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Summary 
[bookmark: _GoBack]Upcoming societal changes and technological developments demands a public planning authority which understands innovation and has the initiative to explore innovative opportunities. In this thesis the main research question deals with how the public authority can stimulate product innovation in public-private partnerships (PPP) in infrastructure projects in the procurement phase. Additionally, there is a focus on DBFM contracts because Rijkswaterstaat uses this contract type to provide opportunities for the private partner to innovate. Scientific articles are used for the theoretical framework while semi-structured interviews conducted are to draw conclusions about Dutch planning in practice.
There are three categories of factors that contribute to innovation: drivers, arrangements and strategies, and resources. The most important drivers are the competition in the procurement phase and the demand for green aspects and sustainability. Rijkswaterstaat does not make a demand for innovation, but rather sees it as a means to reach a goal. The most important arrangements and strategies for the private partner are the potential for innovation repetition and the long-term lifecycle of the contract. For the private partner, all innovations must be economically viable and thus have a solid business case. To monitoring and tracking innovation, Rijkswaterstaat uses tools like the DuBoCalc which allows innovations to become more tangible and can be translated to (fictional) discounts. The most important resources in PPP infrastructure projects are time and funding. Each innovation must have a business case. Therefore, funding is critical throughout the project. In a DBFM contract, building quickly is essential. Faster delivery means more money. Building quickly does not allow room for innovation. In this research, there was no initial focus on the inhibitors of innovation, but they often surfaced in the conducted interviews. The foremost inhibitors of innovations are the time and funding restrictions in the construction phase and the risk aversion of all parties involved in the project. Rijkswaterstaat counters these risks by detailed project demands. The private financer demands higher risk premiums. The construction company only pursues innovation if it is significantly cheaper than the un-innovative alternative, does not have a high-risk profile, and fits into Rijkswaterstaat’s project demands. 	
Some recommendations for Rijkswaterstaat are as follows: rethink using DBFM. Loosen-up the project prescriptions to only focus on functionality, and look into subsidies to get over the initial financial barrier of implementing an innovation. 
Keywords: project innovation, PPP, infrastructure, Rijkswaterstaat, drivers, enablers









1 [bookmark: _Toc11135277]Introduction
[bookmark: _Toc11135278]1.1 Why innovation?
The Dutch Directorate-General for Public Works and Water Management, Rijkswaterstaat, is facing many challenges and societal pressures like the increasing amount of traffic (de Volkskrant, 2017), and the expected effects of climate change (Ministerie van Infrastructuur en Waterstaat, 2018). New sustainable technologies succeed each other rapidly which poses challenges, but more importantly creates opportunities for innovation. While it seems that innovation is common in infrastructure projects, but the opposite is true. For decades now, the infrastructure industry is criticized repeatedly for weak innovations and lack of enhanced productivity (Himmel & Siemiatycki, 2017 ; Nam & Tatum, 1997). Rijkswaterstaat often works with public-private partnerships (PPPs) which are popular with politicians and policymakers (European PPP Expertise Centre, 2015). The main argument for using a PPP is to generate a higher value for money which is expected to lead to innovation: for example, higher quality of infrastructure, faster construction of the project, or the use of different materials (Akintoye, et al., 2003). Despite the claims of PPP advantages which add to innovation, it has not been researched extensively (Hueskes, et al., 2016). Other articles recognize similar gaps in scientific research of innovative behavior. Leiringer (2006) says the following about this gap: “It is difficult to find research that has been undertaken in order to investigate the claims of innovative behavior and improved practices in construction.” How these claims of innovation can be achieved is still unclear and the earlier understanding does not go beyond anecdotal evidence and wishful thinking (Leiringer, 2006). This is where this thesis can play a role in adding on the current state of knowledge by comparing three PPP DBFM infrastructure projects in the Netherlands.
[bookmark: _Toc11135279]1.2 Why focused on the public authority?
Himmel & Siemiatycki (2017) state that PPPs are praised highly as a tool to spur improved design, construction, and innovations in infrastructure projects. The supposed innovation in the projects researched by Himmel and Siemiatycki is primarily examined from a private partner standpoint. The focus on the role of the public authority is also underemphasized in other literature. More articles acknowledge this research gap and confirm that more empirical research needs to be done that goes beyond single- case anecdotal evidence (Roberts & Siemiatycki, 2015 ;  Rangel & Galende, 2010). This thesis will therefore focus on the public authority, Rijkswaterstaat, specifically in the procurement phase as explained in paragraph 2.2. 
[bookmark: _Toc11135280]1.3 Objectives and research questions
The aim of this research is to get a clear insight into how the public authority can stimulate innovation in PPP projects in the procurement phase. This will be done by analyzing and comparing how all relevant factors of innovation are dealt within the PPP project procurement phase by Rijkswaterstaat. As explained in chapter two, factors stimulating innovation can be categorized into drivers, arrangements and strategies, and resources. The sub-questions will be based on these categories. 
Thus, follows my research question:
“How can the public authority stimulate product innovation in an infrastructure project PPP during the procurement phase?” 



With sub-questions:	- Which drivers play a role in establishing product innovation in Dutch infrastructure planning?
- Which arrangements and strategies play a role in establishing product innovation in Dutch infrastructure planning?
- Which resources play a role in establishing product innovation in Dutch infrastructure planning?
[bookmark: _Toc11135281]1.4 Reading guide
In this thesis, the following items will get covered in this specified order. The concept of innovation will be explained and a definition of product innovation will be given in chapter two. Afterwards, there will be an evaluation of the government roles which leads to establishing the scope of the research which is solely the procurement phase. Following the establishing of the scope, the factors which play a role in product innovation will be explained. Chapter three contains the methods of data collection: primary data, elaboration on the selected cases, and the stakeholders interviewed. The fourth chapter discusses the results of the primary data collection. The main factors that play a role will be highlighted with input of all three cases following my sub-questions, and comparisons between the cases and the literature will be made. Chapter five will conclude my results and keep the scope of this thesis in mind. Three recommendations for the public authority will be made in this chapter. Chapter six shows some points of discussion for this thesis.  



















