to maturity leads to a higher option value then when the time to maturity is short. In a long period the probability that an out of the money option will reach an in the money situation is simply higher then when this remaining period is short. For at the money and in the money options the same argument holds. 
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Volatility and time to maturity affect the option value. These effects are presented in figure 10.3The actual option value is no longer the combination of two straight lines. It is curved. The expectation value adds value in the pay-off diagram. This is the result of volatility which states the possible price changes that the underlying can have and the remaining time to maturity which stands for the remaining period in which the value of the underlying can move in the right direction. Before maturity the actual option value will exceed the intrinsic value since there is always a probability that the option would become in the money or move even further into the money by the expiration date 

More information on valuation of options can be found in chapter three of the main text. At this point it is important to understand the different option positions and the reasoning for the effects on option value for the different variables.

Besides the pay-off diagrams definitions are important. They are used a lot in the main text: 

· Stock price; 



the price of the stock at any time

· Exercise price or strike price; 
the price that has to be paid for the underlying stock if the option

is exercised. 

· Option price; 



the price at which the option is traded 

· Expiration date; 


the date the option expires

· Time to maturity; 


the remaining period in which the option can be exercised. 

· Intrinsic value; 



the difference between the exercise price and the stock price

· Expectation value; 


the difference between the intrinsic value and the option price. 

Dividend and American vs European options: For options on stock the value also depends on dividends. The value of the stock and of a call option is higher before dividends are paid. Since this thesis is about real options and real options do not have dividend paying aspects there is no reason to complicate option valuation. For real option valuation it is very sensible to take the difference between American and European option valuation into account. Real options have more similarities with American than with European options. The execution of real option is a management decision that is taken during the lifetime of the option and not only when the specific time to maturity is reached.
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Figure 3.8; when does flexibility have managerial value? 





Table 8.3; comparison between risk management process and real option analysis





Figure 8.2; comparison risk management process and real option analysis  





Figure 5.3; pay off diagrams (bleu line is contractor)
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Table 3.1; types of real options found in different literature
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Table 3.3; DCF assumptions vs reality





Table 3.2; real options are a call or a put option





Figure 2.5; 	Foundation: does scope convince stakeholders


 that objectives will be realized
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Figure 2.3; Possibilities			Figure 2.4; Commitment








Figure 2.2; Financial site of PFAM





Table 6.1; PFAM analysis for bicycle flat 





Table 2.1 most important differences between projects and permanent organisations





Figure 4.1; Relationship between real options and PFAM©  














Figure 10.3; determinants of option value.
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Table 10.3; profit for option positions when option price equals 4 and market stock price equals 60.





Table 10.2; Profit for option positions when option price equals 4 and market stock price equals 50.





Table 10.1; profit for option positions when option price equals 4 and market stock price equals 40.
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Figure 10.2; profit diagrams for put options
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Figure 10.1; profit diagrams for call options
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Table 6.6; PFAM for Rotterdam Central Station 
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Figure 6.7 ; Annual revenues and 					NPV at t=0, t=10 and t=20 
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Figure 6.6; multiplicative binominal option approach 
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Figure 8.1; Relationship between real options and PFAM©  





Table 3.4; Real option analysis process
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Table 3.5; comparison option valuation methods





Table 3.6; value effects of increase of variables





Table 3.7; real option variables
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Figure 5.1; profit and loss diagrams for project owner and contractor





Figure 2.1; strategic site of PFAM





Table 5.2; project owner and contractor call positions





Figure 6.1; uncertainties affecting real estate development 





Table 6.2; variables for NPV of real estate development 





Figure 6.2; profit diagram
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Table 6.3; variables for ROA of real estate development 





Table 6.4; variables for ROA of land issue 
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Figure 6.4; Design of roofing over platforms Rotterdam Central Station 





Figure 6.3; Uncertainties affecting the feasibility of application of photo panels 





Figure 6.4; decision tree for real option to wait





Table 6.7; scenarios for applicability of photo panels 





Table 6.8; variables for application of photo panels without and with preliminary measures 





Table 6.5; PFAM after real option analysis 
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Table 8.2; responses on ROA implementation issues





Figure 6.5 ; required vs expected level of annual cash flows





Table 8.1; real option usability related to PFAM





Table 6.9; call values for different scenarios 





Table 6.10; results of scenario analysis
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� See chapter 3.3; real option analysis


� Contractor may be able to put the price risk through to his subcontractors. This is not regarded in this case.


� For this index the contractual agreement for N201 Omlegging Aalsmeer Uithoorn has been used. This agreement is a weighted set of indices for raw building material and labour at which the entire price changes for contract are paid by the project owner. In this case the contractor has no price risk.


� Since the volatility is known Black/Scholes/Merton approach can be used as well as the binominal approach.


� Advies werkgroep actualisatie discontovoet, januari 2007


� All calculations have been made using MS-Excel. The stated numbers are rounded in this text, therefore small differences can occur


� See chapter 4 for effects of variables on option value


� See boxed text 6A page 39


� Within the city of Utrecht there is political and governmental uncertainty affecting this project. This uncertainty is, among others, related to choosing between different investment opportunities.


� Relationships between stakeholders are simplified, besides the City of Utrecht, ProRail and Triodos also NS is involved in the discussion on the bicycle flat. The quality of public transport provided by NS can be improved by the realisation on the bicycle flat. In this case the emphasis is on the real option to build office floor space. This does not affect the use of the bicycle flat itself.
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� For the roofing of the railway station the expected lifetime is 30 years. Serious renovation of the construction are expected after 30 years


� Revenues can change due to market price of energy this is only one of the uncertainties that affects the business case. 
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