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Abstract 
Title: Additional Value in Project Portfolio Selection.  
Doing the right things by right valuation – Gains of real options portfolio theory 
 
Author: Andreas Trägårdh 
 
Supervisor: Emil Numminen  
 
Department: School of Management, Blekinge Institute of Technology  
 
Course: Bachelor’s thesis in Business Administration, 15 credits  
 
Purpose: The purpose of this thesis is to address the, by scholars and managers alike, 
expressed need of development in the project portfolio selection. The research will aim to 
investigate how the selection of innovation projects portfolios could change if flexibility, and 
with it uncertainty, were added to the project portfolio selection. The aim is further to 
investigate how options value can be incorporated as additional value to a portfolio selection 
decision, with the goal to choose projects that maximize the goal function of the firm. 
 
Method: This thesis takes a qualitative approach as such approach is favourable when 
studying social science. The empirical research is carried out at a large international company 
conducting in an extensive amount of R&D as well working with innovation projects. The 
data is collected by unstructured and semi structured interviews with management at the 
company subjected to the study. 
 
Results: The results show, that by adapting the real options framework to a static way of 
selecting projects, the incorporation of flexibility to the selection process can add economic 
value by accounting for options value and handle uncertainty. The real options framework 
will substantiate a dynamic approach to the selection process of innovation projects, as 
flexibility is changing the selection process from individual project selection to the selection 
of portfolios.  

Keywords 
Project portfolio selection, Project portfolio management, Real options, Innovation project, 
Dynamic capabilities, R&NPD, ENPV. 
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Sammanfattning 
Titel: Additional Value in Project Portfolio Selection.  
Doing the right things by right valuation – Gains of real options portfolio theory 
 
Författare: Andreas Trägårdh 
 
Handledare: Emil Numminen 
 
Institution: Managementhögskolan, Blekinge Tekniska Högskola 
 
Kurs: Kandidatarbete i Företagsekonomi, 15 högskolepoäng 
 
Syfte: Syftet med följande uppsats är belysa och utveckla det, av forskare och chefer, 
uttryckta behov av utveckling av projektportföljval. Uppsatsen syftar till att undersöka hur 
valet av innovationsprojekt genom portföljvalsmodeller kan förändras om flexibilitet och 
osäkerhet adderas till beslutsprocessen. Syftet är vidare att undersöka hur ytterligare värde 
kan inkorporeras i ett beslut, med målet att välja den portfölj som maximerar företagets 
målfunktion. 
 
Metod: Denna uppsats tar en kvalitativ metodansats då ett sådant tillvägagångssätt är 
fördelaktigt i studier av samhällsvetenskap. Den empiriska undersökningen har bedrivits på 
ett stort internationellt företag vilket deltar i ett omfattande FoU arbete, samt i stor skala 
arbetar med innovationsprojekt. Data har samlats in genom ostrukturerade samt 
semistrukturerade intervjuer med ledningen på företaget. 
 
Slutsatser: Resultaten visar att genom att inkorporera reella optioner, i en statisk 
beslutsprocess, så kan ett bättre beslutsunderlag genereras genom inkluderandet av osäkerhet 
och värdet av optioner. Ett sådant beslutsunderlag genereras genom att real options adderar 
flexibilitet till urvalsprocessen. Genom att inkorporera flexibilitet kommer en statisk metod att 
välja individuella projekt på, skifta till fördel för en dynamisk metod att välja portföljer.  

Nyckelord 
Project portfolio selection, Project portfolio management, Real options, Innovation project, 
Dynamic capabilities, R&NPD, ENPV. 
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Definitions 
The following are definitions considered essential for the understanding of the study. The 
concepts following are more or less established concepts. However, the definitions might 
differ between various theories and authors. It is hence essential that a joint understanding of 
the concepts are presented for the reader.  

Project phases (P1, P2, P3) 
Projects can be defined as an economic investment within a company with the goal of a 
greater economical revenue at the project finish. For the sake of clarification, the term project 
is in this thesis divided in to three different segments. To be consistent, the term project will 
be used in this thesis in first hand referring to projects in the P2 phase. If other, the project will 
be referred to as P1 or P3.  
 
P1 – Is the idea phase of a project. There are no frames to the idea but merely an idea of 
development which could, if accepted by management, be escalated to the next phase. The P1 

project is to the far left of the innovation pipeline awaiting valuation.  
 
P2 – Is referred to as a prospect. The idea has been conceptualized and there is a distinct frame 
of the prospect and the expected outcome. The prospect have gone through some valuation, 
reaching this phase and is now awaiting the project portfolio selection process. Note that even 
if PPS is referring to its first P as project, it is prospects that are valuated. 
 
P3 – It is in this last stage that the project truly is a project with a project team and a project 
leader. The projects now has a start date, a deadline, decided deliverables and, if applied, 
milestones and tollgates as the project now is fitted in to the pipeline, if accepted in the 
project portfolio selection.       

Innovation Pipeline  
The innovation pipe is containing the innovation project portfolios and are managed by 
project portfolio managers. The pipeline contains P1, P2 and P3 projects as well as tollgates 
and milestones.  

Innovation project (IP) 
An innovation project is a project aimed at developing or improving, products, processes, 
services and business models (Killen et al. 2012) to sustain or develop comparative advantage 
and viable growth (Spieth & Lerch, 2014, pp 498). It is worth mentioning that an innovation 
project is not to be confused for an innovative project, which is referring to the execution of 
the project being innovative.  

Research and new product development (R&NPD) 
R&D and NPD have a common goal, comparable to innovation projects, aiming to develop or 
improve, products, processes and services in new ways demanding alignment between 
research and development activities. This allows Söderquist & Godener (2004) redefinition of 
R&D and NPD as R&NPD being used in this thesis. 

Project portfolio management (PPM) 
Project portfolio management focuses on the day-to day management of the portfolio and the 
pipeline. The activities include practices, tools, methods and decisions to ensure an optimal 
output of the portfolio (McDonough & Spital, 2003). 
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Project portfolio selection (PPS) 
Project portfolio selection includes the key capabilities of portfolio management. Primary 
focus is however to decide which projects to be included in a company’s portfolio 
(McDonough & Spital, 2003) based upon a pre decided set of variables.  

Analytic hierarchy process (AHP) 
Bitman and Sharif (2008) describes Analytic hierarchy process as: “AHP divides a decision 
problem in to smaller chunks. AHP organizes decision factors into a hierarchy so that 
complex decision can be made through incremental judgements.  

Data envelopment analysis (DEA) 
DEA is used to obtain a relative efficiency value based upon a mathematical algorithm using 
linear programming. It is similar to AHP but requires a large amount of data, making the 
system complex and hard to understand (Bitman & Sharif, 2008).  

Real Options  
Real options are based upon the future value of an investment and the enabled options it 
yields, accounting for uncertainty and the time a decision can be deferred (Luehrman, 1998a; 
1998b). By calculating the real options value, the project portfolio manager can base selection 
decisions on portfolios of real options. Options value can be calculated by ENPV (Copeland 
& Antikarov, 2003).   

Call option 
An option giving the owner the right, but not the obligation, to buy, expand, scale up, extend 
etc., the option (Copeland & Antikarov, 2003).  

Put option 
An option giving the owner the right, but not the obligation, to sell, scale down, lease, etc., the 
option (Copeland & Antikarov, 2003).  

Defer option 
An option applicable to deferring. Decisions can be divided, as can investments needed, and 
deferred until t = 0, where a decision needs to be made. Gains by deferring accentuates that 
decisions can be made tomorrow, based upon tomorrows knowledge (Luehrman 1998a). 
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1. Settings 
The following chapter gives the reader an overview of the field of research. The chapter starts 
by presenting the background settings for the problem discussion where the research area 
and research question are motivated, leading to the aim of the thesis.  

1.1 Background 
When choosing something, whatever it might be, an active choice to exclude something else 
is simultaneously done. Such a choice might be easy to do, but as the dimension of the choice 
grows, it can become quite hard. Today, corporations are facing hard choices, and as a direct 
effect exclusions, of which projects to include in project portfolios, a project being a real 
economic investment and portfolios containing several such real investments. As resources 
are limited for most companies, the hardship to choose becomes complex as several 
perspectives needs to be accounted for. There is hence a need for help to choose which 
projects to incorporate in a project portfolio to maximize economic value in what is called the 
project portfolio selection process. Up until today, a static way of selecting projects has been 
the norm, however, with the fast moving business environment, new dynamic approaches to a 
selection has grew in interest.       
 
In the 1950’s the first modern portfolio optimization model was presented by Markowitz 
(1952). The model focused on the risk preferences of an investor and was portrayed by 
variance, where the covariance between the included investments were used to diverge the 
fluctuations in the expected return of the portfolio. Since the implementation of Markowitz’s 
(1952) model, the contribution to the literature discussing portfolio selection and value 
maximization has been immense.  
 
Models based on a fuzzy set approach (Wang & Hwang, 2007), mathematical programming 
(Mavrotas, 2013), option pricing theory (Luehrman, 1998a; 1998b,) and analytical hierarchy 
approaches (Brenner, 1994), amongst others, have all aimed at delivering models and insight 
to support managers in their selection process. Stackpole (1998) described portfolio 
management as it was emerging in the 1990’s, to be the next wave for project management 
and it is today realized through a wide spread of managerial implementation as well as 
academic research (Söderquist & Godener, 2004; Lin & Yang, 2014). A portfolio can include 
several real investments of different characters and the existing literature explores; financial-, 
managemental-, economic- and change projects etc., with the goal of innovative outcome, 
structural changes, technical development etc. This study focuses on project portfolios of real 
economic investments with the goal of innovative outcomes, yielding economic value. A 
project is in this thesis, in accordance with Mygind’s thoughts (2009), a financial investment 
made by a company with the goal of yielding a higher financial revenue than the investment. 
 
As the intensified interest in portfolio management continue to grow, Archer & Ghasemzadeh 
(1999) stress the difficulties in the selection process with the literature at hand. In the past, the 
focus of valuating and selecting projects has been done on individual project basis (Copeland 
& Antikarov, 2003). To be able to choose projects together as a portfolio, a new managerial 
activity emerged. The project portfolio selection sprouts from the roots of a company’s 
existence with Jensen (2000, 2001) stating that the overall goal for a company is value 
maximization. To create such maximization, the only method is to carry out activities creating 
greater output than input. This can, for example, be done by undertaking projects generating 
“high” revenue or yielding options that are of high value. The difficulty in choosing such 
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projects, striving to maximize the goal function of the firm, is due to Lin & Yang, Luehrman 
and Copeland & Antikarov (2014; 1998a; 2003) derived from the combinational complexity, 
not accounting for the value of options, nor the flexibility incorporated in the project portfolio 
selection process. The use of; combinational complexity, is aiming to explain the hardship in 
accounting and combining possible measurable in the selection process. By choosing projects 
as a portfolio, the corporate goal function can be maximized as the correlation between 
projects can be beneficial by sharing resources and creating value greater than individual 
projects.    
 
It is important for this thesis to distinguish between project portfolio management and project 
portfolio selection. The difference might seem arbitrary as project portfolio management 
(PPM) focuses on the day-to day management of the portfolio and the pipeline, including 
practices, tools, methods and decisions to ensure an optimal output of the portfolio 
(McDonough & Spital, 2003). The PPM key capabilities can be defined as; pipeline, resource, 
financial and risk management (Figueiredo & Loiola, 2012; Lin & Yang, 2014; Luehrman, 
1998a, 1998b; Graves & Ringuest, 2009). This study focuses on the project portfolio selection 
(PPS). The selection process includes the key capabilities of portfolio management though 
primary focus is to decide which projects to be included in a company’s portfolio 
(McDonough & Spital, 2003). 
 
The emerge of the fast moving business environment has according to Söderquist & Godener 
(2004) put project portfolio selection models focusing on R&D and NPD in the forefront of 
managerial attention and academic research alike. The linkage between R&D, NPD and 
innovation, expressed by Mikkola (2001), has created a need for innovation projects as it is 
regarded one of the best ways for companies to gain advantage over competitors and to 
maximize the company objective function (Mikkola, 2001; Spieth & Lerch, 2014). Mikkola 
(2001) describes the aim of innovation projects to develop or improve, products, processes 
and services (Mikkola, 2001).  
 
Since the early 2000’s another way of selecting projects has appeared in the project selection 
process, suitable for innovation projects (Copeland & Antikarov, 2003). It is the real options 
framework that has found ground in the managerial field as well as in the academic research. 
The framework is originating from the financial market options where analogy between the 
financial options and corporate investments are creating an opportunity for real options 
models in the project portfolio selection (Luehrman, 1998a; 1998b; Wang and Hwang, 2007; 
Carlsson et al., 2007).  

1.2 Problem discussion  
When a vast amount of the existing models receive critique, the real options framework offer 
a complementary way of valuating portfolio options, aiming to account for flexibility, by 
deferring decisions, leading to that decisions can be taken tomorrow with tomorrows 
knowledge. The framework also allows handling of uncertainty, through the added flexibility 
uncertainty decreases as decisions are deferred and time passes. A decision to start an 
innovation project today, might yield a call option to buy, expand, scale up, etc., tomorrow, 
when by the time, the option owner can make a call. If the project is not launched the option 
will not arise. Same thing goes if the project is launched but comes to a stop or is being 
deferred. Then there can be a put option with the possibility to sell, lease or downscale 
(Copeland & Antikarov, 2003).    
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This thesis will focus on innovation projects aiming to develop or improve, products, 
processes and services (Mikkola, 2001) as innovation projects are, as abovementioned, one of 
the most economic value - and comparative advantage generating types of projects. It is 
therefore of interest to study how the selection process of innovation projects can be 
developed. Innovation projects are closely aligned with research and new product 
development (R&NPD) (Spieth & Lerch, 2014), see chapter 4.2 for further definitions, and 
for the remainder of this thesis, R&NPD and innovation projects will be used synonymously 
though noted, there can by definition be insignificant differences distinguishing the two 
(Spieth & Lerch, 2014; Killen et al., 2012; Mikkola, 2001). As R&NPD and innovation in 
many cases are facing unbroken ground, the two are facing high uncertainty as the future is 
regarded unpredictable (Luehrman 1998a). Such uncertainty is important to account for when 
valuing projects if well substantiated decisions are to be made. In order for a firm to be 
successful, Spieth & Lerch (2014) argue that a crucial ratio of a company’s success in 
maximizing the objective function is related to the success of PPS, selecting the right 
innovation projects (Spieth & Lerch, 2014; McDonough & Spital, 2003; Mikkola, 2001; Hunt 
& Killen, 2008). To be able to choose the projects maximizing the objective function, there is 
a need for models and frameworks substantiating the selection process. As abovementioned, 
there is need for help when it comes to choosing which innovation projects to incorporate in 
to a project portfolio. Copeland & Antikarov (2003) and Luehrman (1998a, 1998b) suggest 
that the incorporation of flexibility and options value in to the selection process can aid the 
help needed in the decision.   
 
