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Abstract – SmartPort is a knowledge platform that stimulates partnerships, supports scientific research and provides public knowledge dissemination. In addition, it carries out several innovation projects in the Port of Rotterdam. Whilst these projects are directly associated with innovation, the impact on sustainable development in terms of contribution to the SDGs has not yet been examined. The Port of Rotterdam Authority has already made the connection between the SDGs and the business practices by linking the goals and underlying targets to the materiality themes. This paper offers a first attempt to match the outcomes of SmartPort’s projects to the SDGs. The outcomes clearly indicate that the current focus primarily lies on the economic pillar of sustainability, and mere partially on the environmental pillar of sustainability. This is exemplified by the frequency of the contribution to SDGs 7, 8, 9, and 13, in comparison to the other goals. The paper concludes with the recommendation that SmartPort should consider the use of the SDGs as framework for the development of the value cases in order to develop the port area in a more sustainable manner. 
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“Ports are the connecting nodes of global trade and world economy. There is no way we can move this world towards sustainability without ports.” This quote originates from Christiana Figueres, the former executive secretary of the United Nations Framework Convention on Climate Change (World Ports Sustainability Program, n.d.). This statement implies that the developments that take place, and will be taking place, in ports play a crucial role in order to meet the targets that are set to achieve a more sustainable world. 
Ports are beneficial for, inter alia, economic growth and employment on a regional and national level (Musso, Ferrari, & Benacchio, 2006). This is exemplified by the Port of Rotterdam Authority, that employs 385,000 people and has created an added value of 45.6 billion Euro, which corresponds to 6.2% of the Dutch Gross Domestic Product (GDP) (Havenbedrijf Rotterdam N.V., 2019, p. 6)  However, the activities undertaken in ports also come with an increase in negative externalities as well (Dinwoodie, Tuck, & Knowles, 2012; Puig, Wooldridge, & Darba, 2014). According to Acciaro (2015), port authorities are experiencing an increasing amount of external pressure to combat these negative externalities (i.e. environmental and social impacts), and are therefore proliferating the Corporate Responsibility (CR) profile of their company. The external pressure for port authorities to participate in CR initiatives comes from various aspects. One reason is the increasing legislation and restrictions that port authorities have to comply to. Additionally, the media and public opinion forces ports to act in public interest and demand more transparency in the decision-making (Acciaro, 2015). Another reason why ports have to deal with more external pressure, is the fact that the activities and developments in ports come with external costs for the surrounding regions and thus local communities (e.g. low air-quality due to pollution). If these external costs are not addressed in an appropriate and adequate manner by the port authorities, it could lead to delays and interruptions of projects and developments. This leads to higher costs and is thus detrimental to the port’s competitive position. In order to avoid this, port authorities need to make sure that they manage the respective interests of different stakeholders (Dooms & Verbeke, 2007), and address the social and environmental impacts caused by the port’s activities (Acciaro, 2015). 
Port authorities are paying more attention to their CR profile and are heavily investing in an image that is associated with the positive impact on the planet and society (Acciaro, 2015). This can be achieved through the use of the United Nations Sustainable Developments Goals (from now on referred to as SDGs) as a framework for sustainable development in ports. This has already been done by the Port of Rotterdam Authority, which uses the SDGs as a benchmark for the sustainable development of the port. By linking the sub-targets of the SDGs with the materiality themes, the targets for reaching the SDGs become part of the process of value creation. As a consequence, the SDGs are linked to the Key Performance Indicators (KPIs) of the port, which are used to monitor and evaluate whether the formulated targets are achieved (Havenbedrijf Rotterdam N.V., 2019, p. 22). 
In addition to the projects that are being advanced by the Port of Rotterdam Authority, another organisation, SmartPort, has been founded to stimulate and execute innovation projects in the port of Rotterdam. SmartPort began as collaborative effort between port economists and the port to gather and develop knowledge regarding the development of the port in the long-term. In April 2015, it evolved into ‘SmartPort 2.0’, with as main aim to connect universities and innovative companies in order to accomplish the development of knowledge regarding the long-term vision of the port of Rotterdam. In essence, SmartPort is a knowledge platform, which stimulates partnerships, supports scientific research and provides public knowledge dissemination. The establishment of this cooperative is a joint venture by several parties, namely Deltalinqs, Port of Rotterdam Authority, the municipality of Rotterdam, Delft University of Technology and Erasmus University Rotterdam (Port of Rotterdam, 2015). As of 2019, two more parties have joined the cooperative; Deltares and TNO, making the number of entities involved in this non-profit partnership increase to seven. The main idea behind this partnership is the development of knowledge and to share and use that from one collective ambition. The latter concept is considered as one of the main conditions for transitioning onto the smartest port in the world. SmartPort has been created with the underlying thought that the most important aspect of developing knowledge is the inclusion of specific questions coming from the market, and that therefore the best results arise when the optimal benefit is gained from joined forces of trade and industry, authorities and science (SmartPort, n.d.a). SmartPort’s focus lies on three roadmaps, namely energy transition, smart logistics, and long-term port infrastructure, in addition to four overarching projects regarding the innovation-ecosystems of Rotterdam. Currently, SmartPort has completed thirty-three projects and is in midst of completing another thirty projects (SmartPort, n.d.b). 

[bookmark: _Toc14251049]Problem statement and research question
The Port of Rotterdam Authority has already taken the next step in paying more attention to the inclusion of sustainable development in their day-to-day activities by linking the targets of the SDGs to their CSR initiatives. SmartPort, however, has not made that connection for its projects yet. The projects of SmartPort are directly linked to innovation; it lacks a direct link with sustainable development. Therefore, the investigation whether - and if so, to what extent- SmartPort contributes to sustainable development with their innovation projects is the main rationale of this research. In the case of the Port of Rotterdam Authority, the integration of the SDGs as framework for the development of the business practices helps to monitor the progress of the respective projects concerning the sustainable development of the port (Havenbedrijf Rotterdam N.V., 2019, p. 12). By linking the value cases of the innovation projects to the SDGs, SmartPort could obtain a clearer overview of what the main focus of the projects currently is and what can be improved in order to achieve a higher level of sustainable development with their projects. 
The aim of this paper is to investigate in what way and to what extent the innovation projects carried out by SmartPort lead to a contribution to one or more of the seventeen SDGs. This results in the following research question:

“To what extent contribute the innovation projects by SmartPort in the port of Rotterdam directly or indirectly to the SDGs?”

[bookmark: _Toc14251050]Thesis outline
The remainder of this paper is structured as follows. The next section provides the literature review, ranging from topics such as the role of the port authority, to CSR, sustainable development and SDGs, to innovation theories. Section 3 discusses the research methodology and data sources. The investigation of sustainable development in the port of Rotterdam on a meso-level will be discussed in Section 4. Section 5 is dedicated to the main research, which encompasses the analysis of SmartPort’s innovation projects and its contribution to the SDGs. The discussion of the research findings will take place in Section 6. The answer to the research question and final remarks is provided in Section 7. The last section discusses the limitations of this paper and concludes with suggestions for further research. 
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[bookmark: _Toc14117019][bookmark: _Toc14251052]The role of the port authority 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Within ports, a variety of stakeholders can be identified (De Langen, 2006). This includes, but is not limited to, transport firms, industrial companies based in the port, end users (i.e. importers and exporters), local environmental groups, regional and national government, and port authorities. The latter are predominantly in charge of two main functions (De Langen, 2006; Verhoeven, 2010). First, it is responsible for managing and controlling the activities that take place in the port, which is done through, inter alia, licensing entities to operate. Second, port authorities develop and advance port infrastructure that is needed to carry out the services within the port. The provision of the necessary port infrastructure includes that of quay walls, docks, locks and yards (Notteboom & Winkelmans, 2001). 
In addition to the main occupations as regulator and landlord, port authorities have developed into an organisation that goes beyond the role of facilitator (Brooks & Cullinane, 2007). This encompasses the transition from a facilitator to an entity that contains a higher level of self-organisation and acts more as a commercially driven company. Furthermore, port authorities have to deal with an increasing amount of pressure from multiple stakeholder groups (Verhoeven, 2010). For instance, the societal groups such as NGO’s, local communities and individual citizens, who held the port authority responsible for the negative externalities that are generated in the port. According to Verhoeven (2010), the port authority is increasingly held responsible for the economic, environmental and social performance of the activities in the port. This has been one of the primary drivers for the addition of a new function to the existing ‘landlord approach’ (i.e. solely the role as facilitator) to port authorities, namely that of a ‘community manager’ (De Langen, 2004). This concept takes both the economic and social effects into account that are linked to the activities in the port. This is, for instance, exemplified by the Port of Rotterdam Authority, that identifies multiple different stakeholders in the formation of their materiality matrix (Havenbedrijf Rotterdam N.V., 2019, p. 155). 

[bookmark: _Toc14117020][bookmark: _Toc14251053]Corporate Social Responsibility 
[bookmark: _Toc14117021][bookmark: _Toc14251054]What is Corporate Social Responsibility?
The increasing pressure of human activity on the planet and society, causing global environmental and social issues, has led to more demand for ‘doing good’. The private sector is particularly held responsible for compensating and/or diminishing their negative impact on society by ‘doing good’. This is phenomenon is reflected in the following quote: “Corporate Social Responsibility is a commitment to improve community well-being through discretionary business practices and contributions of corporate resources” (Kotler & Lee, 2004, p. 3). An important part of Corporate Social Responsibility (CSR) is the fact that the CSR efforts are performed on a voluntary basis, meaning that there are no regulations or laws that comply them to do so (Kotler & Lee, 2004). According to the World Business Council for Sustainable Development, CSR is the commitment of businesses on sustainable economic development while taking all stakeholders (e.g. employees, the relatives, local community and society in general) into account to improve the quality of life for all (World Business Council for Sustainable Development , 2000). Since CSR is based on voluntary commitment, it comes in many forms. One of the most used forms of CSR is donating money to good causes. Another example is the increased reporting on corporate responsibility, and therefore increased the transparency about the business practices and long-term vision of the company. The shift from obligation to strategy, meaning that long-term commitments to societal issues and forming partnerships is incorporated in the corporate strategy, are becoming increasingly more important as well (Kotler & Lee, 2004). The implementation of a CSR strategy into business can lead to the following benefits: 1) an increase in sales and market share, 2) strengthened brand position, 3) improved corporate image, 4) an increase in the ability to attract, motivate, and retain employees, and 5) a better appeal to investors. In addition, it can lead to a decrease in operational costs (Kotler & Lee, 2004). 
The understanding of the urgency regarding the implementation of sustainable development has also been taking place in ports. In particular, the environmental impact of ports is a problem that needs to be addressed quickly. The size of the problem is perfectly illustrated by the Port of Rotterdam Authority, which is responsible for 17% of the total CO2 emissions of the Netherlands (Havenbedrijf Rotterdam N.V., 2019, p. 61). Ports are major sources of negative environmental impacts (e.g. air pollution, water pollution, and waste disposal) which are caused by the densely located and large number of industrial and logistical activities in port areas, and the high dependency on freight transport over land and via sea (Lam & Notteboom, 2014). As a result of the societal impact of ports, port authorities undertake statuary duties to meet environmental and social regulations whilst also including CSR efforts in port management (Pettit, 2008). 

[bookmark: _Toc14117022][bookmark: _Toc14251055]Motivations 
Van Tulder (2018a) investigated the different motivations and motives for contributing to CSR initiatives on a personal, corporate and international level. There are two types of motivations that drive companies towards sustainable practices; primary motivations and secondary motivations. The first denomination, primary motivation, focuses on the extent to which a company addresses societal issues. There are three sub-sections of this particular motivation, namely intrinsic, extrinsic and mixed. Where intrinsic motivations are usually driven by personal values and the respective moral view, extrinsic, on the other hand, is driven by external influences (e.g. financial gain and stakeholder pressure). The secondary motivation is related to the manner in which these societal issues are being tackled, making a distinction between behaviour based on liability or responsibility. The interplay between these two types of motivations (i.e. primary and secondary) leads, generally, to four standpoints regarding the implementation of CSR efforts. These are 1) inactive, 2) reactive, 3) active, and 4) proactive. The first standpoint can be classified as business as usual, meaning that the predominant reason to incorporate CSR is profit and lower costs. The second attitude is based on preventing financial loss due to a bad reputation and is therefore mainly based on avoiding reputation loss. The active standpoint is based on the beliefs that CSR should be implemented in order to survive in the long-term (e.g. reducing dependency on scarce resources and addressing social issues). The last attitude, proactive, is the view that sustainable development brings new opportunities and new ways of driving a business, which mainly focuses on the positive aspects that arise from addressing this societal challenge (Van Tulder, 2018a, pp. 79-83).