[bookmark: _Toc11135282]2	Theoretical Framework
[bookmark: _Toc11135283]2.1.1 Definition of innovation 
According to Himmel & Siemiatycki (2017), innovation in infrastructure is a new or improved product or process (or combination thereof) that differs significantly from the unit’s previous products or processes. The requirement for implementation is a defining characteristic of innovation that distinguishes it from inventions, prototypes, or new ideas (OECD, 2018), which therefore makes implementation an essential part of researching innovation in Dutch practice.
[bookmark: _Toc11135284]2.1.2 Types of innovation
Philips (1997) distinguishes technological and non-technological innovations. Technological innovation comprises product and process. Non-technological innovation deals with organizational and marketing innovation (Philips, 1997).  Russell, et al. (2006) built on this distinction and tailored it to infrastructure project specific innovation by actively making distinctions between specific types of innovations. According to Russell, et al. (2006) the four distinct types of innovations are: product, process, organizational, and financial. Examples of product innovations are: novel designs, use of new materials, and innovative technologies while building an infrastructure project. Process type innovations are related to the activities of both parties in logistics, site preparation, and assembling technologies. Organizational innovations relate to the contractual arrangements and the relationship between involved stakeholders through negotiations such ass the assignments of risks. Finally, financial innovation is thinking of how new streams of revenue can be unlocked and novel forms of payment can be used (Russell, et al., 2006). While this thesis will be focused on product innovation alone, it must be noted that these four types of innovations cannot be researched independently. They are interrelated in projects and bear influence on each other. While researching only product innovation, this should be kept in mind.
[bookmark: _Toc11135285]2.1.3 Definition of product innovation
[bookmark: _Hlk10839664]For this thesis, the definition for product innovation in infrastructure projects is as follows, as a combination from Russell, et al. (2006), OECD (2018), and Tawiah (2005): the invention and the implementation of novel designs, the utilization of new materials and the innovative delivering technologies used in the construction as well as the operation and maintenance phase of infrastructure projects.
[bookmark: _Toc11135286]2.2 Rijkswaterstaat on innovation
The public authority has different roles in different phases of the project. This thesis will be focused on the procurement phase. The procurement phase is where the public authority has the lead and can exert most influence on the outcome of the project and demand certain things from the private partner (European PPP Expertise Centre, 2018). Therefore, it is most relevant to look at the procurement phase. Verweij, et al. (2019) focused on the same topic of innovation in infrastructure project PPPs, however, they did not focus specifically on the procurement phase, but more so on the whole project. One outcome is a specific emphasis on the importance of a low procurement result (Verweij, et al., 2019). This thesis will add-on to the understanding of how Rijkswaterstaat and the private consortia manage a variety of factors in the procurement phase. This knowledge might add to a better understanding of how a low procurement result can be achieved. 	
Rijkswaterstaat believes it is necessary to keep innovating to prepare for the future (Ministerie van Infrastructuur en Waterstaat, 2018), so it chases after implementable innovations in areas like infrastructure, mobility, safety and sustainability. It has an initiating role to stimulate innovations and an important role in applying these innovations (Ministerie van Infrastructuur en Waterstaat, 2018). Rijkswaterstaat nowadays wants to act as a launching customer for innovation (Ministerie van Infrastructuur en Waterstaat, 2018). Being a launching customer means Rijkswaterstaat will always be the first to apply large scale innovation (van Nieuwenhuizen-Wijbenga, 2018). This is not a surprising self image since Rijkswaterstaat does not have an active innovating role itself as can be concluded by the roles of government in infrastructure projects by Kwak, et al. (2009). It only has a facilitating role and thus relies on the private partners to establish product innovation. Rijkswaterstaat as an organisation has a somewhat complex structure as different organizational levels have dissimilar means to reach similar objectives. In short: the project managers from Rijkswaterstaat do not make policy whatsoever. These project managers are part of a department called Programma’s Projecten en Onderhoud (PPO) (Rijkswaterstaat, 2016). This PPO department is responsible for the maintenance of the project and is dependent on policy made by other departments like the department for realizing projects. Grote Projecten en Onderhoud (GPO) (Rijkswaterstaat, 2015) is writing project-specific prescriptions for the project and does the tendering based on the policy written by the General Directorate, the Ministry of Infrastructure and Water Management, and the Ministry of Finance. After the project is tendered to a party, the project goes back to PPO. PPO handles the maintenance of the project and thus has slightly differing approaches to reach their project objectives. This may be a cause of discrepancy between policy and practice. The different directorates in the organization have different roles to order to reach their organization-wide objectives.   
[bookmark: _Toc11135287]2.3 Factors playing a role in product innovation 
The two most important articles on factors establishing product innovation are Russell, et al. (2006) and Febrina & Ekambaram (2018). Russell, et al. (2006) identified 22 separate factors which must be considered by the public authority in the decision making process. The main question they face is how to exert control over the state of these factors, as they either turn out to be drivers or inhibitors of innovation. The article does not make a more in-depth distinction between these types of factors, something Febrina & Ekambaram (2018) builds on to form a more extensive framework which will be elaborated on later. The 22 factors identified by Russell, et al. (2006) can contribute to more than one type of innovation, thus showing that all innovations types can be interrelated. These 22 factors are categorized into five groups: project-specific factors and characteristics, commercial and business factors, project requirements, project risks, and socioeconomic and political factors. In most articles about factors of innovations, terms like drivers, stimulants, and enablers are more or less used interchangeably which is not sufficient for a comprehensive understanding of innovation according to the two-step definition of innovation posed earlier in this thesis in which implementation of the new idea is essential. Building on Russell, et al. (2006), Ozorhon, et al. (2010) already proposed that there should be a defined distinction in the terms drivers and enabler. Febrina & Ekambaram (2018) made this much needed distinction between drivers and enablers of innovation in PPP infrastructure projects, a distinction adopted for this thesis. The term driver is being used for the factors that initiate innovation. The term enabler is being used for: arrangement and strategies (tools), and resources employed for innovation to happen in practice (Febrina & Ekambaram, 2018). The article identifies eight drivers of innovation, 15 arrangement and strategies for innovation, and seven resources for innovation. These drivers 
Figure 1: Innovation potential as the presence of innovation drivers and enablers (Febrina & Ekambaram, 2018)