Söderquist & Godener (2004) describe the difficult selection process of project portfolio 
selection as an increasingly important problem, both academic and managerial. As McNally, 
Durmuşoğlu & Calantone (2013) ascribe the selection difficulty to the combinational 
complexity, the difficulties are according to Wang & Hwang (2007) deriving from three 
approachable areas targeted by scholars, being; strategic management tools, benefits 
measurement tools and mathematical programming approaches, all of which different models 
have aimed at undertaking. However, the combinational complexity comprising of only the 
three areas are targeted by advocators of the real options framework, blaming the traditional 
and exciting models for neglecting the flexibility and options value, which the combinational 
complexity is failing to account for (Copeland & Keenan, 1998; Copeland & Antikarov, 2003; 
Schwartz & Trigeorgis, 2004).  
 
The majority of the exciting models has been neglected or rejected by managers, perceived as 
hard to understand or being too complex (Lin & Yang, 2014; Archer & Ghasemzadeh, 1999). 
Though extensive research is done, the several models and matrixes available, seem to miss 
the underlying problem of combinational complexity. (Lin & Yang 2014; Wang & Hwang, 
2007; Luehrman, 1998a; Copeland & Antikarov, 2003). The summation of flaws are by 
scholars referred to as the inability for models to capture flexibility and uncertainty on 
individual project and portfolio basis, being too static (Lin & Yang 2014; Lin & Chen, 2004; 
Mikkola, 2001; McNally, Durmuşoğlu & Calantone, 2013; Luehrman, 1998a; Copeland & 
Antikarov, 2003). The models are further on constantly under-evaluating positive future cash 
flows and over-evaluating the risk, using classic discounted cash flows and static risk 
assessments in the selection process (Luehrman, 1998a, 1998b; Copeland & Antikarov, 2003; 
Schwartz & Trigerorgis, 2004). In the latest years, real options has gained acceptance in the 
field of PSS (Wang and Hwang, 2007; Carlsson et al., 2007) aiming to facilitate a dynamic 
selection, as the real options accounts for what a company can do, linking the theories to a 
dynamic valuation approach (see chapter 2.3).   
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Based upon the above discussion, there is a need for further research of the existing static 
models and the dynamic real options framework in the selection of innovation project 
portfolios. The problem seems to be of the existing models being too complex and advanced, 
creating a need for new models. Indicating such a need is the managerial sphere neglecting 
the exciting models with growing interest for real options valuation. The differences between 
the static and dynamic selection and the entry of real options valuation in PPS creates new 
ways of valuating and selecting project portfolios with the goal of choosing projects that adds 
economic value to a company, subjected to the goal function of the firm. By exploring the 
benefits of a dynamic approach to the selection process, the aim is to see if flexibility adds 
value, substantiating the selection of innovation project portfolios.  

1.3 Research question 
In line with the discussion above the approach of this thesis can be summarized in an overall 
research question:  
 

- How can incorporating flexibility add economic value in innovation project 
portfolio selection? 

 
The research question will be explored by examining the available decision support models 
neglected by management. To answer the research question a study of the investigated firms’ 
PPS models will take place in order to understand the use of existing models by portfolio 
managers, and the fit between the literature and managerial practise to see what could change 
in the selection process if flexibility were to be incorporated.      

1.4 Research aim 
The aim of this thesis is hence to investigate how the selection of innovation projects 
portfolios could change if flexibility and with it uncertainty where added to the project 
portfolio selection. The aim is further to investigate how options value can be incorporated as 
additional economic value to a portfolio, with the goal of choosing portfolios that maximize 
the goal function of the firm. The conclusions might in turn operate as an indicium for the 
selection of project portfolios in the managerial selection process. Simplified, the approach is 
to find academically support for a transfer from a static to a dynamic valuation, appropriate 
for project portfolio selection of innovation projects and to present such additional approach 
of how to select innovation portfolios.   

1.5 Research disposition 
In chapter one, the background settings for the problem discussion are presented and the 
research area and research question are motivated, leading to the aim of the thesis.  
 
In chapter two, the theoretical approach and previous research is presented, starting with the 
theories used for the thesis, followed by a literature review leading to a flexibility model and 
the author’s use of the theories and previous research.  
 
Chapter three comprises of the methods used in the study. The chapter starts by linking the 
previous research choice of methods with the once used in this thesis and the reason of choice 
of the company used for the empirical study. There after follows data collection methods and 
finishes with data analyse methods.  
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Chapter four contains the empirical research findings, that is, the qualitative interviews with 
managers of different levels at the studied company.   
 
Chapter five presents the analysis of the empirical findings.  
 
Finally chapter six presents the conclusion and discussion, as well as suggestions for further 
research.  
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2. Theoretical approach and previous research 
In the following section the reader is introduced to the main theories that can form the basis 
for project portfolio selection. Following is a literature review finding its base in the theories 
of previous research and the findings of previous research is presented and discussed. 
Thereafter presenting the growth by flexibility model, developed with the literature at hand to 
be used in the empirical research and analysis. Finally a short summation of the chapter is 
presented.  

2.1 Net present value 
The most frequently used method for large investment decisions is net present value (NPV) 
(Copeland & Antikarov, 2003). NPV uses discounted cash flows, discounting future cash 
flows to the present value. The NPV can be described as the difference between how much 
the projects assets are worth and how much they cost. Therefore, when NPV is positive it 
increases the company’s revenue by starting the project and when NPV is negative, the 
company is better off by not starting the project (Luehrman, 1998a). NPV is based upon three 
constitutions. A) The decision to start or cancel a project is now or never, not subjected to 
deferring. B) All future cash flows are known. C) The investment is fully or not at all 
reversible (Luehrman, 1998a; Copeland & Antikarov, 2003). Net present value can be 
mathematically written through the below formula where C0 is the initial investment, C is the 
cash flow, k equals the discount rate and T is time.  
 = − + (1 + )  

 
The NPV uses a rather simple, yet rough rule, when deciding if a project should be launched 
or not. The rule says, that if the NPV is greater than zero, the project should be started and 
contra wise, when NPV shows a negative number, the project should be abandoned. The rule 
can be expressed as below. 
 . .  ( , 0) 

 
The critique aimed at NPV targets the systematic undervaluation of an investment 
opportunity. As net present value is based on the expected future cash flows, it is failing to 
account for flexibility as the future is “known” and all decisions are based upon that 
knowledge of the future. The longer the life span of a project is, the greater risk of unexpected 
events disrupting the expected cash flows, making the NPV calculation contain high 
uncertainty and as an unexpected event occurs, invalid. The three NPV constitutions are 
therefore static as all decisions that are made, are based upon the prediction of the future 
without regard for flexibility or uncertainty. The calculations are furthermore based upon the 
resources the company possesses and what can be made of such resources today (Acedo, 
Barroso & Galan, 2006). The resources can be both tangible and intangible, for example, 
machines and knowledge, and can be linked to the resource based view of valuing 
comparative advantage through existing resources (Spender, Kraaijenbrink & Groen, 2010).      
The critique is however not suggesting the abandoning of NPV, since the real options 
framework is based on NPV calculations, see chapter 2.4. The critique is rather suggesting an 
extension of the NPV to real options, accounting for the flexibility in a financial investment as 
a project (Luehrman, 1998a; Copeland & Antikarov, 2003).  
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The NPVs link to the static RBV’s can further be explained by 200 years’ of work and 
research in finance and economics. Friedman (1970) puts the larger picture of business 
responsibility to print by stating; “The social responsibility of business is to increase its 
profits” (Friedman, 1970, pp. 57). From a political economic view, the economic rent would 
be the value to measure (Tollison, 1982). However, measuring the economic rent, consisting 
of the delta between equilibrium price in perfect competition and the possible unearned 
returns, or as Tollison puts it; “A return in excess of a resource owner’s opportunity cost … ” 
(Tollison, 1982, pp. 575) is extremely hard, if not impossible (Tollison, 1982). It has shown 
that when a financial corporate goal function is targeted, value is created by trying to 
maximize the function and by so, the securing of future dividends (Jensen, 2001). Jensen 
expresses, to generate future dividends, which can be portrayed by the balance sheet 
increasing on its right side as a debt to the company shareholders as much as the left side in 
profit, a company must choose the right things to do to generate such profit. The static way of 
doing so is by choosing projects that maximises the goal function of the firm. Meaning, that a 
project showing a positive NPV will generate profit and when choosing between projects, the 
project yielding the highest MAX(NPV, 0) is to be chosen.  

2.2 Resource based view  
Sprouting from Penrose’s (1959; 1995) theory of the growth of the firm, Wernerfelt (1984) 
developed the resource based view (RBV) that explores the comparative advantage driven by 
a firm’s resources. The RBV has become one of the most prominent theories and has through 
its vast recognition also been referred to as the resource based theory (Acedo, Barroso & 
Galan, 2006). Based upon the Ricardian parable, RBV is seen as the heterogeneity and 
immobility of competitive capability. The RBV accepts firms as profit-maximizing units 
directed by rational managers moving toward equilibrium in a stable future (Spender, 
Kraaijenbrink & Groen, 2010). The theory seeks to explain internal sources of comparative 
advantage and Acedo, Barroso & Galan (2006) ascribe the wide recognition of RBV to its 
elegant simplicity and the appealingly easy usage. RBV is assuming that resources and 
capabilities are not uniform throughout competing firms and uses the heterogeneity to explain 
differences in comparative advantage (Killen et al., 2012). Wernerfelt (1984) describes a 
company’s resources as anything that could be thought of as a strength or weakness, tangible 
or intangible. Barney & Clark (2007) denotes the resources a firm must acquire and control 
as; valuable, rare, inimitable, and nonsubstitutable (VRIN) resources and capabilities.  
 
The valuable resources are a company’s unique resources that enable value creation by 
outperforming competitors creating comparative advantage. A rare resource indicates that 
competitors do not have access to the specific resource, or only partial access (Barney & 
Clark, 2007). An inimitable resource is a resource that is impossible or hard to copy by 
competitors. If an inimitable resource is controlled by one company, and one only, it is 
considered to contribute to the comparative advantage. If competitors are not able to imitate 
the resource it is considered to be a sustainable advantage (Talaja, 2012). Even if a resource is 
valuable, rare and inimitable it needs to be nonsubstitutable (Barney & Clark, 2007; Talaja, 
2012). To secure sustainable comparative advantage the competitors cannot be allowed to 
substitute the resource or else the advantage is no longer viable.  
 
The differences explained as resource heterogeneity between competing firms is one of the 
most criticized parts of RBV (Spender, Kraaijenbrink & Groen, 2010). The problem can be 
likened to competing companies. Companies that have a similar market share are assumed to 
share alike resources and are roughly accounting for similar economic returns. Neither the 
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resource based theory nor the neoclassical economic rationality that RBV is based upon can 
explain how these companies can compete and still succeed (Spender, Kraaijenbrink & 
Groen, 2010). According to Killen et al. (2012) only a small amount of a companies’ 
resources are of strategic character contributing to comparative advantage, opposing the 
resource based view. Furthermore the RBV has been accused of hindering explanation of 
comparative advantage in changing environments (Spender, Kraaijenbrink & Groen, 2010; 
Spiet & Lerch, 2014). The critique of both NPV and RBV indicates that a static way of 
valuating resources and selecting projects needs to be proceeded by other methods accounting 
for more than static resources and “known” predictions of the future. By rejecting one, or all, 
of the three fundamental constitutions of NPV the possibility for a dynamic approach to 
project and portfolio valuation emerges. The dynamic capabilities view sprouted out of the 
critique of RBV to try to explain comparative advantage and company objective function 
maximization from a dynamic point of view (Teece, Pisano & Shuen, 1997).  

2.3 Dynamic capabilities view 
While the static resource based view (RBV) put emphasis on the value of resources, the 
dynamic capabilities view (DCV) focuses on the changes in valuable resources (Arend & 
Bromiley, 2009). As the development of DCV sprung out of the RBV criticism, with Teece, 
Pisano & Shuen’s (1997) landmark article, the dynamic capabilities view has since then 
generated a remarkable amount of research. The DCV approach strive to deliver a 
comprehensible framework which can incorporate existing theoretical and empirical 
knowledge. Teece, Pisano & Shuen define DCV as “the firm’s ability to integrate, build, and 
reconfigure internal and external competencies to address rapidly changing environments” 
(Teece, Pisano & Shuen, 1997, pp. 516). In choosing what to do based upon the company’s 
abilities, it is a question of flexibility, as the flexibility tends to what a company can do with 
the resources at hand. Helfat defined DCV as; “the capacity of an organization to purposefully 
create, extend, or modify its resource base” (Helfat, 2007 in Killen et al. 2012 pp. 527) which 
can be viewed as the creation of options. Such options connects the DCV with real options as 
the real options framework accounts for options value, adding value to the selection process.  
 