[bookmark: _Toc14117023][bookmark: _Toc14251056]The ambiguity of the underlying motivations
Although the implementation of CSR in ports is expected to lead to sustainable development, the underlying motivations behind this behaviour are still ambiguous. Lynes and Andrachuk (2008) investigated the motivation for organisations to engage in social and environmental responsibility. This paper showed that long-term financial strategy, eco-efficiencies, competitive advantage, good corporate citizenship, image enhancement, stakeholder pressures, and desires to avoid or delay regulatory action belong to the motivations to engage in CSR (Lynes & Andrachuk, 2008). 
A study by Ven and Graafland (2006) investigated the relationship between the management’s view on CSR and the company’s actual effort regarding CSR, among 111 Dutch companies. This research concluded that the manager’s strategic view on CSR has little to no correlation with actual CSR efforts, indicating that a positive strategic view on CSR does not have any effect on the actual CSR efforts. In addition, the paper found that the manager’s moral view on CSR has a positive effect on actual CSR efforts, predominantly the relationship with employees, customers, and use of instruments to implement CSR in the company (Graafland & Van de Ven, 2006). This study implies that the motivations based on moral engagement should be emphasised rather than motivations based on strategic view on CSR (i.e. monetary rewards). Frey (1998) stated that extrinsic motivations may expel intrinsic motivations. This implies that when intrinsically motivated managers receive financial rewards, it will reduce their social and environmental-friendly behaviour. Similar results can be found in the paper of Graafland and Mazereeuw-Van der Duijn Schouten (2012), where research among executives indicated that executives are more intrinsically motivated to address social and environmental issues than extrinsically motivated. Even though CSR is generally associated with the strategic commercial aspect of an organisation (i.e. image and reputation management, and stakeholder manipulation), the personal values of managers should also be taken into account, which implies that a difference can still be made on a personal level, organisations are dependent on the personal values of their management in order to undertake CSR efforts (Hemingway & Maclagan, 2004). 
CSR efforts that are used to create a misleading ‘green image’, also referred to as ‘greenwashing’, is a phenomenon that is proliferating in today’s business environment (Laufer, 2003; Furlow, 2010; Delmas & Burbano, 2011). 
The ambiguity of the underlying motivations to engage in actual CSR initiatives can be detrimental to take the next step that is needed. As stated by Dubbink, Graafland and van Liedekerke (2008), transparency is key in order to effectively integrate CSR initiatives into an organisation. A study by Jansen, van Tulder and Afrianto (2018) indicated that the collaborative aspect between sectors is crucial in order to establish inclusive port development. In order to form partnerships between different stakeholders with various motives, the challenge of the ambiguity of the underlying motives needs to be dealt with effectively (Van Tulder, 2018a, pp. 116-117). 

[bookmark: _Toc14117024][bookmark: _Toc14251057]Paradigms ‘Triple Bottom Line’ and ‘Triple Top Line’
In 1994, Elkington introduced the concept of the ‘Triple Bottom Line’, also referred to as TBL (Elkington, 2004). This concept is based on the fact that previous paradigms did not take the negative externalities into account. The three dimensions of sustainability (i.e. environmental, economic and social) are presented by ‘Triple’; ‘Bottom’ entails the limit of which one dimension of the triplet can allocate negative externalities onto others and ‘Line’ stands for planetary boundaries of economic activities. The three dimensions of the triplet are often referred to its equivalent, the 3P’s, which stands for planet, people and profit. The TBL approach emphasises that corporate performance should not only be measured by economic performance but also by taking the environmental and social aspects into account (Elkington, 2004). This implies that profit is not the only indicator of the performance of a firm. Thus, this approach seems to shift the focus from the perspective of the shareholder, which is primarily financially driven, to the perspective all parties that are affected (i.e. stakeholders). 
While the TBL paradigm mainly focuses on minimising the negative impact that arises from human activity, a new paradigm was introduced to also focus on maximising the positive impact. McDonough and Braungart (2002) introduced a new paradigm in 2002, namely ‘Triple Top Line’ or TTL. The TTL approach emphasises the positive contribution, which encompasses the enrichment of well-being of the people and planet with the economic activity of an organisation (McDonough & Braungart, 2002). In sum, where TBL aims to control the negative effects and prevent further negative externalities, TTL aims for making a difference by positively contributing to the environment and society. McDonough and Braungart (2013) argue that the focus should not be on the planetary boundaries and limits of growth, since these are based on the old paradigm and therefore not relevant anymore. Instead, the authors propose to reconsider the planetary boundaries according to the new paradigm, because “when the existing system changes, the planetary boundaries change as well” (McDonough & Braungart, 2013). The shift to TTL requires “engaging in true partnerships with nature to take us beyond sustainability (a minimal condition for survival) toward commerce that celebrates our relationship with the living earth” (McDonough & Braungart, 2002). 

[bookmark: _Toc14117025][bookmark: _Toc14251058]Sustainable development and SDGs 
[bookmark: _Toc14117026][bookmark: _Toc14251059]Sustainable development
Sustainable development is described as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (WCED, 1987, p. 8). 
Sustainability can be divided into three dimensions or pillars, namely environmental, social and economic, which are all connected and linked to each other (United Nations, 2002). Van Tulder (2018a, p. 24) has distinguished these three main themes of sustainability into corresponding issues for each theme. The environmental dimension represents issues such as climate change, CO2 emissions, biodiversity loss, depletion of (natural) resources, and deforestation. The social pillar consists of topics such as poverty, income inequality, wealth distribution, inclusion, education, and safety. The final theme (i.e. economic) encompasses priority issues such as fairtrade, fair prices, inclusive markets, competition policy, pricing strategies and transparency (mainly for consumer information).
The United Nations formed seventeen goals, the SDGs, in order to provide all countries and stakeholders with a framework to implement sustainable development (United Nations, 2015, p. 3). These SDGs were formed at the United Nations General Assembly “Transforming our world: the 2030 Agenda for Sustainable Development”, which was held in September 2015. The aim of these goals is to end poverty and hunger, which will be achieved through focusing on three main themes, namely social inclusion, economic growth and environmental protection. The goals consist of several targets in order to achieve the desired outcome (i.e. the accomplishment of the goals). All countries and stakeholders are held responsible for the implementation of the 2030 Agenda, encouraged by the collaborative aspect to achieve the targets by 2030 (United Nations, 2015, pp. 3-4). 
 
[bookmark: _Toc14117027][bookmark: _Toc14251060]Implementation of SDGs 
The shift to a new paradigm (i.e. the use of the SDGs as benchmark for sustainable development) requires a different approach in order to implement these goals effectively in comparison to the previous paradigm (Millennium Development Goals or ‘MDGs’) for sustainable development. The seventeen goals and the underlying 169 sub-targets vary substantially in terms of content, which requires completely different approaches and responsibilities for each target. In order to accomplish a successful contribution to the SDGs, different sectors such as the private sector, government and civil-society organisations should combine their forces. While some targets can be achieved by only sector, other targets are highly complex which requires the combined force of governments, companies and civil-society organisations (Van Tulder, 2018b, pp. 55-66). Each of these sectors comes with its own advantages regarding the contribution to sustainable development (Selsky & Parker, 2005; Brinkerhoff & Brinkerhoff, 2011); indicating that certain challenges require more governmental intervention while other challenges demand more efforts carried out by the private sector (Van Tulder & Van der Zwart, 2006). 
The private sector is considered as a vital component for addressing the large-scale sustainability challenges of today (Kolk & Van Tulder, 2010). The engagement in CSR efforts, specifically addressing the SDGs, are divided into four levels (Van Tulder, 2018b, pp. 76-88). The first level represents the classic business case, which encompasses that contribution to the SDGs is purely based on lowering costs or profit maximisation.  The next level, the defensive business case, is based on the beliefs that corporate engagement in the SDGs is primarily done to limit the negative societal externalities. One of the main reasons behind this level of engagement the reputation loss (Van Tulder & Van der Zwart, 2006). The third level of engagement is the strategic or active business case, which aims at the creation of positive externality for society in addition the reduction of the negative externalities. The ‘new economy’ business case is the final level for engagement in the SDGs and represents the proactive business case. This business case does not only aim to minimise the negative societal externality and maximise the positive ones, but it also aims at fostering (cross-sectoral) partnerships and therefore stimulating sustainable development across a whole system.
In order to stimulate the implementation of the SDGs in a company’s corporate strategy, the SDG Compass has been developed which provides examples of key business actions  (Business and Sustainable Development Commission, 2017). For instance, an example of a key business indicator for SDG 3 is the number and type of injuries, lost days and absenteeism. 
By linking the SDGs to core activities and internal processes, in addition to the external alignment, the goals and targets become part of the materiality. The integration of the SDGs into a business’ day-to-day activities requires innovation regarding the current business models (Van Tulder, 2018b, pp. 102-104). This is, for instance, done by Philips (a large Dutch multinational) which adopted primary health care into the value proposition of the products in the health area in addition to the more traditional values such as serving more consumers. By doing so, Philips contributed specifically to SDG 3 (i.e. Good Health and Well-being) by incorporating this goal in the corporate strategy of the company and therefore including it in its reshaped business model (Koninklijke Philips N.V., 2016; Koninklijke Philips N.V., 2019).

[bookmark: _Toc14117028][bookmark: _Toc14251061]Innovation 
Innovation is considered as the process that starts with the accumulation of new ideas in order to apply it into the market at the last stage of the process (Freeman & Engel, 2007). There are different types of innovation (Van Wee, 2003). For instance, technical innovation (i.e. innovation with as main focus to improve the technical aspect) and process innovation (i.e. innovation based on the enhancement of processes). Where process innovation can, in general, be implemented rather quickly, technical innovation demand a longer time period in order to be fully adopted in an entire industry (Acciaro, et al., 2014). Innovation is seen as the primary driver of the competitiveness of businesses. In order to successfully implement innovation in today’s competitive economy, the focus of companies should not only be on technical innovation, but also on non-technical innovation (Vaccaro, Jansen, Van Den Bosch, & Volberda, 2012; Volberda & Van Den Bosch, 2005; De Martino, Errichiello, Marasco, & Morvillo, 2013).
Innovation can be used to mitigate the environmental challenges that ports have to deal with (Yap & Lam, 2013). Due to the fact that this often comes with resistance, Acciaro, et al. (2014), investigated the impact of the implementation of green innovation on environmental sustainability. This is done through the use of multiple case studies that examine the relationship between the accomplishment of green objectives of a port authority and the implementation of green innovation (e.g. onshore power supply and the use of alternative fuels). The authors conclude that green innovations are most likely to meet the environmental objectives when port authorities transition from their traditional role (i.e. landlord and regulator) into that of a community manager. 
Concerning the underlying theories of innovation, two main paradigms can be identified, namely linear and systems-based (Edquist & Hommen, 1999). The former is based on the beliefs that the different stages within the innovation processes are independent from each other, meaning that feedback loops and interdependencies have not been taken into account. The linear perspective is a highly simplified model that does not represent the actual relationships between different stages within the innovation process in reality, since feedback loops are already identified (Kline & Rosenberg, 1986). In contrary to linear-based innovation, the systems-based innovation theory takes these feedbacks loops into consideration. This theory is based on the fact that the potential links and interactions between multiple stages within the process are a crucial part of the innovation process.  

[bookmark: _Toc14251062]Concluding remarks
Port authorities are increasingly held responsible for the development of port areas while taking not only economic aspects, but also environmental and social aspects into account. This has led to an increase in the use of CSR among port authorities. However, the ambiguity of the underlying motivations to engage in CSR efforts can be seen as a barrier to elevate the implementation of sustainable development to the next level.  The use of the SDGs as framework for the advancement of business practices can help organisations to accomplish more sustainable business performance. By linking the SDGs to core activities and internal processes the goals and targets become part of the materiality. In order to accomplish a higher level of sustainable development in ports, innovation can be considered as one of the primary drivers for this transition. 
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This paper serves as an exploratory research with regards to innovation projects in the port of Rotterdam and its direct and/or indirect contribution to the SDGs. The research question will be answered through a qualitative analysis, using the project summaries as main source. The aim of this research method is to link the projects to the SDGs in order to measure the extent to which these innovations foster sustainable development. The research can be divided into two main parts, which are presented in Chapter 4 and 5, respectively. The first part analyses the manner in which the Port of Rotterdam Authority implements sustainable development and how the link between the initiatives and the SDGs has been made, followed up by a section that investigates SmartPort’s projects from a bird’s- eye view. The second part is dedicated to matching the outcomes of the projects to the SDGs. This will be carried out in two steps. The first step encompasses the translation of the content description, opportunities, challenges, impacts and final results of each project into key words in order to be able to summarise them in tables. These tables distinguish the content of each project into the following columns: 1) ID, 2) short description, 3) technology, 4) efficiency, 5) quality, 6) sustainability, 7) inclusive, and 8) resilient. Table 1 explains these eight definitions in more detail. By categorising the content of the project summaries into these eight categories, the projects can be analysed more effectively and can eventually be matched to the SDGs. The second step of the analysis consists of linking the projects to the SDGs. This will predominantly be carried out on the level of the SDGs and its corresponding description. The sub-targets represent specific aims, which make them complicated to link to the outcomes of the projects. Therefore, the sub-targets are used as guidelines for matching the outcomes of each project to the SDGs; this encompasses the use of the targets to get a clear understanding of what the goal encompass. This will ensure that the link to a specific SDG will be made in the most accurate and objective way. In addition to the contribution to the SDGs, the underlying motivation of each project will be analysed. These motivations will be distinguished into direct or indirect motivations. This will be done based on the manner (e.g. level of importance and urgency) and frequency in which certain factors and concepts are being discussed in the project summaries. By making a distinction between direct and indirect motivations, the extent to which a contribution to the SDG can be considered as direct or direct can be deduced.  
In order to provide reliable results and assure external validity, a necessary condition for the translation of the project summaries and SDGs into key words is to minimise the level of subjectivity that can arise when manually linking the projects to the goals. This can be achieved by aiming to minimise any form of interpretation, implying that the key words and its synonyms have to be carefully chosen and stay as close to the original meaning of the definitions as possible. 