and enablers combined form the concept of innovation potential shown in Figure 1. This thesis adopts that exact distinction because it neatly follows the two-step definition of innovation. The drivers are in this sense the causes for new ideas and ways of thinking. The enablers are the factors empowering this new idea for implementation. Febrina & Ekambaram (2018) state that innovation cannot be implemented nor have benefits without the enablers thus it will not be a ‘real’ innovation. Paragraph 2.3 and 2.4 elaborate more on these drivers, arrangements and strategies, and resources. This thesis will adopt a new framework in which the frameworks of Russell, et al. (2006) and Febrina & Ekambaram (2018) are connected. The connection between these frameworks is done as follows. The identified factors from the working practice by Russell, et al. (2006) are quite similar to the factors identified by Febrina & Ekambaram (2018). These factors overlap, therefore the five categories by Russell, et al. (2008) can be connected with the three categories drivers, arrangements and strategies, and resources by Febrina & Ekambaram (2018). By doing this, one can categorize the examples of drivers, arrangements and strategies, and resources into the five categories. This makes the evaluation process clear as it will lead to insights into possible shortcomings in specific categories. Table 1 shows the summary of these two frameworks into one table.
Table 1: Factors for innovation based on Russell, et al. (2006) and Febrina & Ekambaram (2018)
	
	
	Febrina & Ekambaram (2018)
	

	Russell, et al. (2006)
	Drivers
	Arrangements and strategies
	Resources

	Project-specific factors
	- Technical challenges or complexities
	
	- Time
- Funding
- Facilities, applications, and materials

	Commercial and business factors
	- Competition between bidders
	- Collaboration of skills and expertise
- Potential for repetition for the innovation
- Integrated project delivery arrangement
- Long term lifecycle
- Performance metrics for innovation
- Mechanisms to track and monitor innovation
	- Presence of innovation champion
- Presence of innovation leader



	Project requirements
	- Client’s requirements for innovation
- Demand for higher safety
- Demand for green benefits and environmental sustainability
	- Performance based contracting
- No blame culture
- Reward and recognition for innovator

	- Time
- Funding


	Project risks
	
	- Appropriate risk transfer/allocation
	

	Socioeconomic and political considerations
	- Regulator’s requirement for innovation
- End user’s requirement for innovation
	- Government regulations encouraging innovation, subsidies and tax incentives
	- Funding
- Investment in research and development


[bookmark: _Toc11135288]2.3.1 Drivers of innovation
There are four categories of drivers when placed into the framework by Russell, et al. (2006). There is no driver in the category project risks as it discourages innovation. When risks are high, conservatism will be prioritized towards trial-and-error approaches which are beneficial for innovation (Rose & Manley, 2012; Nam & Tatum, 1989). The four categories of drivers for innovation can be seen in table 1.	 
The drivers most present are the client’s demands in the project. These can be direct requirements for innovation as well as indirect through a demand of higher safety, green benefits, and environmental sustainability. There are also requirements from the end users which are the people for whom the project is intended. Another driver is the competition between bidders, because competition pushes the bidders to think about ways to beat other bidders. This might include thinking of innovative solutions in construction since the procurement decision normally comes down to the cheapest bid.	
I expect this competition to be one of the most important drivers of innovation since this is mentioned by many articles (Tawiah, 2005) (Eaton, et al., 2006) (Russell, et al., 2006). I also expect the demand for higher green benefits and environmental sustainability and a primary demand for innovation to play an important role because of Rijkswaterstaat’s ambitions (Rijkswaterstaat, 2018) and the proof from the literature (Bossink, 2004) (Russell, et al., 2006). The primary requirements for innovation by the client have been mentioned frequently. (Eaton, et al., 2006) (Bossink, 2004). 
[bookmark: _Toc11135289]2.3.2 Enablers of innovation
Enablers are subdivided into two types of factors: the arrangements and strategies, and the resources. 
[bookmark: _Toc11135290]2.3.2.1 Arrangements and strategies for innovation
Every infrastructure project has project-specific compositions of arrangements and strategies. These can be the different set of stakeholders, project teams, contract, and/or the allocated risks. The four categories of factors relevant for the arrangements and strategies for innovation can be seen in table 1. I expect the long-term life cycle and the integrated contract type of the project plays a role in establishing innovation. Several articles confirm this as being of importance (Leiringer, 2006) (Rangel & Galende, 2010). 
[bookmark: _Toc11135291]2.3.2.2 Resources for innovation
The same reasoning used in paragraph 2.3.1 about risks applies here. Risks do not bear any resources for innovation. The main resources required for innovation are time and funding. Also, the socioeconomic and political factors are based on funds available for research and development which are not project specific. Unrealistic time constraints can inhibit (Vehosky, 1998) while challenging time constraints can spur innovation such implementing time-saving construction methods (Tatum, 1986 , 1989). This is also true for available funding. Innovation needs adequate funding to give the innovating party economic viability to innovate (Ozorhon, et al., 2010). When the client provides an adequate budget, the project team is more likely to innovate (Gambatese & Hallowell, 2011). Additionally, it is a resource to have an innovation leader and a champion which in practice is a party familiar with establishing innovation and is taking the lead in this process. This party can also spur individuals to think together about product innovation (Nam & Tatum, 1997). Since it is challenging to get an adequate budget and a proper time schedule fit for innovation, I expect time and funding play especially important roles in establishing innovation.
[bookmark: _Toc11135292]2.4 Conceptual model
Figure 2: Conceptual model