Defining the dynamic capabilities view, Teece, Pisano & Shuen (1997) explain the term 
dynamic as a firm’s capacity to renew competences to gain advantage in a changing business 
environment. The term capabilities accentuates the significant role of strategic management 
in suitably adapting, integrating, and reconfiguring internal and external company skills, 
resources, and purposeful competences to match the demands of a changing environment. 
Simplified, what the company can do with the resources possessed. The DCVs resources 
contains of the tangible and intangible resources as RBV though the core of the dynamic 
approach is the structure of how the company uses the resources. In this sense, the structure is 
in comparison to the RBV resources much easier to imitate as a system or structure easily can 
be imitated or substituted. (Killen et al. 2012). 
 
The core of a firm's competence and dynamic capabilities lies, as abovementioned, in the 
company’s organizational structures. With the dynamic capabilities view, the maximization of 
the objective function does not only come from the assets possessed, as with RBV. The 
competitive advantage is formed by the company’s asset positions and structure, such as the 
firm's opportunity to use the portfolio of hard-to-replicate knowledge and the firm's ability to 
reconfigure and change (Teece, Pisano & Shuen, 1997), see appendix 1 for models expressing 
the structure of DCV. As the dynamic capabilities view sprouted from the RBV it aimed to 
provide both ground-breaking academic research and managerial models to be implemented at 
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companies. By providing a dynamic way of valuation and selection much is gained when 
resources needs to be valued in order to substantiate project portfolio selections (Killen et al. 
2012). The DCV has however provided a set of advanced mathematical approaches not 
understood by the managerial sphere and is therefore in need for further development (Arend 
& Bromiley, 2009). The DCV has further on received substantial criticism for the lack of 
underlying theories, basing its fundament on presumptions and fictive nexus between 
previous research, leading to the lack of a clear definition of its relevance (Arend & Bromiley, 
2009). The critique also involves limits of effects, as weak connections between DCV and 
successful change is pointed out by Arend & Bromiley (2009) as well as implications of 
bounded rationality, human inability to change and the need for definitional bounds within the 
field of DCV.   
The core of DCV is as discussed the opportunity to develop comparative advantage through 
the organizational structure, in other words what the company can do. It is the opportunity to 
create comparative advantage with the company’s dynamic options at hand that creates the 
opportunity to develop the DCV to account for the options value in the selection of project 
portfolios. By accounting for the options a company can possess, the company does not only 
inherit the flexibility to choose which options to proceed but can also incorporate the value of 
options in to the selection process. The options value and the incorporation of flexibility 
calculations can be done through the real options framework presented by Luehrman (1998a) 
amongst others. The link between the DCV and real options is hence the dynamic approach 
creating flexibility in the decision process which the real options framework manages to 
incorporate in the selection process.   

2.4 Real options 
The first real breakthrough in the valuations of options was made by Robert Merton, Fisher 
Black and Myron Scholes in the early 1970’s. Their ground-breaking work made them receive 
the Nobel prize and since then a steady stream of papers on the subject has followed 
(Copeland & Antikarov, 2003). The early work on option valuation was complicated, where 
advanced mathematic was used, making the calculations only explicable by PhDs (Luehrman, 
1998a). However, with the simplification in the field of real options and usage of simpler 
math, the similarity between the financial options and the corporate investments, (e.g., 
projects) has allowed the real options framework to find ground in the project portfolio 
process, now understandable and usable by managers. Nevertheless, the definition of a real 
option is the same as in the beginning; a real option is the right, but not the obligation, to take 
an action. That action could be; buying, selling, expanding, deferring, contracting or 
abandoning the option, at a predetermined cost, the exercise price, for a fixed period of time, 
the options life length (Luehrman, 1998a; Copeland & Antikarov, 2003; Copeland & Keenan, 
1998). To map a projects investment opportunity onto an option a set of variables are used; 
present value of a project’s operating assets, expenditure required to acquire the project assets, 
length of time the decision may be deferred, time value of money and riskiness of the project 
assets (Luehrman, 1998a), as shown in figure 1.  
 
Before exploring the real options framework it is of interest to explain when NPV and real 
option value is identical. The two are identical when the project decision to start or abandon 
cannot or can no longer be deferred, in real options illustrated as t = T, T being the expiration 
date of the option. In that moment, NPV that is greater than zero will also show a call option 
value greater or equal to zero.  
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The parallel gives, when NPV is high, real options providing additional flexibility will most 
certainly have a low probability of being exercised, implicating that NPV calculations will 
suffice in such situations. Contrariwise, when a project shows an extreme negative NPV, no 
extra opportunities or flexibility will save the project. This means, that most value added by 
real options will emerge when NPV is close to zero and there is a lot of uncertainty (Copeland 
& Antikarov, 2003).  
 
Real options contain several different types of options being either a call or a put option. A 
call option is an option that provides the owner to buy and a put option provides the owner to 
sell. Call options can be further divided in to scale up-, expand- and prolong options amongst 
other types. The put options can be downscale-, abort- or lease options, amongst others 
(Luehrman, 1998a, 1998b). If the time, T, of a project is known and larger than 0, both call 
and put options can be defer options creating opportunity for the owner to defer decisions 
leading to, that tomorrows decision can be made with tomorrows knowledge.  
 
To explain the real option with an analogy, imagine that you are planning to drive from 
Stockholm, Sweden, to Rome, Italy. Most certainly you will look at a map, plan your route 
based upon the turnpike theorem saying that it is favourable to go a little outside your way to 
enjoy high speed paths, even if it is not the shortest route, and choose the highways. You will 
get in to your car and head off and drive until you encounter an unexpected road construction 
with a major traffic jam. Now think of this in likeness with NPV. The expected cash flow is 
accounting for the same risk for the entire project period, assuming that you can drive the 
entire way using your expected route without encountering road constructions, traffic jams or 
snowstorms, without the possibility to respond to uncertainty. Now imagine that you before 
you set out, bought a map, a GPS, a weather report system and a traffic jam warning device, 
you have invested in flexibility. From the moment you start driving, you will constantly be 
able to adapt your route and base your decisions upon the value of options occurring under 
uncertainty. The time saved will most certainly pay for the investment in flexibility (Copeland 
& Keenan, 1998). According to Copeland & Antikarov (2003) it is equally unrealistic to 
expect NPV to account for the value of flexibility as it is to expect a trip as long as Stockholm 
– Rome, without any detours or unexpected traffic jams.  
 
If all variables are constant during a projects decision face, except t, a project will as, t 
declines, move to a less favourable project to start (Luehrman, 1998b). However, the real 
options give managers the time to within T time periods make X (required capital 

Figure 1. The real option variables 

Figure 1. Variables used to map an investment onto a call option 
Reference: Luehrman, 1998. 
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expenditure) lower and S (present value of assets) higher, creating a higher option, leading to 
a more favourable project (Copeland & Antikarov, 2003). It is the bought flexibility by using 
real options that is the gain, also accounting for uncertainty in the selection process. The X 
and S can be linked to the dynamic capabilities view, as it is linked to the company’s 
resources and what the company can do to create comparative advantage.  

2.4.1 Real options portfolio theory 
To be able to choose projects as portfolios adding economic value by growth, the options 
need to be call options. The owner needs to be able to make a call of expansion meaning that 
a portfolio can be decided to be launched as a scale up to the initial project. The flexibility 
added through the real options approach lets the portfolio manager to select such options by 
options valuation. When it comes to portfolio selection, there are naturally decisions that 
cannot be deferred. According to the above discussion, the real options approach becomes 
redundant if all projects evaluated needs a go or no go decision today. However, if the 
framework of real options is applied at decisions that cannot be deferred, there can still be 
gains by using the flexibility and value of future options in today’s decision, as the ENPV will 
favour the project with most valuable furture options (Copeland & Antikarov, 2003).    
 
This thesis will not take on the underlying mathematics of real options but merely present the 
framework and theories it is based upon. However it is of interest to present the formula for 
real options portfolio theory, using ENPV1. C0 is the initial investment, Ct the expected future 
cash flows, T is time, O is options, N is the number of option and F is flexibility. For deeper 
understanding the reader is referred to (Luehrman, 1998a, 1998b; Copeland & Antikarov, 
2003; Schwartz & Trigeorgis, 2004).  
 =  − +  [ ](1 + ) +  [ ](1 + )  

   
In the formula, k is comprised with the weighted average cost of capital (WACC) using the 
following formula, where Y is the number of sources of capital, ri is the required rate of return 
for the security i, and MVi is the market value of the outstanding securities i. 
 = =  ∑  × ∑   
 
The formula shows the NPV calculation accounting for the extension of opportunities. The 
sum of O, is adding the value of options becoming possible, if the initial projects is launched. 
If the project can be deferred the flexibility to defer decisions along t time periods, creates the 
opportunity to base tomorrows decision on tomorrows knowledge. As the analogy of the car 
ride from Stockholm to Rome expressed, it is the flexibility of opportunities along the way 
that real options take in to account. Figure 2 shows how NPV uses discounted cash flows, real 
options the flexibility to defer and ENPV, the combination of discounted cash flows, 
flexibility and future options.   
 
 
 
                                                 
1 The E in ENPV stands for expanded net present value, accounting for the additional options value and 
flexibility and is one way to calculate real options.  
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The real options approach creates the possibility to account for flexibility and uncertainty 
through the use of discounted cash flows, deferring decisions and incorporating uncertainty 
and can be calculated by the ENPV formula. It also enables today’s decision, not applicable to 
deferring, to be based upon the added value of potential opportunities as well as the 
opportunity to base tomorrow’s decision based on tomorrow’s knowledge.   
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Figure 2. Three approaches to a decision 
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Figure 2. The different approaches to project portfolio decision, showing how ENPV accounts for 
both NPV and real options.  
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2.5. Literature review 

2.5.1 Maximize the objective function or create stakeholder satisfaction  
The existence of a company is often discussed as the mutually exclusive choice between 
economic responsibility to the company shareholders and the social responsibility to society 
(Queen, 2015). When it comes to the value of the company, Mygind (2009) argues that it is 
valued by the return to the stakeholders. Stakeholders comprise of all individuals or groups 
that can affect the welfare of the firm. On the other side stands the shareholders who are the 
individuals or groups that offers capital, with no other interest than to maximize the return on 
their shares, trough future dividends, at a certain level of risk (Mygind, 2009).  
 
The question that arises as the exclusive choice between stakeholders and shareholders are 
tended to, be whether managers should set company focus on maximizing the company 
objective function, in favour to shareholders, or to create stakeholder satisfaction?  
 
According to Jensen, 200 years of economic development has shown, that the overall goal for 
a company is to create economic gain for the shareholders, maximizing future dividends 
(Jensen, 2000). A company’s use of projects and in its extension, portfolios, is per se a tool to 
maximize the company objective function, explicitly making projects inherit the rule of 
MAX(ENPV, 0). The statement raises yet another question; how do management maximize 
the function through project portfolio selection? Value management in project portfolio 
selection has during its existence concentrated on the maximization of commercial value and 
identification of future business prospects and as an extension, future opportunities 
(Martinsuo & Killen, 2014). Maximizing the financial goal function of the firm says, that 
managers should make decisions that will lead to an increase in the long run value of the firm, 
much like the theories of DCV that states that comparable advantage comes from dynamic 
opportunities (Teece, Pisano & Shuen, 1997).  
 
Stakeholder theory says that managers should take all stakeholders in to account when making 
a decision (Mygind, 2009; Queen, 2015; Jensen, 2001). When accounting for stakeholder 
interest, managers are facing the dilemma of tradeoffs (Jensen, 2001; Martinsuo & Killen, 
2014). Customers want cheap products and high quality, while employees want high wages, 
minimal workload, high quality benefits, etc. Capital suppliers want high return and low risk 
on lent capital while environmental organisations want legislation on pollution and expensive 
emission quotas (Jensen, 2000, 2001; Mygind, 2009). The dilemma is then clear, how to 
tradeoff between stakeholder interests? Jensen (2001) answers the question by stating that a 
company should value maximize as long as an invested dollar adds long term value to the 
firm, worth one dollar or more, since it generates societal welfare favouring all stakeholders 
and Jensen continues by pointing out that stakeholder theory does not have an answer to the 
dilemma. Simpler explained; economic gains to shareholders through maximizing the 
company objective function, come stakeholders beneficial, as a direct effect to society without 
tradeoffs.  
 
For a firm to maximize the company objective function, it needs according to, Spieth & 
Lerch, McDonough & Spital, Mikkola and Hunt & Killen (2014; 2003; 2001; 2008) to invest 
in, and undertake in R&D and innovation projects, which are likely to produce most long term 
value for a company (Spieth & Lerch, 2014; McDonough & Spital, 2003). By clarifying and 
focusing on the maximization of the company objective function, tending to its shareholders, 
as the overall goal for the company, management can focus their portfolio selection based 
upon MAX(ENPV, 0).    
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2.5.2 Research & new product development and innovation projects  
As previously discussed, innovation project are the type of projects regarded to yield the 
largest revenue per invested dollar and comparative advantage when subjected to, 
MAX(ENPV, 0). When selecting a portfolio of innovation projects it is with the intention of 
launching them in what is called the innovation pipeline. The intention of the pipeline 
illustration is for management to have an overview of running projects and to help manage the 
projects as they enter different phases of maturity (Mathews, 2010). The innovation pipeline 
is illustrated in figure 3, containing the project phases, the idea valuation, the project portfolio 
selection, the project portfolio management as well as a number of tollgates. Projects in all 
three phases, P1, P2 and P3, are illustrated as circles where the project size is illustrated by the 
size of the circle. When a portfolio containing innovation projects has been selected, it is 
launched in to the firm’s innovation pipeline.  
 