[bookmark: _Toc14117030][bookmark: _Toc14251065]Data
In order to answer the main research question, three data sources have been used. Firstly, the annual reports of the Port of Rotterdam Authority are used to analyse the advancement of sustainable development over the past four years and to investigate how the Port of Rotterdam Authority has made the link between their projects and the SDGs. Secondly, SmartPort’s project summaries are used to examine the content, opportunities, challenges, impacts, final results of each project. These project summaries are bundled in the “Visuals – The opportunities, challenges and impacts of research” document, which can be retrieved from the website of SmartPort (SmartPort, 2018). This document encompasses the project summaries of thirty-one initiatives, divided over the three roadmaps; Smart Energy & Transition (9), Smart Logistics (12), Future Proof Port Infrastructure (6), and four overarching projects with as underlying theme ‘Innovation-ecosystem Rotterdam’. Lastly, the seventeen SDGs, and its sub-targets, are used to analyse SmartPort’s contribution to the goals and serve as benchmark for the qualification of the projects to sustainable development. The goals and respective sub-targets can be found in UN’s “2030 Agenda for Sustainable Development” (United Nations, 2015). The SDGs can be found Appendix B. 













Table 1. Content description of categories used to analyse the projects.
	Category
	Definition

	ID
	Project ID; project number of its respective roadmap

	Short description
	A concise content description of the project

	Technology
	The innovative technologies that have been used

	Efficiency
	The impact of the projects on efficiency of port processes

	Quality
	The extent to which the project enhances the quality of port processes, infrastructure and society

	Sustainability
	The direct impact on environmental sustainability

	Inclusive
	The extent to which other stakeholders have been included in the decision-making process

	Resilient
	The extent to which stakeholders can handle and adapt to the innovations



[bookmark: _Toc14117032][bookmark: _Toc14251066]Sustainable development in the port of Rotterdam
The SDGs have been developed to serve as a reference framework for sustainable development on a global scale (United Nations, 2015). In order to break the barrier of passive action towards sustainable development, businesses need to address two alignment challenges (Van Tulder, 2018b, p. 105). The first challenge encompasses the internal alignment, meaning that the SDGs need to become part of the internal processes such as the business strategy by prioritising the goals and making them more material. The second challenge, external alignment, addresses the importance of creating partnerships in order to move ahead as a company. Both alignment challenges (i.e. internal and external) aim to find a balance in terms of strategy between the SDGs and the corporate vision in order to increase the license to operate, which is highly dependent on the integrative implementation strategy. 
	The first section of this chapter will discuss the developments regarding the implementation of the SDGs by the Port of Rotterdam Authority over the last four years. Section 4.2 will discuss the first findings of SmartPort’s innovation projects from a bird’s-eye view.
	
[bookmark: _Toc14117033][bookmark: _Toc14251067]Port of Rotterdam Authority’s contribution to the SDGs
As stated in the CSR section of the annual report of 2016, the port authority uses the SDGs as benchmark for the sustainable development of the port. A selection of thirteen goals had been made that are believed the SDGs that the port authority directly can relate to regarding their business practices and the expectations of the stakeholders (Havenbedrijf Rotterdam N.V., 2017, pp. 18-22). In 2017, the port authority started with linking the materiality themes to four selected SDGs, namely goals 3, 7, 8, and 9. This has also been the first year that the port authority included the SDGs under the ‘impact’ section in the value creation scheme, indicating that the CSR initiatives are an integrated component of the business practices of the port (Havenbedrijf Rotterdam N.V., 2018, pp. 23-32, 190). 
The annual report of 2018 builds further on the two previous years (i.e. 2016 and 2017) in terms of advancing the CSR-statement and the incorporation of the SDGs in the reportage of the results. As stated in the annual report, the Port of Rotterdam Authority emphasises five SDGs, namely goals 3, 7, 8, 9 and 13. These goals represent, respectively, Good Health and Well-being, Affordable and Clean Energy, Decent Work and Economic Growth, Industry, Innovation and Infrastructure, and Climate Action. The five SDGs are selected based on the beliefs that these goals are the most relevant and promising for both the port authority and the stakeholders and are therefore incorporated in the value creation scheme. By linking the underlying targets of the goals to the materiality themes, the SDGs are linked to the KPI’s which therefore incorporate the respective targets of the SDGs in the business practices of the port. The materiality themes are based on the materiality matrix, which represents the most important themes from the perspective of the stakeholders and the important ones for the value creation by the Port Authority. Besides the direct contribution to the SDGs by linking these five goals to the KPI’s, the port also indirectly contributes to goals 5 and 17, which stand for Gender Equality and Partnership for the Goals, respectively (Havenbedrijf Rotterdam N.V., 2019, pp. 13, 22-26, 155-156). 
An overview of the implementation of CSR and SDGs in the business practices of the Port Authority can be found in Table 2. This table indicates that the SDGs have become an important benchmark since 2017, indicated by the link between the materiality themes and the sub-targets of the SDGs. Furthermore, the number of selected SDGs decreased from thirteen to five from 2016 to 2018. This implies that, together with the inclusion of the SDGs in the value creation scheme, the focus has become more concentrated. In addition, an explicitly formulated CSR-statement was introduced for the first time in 2016, which replaced the outdated sections about responsible business that had been established in 2006. Lastly, the reporting of sustainable development has been done according to Global Reporting Initiative (GRI) standards. GRI is a non-governmental organisation that develops standards for sustainability reporting on a global scale (GRI, n.d.). 







Table 2. The implementation of CSR and SDGs of Port of Rotterdam Authority from 2015-2018. 
	
	< 2016
	2016
	2017
	2018

	CSR statement
	No
	Yes
	Yes
	Yes

	GRI standards
	Yes
	Yes
	Yes
	Yes

	Direct contribution towards SDGs
	No
	3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15, 17
	3, 7, 8, 9
	3, 7, 8, 9, 13

	Impact in terms of SDGs included in value creation scheme
	No
	No
	Yes
	Yes

	Link SDGs to materiality themes (and therefore KPI's)
	No
	No
	Yes
	Yes




[bookmark: _Toc14117034][bookmark: _Toc14251068]First findings of SmartPort’s innovation projects  
By using the project summary report of 2018 (SmartPort, 2018), the projects carried out by SmartPort can be used to get a clear overview of the projects and the respective results and impacts. SmartPort distinguishes three different roadmaps with regards to the innovation projects in the port of Rotterdam, where each roadmap focuses on its own theme. The roadmaps are: 1) Smart Energy & Transition, 2) Smart Logistics, and 3) Futureproof Port Infrastructure. In addition to the three roadmaps, four overarching projects are grouped under ‘Innovation-ecosystem Rotterdam’. 
The first roadmap, Smart Energy & Transition, encompasses projects in the field of transitioning to renewable energy, decarbonisation of current processes and system integration regarding the fluctuating supply of renewable energy sources. One of the projects that has already been (partly) completed, is Deep Decarbonisation Pathways. This research, which is done in collaboration with the Wuppertal Institute and Port Authority, consists of four scenarios regarding the reduction of CO2 in order to comply with the regulations of the Paris Agreement. The four scenarios, Business as Usual, Technical Progress, Biomass and Carbon Capture and Storage, and Closed Carbon Cycle, will lead to a reduction of 30% to 98%, respectively, in 2050. The first scenario does not implement radical changes and therefore does not lead to a substantial reduction in CO2 by 2050 (i.e. 30%). The Technical Progress pathway focuses on technical innovations and builds further on the fact that due to technology the processes in the port become increasingly more efficient and thus less polluting. This will lead to a 75% reduction in 2050. The third scenario is primarily based on the use of alternative resources such as biomass instead of fossil fuels combined with the (short-term) strategy of storing CO2 in empty gas fields under the North Sea. The last scenario resembles with the paradigm of circular economy. An economy where the dependency on scarce natural resources has been decreased and that maximises the value of waste (e.g. serving new purposes), is defined as a circular economy and diminishes the pressure on the planetary boundaries (Geissdoerfer, Savaget, Bocken, & Hultink, 2017). In essence, this concept implies that there will be no waste and that every resource is renewable and will be kept in the closed cycle. Both the Biomass and Carbon Capture and Storage and Closed Carbon Cycle will lead to a reduction in CO2 of 98% by 2050. This project has given the companies in the port a glimpse of what the future could look like and what innovations are needed to become carbon neutral. 
The second roadmap, Smart Logistics, predominantly focuses on the use of digitalisation, automation and Big Data Analytics in the port. These rapidly emerging technological trends can be of great influence of the sustainable development of the port. For example, Truck Platooning is a project that has been examined thoroughly, from 2015 to 2018. The use of digital technologies to connect multiple trucks is known as truck platooning, which allows trucks to drive closely to each other due to the automated processes enabled by digital technologies. This does not only lead to a reduction in fuel (and therefore in costs), but it also reduces the CO2 emission, increases the traffic flow and enhances the safety and reliability since automation removes the human errors. The main result that SmartPort achieved with project is that by 2020 the port area in Rotterdam will be using 100 platoons on a daily basis, which are approximately 300 to 500 trucks and is about 10% of the total trucks in that area per day. In the meantime, SmartPort aims to create more awareness regarding truck platooning among the stakeholders with the results of this research and the respective knowledge that is gained during the different phases of this project (i.e. quick scan and truck platooning matching). 
Futureproof Port Infrastructure is the third roadmap. This roadmap focuses on, inter alia, the long-term development of quay walls, nautical traffic management to enable autonomous shipping and the efficient allocation of space in order to increase the traffic flow. An example of a project that is part of this roadmap is the Quay Walls of the Future project. In essence, the Port of Rotterdam Authority is an infrastructure company, which invests in quay walls and develops ground (Kroes, 2019). The majority of the current quay walls (i.e.  80%) is older than fifty years and therefore need to be replaced in the coming years. By equipping new quay walls with sensors, Big Data Analytics can be used in favour of the quay wall owners, shipping companies and the port authority. These sensors can be used for practical matters such as indicating the right time of maintenance, leading to a reduction in maintenance costs since the hidden problems are addressed quickly and therefore minimise the size of the problem. In addition, the data obtained from the quay walls can be used for innovation. For example, the data shows how the quals walls react to certain circumstances (e.g. external pressure, water level, temperature and other environmental factors), which then can be used to develop more efficient quay walls in the future. Lastly, the Big Data Analytics that takes place in quay walls will help to allocate the given space more efficiently, revealing the hidden capacities, which will lead to an increase the available capacity of the port. 
In addition to the three roadmaps, SmartPort defines four overarching projects in the ‘Innovation-ecosystem Rotterdam’ category, namely World Port City Index, Benchmark innovative ecosystems, Port Innovation Barometer 2016, and Next Generations Waterfronts. These projects range from an overview of the strengths and threats in order to attract Foreign Direct Invests (FDI) (World Port City Index) to a measurement of the companies’ attitude regarding innovation in the port and overall progress of innovation (Port Innovation Barometer 2016). The majority of these projects originate from the five roadmaps that had initially been created. For instance, the World Port City Index comes from the ‘Smart People’ roadmap. The latter was primarily focused on the social aspect of innovation (Jak, 2016). 

[bookmark: _Toc14251069]Concluding remarks
The Port of Rotterdam Authority has incorporated the SDGs in their business practices by linking the goals to the materiality themes, and therefore to the KPI’s. As a consequence, the Port of Rotterdam Authority directly contributes to goals 3, 7, 8, 9, and 13, as of the annual report of 2018. 
The first findings of the analysis on a meso-level indicate that the innovation projects of SmartPort are primarily drawn towards the economic and environmental pillar of sustainability. This is exemplified by the emphasis of enhancing the efficiency of port-related processes and climate mitigation through reducing CO2 emissions, which are accomplished through the implementation of a variety of different innovative technologies. 

[bookmark: _Toc14117035][bookmark: _Toc14251070]Research findings  
This section provides the research findings of the projects. The projects have been distinguished into multiple categories in order to analyse them effectively and to be able to link the outcomes the one or more SDGs. This has been done for each roadmap separately, and the four corresponding tables (i.e. Tables 7 to 10) can be found in Appendix A. In order to come to more concrete results, the outcomes and respective contributions to the SDGs for each project that are presented in Tables 7 to 10 serve as the foundation for the four, more concisely, presented Tables 3 to 6. The latter present the main underlying motivation(s) of each project and whether these motivations have been deduced as direct or indirect (i.e. accumulated at a later stage) motivations. In addition, the impact of the projects is presented as a direct or indirect contribution to the SDGs. The latter is assessed based on the motivations, meaning that whether these motivations lead to a direct or indirect contribution to the SDGs. In order to be able to assess what the main motivations of each project are and to what extent these motivations can be accounted for as direct or indirect motivations, the decision has been made to gather several closely-related factors under the same denomination, namely efficiency. These factors include, inter alia, transparency, trust, reliability, costs savings, time savings, new insights and accuracy, and are in most cases strongly intertwined with one another. For instance, transparency can lead to (mutual) trust which can lead to more efficient communication along the supply chain. 