The conceptual model showed in Figure 2 shows the relationship between the dependent and the independent value of this thesis. The model shows how product innovation is influenced by the public authority making use of three factors: drivers, arrangements and strategies, and resources. The value of these factors in Dutch planning practice will be established through analyzing primary data and will consequently answer the sub-questions connected to each factor. These three sub-questions together will contribute to answering the main question.
[bookmark: _Toc11135293]3 	Methods
[bookmark: _Toc11135294]3.1 Data collection
The primary data collection has been done by conducting semi-structured interviews with stakeholders in the procurement phases of their projects. These interviews allow deviation into more specific aspects submitted by interviewees. This leads to interviewee-specific views on the cases which is important for this research because the interviewees have different functions in the projects. Having the ability to come back to the three main factors of drivers, arrangements and strategies, and resources provides the opportunity for better comparison and analysis of the interviews conducted. The interviews are done in person which presents the opportunity to perceive the emotions and facial expressions of the interviewees which leads to better understanding of the answers given (Clifford, et al., 2016). 
[bookmark: _Toc11135295]3.2 Case selection 
The three infrastructure projects researched are: the widening of the A6 Almere Havendreef - Almere Buiten-Oost, the widening of the A27/A1 Utrecht Noord – Knooppunt Eemnes – Aansluiting Bunschoten-Spakenburg, and the N18 Groenlo-Enschede. All these projects have a DBFM contract. DBFM stands for Design, Build, Finance, Maintain and integrates all responsibilities for the private partner and stretch over a period of 20 to 25 years. By clustering the responsibilities and risks, it is believed that the project is more attractive for consortia due to larger control and reduction of costs. This is because there are less parties involved in different stages of the project over a longer contract duration (Rijkswaterstaat, 2019). Rijkswaterstaat justifies the choice for DBFM in the tender documents as follows: “Combining design, construction, maintenance, and financing gives the market more room for product- and process innovation which leads to better performances against lower costs.” (Rijkswaterstaat, 2015). 	
- The widening of the A6 from Almere Havendreef to Almere Buiten-Oost is tendered to the consortium Parkway6. The reason for researching this project is because of its innovative and sustainable character. This project has been awarded the Procura+ Award for its sustainable procurement procedure (Rijkwaterstaat, 2016). The demand for sustainability and the indirect demand for innovation has been a priority of Rijkswaterstaat. 	
- The widening of the A27/A1 Utrecht Noord – Knooppunt Eemnes – Aansluiting Bunschoten-Spakenburg which is tendered to the consortium 3Angle. The project has a environmentally sustainable characteristic. These are two of the five main goals of the project indicated upfront (Heijmans, 2018). 	
- The construction of the new road N18 Groenlo – Enschede is tendered to consortium Noaber18. This project took place in a less urbanized area than the other, with again different stakeholders. This project adds to the overall picture of how Rijkswaterstaat is demanding product innovation throughout the entire country. 	
All cases and respondents can be seen in tables 2 and 3 below. 
	
Case
	Public authority
	Consortium
	Contract type
	Budget (in euro) 
	Contract length
	Type of construction
	Length of route
	Current phase

	A6 
	Rijkswaterstaat
	Parkway6
	DBFM
	300 million
	20 years
	Widening road 
	13,6 kilometers
	Construction

	A27/A1 
	Rijkswaterstaat
	3Angle
	DBFM
	220 million
	25 years
	Widening road 
	27,5 kilometers
	Delivered

	N18
	Rijkswaterstaat
	Noaber18
	DBFM
	330 million
	25 years
	New road
	27 kilometers
	Delivered


Table 2: Overview of cases 
	Project
	Name
	Organization (consortium)
	Name in thesis
	Occupation 
	Date of interview

	A6 
	Jaap Miggels
	Dura Vermeer (Parkway6)
	R1-A6
	Technical manager in tender
	May 9th 2019

	 
	Johan de Wit
	Rijkswaterstaat
	R2-A6
	Technical manager 
	May 9th 2019

	 
	Martijn Jansen
	Dura Vermeer (Parkway6)
	R3-A6
	Manager surrounding environment
	May 10th 2019

	
	Esther van Garderen
	Municipality of Almere 
	R4-A6
	Deputy manager development and mobility
	May 7th 2019

	A27A1
	Mr. Michielsen
	Heijmans (3Angle)
	R1-A27A1
	Tender-, and project manager
	May 9th 2019

	 
	Paul de Heus
	Fluor (3Angle)
	R2-A27A1
	Project manager
	May 10th 2019

	N18
	Rolf Mars
	KWS (Noaber18)
	R1-N18
	General director
	May 7th 2019

	 
	Kees Scheurwater
	Rijkswaterstaat
	R2-N18
	Project manager 
	May 6th 2019 


Table 3: Overview of interviewees
[bookmark: _Toc11135296]3.3 Ethical considerations
In order to act ethically, I have informed the interviewees before the interview about my intentions, my objectives, and about the data processing. I formally asked them if I could record the interviews. Afterwards, every interviewee signed a document confirming they are aware of the use of the interview and the data processing. I informed them about their rights to change factual inaccuracies and remain anonymous. I sent back the transcripts so that they review their given answers in order to make sure no harm is done.	
Some ethical considerations of my data quality include interviewing both technical managers of the A6, Rijkswaterstaat and the private partner, at the same time. There is a chance that interviewees formed an agreeing answer in this interview setting. Therefore, the answers given are not their honest opinions (Clifford, et al., 2016). Another factor that might play a role in the quality of the data is that the stakeholders are not willing to share everything with a researcher since this could lead to disagreements between involved stakeholders in a large project. The last thing that might have an influence on the data quality is the misinterpretation of words or sentences by the researcher during the interview or during the translating of the quotes to English because the interviews were conducted in Dutch. I made use of the snowballing technique to find respondents for the case A27A1. This snowballing technique might have given the research a one-sided look into this case (Myers & Newman, 2007). 
[bookmark: _Toc11135297]3.4 Instruments for data analysis
[bookmark: _Toc9106909]Before conducting the interviews, I made a code tree based on the concepts from the literature in the theoretical framework which can be found in Appendix. This code tree led to the interview questions which helped cover all relevant factors. The interview can be found in Appendix 1. I recorded the interview on my phone so as to transcribe it afterwards and use the coding software ATLAS.ti to code the interview. 
[bookmark: _Toc11135298]4	Results
	
	
	Febrina & Ekambaram (2018)
	

	Russell, et al. (2006)
	Drivers
	Arrangements and strategies
	Resources

	Project-specific factors
	- Technical challenges or complexities
	
	- Time
- Funding
- Facilities, applications, and materials

	Commercial and business factors
	- Competition between bidders






	- Collaboration of skills and expertise
- Potential for repetition for the innovation
- Integrated project delivery arrangement
- Long term lifecycle
- Performance metrics for innovation
- Mechanisms to track and monitor innovation
	- Presence of innovation champion
- Presence of innovation leader