 
As Spieth & Lerch, McDonough & Spital, Mikkola and Hunt & Killen (2014; 2003; 2001; 
2008) argue for managements’ selection of right R&D and innovation projects to facilitate a 
firm’s success, the PPS research needs according to Söderquist & Godener (2004) to focus on 
R&D and NPD selection, since the biggest literature gap is found in such activities (Mikkola, 
2001; Wang & Hwang, 2007; Perez-Freije & Enkel, 2007). Söderquist & Godener (2004) 
redefine R&D and NPD as R&NPD arguing that the Frascati manuals’2 (OECD, 2002) 
definition of R&D is inconclusive. The R&NPD can be defined as; research, referring to new 
knowledge and technology generating, applicable in development activities. And; translates 
the necessity of fit between new properties (knowledge and technology) and new product 
development objectives as well as the need of closer alignment between research and 
operative development activities. New product development refers to the creative practise 
creating new products, processes and applications through an iterative process originating 
from the knowledge and technology (Söderquist & Godener, 2004). Though R&D often have 

                                                 
2 The Frascati Manual defines R&D and the methodology for collecting statistics about R&D. The 6th edition 
defines R&D as; “Research and experimental development (R&D) comprise creative work undertaken on a 
systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, 
and the use of this stock of knowledge to devise new applications.” (OECD, 2002, pp. 30)  

Figure 3. The innovation pipeline, visualising the P1, P2 and P3 phases and the project portfolio selection. 
Reference. Based upon Mathews (2010), the pipeline model is a generally accepted model    
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Figure 3. The innovation pipeline  
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a technical focus (Jolly, 2003) both R&D and NPD have a common goal comparable to 
innovation projects aiming to develop or improve, products, processes and services (Mikkola, 
2001). The R&NPD definition is therefore closely entangled with Spieth & Lerch’s (2014) 
definition of an innovation project (IP). 
 
An innovation project is described as a project with the aim of developing or improving 
products, processes, business models and services (Spieth & Lerch, 2014; Killen et al., 2012). 
Mikkola (2001) defines innovation as “… a range of activities that contribute to producing 
new goods and services in new ways” (Mikkola, 2001, pp. 424) progressing Hall’s (1994) 
assertion that innovation occurs when a new product or process is put in to viable use for the 
first time. Mikkola (2001) argues that the creation of innovation is strongly correlated with the 
companies R&NPD, depicting the correlation in such a way that R&NPD and innovation 
development can be used synonymously when subjected to project portfolio selection.   
 
Every company that participate in R&NPD and innovation projects face problems with how to 
maximize value in the portfolio selection with the available resources at hand (Wang & 
Hwang, 2005; Jensen, 2001). Cooper, Edgett & Kleinschmidt (1999), describe how portfolio 
decisions are difficult due to long led times for R&NPD and the alignment between market 
and technology, complicating the decision further as interdependencies needs to be taken in to 
account. As R&NPD and innovation projects deals with future activities and opportunities the 
decision will encounter uncertainty, growing as the life cycles of technologies becomes 
shorter and the innovation speed exponentially grows (Wang & Hwang, 2005). Even in 
situations of uncertainty and facing limited resources a decision must be made in which 
innovation projects are to be incorporated in the project portfolio. Such uncertainty can be 
reduced through adding flexibility to the selection process, adapting the real options 
framework.  

2.5.3 The value of opportunity  
Adding value to the selection process is becoming more requested as traditional discounted 
cash flows is receiving critique (Copeland & Antikarov, 2003). By adapting the real option 
approach to PPS the value of options can be incorporated in the selection process. As long as 
the value of opportunities outweighs the initial investment the value of opportunities is 
positive. However, if a decision can be deferred, the uncertainty and risk plays a vital role in 
the valuation (Luehrman, 1998b; Copeland & Antikarov, 2003). The valuation of innovation 
and R&NPD projects becomes even more interesting as additional value may play an even 
bigger role than a first glance might suggest. Why especially interesting in R&D projects a 
short analogy clarifies.  
 
A company is due to decide whether to build a new research lab or not. An investment in a 
new research lab would have an initial cost, however, it would not create a future positive 
cash flow and will initially show a negative NPV. With the knowledge of real options 
valuation, it becomes clear how the real options approach to such a project would create 
additional value to account for in a decision. The research lab will create future opportunities, 
might it be new products or processes, which can be valued and put in to the decision if the 
project to build the research lab is to be launched or not. Kestler (1984) states that if the 
options value are higher than the initial cost, it would make sense to launch the project, 
advocating the gain by real options valuation. 
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The value of opportunities can therefore be describes as the bought flexibility, explained by 
the car ride analogy in chapter 2.4, and can be calculated by ENPV. The delicacy with such a 
calculation is that it can be applied at individual projects as well as portfolios of projects.  

2.5.4 Proprietary and shared options 
Apart from the different types of options abovementioned, Kestler (1984) further divides 
options in two different categories with a connection to the RBV and DCV view of resources. 
The first being proprietary options coming from a company’s patents or inimitable knowledge 
and systems. These options are of high value since competitors cannot duplicate them and the 
holder possesses the exclusive right to exercise. The other type of options is shared options 
which are collective and less valued due to competitor’s chance to either duplicate options or 
exercise substitutable options of their own, leading to the erosion of the first company’s 
options (Kestler, 1984).   
 
According to the dynamic capabilities view a company holds both tangible and intangible 
VRIN resources (RBV) as well as systems creating opportunities (DCV) (Arend & Bromiley, 
2009; Teece, Pisano & Shuen, 1997). It can therefore be expected, that a company’s options 
comprises of both proprietary and shared options, paving the way for comparative advantage 
(Arend & Bromiley, 2009) and value maximization (Jensen, 2001).  

2.6 Decision making in project portfolio selection 
Ever since Markowitz (1952) presented his portfolio optimization model, the main objective 
in PPS has been how to decide which projects are to be fitted in to a portfolio. While smaller 
firms naturally can base their decisions upon intuition (Yahaya & Abu-Bakar, 2007), the need 
of substantial decision support grows with the sizes of the company. The existing literature of 
PPS, and especially the one targeting innovation projects, are according to Spieth and Lerch 
(2014) as well as Killen et al (2012) much atheoretical, even though there has been numerous 
attempts to develop fit between models and theories in the field of selecting projects 
(Hällgren, 2012). The several selection model’s weak connection to the above discussed 
theories has been subjects of continuous debate, as models are criticised to be complex and 
unpractical for managerial implementation (Hällgren, 2012; Lin & Yang, 2014; Archer & 
Ghasemzadeh, 1999).  
 
Spieth & Lerch (2014) promote the DCV viewpoint when selecting portfolios, as dynamic 
capabilities express the link between comparative advantage, organizational capabilities and 
innovation, providing the decision maker with input regarding what is organizational 
obtainable with the resources at hand. In other words, the dynamic capabilities view involves 
the interaction amongst available resources and what the company can do. The complexity of 
perspectives in choosing the optimal portfolio is one of the major hold back for managers 
(Bitman &Sharif, 2008) and accounting for multiple perspectives is according to Bitman & 
Sharif necessary to avoid suboptimization, occurring when perspectives are excluded from the 
decision process.   
 
To make sound selections based upon input data (e.g. value, risk, flexibility, uncertainty, 
correlation, etc.) generated by PPS models, it is important that the information generated is 
embodied through a decision support model and not a decision making model (Archer & 
Ghasemzadeh, 1999). The difference lies in the nature of the model as a decision support 
model provides information and values supporting a subjective decision by portfolio 
management. Decision making models are often based on analytic hierarchy process (AHP) or 
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data envelopment analysis (DEA), ranking projects based on mathematical algorithms 
(Brenner, 1994), declining management intervention in the objective ranking process as well 
as the selection process. Liu, Yeh & Huang (2014) describes the AHPs wide 
acknowledgement related to its simplicity and rationality. However, they underline the AHPs 
inability to account for correlation between variables. The decision making models can also 
be built upon a data envelopment analysis (DEA) method which Lengacher & Cammarata 
(2012) describes as measuring the relative efficiency upon decision making units (DMUs). It 
is similar to AHP but requires a large amount of data, making the system complex and hard to 
understand (Bitman & Sharif, 2008).  
 
Even with information generated by decision support models, project portfolio managers’ face 
hard and complex decisions, as multiple projects must be selected and managed in a 
way to improve the long-term value of a portfolio by valuating multiple measures and 
interdependencies (Martinsuo & Killen, 2014). The issues of R&NPD and IP decisions 
involves technical issues, planning issues, project executions issues, correlation issues and 
maximization issues, to mention a few (Yahaya & Abu-Bakar, 2007; Jensen, 2001). The 
possible use of more than one model must also be taken in to account when weighing 
different support values to each other (Kleinschmidt, 2006).   
 
In order to find additional value, Martinsuo & Killen (2014) set out to incorporate other than 
financial value in project portfolio selection. Their study investigates the following 
dimensions; ecological, social, health and safety, societal influence, learning and knowledge 
development, and long term business value. The result indicated that project portfolios may 
have value other than financial. However, if attention is directed to measure value in the 
investigated dimensions, it might lead to loss in financial value due to today’s insufficient 
measurement methods and the high uncertainty in non-financial dimensions. Martinsuo & 
Killen (2014) are pointing toward the direction of incorporating only variables that can be 
financially measured, until further research in the field is done.  
 
Yahaya & Abu-Bakar (2007) adds yet another perspective to decisions. It is the one of 
intuition. Their finding implicate that managers in PPS of R&NPD, in many cases, base their 
decisions upon intuition as their primary selection method. Yahaya & Abu-Bakar argue for 
the knowledge based decision making, creating an underpinned decision support by the 
knowledge-sharing between stakeholders in a decision. Such exchange of information and 
knowledge would according to their findings create well substantiated decision support, 
provided that quantifiable measurements also have taken place. In such cases, a natural last 
decision would be made by intuition, or as the managerial sphere would refer to it, gut feeling.        

2.6.1 Now, tomorrow or never? 
Another question that is raised discussing decision making is when a decision is needed, 
should it be early or should it, and could it, be deferred? The question is complex as it has to 
account for other factors as market fit, market share, market demand and competition 
(Kestler, 1984; Luehrman, 1998b). Kestler (1984) elaborate the decision making based upon 
the origin of options being proprietary or shared options in a competitive market. If the option 
is shared and dealing with high competition it should be exercised now. If shared but with low 
competition the exercise can wait until weaker competitors exercise their options and by 
deferring reducing uncertainty. If the option is proprietary and is facing low competition the 
option can be deferred, reducing uncertainty. With a proprietary option facing high 
competition an earlier exercise is preferable to preclude erosion of value (Kester, 1984). The 
core of the real option framework is hence, if possible, defer decisions, as uncertainty will be 
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reduced and the flexibility to exercise options along the way will provide gains in value 
(Luehrman, 1998a, 1998b; Copeland & Antikarov, 2003; Copeland & Keenan, 1998; Kester, 
1984). 
 
Despite of models being decision supporting or making models, measuring financial or non-
financial variables, most of today’s portfolio selections are based upon a static valuation 
which does not provide any solution to the complexity of choosing innovation projects 
(Copeland & Antikarov, 2003; Schwartz & Trigeorgis, 2004). As the static models are 
regarded incomplete and to advanced for managerial practice, there is hence an interest in 
approaching the selection process in a dynamic way. Such a way could be by incorporating 
flexibility to a model and the selection process, which the real options portfolio theory 
provides (Luehrman, 1998a, 1998b).  
 
The real options approach give managers the opportunity to account for flexibility, 
uncertainty and deferring decisions within t time periods as well as making required capital 
expenditure lower and present value of assets higher, leading to a more favourable project to 
start. It is the incorporated flexibility by using real options that is the gain in such an 
approach, allowing decisions to be deferred. The discussion ultimately results in that; PPS 
need to be based upon well substantiated information (Mikkola, 2001; Yahaya & Abu-Bakar, 
2007), generated by decision support models (Archer & Ghasemzadeh, 1999) accounting for 
options value to incorporate flexibility and uncertainty (Luehrman, 1998a, 1998b; Kester, 
1984; Copeland & Antikarov, 2003). By the sharing of information by stakeholders and 
management, decisions that are time adjusted (decision now or defer) can be made toward 
maximization of the goal function of the firm (Yahaya & Abu-Bakar, 2007; Jensen, 2001).      

2.6.2 Need for company-specific selection and adaption   
It is important to point out that the subjective judgement of an portfolio subjected to 
MAX(ENPV) is specific for each company. Existing empirical research shows that no single 
method of PPS is applicable for all companies but needs to be customized for each firm 
through high involvement by management (Mikkola, 2001). Bitman & Sharif (2008) discuss 
and highlight the weaknesses in the many existing models, as well as their own, pointing 
towards the necessity and yet complicity for each firm’s individual model adaption. 
Kleinschmidt (2006) states that companies regularly use two or more models in PSS, as the 
use of one does not provide enough decision support. Mikkola (2001) develops the argument 
stating that R&NPD and IP needs not only internal evaluation but needs to be evaluated vis-á-
vis customers and competitors to ensure comparative advantage, creating a need of accounting 
external factors, supporting the use of more than one model.  
 
The success of PSS lies according to Spieth and Lerch (2014) in the managerial perception 
and satisfaction, displaying the need of transparency and managerial involvement in the 
selection process of both projects and the methodology of choice. Bitman and Sharif (2008) 
agrees as they stress the need of managerial recognition of the chosen selection methods. 
Archer & Ghasemzadeh (1999) argue that model customization on company level might not 
suffice due to different classes of projects within R&NPD and IP. Hence, the selection 
methods might need adaption even within the firm’s different departments, stressing that it is 
the use of common measures within each class of projects that is imperative, allowing projects 
and portfolios to be compared equally. The atheoretical approach behind most of the existing 
models is expressing adversity to the selection of innovation projects as the combinational 
complexity neglecting flexibility and uncertainty. The methodological discussion is therefore 
exploited by real options advocator’s since the RBV and DCV methods fail to account for 
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flexibility and uncertainty, undermining decision quality. The real options framework presents 
an opportunity to incorporate the expressed shortcomings in to the combinational complexity 
and select project portfolios based upon substantiated decision support. (Arend & Bromiley, 
2009; Killen et al., 2012; Copeland & Antikarov, 2003; Luehrman, 1998a, 1998b). In the end, 
managers, scholars, management experts and professors all come to the same conclusion. 
There is not one model that companies unanimously can use in their project portfolio 
selection process without company-specific adaption (Mikkola, 2001; Bitman & Sharif, 2008; 
Kleinschmidt, 2006; Archer & Ghasemzadeh, 1999).  
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2.7 Developing a theoretical framework 
As Killen et al. (2012) expresses how only a small amount of a company’s resources are of 
strategic character, a static way of valuing portfolios is undesirable. By incorporating the real 
options framework, a static way of selection can move towards a dynamic way, combining 
NPV with real options and DCV, and as the abovementioned discussion has pointed out, 
would be favourable, both academically and managerial (Teece, Pisano & Shuen, 1997; 
Killen et al., 2012; Copeland & Antikarov, 2003).     
 