[bookmark: _Toc14117036][bookmark: _Toc14251071]Roadmap 1: Smart Energy and Industry  
	Table 7, which can be found in Appendix A, presents the outcomes, distinguished into different categories, of the projects. The overall focus of these nine projects lies on the energy transition (i.e. moving from fossil fuels to clean/renewable energy) in the port. The majority of the projects investigates the implementation of technologies regarding electrification (i.e. using electricity as energy source) and electrolysis (i.e. the transformation from water into, inter alia, hydrogen gas). The use of both of these technologies can severely reduce the dependency on fossil fuels and therefore substantially reduce the CO2 emissions. In addition to these technological innovations, other technologies such as Carbon Capture and Usage (CCU), Carbon Capture and Storage (CCS), wind turbines, electrons to chemicals, and digitalisation have been examined. 
The economic pillar of sustainability is predominantly addressed in the table by the category’s efficiency and quality, which are intertwined with one another and therefore often directly related to each other. The economic pillar is mainly addressed through resource efficiency and lower costs. The first concept (i.e. resource efficiency) encompasses the transition from fossil fuel driven processes to more sustainable fuels. This transition includes the use of wind energy as feedstock, electrification of processes in the port’s industrial cluster and the use of hydrogen produced in a more sustainable manner. A reduction in costs is achieved by the upscaling of the current processes due to more knowledge at hand, the reuse of materials such as CO2 and the enhancement of the continuity of the renewable energy supply. In addition, the ‘quality’ category is mainly related to the creation of new business opportunities, competitiveness, cleaner production and consumption, transparency and integrative infrastructural networks. The majority of the projects’ opportunities and outcomes discusses the enhancement of the competitive position of the port by taking the lead in the energy transition and differentiate from competitors through optimally making use of the new business opportunities that come with this transition. 
With regards to the environmental sustainability, the main focus of the projects lies on the reduction of CO2; seven out of nine projects’ opportunities and/or impacts are addressing the reduction of CO2. This reduction has been presented in different manners; concrete numbers of CO2 decline in percentages or MT (mega tonnes), a statement which only lists a reduction of CO2 as impact or opportunity without concrete numbers, and the contribution to climate goals. 
The last two categories, inclusive and resilient, mainly address the development of futureproof energy infrastructure, competitiveness and collaboration. The development of futureproof infrastructure is mostly related to the expectation of an increased share of green energy (and therefore decrease of fossil fuels), and the reuse and exchange of materials between different companies within a network (e.g. heat alliance, CO2 exchange network). The development of futureproof infrastructure combined with the given opportunities and impacts to maintain and improve the competitive position of the port during the energy transition represents the resilient aspect of the projects. Furthermore, awareness creation for business and government and stimulating collaboration within chains addressed the inclusive aspect of the projects. 
The nine projects of this roadmap contribute (directly and indirectly) to the following six SDGs; 7, 8, 9, 12, 13, 17. The majority of the projects are directly related to the goals that represent renewable energy and climate change mitigation (i.e. SDGs 7 and 13). 
Table 3 provides an overview of the main underlying motivation(s) of each project and the impact of it, which is represented by the contribution to the SDGs. The majority of the projects of this roadmap have a reduction in CO2 as primary motivation, while new business opportunities, competitiveness, efficiency and futureproof port and infrastructure are secondary motivations. As a consequence, the projects, mainly, directly contribute to the SDGs 7 and 13, while goals 8, 9, 12, 17 are indirectly contributed to. 















Table 3. Motivations and impacts Roadmap 1: Smart Energy and Industry.
	ID
	Title
	Motivation
	Impact

	
	
	Direct
	Indirect
	SDG direct
	SDG indirect

	1.1
	Deep Decarbonisation Pathways
	Reduction CO2
	Competitiveness, futureproof port
	7,13
	8,9

	1.2
	DDP bottom-up - Power-2-Hydrogen
	Reduction CO2
	
	7,13
	

	1.3
	CCU Landscaping
	Reuse CO2
	Energy infrastructure, competitiveness
	13
	8,9

	1.4
	70 GW Wind at Sea
	Reduction CO2
	Green business environment
	7,13
	8

	1.5
	DDP - Power-2-Gas-2-Refineries
	Reduction CO2
	Efficiency, collaborations, governance
	7,13
	8,17

	1.6
	Electrons to chemicals (E2C)
	Reduction CO2, cleaner fuels and products
	Efficiency, competitiveness, cleaner products and consumption goods
	7,13
	8,12

	1.7
	Flexnet
	Sustainable energy, reduction emissions
	Energy infrastructure, efficiency, competitiveness
	7,13
	8,9

	1.8
	Governance port industrial complex & climate goals
	Meet climate goals
	Foster innovation, governance
	13
	9,17

	1.9
	System Integration energy
	Efficiency 
	Energy infrastructure, reduction CO2
	8
	9,13
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Table 8, (Appendix A) presents the outcomes, categorised into different concepts, of the projects. The twelve projects of this roadmap are primarily concentrated on the implementation of digitalisation and automation in order to increase the efficiency of processes in the logistical field in the port. Where some projects have been dedicated to specific concepts within the logistical chain (e.g. project 2.5), other projects have examined more broader concepts that are relevant for the whole logistical chain in the port. The latter is exemplified by the project 2.3 ‘Synchrogaming’, which makes use of the digital technologies such as serious gaming in the field of synchromodal transport in order to gather new insights, address implications and realise a more efficient implementation in practice. 
The technological innovations that have been investigated in this roadmap include sensors and interaction technologies, simulation and prediction models, Big Data Analytics, serious gaming, automation, and blockchain. These technologies primarily result in more efficient processes due to, inter alia, better predicators, transparency of information, gathering of new insights, better use of the available capacity and hidden capacities, (route) planning. This increase in efficiency leads, generally, to a reduction of costs, time savings, increase in reliability, improvement of competitive position, and an increase in safety due to less human errors. Overall, the majority of these projects aim at implementing digital technologies in order to assure the most efficient use of different modalities (i.e. transport via railway, road and water) and current infrastructure. The results of most of these projects are intertwined with one another. For instance, better predictors lead to better planning and use of hidden capacities which eventually can generate lower costs. 
Concerning sustainability, there are four projects that explicitly address the sustainability aspect in their projects. Where three projects address this in a more general manner, meaning that the respective technologies of that project lead to more efficient processes which leads to more sustainable practices, Truck Platooning (project 2.6) present their sustainability aspect in a more concrete way; lower fuel usage results in a reduction of CO2 emissions with 10%. 
With regards to the inclusive aspect of the projects, the majority of the projects addresses it through the creation of collaborations and community building. The collaborations are mostly formed between multiple parties within the supply chain. The improvement of the competitive position of the port by implementing these projects is in line with the resilient category. 
The twelve projects of this roadmap predominantly contribute to SDG 8. Additionally, the projects contribute (directly and/or indirectly) to the following SDGs: 3, 13, 17. The focus on efficiency and reliability combined with technological advancement is primarily responsible for the contribution to SDG 8. Other factors such as safety, climate mitigation, and collaboration result in a contribution to goals 3, 13, 17, respectively. 
 It becomes clear that efficiency is the primary driver of most of these projects (Table 4). Concepts such as sustainability, safety, collaboration and competitiveness seem to be motivations that are accumulated at a later stage than efficiency is. Consequently, this roadmap contributes directly to SDGs 8 and 17, and indirectly to SDGs 3, 13, 17. 










Table 4. Motivations and impacts Roadmap 2: Smart logistics. 
	ID
	Title
	Motivation
	Impact

	
	
	Direct
	Indirect
	SDG direct
	SDG indirect

	2.1
	Transsonic
	Efficiency 
	Collaborations
	8
	17

	2.2
	Barge hubs
	Efficiency
	Attractiveness
	8
	

	2.3
	Synchrogaming
	Efficiency, collaboration/inclusive
	
	8,17
	

	2.4
	ETA predictor sea vessels
	Efficiency
	Competitiveness, sustainability, collaborations
	8
	13,17

	2.5
	Rail feeder innovation
	Efficiency, attractiveness
	
	8
	

	2.6
	Truck platooning
	Efficiency
	CO2 reduction, safety, community building
	8
	3,13,17

	2.7
	Deep sea call size - larger sea vessels
	Efficiency
	Inclusive, competitiveness, collaborations
	8
	17

	2.8
	Eureca
	Efficiency
	Added value, competitiveness, smart energy management, collaboration
	8
	13,17

	2.9
	Barge-port stay predictor 
	Efficiency
	
	8
	

	2.10
	Smart ships
	Efficiency
	Safety, fuel reduction
	8
	3,13

	2.11
	Blockchain for port logistics
	Efficiency
	Reliability, benefits for entire supply chain
	8
	17

	2.12
	GS1 standards for supply chain management 
	Efficiency
	Safety, competitiveness
	8
	3



[bookmark: _Toc14117038][bookmark: _Toc14251073]Roadmap 3: Futureproof Port Infrastructure   
Table 9 (Appendix A) presents the outcomes of the six projects of this roadmap. Roadmap 3 emphasises the durability and longevity of port infrastructure, also referred to as futureproof port infrastructure. This roadmap encompasses projects that aim to improve the quality (and therefore longevity) of quay walls, take external factors into account in order to make better investment decisions regarding maritime infrastructure, gathering new insights, among others. The technological innovations that the projects rely on, consist primarily of different forms of digitalisation such as data analysis, sensors and monitoring, prediction tools, data modelling, and serious games. 
The implementation of these technological innovations results in more efficient use of the currently available infrastructure, lower costs, less hindrance and downtime, improvement of port safety, and more accurate predictions of developments and trends which are beneficial for investment decisions in maritime infrastructure. 
The sustainability aspect of these projects has been addressed through various ways. First, the use of concepts such as Crade2Cradle and Waste2Value, which stimulates the transition to a circular economy and is therefore beneficial for the reduction of the ecological footprint. Second, ‘Navigation through fluid mud’ (project 3.2) has positive effects on biodiversity in the port area due to the fact that less dredging of the waterways is required. Lastly, ‘Port Constructor’ emphasises the inclusion of the three p’s (people, planet, profit) for decision-making, and therefore addresses the importance of climate mitigation in the decision-making process as a port authority through serious gaming. 
By focusing on the durability and longevity of maritime infrastructure, these projects contribute to resilient infrastructure in the port. This is exemplified by ‘Quay walls of future’ and ‘Climate change and inland navigation’, that both emphasise the relevance of creating infrastructure that can maintain and adapt while external factors into account. In addition, the inclusion of different stakeholders, students, ports and universities in the ‘Port Constructor’ project implies that inclusion is of great importance for this project. 
This roadmap contributes directly and/or indirectly to the following SDGs: 3, 8, 9, 11, 12, 14, 17. In Table 5 it can be seen that the primary motivation of most of these projects is the improvement of efficiency and quality of maritime infrastructure and the more efficient use of it. Sustainability and inclusion seem to be motivations that are accumulated at later stages. Therefore, this roadmap contributes directly to the SDGs 3, 8, 9 and 11, and indirectly to the goals 12, 14 and 17. 