	Project requirements
	- Client’s requirements for innovation
- Demand for higher safety
- Demand for green benefits and environmental sustainability
	- Performance based contracting
- No blame culture
- Reward and recognition for innovator

	- Time
- Funding




	Project risks
	
	- Appropriate risk transfer/allocation
	

	Socioeconomic and political considerations
	- Regulator’s requirement for innovation
- End user’s requirement for innovation
	- Government regulations encouraging innovation, subsidies and tax incentives


	- Funding
- Investment in research and development


[bookmark: _Toc9106910]The factors to be discussed in this chapter are the factors which played the most important roles in establishing innovation in the projects. These factors were mentioned most often by the respondents, and they have the most interesting effects in the projects. These factors also allow for the most interesting juxtaposition between earlier found literature. Table 4 shows which distinct categories are most influential in the procurement phase. The factors get classified in table 5 with either a +, ±, or a -, depending on their presence in the project and their relationship to establishing product innovation.	

                Table 4: Overview results - Most important categories







	Drivers
	A6
	N18
	A27A1

	Demand for environmental sustainability 
	+
	±
	±

	Competition
	+
	+
	+

	Technical challenges or complexities
	+
	-
	±

	Client's requirements for innovation
	-
	-
	-

	
	
	
	

	Arrangements & Strategies
	A6
	N18
	A27A1

	Long-term commitment
	+
	+
	+

	Potential for repetition
	+
	±
	±

	Performance metrics for innovation
	+
	±
	±

	No-blame culture / room for trial-and-error
	±
	-
	-

	Subsidies and tax incentives
	-
	-
	±

	
	
	
	