The growth by flexibility model, figure 4, is based upon a static foundation since using NPV 
calculations. By adding flexibility to the calculations, in form of options value and handling 
uncertainty, it will substantiate innovation project portfolio selection with the aim of 
maximizing the goal function of the firm and by so, allowing the company to grow in 
economic value. Calculating the gains by incorporating real options is the calculation of 
ENPV, which uses the base of RBV since including NPV. By adding real options, a move 
from a static valuation to a dynamic is enabled through the calculations of E, O and F. The 
move from a static selection to a dynamic, impede the common short term profit 
maximization, obliging managers to account for future options generating a long term view 
which in turs is creating conditions for long lasting comparative advantage (Jensen, 2001).  

2.7.1 Adding flexibility, the core 
Flexibility is added to the decision support by incorporating F (Copeland & Antikarov, 2003), 
accounting for the uncertainty faced. Z represent time periods, P is probability and S is the 
state of possible outcomes. See chapter 5.2.1 for further explanation of F. 
 =  ∗   

 
The flexibility is then incorporated to the ENPV calculations by adding F to the calculation of 
E (expanded), forming ENPV. O is as described the value of options enabled.  
 = [ ](1 + )  

 
By incorporating flexibility to PPS, the model hinders static short term valuation and creates 
substantiated decision support for managers to choose projects, maximizing the corporate goal 
function and per se adding economic value to the company (Jensen, 2000; Copeland & 
Antikarov, 2003). By incorporating flexibility, management faces the possibility to choose 
portfolios of projects instead of individual projects. The fundamental idea is to make the PPS 
decision for management easier, as there is expressed problems with today’s models.  

2.7.2 Options of growth 
As described, there are several different types of options. To be able to grow by options, the 
options needs to be call options, letting the owner make a call of expansion. The growth by 
flexibility model focuses on scale up options, as management faces the opportunity to accept a 
portfolio of options. In other words, as management launches a “lead” project, it can enable 
several different options, right after launch and in the future. Options leading to growth, are 
options that yields economic value if accepted as t = T. The options enabled can through the 
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flexibility of choosing, be chosen as a portfolio and launched in the innovation pipeline, 
correlating with the lead project. This thesis therefore focuses on scale up options, leading to 
the growth of economic value at a company, though other options briefly will be attended to. 

2.7.3 Striving to grow by portfolio maximization  
As abovementioned, Jensen (2000) states that the overall goal for a company is to produce an 
output greater than the input, by maximizing the corporate goal function. By striving to 
maximize value in PPS, growth is enabled by adding the options value and flexibility, 
accounting for the dynamic capabilities of a project portfolio. The fundamental mind set of 
incorporating real options enables the possibility to choose projects as a portfolio of whole, 
instead of as today, when projects are in large chosen as individual projects. Selecting 
portfolios with a high ENPV will create a portfolio of projects with high business potential as 
the real options approach reflects value of future options (Copeland & Antikarov, 2003). 
Presented is the formula for calculating the ENPV. Figure 4, shows the growth by flexibility 
model, visualizing a move from a static to a dynamic way of valuation. By favouring a shift 
from static to dynamic, the addition of flexibility will reduce the uncertainty faced by the 
portfolio. Such reduction will enable decisions to be taken tomorrow, with tomorrow’s 
knowledge, and by so adding economic value as the projects maximizing the goal function of 
the firm can be chosen.  
 =  − +  [ ](1 + ) +  [ ](1 + )  

 
   S.T. MAX(ENPV, 0) 
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Figure 4. Growth by Flexibility 

Figure 4. The growth by flexibility model illustrating a shift from a static 
selection to a dynamic approach 
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3. Research methodology 
The following chapter presents the methods used for the thesis. The section starts by 
motivating the choice of company to examine as well as the methods for data collection. 
Following, is the methods for analysing the empirical findings and a discussion of the 
methods chosen. The section ends by a summary of the methodology.    

3.1 Scope of empirical research 
Much of the previous research in the field of PPS base their methodological approach upon a 
qualitative study, as have the selected authors; Luehrman (1998b), Bitman & Sharif (2008), 
Mikkola (2001), Archer & Ghasemzadeh (1999), Ghapanchi et al. (2012), de Oliveira (2015) 
and Wang & Hwang (2007) done, amongst others. As this thesis finds its foundation in the 
mentioned authors, amongst others, a qualitative approach is taken. In appendix 6, a general 
numerical example is presented, as Ghapanchi et al. (2012) points out, most of today’s papers 
uses a numerical example to illustrate the application of the paper’s preferred model, as have 
the selected authors done; Luehrman (1998a, 1998b), Copeland & Antikarov (2003), 
Schwartz & Trigeorgis (2004), Copeland & Keenan (1998), de Oliveira (2015), Mikkola 
(2001), Spieth & Lerch (2014), Ghapanchi et al. (2012), amongst others.  
 
The empirical study will focus on how a move from a static way of valuating portfolios, to a 
dynamic way, can be implemented as well as examining the gains from such a shift by 
implementing the Growth by Flexibility model. By studying the shift from static to dynamic, 
the aim is to portray the gains by using the real options framework for the selection of 
innovation project portfolios.   

3.1.1 Choice of company for empirical study  
To explore the shift from static to dynamic, the empirical research will be carried out at an 
organization that is a world leader within the manufacturing industry and food industry 
technology. The company works in a global business where multiple projects are driven with 
millions of euro turnover from projects each year. It is therefore of interest to carry out the 
investigation at such a large company as the demand for sound selection methods are 
important when dealing with multiple projects interrelated with large turnovers. The company 
works in a fast moving environment and partake in ground-breaking research and 
development as well as launching highly innovative products. The company further on 
expresses a need for development in the project portfolio selection process as the static 
selection models of today are adverse to the speed of innovation development the company is 
working in, relating with the expressed need, on academic and managerial level, of help in the 
selection process. Hence, the company has problems with the selection process which creates 
an opportunity to explore how the selection process could be changed and developed if 
incorporating flexibility, and through such implementation, uncertainty.       

3.2 Gathering of data 
The gathering of data were carried out by, in person interviews at the company subjected to 
the study. The interviews were initially unstructured followed by semi-structured interviews, 
see appendix 2 for the interview questionnaire. Bernard (2011) points out the benefits of 
starting with unstructured interviews when developing an understanding of the area of 
research. It also allows the researcher to focus the interview to a particular area of research 
testing the preliminary thoughts on the research question by allowing a discussion like form. 
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Rubin & Rubin (1995) and Bernard (2011) points out the unstructured interviews possibility 
to provide preliminary steps toward a semi structured interview as the researchers develops 
knowledge of the investigated field. As the literature review has revealed, the choice of semi 
structured interviews are the preferred way to gather data when examining the project 
portfolio selection process, as have the following authors done; Bitman & Sharif (2008), 
Mikkola (2001), Archer & Ghasemzadeh (1999), Ghapanchi et al. (2012), de Oliveira (2015) 
and Wang & Hwang (2007), amongst others. The thesis therefore naturally takes on the same 
interview approach as the selected authors. Eriksson & Wiedersheim-Paul (2014) highlights 
the use of person to person, in house interviews, as it creates opportunity for follow-up 
questions as well as the possibility to receive answers to difficult questions with the 
possibility to explain the question, if the interviewee does not understand it. There was no 
benefit with transliteration of the interviews in this study and therefore was the notes from the 
interviews considered sufficient. 

3.2.1 Choice of interviewees  
The interviews have been held with six managers and three data input owners within the 
company, all having connections to the decision process in project portfolio selection in one 
of three different ways. A) Owner of data input, supporting a decision. B) Project portfolio 
management, summarizing input and suggesting a portfolio. C) Top management delivering 
final selection decision, (See appendix 3 for list of interviewees). The span of interviewees 
captures the involved persons in a selection process, why it is appropriate to interview persons 
from the three areas. The nine interviewees are representing the three different areas, A, B, C 
with three persons from each area to in the best way capture the whole selection process. The 
interviewees were chosen after an employer database search at the company, where the 
chosen individuals were considered to be the natural interviewees as all are working at the 
research and development department of the company with different innovation projects. 
Mikkola (2001), Jolly (2003) and Mathews (2010) have all selected their interviewees in the 
same manner, all working in the same company, though with different projects, therefore 
capturing both similarity and diversity. The three top managers were in charge of the projects 
and portfolios examined which the other six interviewees were working with, substituting 
both the possibility to capture differences amongst projects and portfolios as well as the 
overall correlation from a top management perspective. To be able to investigate a change 
from static to dynamic it is important that the whole decision process from input to final 
decision is reviewed where interviewees from the different areas are considered as the most 
valid source of data collection also strengthening the reliability of the study. The total number 
of interviews are sixteen (16), interviews ranging from 30 minutes to 120 minutes in length.  

3.2.2 Observations and literature review 
To be able to understand the used selection process of the company subjected to this study an 
extensive amount of documents provided by the company has been reviewed to gain 
knowledge of how today’s selections are substantiated. By conducting unstructured and semi 
structured in person interviews, favoured by Bernard (2011), the author have developed an 
understanding of the company’s static models of use today, necessary for studying the effects 
of a change in valuation methods. Observations have also been made by attending PPM 
meetings where selections of both projects and portfolios been made. The observations of the 
meetings where non-participant observations where the setting where observed without 
partaking in the ongoing situation.  
 
Further on, a vast academic literature review has been carried out in order to develop 
understanding in the fields of PPM, PPS, valuation and selection models, RBV, DCV and real 
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options in order to find appropriate ways of how to incorporate flexibility in to project 
portfolio selection of innovation projects, satisfying the goal function of the company. The 
review has been carried out according to the Stanford literature review methods guide3 in the 
following manner. Initial literature review – exploratory literature review – focused literature 
review – refined literature review. The reason for such a review-order derives from the logical 
fact that as understanding of the research area develops, the need for more refined review is 
needed in order to carry out an empirical research and to frame the research question in a 
substantiated manner.   

3.2.3 Primary data 
The gathering of primary data is done by semi structured interviews, favoured by Bernard 
(2011) and Rubin & Rubin (1995), with persons in the different categories; A) Provider of 
data input, supporting a decision. B) Project portfolio manager, summarizing input and 
suggesting a portfolio. C) Top manager delivering final selection decision.  
 
The data for the numerical example in appendices 4 - 6, were collected from an ongoing 
project, in the P3 phase, by choice of one project portfolio manager. The data were used in the 
NPV calculation and functioned as foundation for the illustration of the difference to ENPV. 
Data were then collected of the options that the project enabled for the company, recognised 
by a managerial team at the company. The projects and the options are regarded as a portfolio. 
The data consists of investment cost and the value of the options enabled, as well as the 
expected cash flow of both the project and the sum of options. The data is presented in a table 
for overviewable purposes in appendices 4 and 5.  
 
The interviewees will be referred to as I1, I2, .… In, (I, symbolising interviewee). The 
interviewees will be kept anonymous due to the delicacy of the company specific selection 
processes. Anonymous answers lets the interviewed person to be more frank regarding their 
critique, should so be the case, towards the organisations selection process. The potential bias 
from the interviewee’s answers can then be lowered, as the interviewees can be open without 
the possibility of answers being trailed back to a specific person (Rubin & Rubin, 1995).  
 
The questions in the survey used for the semi structured interviews were formulated as open 
and general questions as advocated by Rubin & Rubin (1995). The initial questions were 
formulated to frame the use of today’s selection models and how the selection process is 
carried out. Following where questions on what basis the company were expressing problems 
with selecting innovative project portfolios on and how the problems could be attended to. As 
the interviews were semi structured the prepared questions were read to the interviewee with 
the possibility to explain the question if not understood by the interviewee favoured by 
Bernard (2011). The subsequent interview with unprepared follow-up questions were based 
on the interviewee’s answers, allowing the interviewees to share their subjective thought of 
the used selection process. The answers where written as notes by the interviewer as there was 
no benefit with transliteration of the interviews in this study and therefore was the notes from 
the interviews considered sufficient.    

 

                                                 
3 The Stanford literature method guide can be found at; http://web.stanford.edu/class/cee320/CEE320A/POD.pdf 
(2016-05-04) Authored by Kathleen Liston. 
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3.3 Analysis of data    
As the gathering of empirical data has been carried out with the starting point in the 
theoretical framework the study has mainly applied a deductive method. When analysing the 
data, tendency of an inductive method has been applied as the empirical research has been 
used to complement and extend the theoretical framework (Bryman, 2011). The overall 
method of analysis therefore tends to be of an abductive approach (Bryman, 2011). The first 
part of the analysis was carried out with a diagnostic approach studying why a static way of 
valuation in PPS is used at the company of study, and why other methods are not used. By 
analysing the status quo, an approach to move from static do dynamic is enabled and can be 
further analysed. According to Huberman & Miles (2002) social science often find its roots in 
a diagnostic approach, to later on move forward to an evaluative and/or strategic method as 
done by Mikkola (2001) and Jolly (2003). The analysis in this thesis will be carried out in the 
same way, as a combination of evaluative and strategic method will be used.  
 