Table 5. Motivations and impacts Roadmap 3: Futureproof Port Infrastructure. 
	ID
	Title
	Motivation
	Impact

	
	
	Direct
	Indirect
	SDG direct
	SDG indirect

	3.1
	Quay walls of the future
	Efficiency, quality
	Cradle2Cradle/Waste2Value
	8,9
	12

	3.2
	Navigation through fluid mud
	Efficiency
	Biodiversity increase
	8
	14

	3.3
	Port constructor
	Port development while taking planet, profit people into account
	Inclusive, awareness
	11
	17

	3.4
	Trends & developments and its effect on maritime infrastructure
	Efficient investment decisions, futureproof infrastructure
	
	8,9
	

	3.5
	Climate change and inland navigation
	Efficiency, futureproof/competitiveness
	
	8,9
	

	3.6
	Nautical traffic management
	Efficiency, safety
	
	3,8
	



[bookmark: _Toc14117039][bookmark: _Toc14251074]Overarching projects 
The analysis of the four overarching projects concerning the innovation-ecosystem Rotterdam has been reduced to the analysis of one project (i.e. ‘Next Generation Waterfronts’) instead of all four projects. Where the ‘Next Generation Waterfronts’ project represents the development of the port area of Schiedam and its related opportunities, challenges and impacts, the other three projects are primarily focused on the creation of an index and therefore are not directly related to innovation and its effects. Instead of analysing these projects by means of categorising the content into tables, a short description of the three indexes will be provided.  
The first index, The World Port City Index, presents the developments of port related activities in port cities and maps out the strengths and weaknesses of the different clusters in the port of Rotterdam. This enables the construction of better acquisition strategy and attracting more FDI's. In addition, the index supports investment decisions to strengthen the eco-system of the city. The project 'Benchmark Innovative Eco-systems' investigates the location, strategies and rationale of innovation districts in four different cities around the world. This comparative research between the four cities has shown that Rotterdam has a large potential to develop a strong innovation district. It provides an insight into innovation hubs in Rotterdam and how city branding can contribute to a stronger innovation eco-system. Furthermore, it shows the importance of the innovative power in the region of Rotterdam, which is an important driver of the economic growth and development of Rotterdam. The third index is called the 'Port Innovation Barometer 2016', which is a large-scale research regarding innovation among companies in Rotterdam. This research addressed the drivers to innovation, the ways to successfully implement innovation and the type of investments in innovation. This barometer monitors developments in the innovation climate and provides insights on how companies view drivers for collaborative innovation and internal innovation. 
Table 10 presents the opportunities and impacts of the ‘Next Generation Waterfronts’ project. This project encompasses the development of the port of Schiedam, with a specific focus on the innovation, sustainability and governance aspects that are part of the development of that area. Furthermore, it also serves as a case study for the development of similar type areas. One of the effects of this project is the creation of added value by switching from a singular exploitation approach to a higher added value approach (also referred to as ‘beyond landlord’). Concerning the sustainability aspect of this project; a collaboration agreement between the Port of Rotterdam Authority and the municipality of Schiedam has been signed with regards to the sustainable development of the port area of Schiedam. The inclusive aspect of this project is represented by the innovation-community that proactively contributes to these developments, inclusion of stakeholders with different interests, and the application of the ‘triple helix’, which aims to combine the strengths of government, business and educational centres to maintain and improve the liveability, environment and local employment. By using and maintaining the ‘economical DNA’ of Schiedam, it addresses the resilient aspect of the project. 
The only project that has been analysed for the overarching roadmap about innovation-ecosystems in Rotterdam, which consists of projects with less specific focus on certain aspects compared to the projects of the other roadmaps, contributes to four SDGs, namely 8, 9, 11, and 17. 
The motivations and impacts in terms of SDGs are shown in Table 6. Since this project is an overarching project, there are several main motivations: fostering innovation, sustainable development, innovation-community, local employment and governance. These motivations lead to a direct contribution towards SDGs 8, 9, 11 and 17. 

Table 6. Motivations and impacts overarching project.
	ID
	Title
	Motivation
	Impact

	
	
	Direct
	Indirect
	SDG direct
	SDG indirect

	4.4
	Next Generation Waterfronts
	Innovation, sustainability, innovation-community, (local) employment and governance
	
	8,9,11, 17
	




[bookmark: _Toc14251075]Overview 
This section provides an overview of the research findings of the three roadmaps and overarching project with regards to the frequency of contribution to the SDGs and whether this attribution had been distinguished as direct or indirect. As can be seen in Figure 1, the frequency of direct and indirect contributions to the SDGs have been categorised per roadmap. It becomes clear that Roadmap 1 predominantly contributes to goals 7 and 13 directly, and to goals 8 and 9 indirectly. Roadmap 2’s main focus lies on the direct contribution to goal 8, while goal 17 has been a frequently assigned goal for indirect contribution. Futureproof Port Infrastructure is primarily drawn towards the direct attribution of goal 8 and 9. The Next Generation Waterfronts project is part of the overarching roadmap and contributes directly to multiple goals, which resembles with the underlying idea of the overarching projects. 
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Figure 1. Overview of SmartPort’s direct and indirect contribution to the SDGs. 

[bookmark: _Toc14117040][bookmark: _Toc14251076]Discussion  
The projects of SmartPort are primarily drawn towards the contribution of the SDGs 3, 7, 8, 9, 13, and 17. Sporadically, the projects are (indirectly) matched to the goals 11, 12, and 14. The similarities and differences regarding the contribution to the goals between the roadmaps and different materiality themes of the Port of Rotterdam Authority can be investigated by using the materiality table of 2018 (Havenbedrijf Rotterdam N.V., 2019, p. 157). It becomes clear that both have a similar focus, which results in the contribution towards the same six goals (i.e. 3, 7, 8, 9, 13, and 17). However, by addressing Sustainable Cities and Communities (SDG 11), Responsible Consumption and Production (SDG 12) and Life Below Water (SDG 14), SmartPort differentiates itself - albeit sporadically - from the materiality themes of the Port of Rotterdam Authority. 
The contribution to SDG 17 encompasses the creation of collaborations and partnerships, which has been addressed in several projects. Even though collaboration is a vital part of the roadmaps and is implicitly addressed in most projects, in particular smart logistics that aims to improve the processes along the entire supply chain and therefore require collaborations between multiple parties. Nonetheless, the collaborations are generally formed within the sector or already existing supply chain, and therefore not directly aimed at forming partnerships to contribute to the remaining sixteen goals. Therefore, this paper has only made the connection to SDG 17 whenever the collaboration aspect is explicitly mentioned in the project sheets. 
In order to define the direct and indirect motivations of the projects for each roadmap, several motivations that are part of the innovation process, and are interrelated with each other, had to be taken into account. This is exemplified in Table 4, which presents the primary and secondary motivations and contributions to the SDGs for each project of Roadmap 2. For this roadmap, an increase in reliability is accomplished in order to make the processes more efficient. These concepts (i.e. efficiency and reliability) are intertwined with each other, meaning that an increase in reliability is beneficial for efficiency and vice versa. The complexity of the relationship between these two definitions can be detrimental to the deduction of the primary motivations and secondary motivations. Therefore, the decision has been made to collect reliability under the denomination ‘efficiency’. The underlying reasoning for this decision is based on the systems-based innovation theory as proposed by Edquist and Hommen (1999). This innovation model describes the interdependencies and feedback loops between different stages of innovation. Similar reasoning, as exemplified by Roadmap 2, has been applied to the analysis of the other roadmaps. 

[bookmark: _Toc14117041][bookmark: _Toc14251077]Conclusion
This paper aims to investigate in what way and to what extent SmartPort’s innovation projects contribute to the SDGs, which is done through answering the following research question: 

“To what extent contribute the innovation projects by SmartPort in the port of Rotterdam directly or indirectly to the SDGs?”

The literature review and initial analysis have led to following main findings. First, port authorities are increasingly expanding their focus on port development from primarily economic reasoning to the inclusion of the three p’s (planet, people and profit). Second, the SDGs can act as foundation for the sustainable advancement of business practices, which can be achieved by linking the materiality themes to the SDGs and the underlying targets. Lastly, innovation is one of the main drivers in order to accomplish the shift to a more sustainable port and is therefore heavily relied upon by port authorities and other port-related organisations. In the case of SmartPort, the SDGs do not serve as the initial framework on which the value cases of the innovation projects are built, and therefore the projects lack a direct connection with the SDGs. However, by investigating similar innovations carried out by the Port of Rotterdam Authority, which connects the materiality themes to the SDGs and therefore links the value cases of these projects to the SDGs, an indirect contribution of SmartPort’s projects to the SDGs can be constructed. 
The main research shows that SmartPort addresses the following SDGs: 3, 7, 8, 9, 11, 12, 13, 14, and 17. However, the contribution to these goals differs significantly in frequency. Furthermore, the impact of the projects in terms of SDGs has been distinguished into direct and indirect impacts, based on the corresponding underlying motivations and whether these are direct and/or indirect. The first roadmap, Smart Energy & Industry, has the reduction of CO2 and cleaner energy as main direct motivations, which leads to attribution of SDGs 7 and 13. Furthermore, factors such as improved competitive position, taking the lead, efficiency (i.e. primarily cost driven), collaboration, and futureproof energy infrastructure can de deduced as indirect motivations, which consequently leads to the contribution of the SDGs 8, 9 and 17. The projects of the roadmap Smart Logistics have predominantly been focusing on the increase of efficiency (and its intertwined factors such as reliability, transparency, accuracy, cost and time savings), which therefore can be seen as the main direct motivation of this roadmap. Consequently, SDG 8 can be denoted as the main direct impact. In addition, concepts such as safety, climate action, and collaboration have been deduced as indirect motivations, which leads to the contribution of goals 3, 13, and 17. The ‘Futureproof Port Infrastructure’ roadmap is primarily driven by the motivations efficiency (i.e. cost savings, better implementation in practice, better investment decisions, more accurate and reliable predictors) and development of futureproof infrastructure. These two main direct motivations lead to an impact, in terms of SDGs, of goals 8 and 9. The indirect motivations encompass circular economy, biodiversity preservation and inclusive port development, which consequently lead to an attribution of goals 12, 14, 17, respectively. The last project that has been analysed, which is part of the overarching projects roadmap, represents the development of a port area of Schiedam with as main direct motivations fostering innovation, sustainability, community-building, local employment and governance. This leads to the contribution of SDGs 8, 9, 11, and 17. 
To conclude, SmartPort has not made the link between the value cases of the projects and the SDGs yet. This paper offers a first attempt to match the outcomes of the projects to the goals. By linking the projects to the SDGs, it becomes clear the current focus primarily lies on the economic pillar of sustainability, and mere partially on the environmental pillar. This is exemplified by the frequency of attribution of the corresponding denominations of direct motivation, and consequently the contribution to goals 7, 8, 9, and 13, in comparison to the other goals. In order to develop the port area in a sustainable manner, SmartPort should consider the use of the SDGs as framework for the development of the value cases for their projects. 

[bookmark: _Toc14117042][bookmark: _Toc14251078]Limitations and further research
[bookmark: _Toc14251079]Limitations
This research investigates the innovations projects in the port of Rotterdam, solely carried out by SmartPort. Hence, the analysis of this paper is limited to thirty-one projects, while there are substantially more projects being executed in the port of Rotterdam by other organisations such as PortXL. Therefore, this paper does not provide a representative and complete analysis of all the innovation related projects in the port of Rotterdam. However, the reason to choose SmartPort as main subject of this research originates from the fact that the project summaries are directly available from their website and contain a substantial amount of information, which can be hard to obtain from other organisations. In addition, SmartPort consists of a variety of different partners, which includes two universities that are specialised in port economics and developments, that makes it likely to state that regardless of the limitation to only thirty-one projects in the port, it still represents a significant proportion of the innovation related port developments in Rotterdam. 
Furthermore, the deduction of direct and indirect motivations can deviate from the actual underlying motivations due to the fact that the decision had to be made on the basis of one page per project, mainly consisting out of bullet point style reporting. 
[bookmark: _Toc14251080]Further research
Concerning further research in the field of innovation projects in the port of Rotterdam and its contribution to sustainable development, the following two suggestions can be taken into consideration. First, the inclusion of a higher number of innovation projects, preferably from multiple organisations. This can be beneficial for the representation of the actual innovation that is taking place in the port and could also lead to a less fixated view on sustainable development (e.g. primarily from the economic and environmental view) by using organisations with different perspectives on sustainable development. Second, the enhancement of the quantity and depth (e.g. interviews) of the data. This can be beneficial for the accuracy of the deduction of the underlying motivations, and whether these can be seen as direct or indirect motivations. Additionally, it could also enable the possibility to link the outcomes of the projects to the sub-targets of the SDGs. The latter is currently not feasible due to the fact that the value cases of SmartPort have not been linked to the SDGs yet, which makes it difficult to match the projects to the sub-targets. By matching the innovation projects to the sub-targets, it could increase the accuracy of the assignment of the goals and provides a clearer overview of the issues that are being addressed. 
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The United Nations Sustainable Development Goals (SDGs):
1. No poverty
End poverty in all its forms everywhere
2. Zero hunger
End hunger, achieve food security and improved nutrition and promote sustainable agriculture
3. Good health and well-being
Ensure healthy lives and promote well-being for all at all ages
4. Quality education
Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all
5. Gender equality
Achieve gender equality and empower all women and girls
6. Clean water and sanitation
Ensure availability and sustainable management of water and sanitation for all
7. Affordable and clean energy
Ensure access to affordable, reliable, sustainable and modern energy for all
8. Decent work and economic growth
Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all
9. Industry, innovation and infrastructure
Build resilient infrastructure, promote inclusive and sustainable industrialisation and foster innovation
10. Reduced inequalities
Reduce inequality within and among countries
11. Sustainable cities and communities
Make cities and human settlements inclusive, safe, resilient and sustainable
12. Responsible consumption and production
Ensure sustainable consumption and production patterns
13. Climate action
Take urgent action to combat climate change and its impacts
14. Life below water
Conserve and sustainably use the oceans, seas and marine resources for sustainable development
15. Life on land
Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reserve land degradation and halt biodiversity loss
16. Peace, justice and strong institutions
Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, accountable and inclusive institutions at all levels
17. Partnerships for the goals
Strengthen the means of implementation and revitalise the Global Partnership for Sustainable Development
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
1.1 This project entails four scenarios to reduce 



CO2 emissions in the port by 2050. These 
scenarios foster innovation in the port and aim 
to drastically reduce the use of fossil fuels. 



Production of sustainable 
hydrogen, electrification 
business processes, carbon 
capture storage (CCS), 
biomass driven processes, 
and closed carbon cycle 
technologies.



The scenarios foster innovation. 
Provides new business opportunities: 
companies will differentiate 
themselves through innovation from 
their competitors which leads to 
increased competitiveness of the port 
(lead the energy transition). 



Reduction of CO2 with 30% 
to 98% in 2050 in comparison 
with 2015 (reduction 
dependent on the scenario). 
Meet targets Paris 
Agreement.



Awareness creation for 
businesses and 
government regarding 
the possible future 
scenarios.