	Resources
	A6
	N18
	A27A1

	Appropriate time constraints
	±
	-
	±

	Appropriate funding
	+
	±
	-



	 
	Legend

	+
	Present in tender, and stimulating innovation

	±
	Somewhat present in tender, and somewhat stimulating innovation

	-
	Not present in tender, and not stimulating innovation





Table 5: Values of factors in the three cases + legend

[bookmark: _Toc11135299]4.1 Drivers - Environmental sustainability and competition 
There are four categories of drivers most impactful according to the respondents. These are: client’s requirements for innovation, technical challenges or complexities, demand for green benefits and environmental sustainability, and competition between bidders.  
Client’s requirements for innovation	                                                                                                         
Client’s requirements for innovation is highly praised in the existing literature as an important driver for innovation. However, this research shows that such a driver did not exist in any of the three tenders. A primary demand is not mentioned nor actively rewarded by Rijkswaterstaat. Actual innovation in practice is seen as a means to reach a goal - never as a goal in itself. R1-A27A1 summarizes the all three cases in saying that Rijkswaterstaat’s stake is not to establish innovation but to mitigate and reduce traffic hindrances, to keep stakeholders satisfied, and to improve environmental qualities. In the literature, Eaton, et al. (2006) states that the requirements from the client can work as an important driver, but they acknowledge that the client has the last say in adopting innovation and are thus the deciding factor. When the client is not prepared to take the risk of an innovation, it can constrain creative proposals (Nam & Tatum, 1997). Looking critically at the three projects, I suspect this has been the case especially in the projects A27A1 and N18. There has not been any demand for innovation and Rijkswaterstaat acted risk-averse towards innovation. In the A6 Rijkswaterstaat was less risk averse. 
Demand for green benefits and environmental sustainability 	                                                      
The client’s demand for innovation goes hand-in-hand with the demand for green benefits and environmental sustainability. This is getting increasingly important for Rijkswaterstaat which is reflected in the three projects. The first project to start tendering was N18. In this project, there was no primary demand, as it was the first to get tendered in 2014. The two other projects got tendered later in 2015 and especially the A6 showed more demand for environmental sustainability. The most important factor was the primary demand for an energy neutral road. This forced the private partner to think more about sustainability and to make choices in the procurement phase according to R1-A6 and R2-A6. This gradual increase in demand for environmentally sustainable solutions is mentioned in the case A27A1 as well. Both A27A1 respondents called the demands by Rijkswaterstaat not challenging enough. R1-A27A1 called it: “just ticking a box.” He saw, however, that this has gotten more challenging over time as he mentioned the A6. This Rijkswaterstaat-wide program focusing on environmental sustainability throughout all projects is seen by the respondents touching on this topic as extremely beneficial. It removes some of the ‘one-off nature’ of certain projects. Knowing that Rijkswaterstaat rewards sustainable innovations adds to the business case projects want to make around innovations as can be read in paragraph 4.4.
Technical challenges or complexities	                                                                                                     
The technical challenges or complexities only played a minor role in establishing innovation in all projects. The difference with the literature is that they can turn out to often be inhibiting because it adds to the risk profile. R2-N18 from Rijkswaterstaat mentioned that all possible solutions for the complexities were prescribed in the tender already. There were no complexities left to act on for the private partner according to R1-N18. The same goes for the A27A1 and A6 but there was more room for process innovation. It was not extremely complex, nor challenging in either project. The complexities and challenges faced led more to process innovation than product innovation. R1-N18 stated the following: “when a project is complex, it gets harder to innovate. Or you already have to have thought about [innovation] beforehand to make the complexity easier.”
Competition
As expected earlier in this thesis, all respondents regarded competition as a vital role in establishing product innovation. The quote by R1-A6 symbolizes the reasoning behind this drive to innovate through competition. However, if the tender is not challenging enough, it will mainly turn towards process innovation. This leads to building more quickly through smart use of resources or smart phasing. This will save money to become the cheapest bid according to R1-N18. Interplay between product and process innovation as mentioned in chapter 2.1.2 can thus, be seen here. 
“All bidders can lay down a lane of asphalt and build a couple of viaducts. You need to be distinctive in the other valuations.”   ̴ R1-A6
[bookmark: _Toc11135300]4.2 Arrangements and strategies - Maintenance: companies’ own profit
There are five impactful arrangements and strategies most from the interviews: long-term commitment, potential for repetition, performance metrics for innovation, and a no-blame culture / room for trial-and-error. Subsidies and tax incentives will be discussed in paragraph 4.3 as it is closely related to the resource of funding. Since arrangements and strategies and resources are both enablers of innovation, they often bear influence on each other. This will become clear in this section.
Long-term commitment   	                                                                                                                                        
The integrated project delivery, but more so the long-term commitment of the DBFM contracts, are extremely important to all cases when establishing any kind of innovation. Innovation comes down to a business case for the private partner. By integrating all phases of a project, is an enormous enabler of innovation. Since all projects are DBFM with 20-25 years of maintenance, they show similar reasoning for innovation upfront; it allows the private partners to gain from their own innovation. All private partners improved their asphalt to reduce the needed maintenance, and R2-A27A1 explained that they invested in this upfront. By doing this, they save around 10 million euro’s during the maintenance phase by only having to apply new asphalt once instead of twice. Therefore, the integrated project delivery and long-term commitment heavily relates to the resource of adequate funding which will be discussed in paragraph 4.3. Long-term commitment also allows the private partners to obtain data on their newly implemented innovation to become more knowledgeable on this innovation in order to carry over to future projects. Something that has been suggested by Leiringer (2006) is the possibility of the private partner turning to existing methods and technology in order to limit their risk exposure. This, however, does not happen in Dutch planning practice as proven by these three cases. The private partner has confidence in its own innovations and is not afraid of taking this risk in their maintenance phase. 
Potential for repetition	                                                                                                                          
Gaining the knowledge on their implemented innovation is important for the next time a private partner wants to apply such an innovation. It is partially part of a business case to earn back their investments in later projects. This is what R1-A6 emphasizes which can play a role in innovation in the following paraphrase: “Innovating in the A6 can mean that you only will start seeing benefits in later projects by using it several times again.” Other companies in other consortia have a R&D department which innovates company-wide, such as KWS with the N18. They did not innovate as much in the N18, but they endorse this potential for repetition playing a role in innovative behavior in projects. R1-A27A1 told that the private partner was hesitant to innovate because they knew about the lack op opportunity for repetition in projects for Rijkswaterstaat. “Every project is unique […] we deliver tailor-made solutions for every project.” This inhibits innovation since there is a lack of a future business case. 
Performance metrics for innovation	                                                                                                           
This factor is an arrangement and strategy briefly mentioned in paragraph 4.1. All three projects had to make use of performance metrics such as DuBoCalc (Dutch abbreviation for: Sustainable Building Calculator) in the EMVI (Dutch abbreviation for: Most Economically Advantageous Tender). These metrics convert the sustainability measures taken for certain tasks into a (fictional) discount in proposed budgets. N18 and A27A1 said that they were not to think about how to get this highest (fictional) discount. As mentioned in chapter 4.1, this was just like ‘ticking a box’ in the A27A1, and it was reached by implementing a few small measures. R1-A27A1 said: “If you know that you can reach the maximum amount easily, then you know that other bids can do the same. You will not go further without thinking about smart innovations because there is nothing to gain.” The A6, however, was different. Reaching the maximum discount was more challenging, and it forced the private partners to rethink their design and construction process which led to innovative solutions such as the use of ECO-sand. This confirms that performance metrics work, and that Rijkswaterstaat is moving in the right direction by making their performance metrics more challenging in a Rijkswaterstaat-wide program of sustainability allowing for future repetition of innovation. 
No-blame culture / room for trial and error 	                                                                                         
The last important arrangement and strategy is the no-blame culture and room for trial-and-error. This factor is embedded into the main resources time and funding. Project A6 had some room for trial-and-error in the project which is uncommon for a project with a DBFM contract. The parties involved in the consortium of the A6 trusted and knew each other. R1-A6 and R4-A6, explained that Dura Vermeer and Besix, the two construction companies in the A6 consortium, collaborate often and think highly of establishing innovation. This all makes for a no-blame culture in which there is room for trial-and-error towards product innovation. An example of this is the use of an experimental asphalt machine in one part of the project. According to R3-A6 there was opportunity for this experiment because it was a temporary road. This has been beneficial in this project as well as in future projects according to the involved respondents from the Municipality of Almere, Rijkswaterstaat and the private consortium. This has not been the case in the other two projects. There was no room for trial-and-error, and it would not work in their projects. In the N18, the risk of failure was seen as the largest inhibitor looking at a loss of time and money for both the public authority and the private partner. A27A1 had a similar risk of failure as the project of the sea lock near Ijmuiden got mentioned. He told that they did not want to be in a similar situation through experimenting. The risk profile is simply too high in DBFM projects. Paragraph 4.4 contains information on how both parties in a PPP counter a high risk profile. The attitude of the public partner is of decisive importance. Being open to innovation has a positive outcome on innovation. This is in line with the literature examined earlier. 
[bookmark: _Toc11135301]4.3 Resources - Time is money
If you don’t prescribe time and you still want the most competitive and cheapest bid, in a DBFM you will get the one who can build cheapest. Normally, that is the one who can build fastest too.”  ̴  R1-N18
As expected, in the three researched cases the two most important resources for innovation are time and funding. They are intertwined with each other, with the drivers, and other arrangements and strategies.
Time 												       
All factors are intertwined with time and funding in a DBFM. This interplay between time and funding has two ways of influencing possible innovation. The payout structure of a DBFM contract is the first part, as it is based on the availability of the road. The faster the road opens for public use, the faster the private partner can start earning money and pay their loans. According to R4-A6 this played a major role in establishing innovative products. There was no room for trial-and-error for groundbreaking ideas considering the high financial risks. On the other hand, the time constraints imposed by the private partner itself force the private partner to rethink every decision and evaluate if that is the smartest and fastest idea. This pressure on time forces the private partner to think innovatively in terms of small incremental product and process innovations, as is mentioned earlier as a possibility in the literature (Winch, 1998). The definition used for product innovation in this thesis shows, however, that these small incremental innovations in delivering technologies can also be seen as product innovation. R2-A27A1 indicated that the pressure on time led to incremental process innovation in the construction phase. There was no time to find real product innovation and implement it.  
Funding  
The funding of a project is closely related to the resource of time. It is extremely important to have adequate funding available for the project - adequate meaning: enough and in the right conditions. The private financer may also influence the project. In the A27A1 project, the consortium experienced a risk-averse bank providing the funding. This provided opportunities for product innovation when there was a clear business case with low risks, the lowest price was still leading in the tender evaluations. Everything came down to the best possible funding. The N18 experienced similar forces. In this project, the private partner focused on process innovation for its own gain. Again, this is just incremental process innovation.
Only A27A1 made use of a subsidy for innovation provided by the government. This subsidy was provided to stimulate sustainable innovations. By providing this subsidy, the government allowed for the use of an innovative type of asphalt. R1-A27A1 indicated that they never would have used this type of asphalt for that part of the road without subsidy. Both other projects admitted that they briefly looked into subsidies, but it was not available to them. This shows the difference a subsidy can make. R2-A6 told that Rijkswaterstaat excluded any subsidies since it “would trouble taxpayer cashflow” as the projects are built with tax money either way. R2-A6 called it a matter of “vestzak-broekzak”. Therefore, Rijkswaterstaat preferred to keep subsidies out of the tender phase. Also, R2-N18 from Rijkswaterstaat did not want to engage in any kind of subsidies because subsidies directly intervene in the market..
[bookmark: _Toc11135302] 4.4 Inhibitors – Risk aversion and detailed project demands
The semi-structured interviews provided the opportunity to talk about factors beyond the scope of this thesis. This paragraph briefly shows the patterns of inhibitors of innovation. 
Detailed project demands from Rijkswaterstaat	
The DBFM structure transfers significant risk and responsibility to the private partner which often has a negative effect on establishing innovation. Rijkswaterstaat is nowadays more reluctant to use a DBFM contract. R2-N18 referred to the McKinsey-report and recognizes the problems indicated in this report in the N18. “It needs to go fast, you cannot have risks, and you cannot make it an expensive project. So, if you are going to innovative, things might get out of hand. And then it might cost more money than originally thought.” 
If the risk is high, you will see an inverse correlation with innovation. 
 ̴ R4-A6
To counter these risks, Rijkswaterstaat imposes detailed project demands for the construction company so there is little room for innovation and Rijkswaterstaat will not be surprised by any innovative solutions too deviant from the Planning Procedures Decree (Dutch: Tracébesluit). R3-A6 thinks this puts brakes on innovation power by private companies. “Maybe we could have thought of a more efficient way of doing it.” R1-A27A1 says every project has its own framework and detailed project demands, as mentioned in paragraph 4.2. Every design therefore needs to be project specific with customized work which makes it harder to innovate due to the lack of possible repetition the private partners. 
Risk aversion at the private side
The risk profile of a DBFM is extremely high for the private side once they sign the contract. The private financers of the project, the banks, are in that case as risk averse as the client. If the innovation has not been proven, the risks are higher. The banks can say that they do not want to invest in the product with high risk. R1-A27A1 then has the task to convince the financers which can lead to countering the high risk profile of an innovation with higher risk premiums on the financing (Pps bij het Rijk, 2008) which inhibits the opportunity for innovation as explained in paragraph 4.3. 
Risk aversion is also present at the construction company. R1-N18 told about these risks and the need for a business case: “The unforeseen risks have so much influence on time and money that we often say that it has to be three times cheaper at the start, so you will still have a profit in the end.”