The strategic analysis is used to answer what types of changes are required to meet needs and 
how the implementation of system and method changes can make change the selection 
process (Huberman & Miles, 2002). The empirical findings will therefore be subjected to the 
framework of the growth by flexibility model, in order to see what gains could be made by 
incorporating flexibility in the project selection process of the company.  
 
A key strategy of analysis in this thesis, is the constant-comparative method when analysing 
qualitative empirical findings. It entails of comparing empirical findings with previous similar 
research and with theories explaining the empirical data. Comparisons are made until a 
conclusion can be made out of the analysis (Ruona, 2009). This will initiate comparisons from 
the gathered empirical findings from the studied company with the theoretical framework 
used for this study to be able to conclude what advantages could be made by incorporating 
flexibility. 

3.4 Methodological analysis  
When evaluating the test methods validity, Eriksson & Wiedersheim-Paul (2014) states that it 
is impossible to, in most cases, measure such validity. As assessment and selections in project 
portfolio management are done on more or less subjective ground, it is impossible to evaluate 
the validity of models. However, it is possible to increase the validity by using multi-
perspective data collection and analysis (Patel & Davidson, 2011). If the results are the same, 
independently of perspective, the validity is regarded to be high enough. In this thesis, the 
validity is increased by comparison of theories and empirical observations.    
 
The data collection methods has in this study been defined in advance with the purpose to 
increase reliability through avoidance of uncertainty in the measurements. The data has been 
collected from several sources at different positions of management and under different 
settings, also strengthening the reliability (Eriksson & Wiedersheim-Paul, 2014).  
 
According to Patel & Davidson (2011), a threat to the validity is whether the research results 
can be generalized and in such case applied to adjacent areas, not included in the study. Such 
areas, not included in this thesis, are other project types than R&NPD and innovation projects 
and other organisations, in or outside, the industrial, technological food industry.  
 
The studied organization can be comparable to others companies that are in the same size, in 
or outside the same industry and working with R&NPD and innovation projects. This results 
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in that the study and the results can be regarded as generalized and in such case applied on 
other organizations. However, when generalising the results, as they come from a single 
study, carefulness need to be taken if generalized to a large population (Bryman, 2011). 

3.5 Methodology summary 
As the majority of the research in innovation project portfolio selection takes a qualitative 
approach as do this thesis. The method for data collection is carried out in a twostep approach. 
Firstly, unstructured interviews were held at the studied company to gain understanding of the 
selection process and the structure of the process. Following were semi structured interview, 
see appendix 2 for interview questionnaire to gain in depth knowledge of the innovation 
project portfolio selection. The interviews were carried out with nine employees of the studies 
company, all working in the R&D department though with different projects. The 
interviewees span from top management and portfolio management to data input owners. The 
findings are analysed by an abductive and constant-comparative method. The study faces a 
possibility of generalisation, being applied to other companies not included in the study, 
however, as only one company is studied the possibility to generalize is reduced.    
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4. Empirical results 
In the following chapter, the reader is presented with the results from the empirical research. 
The findings are derived through the semi structured interviews motivated in the 
methodological chapter. First the status quo of the studied company is presented followed by 
the possibility to change the project portfolio selection process. The findings are summarized 
and presented at the end of the chapter. 

4.1 The selection process status quo  
In today’s project selection process at the studied company, the process leading to a decision 
can be explained by figure 5. Driving the project portfolio is the responsibility of the project 
portfolio manager. In order to base selection upon substantiated values, the manager request 
input from different departments within the firm, such as financial facts, technical 
competence, market etc. The input is then weighted and analysed through a decision support 
model, internally developed, and projects are ranked by a top manager from affected 
department, in this study from the R&D and innovation department. From the weighed values, 
and ranked projects, a portfolio is suggested and presented by the portfolio manager to a 
quarterly tollgate review meeting with top management from the different competence areas. 
The tollgate review forum reviews and delivers final decision upon the portfolio, as well as 
distributes financial means. If a project is decided to be selected in to the portfolio it moves 
forward to the innovation pipeline for launch. If it is not accepted, it back loops for further 
development or it is terminated.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
During an interview with I1, project portfolio manager, who works with the development of 
the selection process the manager said;  
 

“We know what we are doing, still we have no clue of how it should or could be 
done. We base our selection and final decision upon what seems to be the market 
trends of how to value projects, which today are NPV and risk assessment” 
(Interview with I1, 2016-04-18)  

Figure 5. The PPM and PPS process 
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The company’s use of NPV and risk assessment as only decision support is further confirmed 
by a top manager, I6, during an interview. The manager explained how input and a portfolio 
suggestion is presented to him by the portfolio manager. The top manager then ranks the 
projects based on NPV and risk, in what he explained often tends to be a gut feeling decision 
despite well substantiated decision support. The manager further explained the lack of 
calculations done, accounting for opportunities in the selection process. Top Manager I9 did 
however express the satisfaction of using NPV as she, in her process of ranking projects, 
could base decisions upon one figure easily understandable and overviewable.    

4.1.1 The NPV rule over Risk 
When selecting projects, the NPV is today ruling over risk. This derives from, as I3 expressed, 
the company’s overconfidence in that the company can do things their competitors cannot. 
The self-view of the company, has led to the high held NPV calculation. When calculating 
NPV, a common WACC (k) is used for all projects and portfolios within the R&D and 
innovation department. It results in NPV and risk being separated, as the factor k, in the NPV 
calculations, does not account for project specific risk. Another factor in favouring NPV at the 
company, is that a full risk assessment is not done until the project is launched, making the 
early risk assessment questionable as all competence areas have not been involved in 
assessing project risks. Top manager I9 and I5 are of different opinions when it comes to the 
benefit of using NPV. I9 expressed how the calculations provide simple decision support 
where the project with the highest NPV is favoured in contrast to top manager I5 who 
expressed the need for other methods to base selections upon. I5 developed the reasoning by 
explaining that potential projects that are large often yield a high NPV in disregard for smaller 
projects. The smaller projects can however hold great business potential or can with low 
investments ad additional value if launched together with larger projects in the pipeline, 
disfavouring the exclusion that the NPV calculations generate.     

4.2 Risk faced in portfolio selection 
Every project at the company is subjected to a risk assessment. During the process, all 
plausible risks the project faces, or might face, are brought up to attention and analysed and 
valued in a risk assessment forum where competences from different departments are 
gathered. The greatest risks, expressed by interviewee I3 and I1, are; market risk, technology 
risk and availability of competence risk.  
 
The market risk is explored by the market department at the company and takes factors as 
market growth, market diminish, customer complexity, potential customers and competence 
etc. into account. The market risk is explained by I3 to be initially high for most innovation 
projects but diminishes along process progress and as time passes.  
 
The competence risk is regarded to be low as the company is multinational and employs about 
25 000 persons. It can however depend on maturity of technology to be used. The risk derives 
from matching the right competence with the right project. The risk does however not have a 
high impact, as competence if not available internally, can be purchased externally, with 
diminishing risk as result.     
 
The technology risk can vary from low when technology is internally available and proven, 
too high, when new technology needs to be developed and proven. The risks in technology are 
of complex nature and vary from different types of projects. The company has a separate 



Andreas Trägårdh      Additional value in project portfolio selection 
 

39 
 

department for technology development, separating it from the R&D and innovation 
department though working in similar ways. A projects technology risk derives from a 
screening process where each P2 project is matched with needed technology and then graded 
based upon the risk level of that technology. Interviewee I1, notes that even if technology risk 
is low, a full risk assessment, including not only technical risk, will be done as project is 
launched.  
 
The company does not consider the time a project, or decisions within a project, can be 
deferred. If a project is decided to be launched, it is with the intention of finishing the project 
and deploy outcome on market. There is, as I1 and I3 portfolio manager and input owner, 
stated, very seldom a project is launched and then stopped in the middle of the pipeline. Such 
a pause, or discharge of a project, is today considered to be a failure. Even if the company has 
the knowledge of the risk reduction along the development of the project, it does not lead to 
deferred decisions. The knowledge of market risk reduction as a project proceed in the 
innovation pipeline is not analysed more than; if market risk is low, i.e. there is a strong 
business want, at the selection point in time (projected on prognoses of the future), it is in 
favour of project launch.        

4.2.1 Valuing the risk 
When valuating risk, the company uses a chart where the portfolio manager together with 
different competence areas valuates risk in a risk assessment meeting. The meeting try to 
make qualified judgements of what risks the project might face followed by a risks valuation. 
The risk assessment valuation scales from 1-9 in probability of risk occurring where 1 is very 
low probability and 9 very high. The second step in the valuation is to grade the impact 
severity, also grading from 1-9, where 1 is low impact if risk occur and 9 is very high impact 
if risk occur.  
 
The impact is representing a certain amount of market loss if occurring, which can be 
measured in financial terms. The risk probability is multiplied with the risk impact and the 
output shown is the total risk. It is according to interviewee I3 up to each input owner or 
portfolio manager to decide what the grading stands for, may it be percentage or fuzzy 
numbers. I1 prefers financial terms and as I3 prefers fuzzy, he explains that there can be 
confusion in the risk assessment as top management evaluates all risk assessments done, and 
it is up to each portfolio manager to explain their choice of scale. It is hence a subjective 
valuation taking place where the risk probability of 5 in one project can be percentage 
(approx. 50 %) and in another project, a fuzzy number, meaning likely. The core of the 
exercise is to be able to present a figure of overall risk to management. Shown in the 
illustration is a parameter with the risk probability of 3 and the risk impact of 5.  
 

Risk Probability = 3, Risk Impact =5,  

3 x 5 = 15 Total risk  

The total risk (in the illustrated example, 15, for one parameter) is used to grade the risk with 
a risk-colour, being; green – low risk, yellow – medium risk and red – high risk. The projects 
are then mapped onto a project risk colour chart for easily overviewable purposes, see figure 6 
and 7. The different charts comes from the same organisation where figure 6 uses a numerical 
scale and figure 7, a fuzzy scale. All risks that are red are presented to management that 
makes a decision, whether project is good to go with the current risk, or if further 
development of project is needed before presented to tollgate review for possible launch.  
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The practice of risk assessment, only includes risks of individual projects. Project portfolios in 
their whole, are not subjected to a risk assessment which according to I1 and I6 could help 
spread the risks, as well as help to map correlations amongst projects in a portfolio. I1 
expressed how this might be a result of NPV ruling over risk, as it historically has not been in 
the company’s best interest to base selection upon risk.      

4.2.2 Handling of risk  
When the risks has been identified and valued, the work of risk mitigation commences. A part 
of the risk assessment is figuring out how the risk can be lowered through risk mitigation. It is 
however expressed by I9 and I5, top management, that the risk mitigation, starts after the 

Figure 6. The project risk colour chart - numerical 
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Reference: Internal project risk chart of studied company 

Figure 7. The project risk colour chart - fuzzy 
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project has been launched. It is not started prior to the go or no go decision4 as a full risk 
assessment (including technical risk) is only carried out if project is decided to be launched.  
However, when a project is launched, the focus of the project team or portfolio manager is to 
lower the risk by mitigating against the calculated risk or impact scale lowering the total risk 
of the measured parameter. This is executed by the competence areas involved in the project. 
If the market risk is high, the market input owner within the project, together with the market 
organization, tries to get better data, re-evaluate data or reframe market scope. Same thing 
goes for technical risks, as technical competences tries to find solutions applicable to the 
project and by so lowering the total risk of the parameter.  
 
By subjecting projects to risk mitigation, the overall focus, while in the innovation pipeline, is 
to frequently try to lower the risk. This is done as competence and knowledge is improved, as 
well as the maturity, along the projects progression in the innovation pipeline. The mitigation 
is carried out through different forums along the innovation pipeline such as technical 
governance forum, market review forum etc., where a panel, like the tollgate review, 
evaluates the mitigations and risks status and approves risk level if seemed fit. If the maturity 
level and risk is acceptable, the project can carry on, developing until next tollgate review 
meeting. If the risk is considered being too high, or the maturity of the project is not at a 
certain level, the project is not allowed to move on before the issues has been resolved and by 
so, the risk lowered or maturity strengthened.   

4.3 From status quo to quid pro quo  
When the interviewees were faced with the question; “How could your part in the selection 
process in a better way substantiate the combination of innovation projects?”, the unanimous 
answer was to in a better way be able to incorporate risk in to the NPV, as NPV is the 
significantly greatest contributor to the selection decision. If not incorporating into NPV were 
mentioned, the desired state were to strengthen the risk assessments decision value, in the 
overall selection process as it was viewed as important to handle risk when selecting 
innovation projects. Asking the follow-up question; “despite of risk, is uncertainty taken in to 
account and valued, and if so, how?”, top manager I6 answered: 
 

“It is my opinion, that uncertainty is the foundation of the existence of risk and by 
that, two different, though intertwined, parameters. If the uncertainty is high the 
risk becomes high and opposite. We do not measure uncertainty, as risk is 
considered to be more tangible when we have no way to mitigate uncertainty.” 
(Interview with I6, 2016-04-25)     

 
Not measuring nor accounting for uncertainty is the common practise through the entire R&D 
and innovation department. There is awareness of uncertainty in the selection process as 
expressed by I6, however, there is a lack of knowledge of the difference between risk and 
uncertainty as well as methods of how to incorporate uncertainty in to a selection process. 
Interviewee I1, who is in charge of the development of the selection process, has during the 
several interviews, been in favour of incorporating other dimensions and variables in the 
selection process. I1 raised the question of how to incorporate uncertainty, risk, value and soft 
variables as; customer perception, environmental impact and social responsibility e tc., in to a 
selection decision. The expressed goal, was for I1 to incorporate as many variables and 

                                                 
4 There are exceptions when a P2 prospect is undergoing a pre-study. This puts the project outside of the 
pipeline, still subjected to risk assessment.  
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parameters, that needs (italic added for emphasis) to be taken in to account in the selection 
process, without making the output data to complicated to overview by top management.   