The impact of these 
scenarios creates a 
futureproof port. 
Maintains and 
improves the 
competitiveness of the 
port.



7, 8, 9, 
13



1.2 Power-2-Hydrogen encompasses the (large 
scale) sustainable production of hydrogen 
through electrolysis. This will substantially 
reduce the CO2 emissions compared to the 
manner in which hydrogen is currently 
produced.



The sustainable production 
of hydrogen through 
electrolysis.



An increase in the use (and therefore 
total share) of green energy if 
hydrogen can be buffered.



Potential reduction in CO2 
with 1.8 MT per year in 2022 
and 12 MT per year in 2032. 
Sustainable commodity.



The concept of a 
'hydrogen roadmap' for 
the port complex.



7, 13



1.3 The Carbon Capture and Usage (CCU) 
Landscaping project investigates the 
possibilities and impacts of reusing CO2 in the 
port's industrial complex. CO2 can, for 
instance, be used for the production of cement 
or as input of the greenhouses in Westland. 



CCU technologies. Reuse of CO2 stimulates the 
circular economy, particularly 
the circular chemical industry, 
and therefore increases the 
value of CO2 by reusing it.



The infrastructure that is required to 
carry out this project is futureproof 
concerning the distribution of CO2 and 
leads to better networks 
between/within clusters. CCU provides 
the chemical cluster with the 
opportunity to take the lead and 
improve the competitiveness 
compared to other chemical clusters. 
In addition, it provides businesses with 
better survival probabilities/longer 
lifespan. 



Reduction of CO2. Increased 
competitiveness of the 
port's chemical 
complex. Futureproof 
energy infrastructure.



8, 9, 13



1.4 The project 'Wind at Sea' provides an 
overview of the possibilities and costs to use 
wind energy. The developments of 'Wind at 
Sea' could potentially yield 70 GW, which is 
2.5 times the current energy demand of the 
Netherlands. 



Wind turbines, electrolysis, 
electrification.



Resource efficiency through 
new production methods of 
using wind electricity as 
feedstock; 1) by using wind 
energy to produce sustainable 
hydrogen through electrolysis. 
and 2) electrification of 
processes in the port's industrial 
cluster that are currently done 
with fossil fuels.



New business opportunities: the large 
supply of green energy combined with 
the accessibility/infrastructure of the 
port of Rotterdam creates an 
attractive business 
environment/strategic possibility arise 
(all green port; green business 
environment).



Potentially 0% CO2 
emissions in the port's 
industrial complex. 
Clean/renewable energy for 
the entire industrial complex 
of the Port of Rotterdam. 
'greener' business processes 
through the use of 
sustainable hydrogen 
(Power-to-X). 



Green business 
environment.



7, 8, 13



1.5 An investigation of the technical and 
economic feasibility of the implementation of 
sustainable hydrogen in refineries (instead of 
hydrogen produced with fossil fuels). In 
addition, the required legislation of this 
transition has been examined. 



Electrolysis. Resource efficiency: moving 
from refineries that are 
primarily driven by fossil fuels to 
refineries driven by 'green' 
hydrogen. 



The knowledge about electrolysers 
increases, which leads to higher 
volume per electrolysers (efficiency 
increase) and higher supply of 
machines (lowers the production 
price).



Reduction of CO2 emissions 
in transport fuel production. 



New chains of 
collaboration; creating 
new markets. The 
creation of a 
governance of these 
news chains.



7, 8, 13, 
17
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ID Description Technology Efficiency Quality  Sustainability Inclusive Resilient SDG

1.1 This project entails four scenarios to reduce 

CO2 emissions in the port by 2050. These 

scenarios foster innovation in the port and aim 

to drastically reduce the use of fossil fuels. 

Production of sustainable 

hydrogen, electrification 

business processes, carbon 

capture storage (CCS), 

biomass driven processes, 

and closed carbon cycle 

technologies.

The scenarios foster innovation. 

Provides new business opportunities: 

companies will differentiate 

themselves through innovation from 

their competitors which leads to 

increased competitiveness of the port 

(lead the energy transition). 

Reduction of CO2 with 30% 

to 98% in 2050 in comparison 

with 2015 (reduction 

dependent on the scenario). 

Meet targets Paris 

Agreement.

Awareness creation for 

businesses and 

government regarding 

the possible future 

scenarios.

The impact of these 

scenarios creates a 

futureproof port. 

Maintains and 

improves the 

competitiveness of the 

port.

7, 8, 9, 

13

1.2 Power-2-Hydrogen encompasses the (large 

scale) sustainable production of hydrogen 

through electrolysis. This will substantially 

reduce the CO2 emissions compared to the 

manner in which hydrogen is currently 

produced.

The sustainable production 

of hydrogen through 

electrolysis.

An increase in the use (and therefore 

total share) of green energy if 

hydrogen can be buffered.

Potential reduction in CO2 

with 1.8 MT per year in 2022 

and 12 MT per year in 2032. 

Sustainable commodity.

The concept of a 

'hydrogen roadmap' for 

the port complex.

7, 13

1.3 The Carbon Capture and Usage (CCU) 

Landscaping project investigates the 

possibilities and impacts of reusing CO2 in the 

port's industrial complex. CO2 can, for 

instance, be used for the production of cement 

or as input of the greenhouses in Westland. 

CCU technologies. Reuse of CO2 stimulates the 

circular economy, particularly 

the circular chemical industry, 

and therefore increases the 

value of CO2 by reusing it.

The infrastructure that is required to 

carry out this project is futureproof 

concerning the distribution of CO2 and 

leads to better networks 

between/within clusters. CCU provides 

the chemical cluster with the 

opportunity to take the lead and 

improve the competitiveness 

compared to other chemical clusters. 

In addition, it provides businesses with 

better survival probabilities/longer 

lifespan. 

Reduction of CO2.  Increased 

competitiveness of the 

port's chemical 

complex. Futureproof 

energy infrastructure.

8, 9, 13

1.4 The project 'Wind at Sea' provides an 

overview of the possibilities and costs to use 

wind energy. The developments of 'Wind at 

Sea' could potentially yield 70 GW, which is 

2.5 times the current energy demand of the 

Netherlands. 

Wind turbines, electrolysis, 

electrification.

Resource efficiency through 

new production methods of 

using wind electricity as 

feedstock; 1) by using wind 

energy to produce sustainable 

hydrogen through electrolysis. 

and 2) electrification of 

processes in the port's industrial 

cluster that are currently done 

with fossil fuels.

New business opportunities: the large 

supply of green energy combined with 

the accessibility/infrastructure of the 

port of Rotterdam creates an 

attractive business 

environment/strategic possibility arise 

(all green port; green business 

environment).

Potentially 0% CO2 

emissions in the port's 

industrial complex. 

Clean/renewable energy for 

the entire industrial complex 

of the Port of Rotterdam. 

'greener' business processes 

through the use of 

sustainable hydrogen 

(

Power-to-X). 

Green business 

environment.

7, 8, 13

1.5

An investigation of the technical and 

economic feasibility of the implementation of 

sustainable hydrogen in refineries (instead of 

hydrogen produced with fossil fuels). In 

addition, the required legislation of this 

transition has been examined. 

Electrolysis. Resource efficiency: moving 

from refineries that are 

primarily driven by fossil fuels to 

refineries driven by 'green' 

hydrogen. 

The knowledge about electrolysers 

increases, which leads to higher 

volume per electrolysers (efficiency 

increase) and higher supply of 

machines (lowers the production 

price).

Reduction of CO2 emissions 

in transport fuel production. 

New chains of 

collaboration; creating 

new markets. The 

creation of a 

governance of these 

news chains.

7, 8, 13, 

17
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
1.6 Research among the possibilities of the use 



electrification for the production of sustainable 
fuels (DME) and chemical building blocks (e.g. 
syngas). Pilots are used to obtain further 
knowledge in order to scale up.  



Electrification; Electrons to 
Chemicals (E2C).



Further upscaling increases the 
efficiency of the E2C processes 
(more profitable).



The possibility to have access to a 
large amount of sustainable 
electricity. Cleaner production of fuels 
and (consumer) products. 



Reduction in CO2 emissions. 
More sustainable production 
processes. 



There are 'Observe-
Partners' involved, 
which means that by 
further implementation 
these businesses are 
part of the project. Also, 
consumers are taken 
into account through the 
production of cleaner 
products for consumers. 



By further upscaling of 
E2C, North-West 
Europe can become 
the pioneer regarding 
the sustainable 
chemical cluster on a 
global scale. 



7, 8, 12, 
13



1.7 The 'Flexnet' project entails the investigation 
of the possibilities of electrification (and its 
storage) of business processes in the Botlek 
area, and the creation of a network between 
businesses in that area.



Electrification. The collective contribution to 
the adaption to the energy 
infrastructure is more effective 
to plan and could lead to lower 
costs due to bundled demand. 



Increased transparency: 1) businesses 
can obtain a clearer overview of the 
opportunities linked to this energy 
transition in the Botlek area, and 2) 
availability of information leads to 
knowledge sharing among companies 
in the cluster. Infrastructure network 
connects companies in the Botlek area 
in order to enable to exchange 
materials (e.g. residual heat). 



Businesses can reach their 
individual emission targets 
by using electrification 
techniques that are able to 
deal with the fluctuating 
supply of sustainable 
energy.



The Botlek area can be 
used as an example for 
the entire port chemical 
cluster. The network 
creation results in an 
'healthier economic' 
cluster. 



The creation of a new 
energy-infrastructure.



7, 8, 9, 
13



1.8 This research is dedicated to the governance 
and guidance of processes in the port's 
industrial complex in order to reach the 
climate goals on a local, regional and national 
scale. The main focus is on the processes with 
regards to license, supervision, maintenance 
(VTH processes) of sustainable initiatives. 



Faster and more efficient 
innovation in the port.



It contributes to the energy 
transition and the projects 
dedicated to reach the 
climate goals. 



Social innovation in the 
port, which facilitates 
technical innovation. 
The creation of a good 
governance. 



9, 13, 17



1.9 System Integration enables the most efficient 
use of the fluctuating supply of sustainable 
energy (e.g. wind, solar energy) in the port. 
This ensures the continuity of the business 
processes. The constant supply can be 
achieved through storage of residual energy, 
adaptations to external factors (weather).



Digitalisation (data 
exchange, model 
forecasting and 
simulation).



Constant supply of 
sustainable/renewable energy, 
which ensures the continuity 
(and efficiency) of business 
processes based on sustainable 
energy. Lowers cost of energy 
in times when supply is high. 
Use of residual heat (from other 
companies), which lowers costs 
in the industrial cluster. 



Multiple businesses (pairs or clusters) 
can be matched to each other in order 
to realise a constant sustainable 
energy usage (smart grid). 



The development of an 
energy efficient-cluster: 
energy system integration 
provides the port with the 
opportunities to become 
more sustainable by 
reducing its CO2 emissions 
through using more 
sustainable energy (and less 
fossil fuels), residual heat 
and reduce energy spillage. 



Aims at creating an 
integrated energy 
market.



Infrastructure 
innovation (more 
focused on 
electrification rather 
than fossil fuels) that 
can enable chain 
integration. Provides 
insight into the 
possibilities of heat 
alliance infrastructure 
and smart grids.



8, 9, 13



Table 7. (Continued). 










ID Description Technology Efficiency Quality  Sustainability Inclusive Resilient SDG

1.6 Research among the possibilities of the use 

electrification for the production of sustainable 

fuels (DME) and chemical building blocks (e.g. 

syngas). Pilots are used to obtain further 

knowledge in order to scale up.  

Electrification; Electrons to 

Chemicals (E2C).

Further upscaling increases the 

efficiency of the E2C processes 

(more profitable).

The possibility to have access to a 

large amount of sustainable 

electricity. Cleaner production of fuels 

and (consumer) products. 

Reduction in CO2 emissions. 

More sustainable production 

processes. 

There are 'Observe-

Partners' involved, 

which means that by 

further implementation 

these businesses are 

part of the project. Also, 

consumers are taken 

into account through the 

production of cleaner 

products for consumers. 

By further upscaling of 

E2C, North-West 

Europe can become 

the pioneer regarding 

the sustainable 

chemical cluster on a 

global scale. 

7, 8, 12, 

13

1.7 The 'Flexnet' project entails the investigation 

of the possibilities of electrification (and its 

storage) of business processes in the Botlek 

area, and the creation of a network between 

businesses in that area.

Electrification.  The collective contribution to 

the adaption to the energy 

infrastructure is more effective 

to plan and could lead to lower 

costs due to bundled demand. 

Increased transparency: 1) businesses 

can obtain a clearer overview of the 

opportunities linked to this energy 

transition in the Botlek area, and 2) 

availability of information leads to 

knowledge sharing among companies 

in the cluster. Infrastructure network 

connects companies in the Botlek area 

in order to enable to exchange 

materials (e.g. residual heat). 

Businesses can reach their 

individual emission targets 

by using electrification 

techniques that are able to 

deal with the fluctuating 

supply of sustainable 

energy.

The Botlek area can be 

used as an example for 

the entire port chemical 

cluster. The network 

creation results in an 

'healthier economic' 

cluster. 

The creation of a new 

energy-infrastructure.