[bookmark: _Toc11135303]5	Conclusion and recommendations
[bookmark: _Toc11135304]5.1 Conclusion
Some factors play a more important role than others as established in this thesis. The most important drivers are the competition in the procurement phase and Rijkswaterstaat’s demand for environmental sustainability. These drivers are combined under direct control of Rijkswaterstaat to trigger innovation. According to the literature, public authorities can have a direct demand for innovation. However, in practice this never happens. Innovation is a means to reach a goal, never a goal in itself.        	
The most important arrangements and strategies for the private partner is the potential for repetition of the innovation to make it cost effective in the long-run. The long-term lifecycle of the contract can be a trigger for the private partner to think about innovating upfront to have less costs later for the maintenance of the project and thus for its own gain. For Rijkswaterstaat, the most important arrangements and strategies in their projects are using ambitious methods of monitoring innovation like DuBoCalc in the EMVI. Subsidies are not often provided. The private partner is not triggered to innovate when there is no financial help to get over the initial financial barrier.	 
The most  important resources in PPP infrastructure projects are time and funding. They are strongly connected to each other throughout the entire project because of the high-risk profile and the payout structure of a DBFM. Time constraints on the one hand has a positive effect on incremental product, and process innovation. Tight time schedules do not allow for groundbreaking product innovation.  
[bookmark: _Toc11135305]5.2 Recommendations for Rijkswaterstaat
The important factors discussed in this thesis offer guidance to answer the main question of this thesis. In this research, there was no initial focus on the inhibitors of innovation, but they surfaced throughout the interviews. The biggest inhibitors of innovations are the nature of the DBFM contract and the risk aversion of all parties involved in the project as result. Rijkswaterstaat counters this risk aversion with detailed project demands. The private financer can impose higher risk premiums for innovative product with a high-risk profile. The construction company is trapped in that case between these two forces and will only pursue innovation if it is cheaper than the un-innovative alternative, if it has a low risk profile and is in line with Rijkswaterstaat’s detailed project demands.
In this section some resolutions for these inhibiting factors are presented for consideration by Rijkswaterstaat. Some acknowledgements must be made that it is not as straightforward as presented next. 
Type of contract 	
Rijkswaterstaat should continue to rethink the use of DBFM contract since the risk profile of a DBFM contract is proven too high which alienates all parties involved by being afraid of losing substantial profits or reputation.
Detailed project demands	
Rijkswaterstaat should limit the expected technical prescriptions in the solutions of its projects. By only focusing on the functionality, it allows the private consortia to tap into their own innovative capabilities which they did indicate to have in abundance.  
Subsidies
A subsidy can overcome the financial barrier of implementing an innovation for the first time. This can add to a business case and an innovation could become economically viable for a company. 
[bookmark: _Toc11135306]5.3 Recommendations for future research
This thesis did not specifically focus on the inhibitors of innovation. However, talking to the professionals in my case studies I found that these patterns were relevant and could therefore not be ignored. Future research might be done with a better theoretical understanding of inhibitors beforehand. This might lead to a better insight as to why innovation is difficult to establish in infrastructure projects. 




