4.3.1 The wanted something 
The use of NPV and the benefits contra drawbacks are widely discusses at the company. As 
top management might not be unanimous in how data should or could be presented, they still 
favours easily overviewable figures and data when they need to select projects and portfolios 
to be launched or not. NPV delivers such figures when decisions are subjected to MAX(NPV, 
0). The drawbacks of a static measurement, discounting future cash flows with today’s 
knowledge of the future, are well known amongst managers in the tollgate review. They are 
however overlooked as no better way of delivering simple decision support has been 
presented nor tested and the business mantra good enough comes in handy at such decisions 
according to interviewee, I1. 
 
The project portfolio managers as well as input owners are of another opinion. They are the 
ones driving the projects and portfolios and expresses their frustration of how one number 
(NPV), based upon, according to I2 and I7 inaccurate values, not incorporating project specific 
risk, can decide the future of a project or portfolio. As the calculations are in disregard of 
business potential, better incorporation of risk and other measurable (today unmeasured) 
dimensions are needed. As I1 expressed; “change is needed in order to better substantiate 
project portfolio selection” (Interview with I1, 2016-04-18). 

4.4 Empirical summary 
The findings from the empirical research can be summarized by shortly answering the 
interview questions.   
 
How is the innovation project portfolio selection carried out today? Data owners provide 
input to the portfolio manager who summarizes and presents a portfolio suggestion to a top 
manager. The top manager then ranks the projects based upon, firstly the NPV and secondly, 
the risk assessment. The portfolio manager then brings the portfolio suggestion with rankings 
to a tollgate review meeting with top management from the affected departments of the firm, 
who decides which projects are to be launched or not. If the projects are launched they are 
moved in to the innovation pipeline and if rejected they are terminated or back loops for 
further development. 
 
What systems and models are used in the selection process? The company uses an internally 
developed system where NPV is calculated and another model where the risk assessment is 
carried out. The risk assessment accounts for probability of risk and the impact severity 
creating total risk when multiplied. The risk assessment model is subjective as it is up to each 
manager to choose what the grading stand for, may it be percent or fuzzy numbers. It is up to 
a top manager to then rank the projects in a prioritizing order based upon NPV and risk 
assessment and as expressed by top management, often done by gut feeling.    
 
What perspectives, areas and measurable are accounted for in the selection process? 
The NPV and risk assessment are the greatest decision support calculations in the portfolio 
selection where NPV rules over risk. When measuring risk, the expressed greatest risks are 
market risk, competence risk and technical risk.  
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How is the R&D department accounting for the following, in the selection process: Risk, 
uncertainty, flexibility, competition and discounted cash flows? The company subjected to the 
study measures risk by risk assessment, competition by market trends and NPV through 
discounted cash flows. They do however not account for uncertainty nor flexibility in their 
innovation project portfolio selection.  
 
How could your part in the selection process in a better way substantiate the combination of 
innovation projects? The unanimous answer from the interviewees was to help incorporate 
the risk assessment or other dimensions in to the NPV calculations. There were however 
disagreement about the benefits of using NPV both within the top management and between 
portfolio management and top management. Portfolio managers expressed a desire to develop 
the calculations and decision support as they were of the belief that NPV provided inaccurate 
decision support.     
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5. Analysis 
In the following chapter, the reader is presented with the analysis of the empirical findings. 
The findings are analysed by the methods of choice and anchored in the theoretical 
framework presented in chapter 2. The possibility to incorporate flexibility in to the selection 
process is explored and a suggestion of how to handle uncertainty is presented.  

5.1 Linking the dots  
The company’s static way of valuing project by NPV is related to the resource based view 
(see chapter 2.1). As manager I3 expressed, how the company has overconfidence regarding 
what they can do and their competitors cannot saying;  
 

“As we are market leaders in most areas of our market, and has been so for as 
long as the company existed, we have never perceived a need to adapt our 
selection processes to the surrounding. We have been able to base selection upon 
the resources we possess and what competitors do not have” (Interview with I3, 
2016-05-08). 

 
The way of valuating resources is showing a VRIN way of valuation as the company values 
the possessed resources with the knowledge of, that competitors cannot possess the same 
resources. If the company’s practise is to value resources as rare and inimitable, as 
competitors do not have access to the specific resource and being impossible or hard to copy, 
it suggests the linkage to RBV. As Killen et al. (2012) points out, only a small amount of a 
companies’ resources are of VRIN character contributing to comparative advantage. This 
indicates that the RBV way of valuing resources at the company could be further developed, 
especially since working in a fast changing environment, where the RBV view has been 
criticized for hindering the growth of comparative advantage. As the company partakes in an 
extensive amount of research and development where research of what, in innovative ways, 
can be done with the resources at hand, a tendency of a dynamic approach can be suggested. 
As the dynamic capabilities view values the resources possessed (Arend & Bromiley, 2009; 
Teece, Pisano & Shuen, 1997) it suggests a dynamic way of viewing what the company can 
do, suitable when dealing with innovation projects as such projects to a high degree aims at 
what can be done (Mikkola, 2001).     
 
However, as the company uses static NPV calculations as the main factor of selection, the 
linkage to a static view becomes even stronger. As discussed in chapter 2.1, RBVs linkage to 
NPV can be explained by the social responsibility of business to increase profits, and how it 
can be done by maximizing the company objective function when selecting projects based 
upon the rule of maximizing the objective function, through MAX(NPV, 0). As NPV is the 
ruling factor of project portfolio selection, it indicates what Lin & Yang, (2014) states about 
management, wanting easily understandable and overviewable data to base their decisions 
upon. NPV does deliver such a value, but as the discussion in this thesis has brought attention 
to, NPV and discounted cash flows is measuring the future without regard to the uncertainty 
faced. It accounts for unchanged risk during the time period of the project, as well as the 
“knowledge” of the future cash flows, which can be questioned if it can be known, as the 
outcome of future risk cannot be known.  
 
As top manager I6 explained, how the final decision of the project portfolio selection often is 
done by gut feeling, parallels to Yahaya & Abu-Bakar’s (2007) thoughts of intuition in 
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decision making can be found. By catering for knowledge sharing in the decision making, 
well substantiated decision support can be generated. The real options framework creates a 
need for such knowledge-sharing by the need for input from different competences. As the 
NPV needs a certain data input as well as the risk assessment, the addition of flexibility and 
the handling of uncertainty creates a need of new data input. Such an addition of needed input 
creates a need for knowledge-sharing, catering the well substantiated decision support.    

5.2 Accounting for risk by handling uncertainty  
The empirical results revealed that the company subjected to the study does not account for 
uncertainty as interviewee I6 and I1 stated. The company does however measure risk and the 
greatest identified risk factors are; market risk, technology risk and competence risk. The first, 
market risk, is a revenue risk. If the market goes up, the revenues increase and if the market 
goes down, the revenues decreases. This is hence a, what, question of what to do, and can be 
partially answered by tracking competing firms to see how the market moves. The what 
question, links the risk to the dynamic capabilities view as it is a question of what the 
company should and could do, to not only lower the risk, but in its extension generate 
comparative advantage. The technology risk and competence risk are cost risks. If new 
technology is needed, indicating a higher risk in the risk assessment, it is compatible with 
higher costs, same goes for competence, as high risk might require external by in. The cost 
risks are how questions that needs internal competence to provide answers, as it cannot be 
answered by observing competitors or the market. The how risk can therefore be linked to the 
RBV view as they create a need for VRIN resources to reduce uncertainty as the risk derives 
from what the company can do and the competitors cannot with the resources at hand (Acedo, 
Barroso & Galan, 2006; Barney & Clark, 2007). As per competence and technology, both are 
risks of how, correlation between the two can be assumed. If technology risk is high the need 
for expert competence also generates a higher risk of competence. As the competence is 
catered to, might it be internally found or externally bought, it will lower the technical risk as 
the combinational complexity of risks are correlating when derived from the same type of 
risk, in this case being; how or what risks.        
       
The risks are, at the studied company, valued by a subjective risk assessment where it is up to 
each input owner or portfolio manager to decide what scale to use, and what the grading in the 
scale stands for, according to I3. Such a subjective assessment can further be linked to Yahaya 
& Abu-Bakar’s (2007) thoughts on intuition in decision making. The decision need to be 
based upon well substantiated data, which a subjective valuation might hinder as personal bias 
might favour or disfavour individual projects, up or downgrading the risks in a risk 
assessment. The subjective grading of not only the scale in the risk assessment but also the 
ranking of projects, indicates a need for development in the selection process as it was 
expressed during the interviews that disagreement and confusion of different grades and 
scales makes the overview for management complicated. The subjective assessment can also 
be assumed being a result of available models being too complicated to use and therefore not 
implemented, in alliance to the general view of the existing models, according to Wang & 
Hwang (2007), Söderquist & Godener (2004), Lin & Yang (2014) and Archer & 
Ghasemzadeh (1999) amongst others.  

5.2.1 Uncertainty by outcome trees 
As the handling of uncertainty is one of the key elements in the real options framework, the 
need for ways to incorporate uncertainty measurements is needed. To explain the difference 
between risk and uncertainty a short analogy is presented. Think of yourself about to cross a 
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railway. To your right there is a train approaching in high speed. You are then aware of the 
train moving towards you as you have to make a judgment if you are able to cross the railway 
with the risk of the train striking you if not crossing fast enough. Uncertainty on the other 
hand is, as you stand by the railway crossing, without a train visibly approaching, the 
knowledge that there might be a train in the area, and that the train might be heading your 
way, with the possibility of striking you if you cross the railway. Accounting for uncertainty 
might after such an analogy seem hard, but as discussed in chapter 2.7.2, the real options 
framework accounts for such uncertainty by incorporating flexibility. By creating an outcome 
tree, the probability of different outcomes can be incorporated, with the gain of project and 
portfolio specific risk and uncertainty being captured. If market uncertainty is to be measured 
the market growth possibility is to be estimated, by S+, meaning that it is estimated to be the 
largest possible growth of the market for time period Z. Then the market diminish possibility 
is estimated as S- meaning that it is estimated to be the largest possible diminish of the market 
for time period Z. After the market possible growth and diminish are estimated the probability 
(p) of occurrence needs to be estimated. If the probability cannot be estimated, it is regarded 
to be 50 percent, or p = 0.5, for the probability of growth versus diminish, as in figure 8.  
         
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
By incorporating the flexibility in to the calculation, F can be calculated which accounts for 
uncertainty in the ENPV calculation (see chapter 2.4.1 and 2.7.2). The formula for F can be 
written as; 
 =  ∗    
 
The accounting of uncertainty can be continued for as many time periods the company seems 
fit, by adding branches to the three. The tree can also, instead of using marked growth, be 
used to calculate future cash flows and the probability for each possible outcome, by changing 
the possible market growth and diminish so that S+ and S- represents financial cash flows.  As 
competence and technical uncertainty are correlated, as one risk affects the other, the risks can 
be simultaneously measured in the outcome tree, as the diminishing of one creates a 
diminishing of the other, and vice versa (Copeland & Antikarov, 2003).   

Figure 8: Possible probability and outcome of market uncertainty   
Reference: Based upon Copeland and Antikarov (2003) 
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5.2.2 The availability of data 
As Luehrman (1998a, 1998b) describes in the explanation of the real options framework, a 
company that calculates NPV already possesses most of the data needed to extend their 
calculations to incorporate flexibility and calculate options value. The studied company does 
calculate NPV and does have the possibility to calculate discounted cash flows for options as 
well. The company also carries out risk assessments, including probability as manager I9 
stated when explaining the risk assessment procedure. Today’s accounting of probability in 
the risk assessment could facilitate a move from a static to a dynamic valuation, as it is 
already implemented. The real options use of probability, aforementioned in the outcome tree, 
needs to be complemented by state of outcome possibility, ranging from maximum to 
minimum possible outcome. This is not calculated by the company, though possessing the 
data and competence that is needed for such an estimation creating a foundation to start from.  
 
Lin & Yang (2014) describes the difficulties in PPS deriving from the combinational 
complexity in comparing projects for selection. By including flexibility and thereby 
uncertainty to the selection, it would lead to individual risk and uncertainty adjusted 
assessments for each project and portfolio, when using the real options framework. That 
means, that each assessed portfolios mix of projects could be individually assessed by the 
uncertainty each project faces. The calculations would then use different F and k values (see 
chapter 2.7.1 for formulas) for each project assessed in the portfolio. By summarizing the 
values in to a portfolio value, ENPV will cater a well substantiated decision support.  

5.3 The possibility to defer is more than a possibility 
The possibility is the flexibility. Manager I1 at the studied company expressed;  
 

“If a project starts, it is due to deploy and by company culture not applicable to 
pause or stop in the pipeline” (Interview with I1, 2016-04-18).  

 
Per following such norm, the company loses gains by not deferring decisions along the 
innovation pipeline. By allowing projects to divide and defer decisions in to the future the 
gains by a flexible approach are great. It would lead to that the company can base tomorrows 
decision upon tomorrows knowledge and information, instead of, as today, basing today’s 
decision on today’s knowledge of the future, as explained by Luehrman (1998b).  
 
By being able to defer decisions in the pipeline, the added flexibility would create favourable 
conditions for a portfolio. Today, as the company starts projects and portfolios with the 
intention of deployment, the investments done are irreversible. As Queen (2015) explains, 
most of the investments done by companies are irreversible and the $ 10 000 question then 
arising is; how can the investment be contained if not being irreversible? By incorporating a 
real options framework where decisions are allowed to be deferred, the flexibility by such 
options lets the investment be divided and deferred until t = T (Luehrman, 1998a). By 
constantly deferring investments and decision, the reduced uncertainty of the future outcomes, 
if for example, the market drops, or the projects potential outcome becomes invalid, reduces 
the loss by not having committed the entire investment up front. Also, if the project would 
come to a stop and is being terminated, the proceeded development, creates a put option, 
giving the company the right (but not the obligation) to sell or lease the exciting, but not 
finished, outcome of the investment. The put option would in such event further reduce the 
loss of the done investment.  
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The possibility to defer can therefore be regarded as more than a possibility, as the real 
options framework is based upon the flexibility gained by deferring decisions or as t=T decide 
to expand a portfolio with the options yielded.  
 