7, 8, 9, 

13

1.8 This research is dedicated to the governance 

and guidance of processes in the port's 

industrial complex in order to reach the 

climate goals on a local, regional and national 

scale. The main focus is on the processes with 

regards to license, supervision, maintenance 

(VTH processes) of sustainable initiatives. 

Faster and more efficient 

innovation in the port.

It contributes to the energy 

transition and the projects 

dedicated to reach the 

climate goals. 

Social innovation in the 

port, which facilitates 

technical innovation. 

The creation of a good 

governance. 

9, 13, 17

1.9 System Integration enables the most efficient 

use of the fluctuating supply of sustainable 

energy (e.g. wind, solar energy) in the port. 

This ensures the continuity of the business 

processes. The constant supply can be 

achieved through storage of residual energy, 

adaptations to external factors (weather).

Digitalisation (data 

exchange, model 

forecasting and 

simulation).

Constant supply of 

sustainable/renewable energy, 

which ensures the continuity 

(and efficiency) of business 

processes based on sustainable 

energy. Lowers cost of energy 

in times when supply is high. 

Use of residual heat (from other 

companies), which lowers costs 

in the industrial cluster. 

Multiple businesses (pairs or clusters) 

can be matched to each other in order 

to realise a constant sustainable 

energy usage (smart grid). 

The development of an 

energy efficient-cluster: 

energy system integration 

provides the port with the 

opportunities to become 

more sustainable by 

reducing its CO2 emissions 

through using more 

sustainable energy (and less 

fossil fuels), residual heat 

and reduce energy spillage. 

Aims at creating an 

integrated energy 

market.

Infrastructure 

innovation (more 

focused on 

electrification rather 

than fossil fuels) that 

can enable chain 

integration. Provides 

insight into the 

possibilities of heat 

alliance infrastructure 

and smart grids.

8, 9, 13

Table 7

. (Continued). 
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
2.1 This project investigates the facilitation of 



self-organisation in the container transport 
and the way to strengthen it. The focus lies 
particularly on the relations between 
technological and social innovations.  



Sensor and 
interaction 
technologies.



Information standards within logistical 
processes provide transparency/trustworthy 
information, which makes the processes 
more efficient and increases the mutual trust. 
Decrease in costs and time savings through 
more efficient use of the modalities. 



Better choices between modalities lead 
to an increase in the reliability of the 
container transport. The quality of the 
service of the whole sector (i.e. 
container transport) increases.



Increased level of cooperation/social 
innovations (but only within sector). 



8



2.2 This research is dedicated to the reduction 
of the waiting time at sea port terminals. 
Delays in these terminals can be caused by 
external factors (e.g. wind) and can lead to 
congestion. With the creation of barge 
hubs, the extent in which it reduces 
congestion has been examined. 



Digitalisation 
(simulation 
models).



Reduces waiting time; more accurate time 
delivery at terminals. It limits the increase in 
costs of inland shipping. 



Increases the reliability within the inland 
shipping service sector. It increases the 
share of inland shipping out of all the 
modalities available (inland shipping 
becomes a more attractive mode of 
transport). 



8



2.3 Synchrogaming is the use of serious 
gaming in the field of synchromodal 
transport. This is being used to come to 
new insights, address implications and test 
how it would behave in reality (impact 
evaluation).



Serious gaming or 
'synchrogaming' 
which combines 
serious gaming 
with synchromodal 
transport. 



Playing the game enhances the experience 
with the concepts and could lead to better 
implementation in reality (because of new 
insights and points of improvement).



New insights lead to concrete points of 
improvement.



Playing the game requires 
collaborations between multiple 
parties from one collective ambition; 
this will enhance the cooperation, 
relationships, trust and 
understanding between the different 
parties (raising awareness). 
Furthermore, multiple games have 
been played with private parties and 
governments. 



8, 17



2.4 This project encompasses the investigation 
of a more accurate and reliable predictor of 
Estimated Time of Arrival (ETA). Two fields 
are being investigated: port entry 
(planning maritime services) and terminal 
(planning loading/unloading). 



Big Data Analytics 
(taking historic 
data, AIS, weather 
forecast, bunker 
prices and external 
data sources into 
account).



Cost savings for carriers, terminals and 
maritime service providers because of more 
efficient planning, better use of assets, 
transparency, 'no more race to the finish', no 
more waiting times. 



A reduction in waiting times is beneficial 
for the competitiveness of the port. 



Reliable ETA's 
are the 
foundation of 
data driven port 
call 
optimisation. 
This enables the 
port to operate 
more efficiently 
and sustainable. 



The transparency strengthens the 
collaborations and increases trust 
between different parties within the 
chain.



Increased 
competitive 
position of 
the port.



8, 13, 17



2.5 Rail Feeder Innovation focuses on the 
optimisation of (container) transport via 
railway, with as main goal to make the 
railway transport more efficient and as 
attractive as transport via road and water.



Digitalisation (e.g. 
interaction 
between terminals 
and trains) and 
automation.



It cuts in time (residence time, waiting time 
and 'turn around' time) and costs. 
Furthermore, it optimises the route planning 
of container trains (milk run or shuttle) and 
the length of trains. Better usage of available 
capacity. 



Improves rail competitiveness. Railway 
transport becomes more attractive/true 
alternative to road and water transport.



8



2.6 Truck platooning is the concept of 
connecting three to five (automated) 
trucks, which is done to increase the 
efficiency of the current capacity of 
infrastructure.



Matching 
platform, data 
analysis, 
automation.



Lower fuel usage: lower costs. Increases 
traffic flow/ decreases congestion 
(favourable for time saving). More efficient 
application of labour. 



Favourable for the reliability and safety 
(due to less human errors). 



Lower fuel 
usage; reduces 
about 10% of 
CO2 emissions.



Quick scan (2016) fostered a 
community. Takes into account the 
societal impacts (i.e. traffic flow, 
congestion, CO2 emissions and 
safety). 



3, 8, 13, 
17



Table 8. Project summaries Roadmap 2: Smart Logistics. 










ID Description Technology Efficiency Quality  Sustainability Inclusive Resilient SDG

2.1 This project investigates the facilitation of 

self-organisation in the container transport 

and the way to strengthen it. The focus lies 

particularly on the relations between 

technological and social innovations.  

Sensor and 

interaction 

technologies.

Information standards within logistical 

processes provide transparency/trustworthy 

information, which makes the processes 

more efficient and increases the mutual trust. 

Decrease in costs and time savings through 

more efficient use of the modalities. 

Better choices between modalities lead 

to an increase in the reliability of the 

container transport. The quality of the 

service of the whole sector (i.e. 

container transport) increases.

Increased level of cooperation/social 

innovations (but only within sector). 

8

2.2 This research is dedicated to the reduction 

of the waiting time at sea port terminals. 

Delays in these terminals can be caused by 

external factors (e.g. wind) and can lead to 

congestion. With the creation of barge 

hubs, the extent in which it reduces 

congestion has been examined. 

Digitalisation 

(simulation 

models).

Reduces waiting time; more accurate time 

delivery at terminals. It limits the increase in 

costs of inland shipping. 

Increases the reliability within the inland 

shipping service sector. It increases the 

share of inland shipping out of all the 

modalities available (inland shipping 

becomes a more attractive mode of 

transport). 

8

2.3 Synchrogaming is the use of serious 

gaming in the field of synchromodal 

transport. This is being used to come to 

new insights, address implications and test 

how it would behave in reality (impact 

evaluation).

Serious gaming or 

'synchrogaming' 

which combines 

serious gaming 

with synchromodal 

transport. 

Playing the game enhances the experience 

with the concepts and could lead to better 

implementation in reality (because of new 

insights and points of improvement).

New insights lead to concrete points of 

improvement.

Playing the game requires 

collaborations between multiple 

parties from one collective ambition; 

this will enhance the cooperation, 

relationships, trust and 

understanding between the different 

parties (raising awareness). 

Furthermore, multiple games have 

been played with private parties and 

governments. 

8, 17

2.4 This project encompasses the investigation 

of a more accurate and reliable predictor of 

Estimated Time of Arrival (ETA). Two fields 

are being investigated: port entry 

(planning maritime services) and terminal 

(planning loading/unloading). 

Big Data Analytics 

(taking historic 

data, AIS, weather 

forecast, bunker 

prices and external 

data sources into 

account).

Cost savings for carriers, terminals and 

maritime service providers because of more 

efficient planning, better use of assets, 

transparency, 'no more race to the finish', no 

more waiting times. 

A reduction in waiting times is beneficial 

for the competitiveness of the port. 

Reliable ETA's 

are the 

foundation of 

data driven port 

call 

optimisation. 

This enables the 

port to operate 

more efficiently 

and sustainable. 

The transparency strengthens the 

collaborations and increases trust 

between different parties within the 

chain.

Increased 

competitive 

position of 

the port.

8, 13, 17

2.5 Rail Feeder Innovation focuses on the 

optimisation of (container) transport via 

railway, with as main goal to make the 

railway transport more efficient and as 

attractive as transport via road and water.

Digitalisation (e.g. 

interaction 

between terminals 

and trains) and 

automation.

It cuts in time (residence time, waiting time 

and 'turn around' time) and costs. 

Furthermore, it optimises the route planning 

of container trains (

milk run or shuttle) and 

the length of trains. Better usage of available 

capacity. 

Improves rail competitiveness. Railway 

transport becomes more attractive/true 

alternative to road and water transport.

8

2.6 Truck platooning is the concept of 

connecting three to five (automated) 

trucks, which is done to increase the 

efficiency of the current capacity of 

infrastructure.

Matching 

platform, data 

analysis, 

automation.

Lower fuel usage: lower costs. Increases 

traffic flow/ decreases congestion 

(favourable for time saving). More efficient 

application of labour. 

Favourable for the reliability and safety 

(due to less human errors). 

Lower fuel 

usage; reduces 

about 10% of 

CO2 emissions.

Quick scan (2016) fostered a 

community. Takes into account the 

societal impacts (i.e. traffic flow, 

congestion, CO2 emissions and 

safety). 

3, 8, 13, 

17
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
2.7 This project investigates the possibilities to 



implement larger deep-sea vessels 
(increase in call size) and its consequences 
on global transport and the port activities.



Digitalisation 
(simulation 
models).



Increase in container capacity. New insights 
into decisions about transport routes, 
volumes, parameters (e.g. financial drivers). 
These insights can be used to make good 
strategic plans.



Taking into account the societal 
costs that arise and to what extent 
these costs are acceptable. Inclusion 
of a variety of parties (e.g. terminals 
and other logistical service 
providers).



Strengthens 
the 
competitive 
position of 
the Port of 
Rotterdam.



8



2.8 This project encompasses the investigation 
of the trends and developments of 'smart' 
reefer-containers and its impact. 



Sensors, data 
analysis. 



More efficient container management and 
planning. Predictive management increases 
the quality of the service and lowers the 
costs. Logistical chains will be optimised due 
to efficient implementation of 'smart' reefer 
containers.



Adds an extra service to the port of 
Rotterdam (added value). Increases the 
quality and quantity of the flow of 
goods. Increases the quality control of 
the goods. 



More efficient 
energy usage 
(due to 
monitoring and 
improvements: 
'smart energy 
management').



It fosters policy-making and 
collaboration in the entire supply 
chain (from tech provider to 
wholesaler, to importer, to container 
terminal), and collaboration for 
knowledge and technological 
development between a broad 
variety of stakeholders.



Strengthens 
competitive 
position of 
the port of 
Rotterdam. 



8, 13, 17



2.9 The 'Barge-port stay predictor' project aims 
to improve the accuracy of the stay time 
predictions with different data sources than 
solely public data (e.g. anonymously 
collected data, acquired data).



Data analysis. With the right types of data (public + 
aggregated data), it increases the 
transparency and accuracy of the prediction 
management. 



Increases the reliability and 
predictability. Provides an extra service: 
optimal customer information. 



8



2.10 Smart Ships' investigates the possibilities 
to implement sensor-driven (and 
eventually autonomous) ships in the port. 
With the help of the data obtained from 
these sensors, ships can adjust their speed, 
route, among others, and provides better 
communication with other ships and with 
shore control centres.



Sensors, data 
analysis. 



More efficient in terms of shipping and 
maintenance (more preventative) because of 
the obtained data (from sensors for instance). 
Reduction in work force results in lower costs 
and better usage of assets. More efficient 
shipping results in lower fuel usage and thus 
lower costs.



Reduction of work force results in more 
safety due to less human errors. 



More efficient 
shipping lowers 
the fuel 
consumption, 
which is 
beneficial for the 
environment.



3, 8, 13



2.11 This project examines the possible 
applications of blockchain technologies in 
port logistics. 



Blockchain Because of the amount of data and the fact 
that the (parts) of processes can be 
automated, the parties and entire supply 
chain will be more efficient, which will also 
lead to a reduction in costs. Less 
administrative load/paper work. 



Real time insight and transparency of 
transactions because of application of 
smart contracts. Increased reliability. 
Improvements in physical and 
transactional parts of the logistical 
processes in the port. 



Blockchain technologies can be 
beneficial for an entire supply chain.