[bookmark: _Toc11135307]6 	Discussion and reflection
Some questions can arise concerning the objectives of two of the three projects. The A27A1 and the N18 were in themselves not complex nor challenging projects. Perhaps this does not trigger innovation, and the interviews therefore had a different, more pessimistic angle on establishing innovation. 
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Interview
Interviewvragen bachelor scriptie: ”Innovatie in PPS bij infrastructuurprojecten” 
Douwe Feitsma 
Vooraf
Toestemming opnemen, transcript uittypen en terugsturen? 
Uitleg scriptie: RWS uitvraag van innovatie PPP. Zowel direct als indirect
 		3 hoofdcategorieën: Drivers, resources, arrangements/strategies
Introductie
- Wat voor innovatie vond er plaats in dit project? (proces, organisatie, financieel, product)
- Wat voor productinnovatie vond er plaats in dit project?

Drijfveren
Onderwerpen: Primaire vraag voor innovatie opdrachtgever/aannemer/eindgebruiker 		 (duurzaamheid, veiligheid o.i.d.)
 		Complexiteit
 		Competitie
- Wat waren de grootste drijfveren voor innovatie? Waardoor werd de innovatie geïnitieerd? 
- Was innovatie een primaire opdracht van de opdrachtgever? Waarom wel/niet? Hoe bleek dit? 
- Lag een vraag voor betere veiligheid/duurzaamheid in het project? 
- Legde u uzelf een verplichting op wat betreft innovatie? Kwam de innovatie als een verplichting voor uzelf? 
- Speelde geld, tijd, kwaliteit, veiligheid een rol? 
- Speelde de opgave/complexiteit een rol? Was het project zo uitdagend dat u moest innoveren? 
- Heeft de competitie tussen de bieders een rol gespeeld? Moest u innoveren om de concurrentie voor te blijven?
- Kwam er vanuit de eindgebruiker (burgers/bedrijven) een vraag naar innovatie? Heeft u daar contact mee gehad?

Middelen
Onderwerpen: Tijd
 		Geld
 		Toegang tot faciliteiten (materialen, mankracht, kennis/ervaring etc.)
- Wat waren de belangrijkste middelen voor innovatie? Kennis/ervaring, tijd, geld?
- Was tijd een middel om innovatie te generen? Danwel, weinig tijd/tijdsdruk, danwel zeeën van tijd. 
- Was de financiering een middel om innovatie te generen? Danwel, klein budget, danwel groot budget. Druk achter de financiering? 
- Had uw toegang (financieel, fysiek) tot de materialen en faciliteiten nodig voor innovatie?
- Was er een partij betrokken met ervaring in innovatie? Nam deze partij ook het voortouw? Was dit een leider? Hoe stelde deze zich op? Werd zo’n dergelijke partij vereist door RWS?
- Zijn er vanuit de techniek, wetenschap en politiek veel investeringen in onderzoek en ontwikkeling van voor dit project relevante innovatie? Wordt hier veel geld en tijd in gestopt?
Regelingen en strategieën 
Onderwerpen: Samenwerking (in consortium en met andere partij)
 		Hergebruik van bepaalde innovatie
 		Type contract
 		Monitoring van innovatie
 		Cultuur binnen het project
 		Risico’s 
 		Belastingvoordelen/subsidies
-  Wat vond u van de samenwerking in het consortium (wat betreft de innovatie) in de aanbestedingsfase? – Ook tussen expertise, vaardigheden en juiste mensen?
- Wat vond u van de samenwerking/overleg tussen publieke en private partijen? Hielp dit bij het realiseren van innovatie? 
- Speelde het feit dat bepaalde innovatie toepasbaar is op andere plekken in het project of andere projecten en rol voor het innoveren? Of had u al ervaring met bepaalde specifieke innovatie in andere projecten, die u hier weer heeft kunnen toepassen?
- Hoe komt u tot de grotere contractvoorwaarden? DBFM, looptijd, budget etc. 
- Speelde het type contract gelet op looptijd, geïntegreerde projectaanpak een rol voor innovatie?
- Vindt u dat er goede methoden zijn om innovatie te meten en te monitoren? Is zoiets dergelijks gebruikt in dit project? BKPV (Beste-Kost-Prijs-Verhouding), DuBoCalc, CO2-prestatieladder?
- Wat was de cultuur binnen het project? Krijgen mensen/groepen/bedrijven de juiste erkenning/beloning bij een innovatie? 
- Kon u ‘trial-and-error’ veroorloven? Hoe werd er tegen het experimenteren aangekeken? Werd dat oké gevonden?
- Waren de risico’s overgedragen aan de juiste partijen? Zaten de risico’s de innovatie in de weg? Wist u met welke risico’s u te maken ging krijgen? 
- Kwamen er vanuit de overheid (wet en regelgeving) triggers om te innoveren met bijvoorbeeld subsidies en belastingvoordelen? 
Afsluiting
Transcript aanpassen bij terugsturen
Ontvangen scriptie?
Ondertekenen officieel document 
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Appendix 2 – Coding treeFunding
Government regulations encouraging innovation, subsidies and tax incentives
Presence of innovation leader
Demand for green benefits and 
environmental sustainability
Innovation factors
Performance based contracting
Reward and recognition for innovator
No blame culture
Collaboration of skills and expertise
Project-specific characteristics
Socioeconomic and political considerations
Project requirements
Commercial and business factors
Project risks
Drivers
Resources
Arrangements and Strategies
Resources
Arrangements and Strategies
Drivers
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Arrangements and Strategies
Drivers
Arrangements and Strategies
Resources
Drivers
Regulator’s requirements for innovation
Technical challenges or complexities
Time
Funding
Facilities, applications, and materials
Potential for repetition for the innovation
Competition between bidders
Integrated project delivery arrangement
Long term lifecycle
Performance metrics for innovation
Mechanisms to track and monitor innovation
Client’s requirements for innovation
Demand for higher safety
Time 
Funding
Appropriate risk transfer/allocation
Regulator’s requirement for innovation
End user’s requirement for innovation
Investment in research and development
Presence of innovation champion
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