By deferring decisions, the given flexibility further allows the portfolio manager to try to 
affect the dependents in the calculations. The flexibility give managers the time to within t 
time periods make X (required capital expenditure) lower and S (present value of assets) 
higher5, creating a higher call or put option, leading to a more favourable project, se chapter 
2.4. As Copeland and Antikarov (2003) explain, the complexity of real options calculations is 
not favoured in all selection processes. If a project or portfolio decision is not possible to 
defer, the real options framework will not add any flexibility to the selection process. In such 
case, regular NPV calculation will suffice. However, as Copeland and Antikarov (2003) 
further states, the value of options can still be added to the calculations by calculating ENPV 
accounting for the options value, which will favour the portfolio with most options. Such 
generalized calculation is illustrated in appendix 6.  

5.4 Analysis summary 
As todays selections generally are based upon individual project selection (Copeland & 
Antikarov, 2003) the gains of portfolio selection is not enjoyed. The studied company partake 
in such individual choosing of projects, even if a portfolio in the end is created. By 
incorporating the real options framework on a static and individual selection, it allows 
management to choose portfolios as a whole. The correlations between projects creates 
benefits in such selection as well as synergy effects of uncertainty and risk sharing in the 
portfolio. Luehrman (1998b) develops the correlation between investments in a portfolio and 
the reader is referred to the Luehrman’s paper for deeper understanding of the correlation.  
 
By adapting the real options framework and implementing it through the growth by flexibility 
model, a company can, as discussed in the presented literature, gain a well substantiated 
decision support by flexibility reducing uncertainty. The handling of uncertainty can be done 
through the outcome tree presented in chapter, 5.2.1, see figure 8. The real options framework 
can further, by adding the value of options in the ENPV calculations and starting to defer 
options, as well as choosing projects as portfolios, change a static selection to a dynamic 
approach in the innovation project portfolio selection. Such a change will allow managers to 
choose the portfolio generating most economic value to the company, allowing growth and by 
so catering the maximization of the goal function of the firm.        
 
 
 
 
 
 
 
 

  

                                                 
5 The X and S are used by Luehrman when calculating real options, see chapter 2.4.  
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6. Concluding discussion 
In the following section, the concluding discussion of the analysis and the thesis is presented. 
Thereby implications are presented, leading to a critical reflection and suggestions for 
further research.  
 
The aim of this thesis has been to investigate how the selection of innovation projects 
portfolios could change if flexibility where incorporated. The aim was further to investigate 
how options value can lead to the choosing of portfolios that generates economic value for a 
company, maximizing the goal function of the firm. 
 
The main findings includes the linkage between the studied company and a static way of 
selecting projects on individual basis. It has further shown how the link between a static way 
of selecting, and the resource based view, is the norm in project portfolio today. From the 
discussion about a company’s goal function it can be concluded, after the empirical research, 
that the studied company today seek to maximize value through static valuation models 
subjected to the MAX(NPV, 0) rule.  
 
This thesis set out to answer the research question of: How can incorporating flexibility add 
economic value in innovation project portfolio selection? 
 
The answer to the research question is as follows. By including flexibility through the 
calculation of F, accounting for the uncertainty a project and a portfolio faces, a dynamic 
approach to selection will be created. By calculating the options a project or portfolio yields, 
by ∑Otn, the additional economic value can be calculated trough ENVP. Further on, by 
deferring decisions until t = T, the flexibility will reduce the uncertainty as t declines and the 
call option to scale up, expanding the portfolio by accepting its options, can be made 
tomorrow with tomorrows knowledge. It is also containing the potential loss if a project is 
terminated by the put option to sell, lease or scale down, the investments already made. The 
shift to a dynamic selection approach leads to the selection of the portfolio adding most 
economic value, catering the maximization of the corporate goal function while subjected to 
MAX(ENPV, 0). The summary gives; by incorporating flexibility, the reduction of 
uncertainty and the addition of options value, lets managers choose the portfolio yielding 
most economic value to the company.       

6.1 Implications 
The conclusions drawn from this thesis serve as an indication that a move from a static to a 
dynamic method of selection, which the growth by flexibility model is built upon, are justified 
to make when striving to maximize the corporate goal function. Worth mentioning however is 
that even though the real options approach adds additional value to the selection process, the 
calculations are still of a rather advanced nature, creating a need for simplification in the 
underlying calculations. This thesis does however help to simplify the previous real options 
models by introducing easier ways to calculate ENPV, F and O. The difference in the overall 
ambition of maximizing the goal function of the firm, through a static selection based upon 
RBV and a dynamic selection method based upon DCV and flexibility derives from the 
combinational complexity, not measuring uncertainty nor options value in today’s existing 
models. This thesis presentation of the growth by flexibility model tries to bridge such a gap 
proceeding Luehrman’s (1998b) and Copeland & Antikarov’s (2003) models. The growth by 
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flexibility model should be seen as a general model where further incorporation of correlation 
in portfolios will create even better decision support.  
 
The contribution of this thesis therefore indicate that portfolio selection models should 
incorporate flexibility, uncertainty and options value when subjected to MAX(ENPV), 
suggested to be done through the growth by flexibility model, catering the expressed need of 
development in PPS by; Copeland & Antikarov (2003), Lin & Yang (2014) and Wang & 
Whang (2007). One important aspect to take into account however is the fact that the overall 
goal of maximizing the goal function of the firm is done by excluding stakeholder interest in 
the decision, however, coming stakeholders beneficial as value maximization creates social 
welfare. This study therefore favours and consolidates Jensen’s (2001) theories of maximizing 
the goal function of the firm. The possibility of choosing portfolios as a whole further favours 
the real options approach as risk, uncertainty and synergy effects can be shared throughout the 
portfolio, being overviewable by management. Such possibility aids the expressed need of 
help in PPS, as selections of individual projects has been unsuccessful using static valuation 
and static theories as foundation. The growth by flexibility model does provide help in the 
selection process showing how a shift from a static way of selecting individual projects could 
change to a dynamic way of selecting portfolios of options.      
 
If the studied company, using a static way of valuating portfolios, incorporates the real 
options framework, adapting the uncertainty calculations trough outcome trees, the gains by 
such flexibility would result in a well substantiated decision support in the project portfolio 
selection. The added flexibility to the project portfolio selection process is according to 
Luehrman (1998a, 1998b) and Copland & Antikarov (2003) of such value that a static way of 
valuating projects would need to leave way for a dynamic valuation. The overall company 
objective function of MAX(NPV, 0) would, if the real options framework were incorporated, 
change for MAX(ENPV, 0). Another effect of the added flexibility is the possibility to 
account for all of the options occurring, or potentially occurring, by deciding if the initial 
innovation portfolio should be launched. By including the options in to the ENPV calculation 
a higher value than the traditional NPV value will be generated. It is wort mentioning that 
ENVP is just one of many ways to calculate flexibility when incorporating the real options 
framework to a static selection. However, as the discussion of real options brought to 
attention, when NPV is high, real options providing additional flexibility will most certainly 
have a low probability of being exercised. This implicates that NPV calculations, in such 
situations will suffice. When a project on the other hand shows an extreme negative NPV, no 
extra opportunities or flexibility will save the project. This concludes, that most value added 
by real options through ENPV calculations will emerge when NPV is close to zero and there 
is a lot of uncertainty.  
 
Summarising the needed adaptions for implementing the real options framework through the 
growth by flexibility model for a company are: Expand the NPV calculations to ENPV by 
calculating E, F, O and k, by the calculations presented in chapter 3. Allow projects to be 
deferred as uncertainty will reduce as t declines adding value by flexibility. Choose portfolios 
as a whole instead of individual projects, possible through the real options framework.     

6.2 Critical reflection and suggestions for future research 
The empirical research in this thesis only contains one company. It can therefore be discussed 
how the validity of the conclusion can be accepted on a general level. If more companies 
would have been included in the study, the possibility to generalize the thesis conclusions to 
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other companies working in, and in similar sections of business would have been made 
possible. The thesis only targets R&NPD and innovation projects. As innovation project is 
quite a wide span of possible types of project, further specification could favourably be used 
as this studies generalizes innovation projects as; product-, process-, system- etc., projects, as 
long as having an expressed innovation focus. As this thesis might work as an indicium for 
managers in the project portfolio selection such implications of generalization is brought to 
attention.       
 
One can also have objection regarding the generalized numerical example in appendix 7, not 
accounting for flexibility and uncertainty and therefore not expressing the growth by 
flexibility model in its full potential. A full calculation, including F, would however need the 
implementation of the real options framework at the studied company, to be able to collect 
data needed, as the input data consists of values not calculated by companies using static 
selection models.  
 
As this thesis treat the expressed need for further development of the existing project portfolio 
selection models, a stronger reliability by studying a larger number of companies is suggested. 
If the gains by using the growth by flexibility model and real options framework are to work 
as an indicium for management, able to generalize the findings, a quantitative approach needs 
to be taken. Not only including a larger number of studied companies, but also applying the 
model and framework at companies, evaluating the change made and measuring the additional 
value captured by moving from a static to a dynamic approach.    
 
Further on, the need to account for correlation amongst projects, expressed by scholars, is not 
developed in this thesis. Luehrman (1998a, 1998b) develops a way to incorporate such 
correlation to the real options framework which would facilitate the expressed importance of 
including such correlation in the project portfolio selection. The need for such calculations 
derives from what is referred to by Luehrman as nested options. Nested options are options 
that are correlated to other options and, A) can only be accepted if the “lead” option or project 
is accepted, and B) gain or decline in option value dependent on the gain and decline of the 
“lead” option or project. It is of importance to account for such correlation as it will mirror the 
uncertainty of the entire portfolio since; if the lead project is facing high uncertainty, the 
yielded options will also be subjected to high uncertainty leading to a high portfolio 
uncertainty. The growth by flexibility model invites calculations of correlation though in this 
thesis not implementing such calculations.  
 
The author also encourage future research in the field of how to choose projects in project 
portfolio selection, based on correlations between the projects and options as it is expressed 
by several scholars as an area in need of development. As Luehrman argues for the 
development of portfolio section incorporating correlation, the need for such further research 
is advocated. By accounting for correlation, an even better substantiated decision support can 
be generated as the correlations both captures synergy gains and the sharing of risk and 
uncertainty in a portfolio.  
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Appendices 

Appendix 1 - Three DCV models 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1. Three of the most established DCV models and their authors 
Reference. Arend & Bromiley, (2009, pp. 79) 
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Appendix 2 – Interview questionnaire  
 
 
Additional value in project portfolio selection 
 
Interviewer’s questionnaire   
 
Explain the reason for the interview to the interviewee and highlight the possibility to reframe 
and explain the questions if not understood by the interviewee. Further on, inform that follow-
up questions will be asked based upon the nature of the discussion. Inform that the 
interviewee will be anonymous and is asked to speak freely and in a discussion like form.   
 
 

1. How is the innovation project portfolio selection carried out today? 

 

2. What systems and models are used in the selection process? 

 

 

3. What perspectives, areas and measurable are accounted for in the selection process? 

 

 

4. How is the R&D department accounting for the following, in the selection process: 

Risk, uncertainty, flexibility, competition and discounted cash flows? 

 

 

5.  How could your part in the selection process in a better way substantiate the 

combination of innovation projects? 

 

Distribute follow-up questions during the interview while taking notes of the interview.   
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Appendix 3 – List of interviewees  
All interview were carried out in 2016. 
The abbreviations stands for:  
PPM – project portfolio manager 
Input – Person delivering input to manager 
Spec – Specialised competence in selection models 
Top M – Top management in Tollgate review 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Interviewee Position Date of interview 
I1 PPM 22/3, 31/3, 18/4, 

25/4, 2/5 
I2 PPM 22/3, 18/4, 27/4 
I3 Input 18/4, 8/5 
I4 Input + spec 25/4 
I5 Top M 18/4 
I6 Top M 25/4 
I7 Input + spec 20/4 
I8 PPM 22/3 
I9 Top M 7/4 



Andreas Trägårdh      Additional value in project portfolio selection 
 

58 
 

Appendix 4 – NPV calculation 
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Appendix 5 – ENPV calculation  
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Appendix 6 - A numerical example  
The following general numerical example is due to show the difference between NPV and 
ENPV. Due to the confidentiality of internal margins of profit, internal demand of return and 
average cost of capital provided by the studied company, the calculation of the weighted 
average rate of return (WACC) will in this study be 8,33 % as approximated by I1 at the 
studied company though noted it is not the exact number used by the company. 
 
Generalisation of the numerical example 
The numerical example is not calculating uncertainty as the company is market leader within 
the field of the project scope, dictating market value, thereby not subjected to uncertainty for 
the project calculated. The circumstances leads to the factor F, flexibility, being equal to one 
(1), excluding uncertainty from the model. This will make the model generalized as it will not 
take uncertainty in to account for the opportunities added to the portfolio.      
 
The data used for the numerical example is collected from project X1 by interviewee I1. The 
data were used to calculate traditional NPV followed by ENPV, entirely for illustrative 
purposes. (See appendix 4 and 5 for data input and calculations).    
 
The NPV calculations using the NPV formula:  = − + (1 + )  

Was calculated to be 2,353 million Euros.  
 
The ENPV calculation using the ENPV formula (where F = 1 due to no uncertainty, and k = 
8,33 % representing European average WACC):  
 =  − +  [ ](1 + ) +  [ ](1 + )  

 
Was calculated to be 13,364 million Euros when the options value was added to the 
calculation.   
 
It is important to stress that the value would have been different if uncertainty, F, would have 
been subjected to the calculation as the uncertainty would lower the financial value of an 
option by ranging from 0-1 where 1 is definite and 0 is highly uncertain. 