8



2.12 The 'Quick Scan: Adaptation of standards 
for supply chain management' examined 
the effect of standards in port logistics on 
the efficiency of port's processes. The 
formulation of these standards can be 
done by means of GS1. 



GS1 standards, 
digitalisation.



Better communication: more efficient 
processes, which realises lower costs.



Minimises errors and mistakes, which 
increases safety. It will lead to further 
digitalisation of logistical processes.  



Strategic 
benefits: 
Rotterdam 
can become 
the global 
pioneer of 
setting 
these 
standards 
for logistical 
port 
processes. 



3, 8
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ID Description Technology Efficiency Quality  Sustainability Inclusive Resilient SDG

2.7 This project investigates the possibilities to 

implement larger deep-sea vessels 

(increase in call size) and its consequences 

on global transport and the port activities.

Digitalisation 

(simulation 

models).

Increase in container capacity. New insights 

into decisions about transport routes, 

volumes, parameters (e.g. financial drivers). 

These insights can be used to make good 

strategic plans.

Taking into account the societal 

costs that arise and to what extent 

these costs are acceptable. Inclusion 

of a variety of parties (e.g. terminals 

and other logistical service 

providers).

Strengthens 

the 

competitive 

position of 

the Port of 

Rotterdam.

8

2.8 This project encompasses the investigation 

of the trends and developments of 'smart' 

reefer-containers and its impact. 

Sensors, data 

analysis. 

More efficient container management and 

planning. Predictive management increases 

the quality of the service and lowers the 

costs. Logistical chains will be optimised due 

to efficient implementation of 'smart' reefer 

containers.

Adds an extra service to the port of 

Rotterdam (added value). Increases the 

quality and quantity of the flow of 

goods. Increases the quality control of 

the goods. 

More efficient 

energy usage 

(due to 

monitoring and 

improvements: 

'smart energy 

management').

It fosters policy-making and 

collaboration in the entire supply 

chain (from tech provider to 

wholesaler, to importer, to container 

terminal), and collaboration for 

knowledge and technological 

development between a broad 

variety of stakeholders.

Strengthens 

competitive 

position of 

the port of 

Rotterdam. 

8, 13, 17

2.9 The 'Barge-port stay predictor' project aims 

to improve the accuracy of the stay time 

predictions with different data sources than 

solely public data (e.g. anonymously 

collected data, acquired data).

Data analysis.  With the right types of data (public + 

aggregated data), it increases the 

transparency and accuracy of the prediction 

management. 

Increases the reliability and 

predictability. Provides an extra service: 

optimal customer information. 

8

2.10Smart Ships' investigates the possibilities 

to implement sensor-driven (and 

eventually autonomous) ships in the port. 

With the help of the data obtained from 

these sensors, ships can adjust their speed, 

route, among others, and provides better 

communication with other ships and with 

shore control centres.

Sensors, data 

analysis. 

More efficient in terms of shipping and 

maintenance (more preventative) because of 

the obtained data (from sensors for instance). 

Reduction in work force results in lower costs 

and better usage of assets. More efficient 

shipping results in lower fuel usage and thus 

lower costs.

Reduction of work force results in more 

safety due to less human errors. 

More efficient 

shipping lowers 

the fuel 

consumption, 

which is 

beneficial for the 

environment.

3, 8, 13

2.11This project examines the possible 

applications of blockchain technologies in 

port logistics. 

Blockchain  Because of the amount of data and the fact 

that the (parts) of processes can be 

automated, the parties and entire supply 

chain will be more efficient, which will also 

lead to a reduction in costs. Less 

administrative load/paper work. 

Real time insight and transparency of 

transactions because of application of 

smart contracts. Increased reliability. 

Improvements in physical and 

transactional parts of the logistical 

processes in the port. 

Blockchain technologies can be 

beneficial for an entire supply chain.

8

2.12The 'Quick Scan: Adaptation of standards 

for supply chain management' examined 

the effect of standards in port logistics on 

the efficiency of port's processes. The 

formulation of these standards can be 

done by means of GS1. 

GS1 standards, 

digitalisation.

Better communication: more efficient 

processes, which realises lower costs.

Minimises errors and mistakes, which 

increases safety. It will lead to further 

digitalisation of logistical processes.  

Strategic 

benefits: 

Rotterdam 

can become 

the global 

pioneer of 

setting 

these 

standards 

for logistical 

port 

processes. 

3, 8

Table 8. (Continued).
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
3.1 The 'Quay walls of the future' project encompasses the use of new 



technologies and digitalisation in quay walls, given the fact that 
80% of the quay walls are older than 50 years.  



Sensors, Big Data 
Analytics.



Better berth capacity (due to the reveal of 
'hidden capacities'). More efficient (and 
preventative) maintenance results in lower 
maintenance costs, but also less downtime and 
less hindrance. Better risk classification leads to 
a 10 % reduction in investments costs. 



Longer lifespan and better 
quality of the quay walls 
(due to better design, 
construction, maintenance 
and usage). 



Use of concepts 
such as 
Cradle2Cradle 
and 
Waste2Value). 



Innovative quay walls: 
takes into account 
external factors (e.g. 
pressure, weight, water 
level, temperature, wind 
and weather effects).



8, 9, 12



3.2 This project entails the research of improved surface depth 
measurement through fluid mud. Fluid mud on the bottom of the 
sea determines the depth of the ships. Traditionally, the depth has 
been measured by the density of the fluid mud. This project is 
dedicated to the measurement of the effective depth by skear 
strength.



Measurements 
and monitoring.



Reduction in dredging results in: 1) reduction in 
costs (approx. €1.000.000 per year by a 
reduction of dredging with 10-20%), 2) less 
hindrance. Ships can carry more load which 
results in significant cost savings for shipping 
companies.



Less dredging has 
a positive effect 
on the 
biodiversity in the 
port area.



8, 14



3.3 Port Constructor' is a serious game that aims at giving the player an 
insight into the management and development of a port (from the 
perspective of the port authority). Making decisions while taking 
into account the three p's: people, planet and profit.



Serious game. By means of the serious game, a more profound 
and broader insight into port development and 
trends (particularly digitalisation, automation 
and energy transition) and the impact of the 
respective decisions is gained among 
stakeholders.



Making decisions 
while taking into 
account the three 
p's.



Inclusion of stakeholders, 
students, ports and 
universities, and raising 
awareness about the 
(complexity of) port 
development.



Making decisions while 
taking into account the 
three p's.



11, 17



3.4 This project provides an insight into the trends, developments and 
other external effects in order to come to better investment 
decisions regarding maritime infrastructure. These trends and 
developments are combined into so-called 'narratives'. There are 
six narratives: container transport, use of fossil fuels, application 
modal shift, transition from fossil to bio, port as recycling hub, and 
port as renewable energy hub.



Better decisions regarding the investment in 
maritime infrastructure. 



By using these narratives 
as input for the 
investment strategies, 
the port becomes 
futureproof.



8, 9



3.5 This project examines the effects of climate change on inland 
navigation (change in water levels). In order to make the best 
investment decisions regarding infrastructure (e.g. bridges, dams), 
a good prediction-tool has to be developed.  



Prediction tools. More efficient prediction of water levels which 
is beneficial for the accessibility (low water 
levels decrease the capacity).



Port of Rotterdam can 
continue its supply of all 
synchromodalities in the 
future and can therefore 
maintain its 
competitiveness in this 
field. 



Infrastructure that 
enables reliable and 
efficient transport via 
water in 2050 and 
beyond. Futureproof 
supply of all 
synchromodalities which 
enables the port to 
maintain its 
competitiveness.



8, 9



3.6 This project is dedicated to the investigation of nautical traffic 
management. Due to increasing traffic (while infrastructure 
capacity stays the same) combined with the importance of safety, 
nautical traffic management is being developed to provide an 
insight into the current and expected traffic flows in the port.



Data analysis and 
data modelling. 



Optimises port call/nautical traffic management 
(due to process transparency which reduces the 
turnaround time)



Improves port safety 
(better anticipate risks)



Aiming for futureproof 
nautical management.



3, 8



Table 9. Project summaries Roadmap 3: Futureproof Port Infrasctructure. 










ID Description Technology Efficiency Quality  Sustainability Inclusive Resilient SDG

3.1 The 'Quay walls of the future' project encompasses the use of new 

technologies and digitalisation in quay walls, given the fact that 

80% of the quay walls are older than 50 years.  

Sensors, Big Data 

Analytics.

Better berth capacity (due to the reveal of 

'hidden capacities'). More efficient (and 

preventative) maintenance results in lower 

maintenance costs, but also less downtime and 

less hindrance. Better risk classification leads to 

a 10 % reduction in investments costs. 

Longer lifespan and better 

quality of the quay walls 

(due to better design, 

construction, maintenance 

and usage). 

Use of concepts 

such as 

Cradle2Cradle 

and 

Waste2Value). 

Innovative quay walls: 

takes into account 

external factors (e.g. 

pressure, weight, water 

level, temperature, wind 

and weather effects).

8, 9, 12

3.2 This project entails the research of improved surface depth 

measurement through fluid mud. Fluid mud on the bottom of the 

sea determines the depth of the ships. Traditionally, the depth has 

been measured by the density of the fluid mud. This project is 

dedicated to the measurement of the effective depth by skear 

strength.

Measurements 

and monitoring.

Reduction in dredging results in: 1) reduction in 

costs (approx. €1.000.000 per year by a 

reduction of dredging with 10-20%), 2) less 

hindrance. Ships can carry more load which 

results in significant cost savings for shipping 

companies.

Less dredging has 

a positive effect 

on the 

biodiversity in the 

port area.

8, 14

3.3 Port Constructor' is a serious game that aims at giving the player an 

insight into the management and development of a port (from the 

perspective of the port authority). Making decisions while taking 

into account the three p's: people, planet and profit.

Serious game.  By means of the serious game, a more profound 

and broader insight into port development and 

trends (particularly digitalisation, automation 

and energy transition) and the impact of the 

respective decisions is gained among 

stakeholders.

Making decisions 

while taking into 

account the three 

p's.

Inclusion of stakeholders, 

students, ports and 

universities, and raising 

awareness about the 

(complexity of) port 

development.

Making decisions while 

taking into account the 

three p's.

11, 17

3.4 This project provides an insight into the trends, developments and 

other external effects in order to come to better investment 

decisions regarding maritime infrastructure. These trends and 

developments are combined into so-called 'narratives'. There are 

six narratives: container transport, use of fossil fuels, application 

modal shift, transition from fossil to bio, port as recycling hub, and 

port as renewable energy hub.

Better decisions regarding the investment in 

maritime infrastructure. 

By using these narratives 

as input for the 

investment strategies, 

the port becomes 

futureproof.

8, 9

3.5

This project examines the effects of climate change on inland 

navigation (change in water levels). In order to make the best 

investment decisions regarding infrastructure (e.g. bridges, dams), 

a good prediction-tool has to be developed.  

Prediction tools.  More efficient prediction of water levels which 

is beneficial for the accessibility (low water 

levels decrease the capacity).

Port of Rotterdam can 

continue its supply of all 

synchromodalities in the 

future and can therefore 

maintain its 

competitiveness in this 

field. 

Infrastructure that 

enables reliable and 

efficient transport via 

water in 2050 and 

beyond. Futureproof 

supply of all 

synchromodalities which 

enables the port to 

maintain its 

competitiveness.

8, 9

3.6 This project is dedicated to the investigation of nautical traffic 

management. Due to increasing traffic (while infrastructure 

capacity stays the same) combined with the importance of safety, 

nautical traffic management is being developed to provide an 

insight into the current and expected traffic flows in the port.

Data analysis and 

data modelling. 

Optimises port call/nautical traffic management 

(due to process transparency which reduces the 

turnaround time)

Improves port safety 

(better anticipate risks)

Aiming for futureproof 

nautical management.

3, 8

Table 9

. Project summaries Roadmap 3: Futureproof Port Infrasctructure. 
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ID Description Technology Efficiency Quality Sustainability Inclusive Resilient SDG
4.4 Next Generation Waterfronts' is about 



the development of the port area of 
Schiedam, but also serves as a case 
study on how to develop these types of 
areas. The research covers how to 
foster innovation and sustainability and 
how to create a governance.



Creation of 
added value: 
'beyond 
landlord'. 



Agreement signed about 
the sustainable 
development of port area 
of Schiedam by the Port 
of Rotterdam Authority 
and municipality of 
Schiedam.



 Innovation-community that proactively 
contributes to the developments. Inclusion of 
stakeholders with different interests. Application 
of 'triple helix': government, businesses and 
educational centres to maintain and strengthen 
the liveability, environment and (local)l 
employment.



Using and 
maintaining 
the 
'economical 
DNA of 
Schiedam'. 



8, 9, 11, 
17



Table 10. Project summary overarching projects. 










ID Description TechnologyEfficiencyQuality  Sustainability Inclusive Resilient SDG

4.4 Next Generation Waterfronts' is about 

the development of the port area of 

Schiedam, but also serves as a case 

study on how to develop these types of 

areas. The research covers how to 

foster innovation and sustainability and 

how to create a governance.

Creation of 

added value: 

'beyond 

landlord'. 

Agreement signed about 

the sustainable 

development of port area 

of Schiedam by the Port 

of Rotterdam Authority 

and municipality of 

Schiedam.

 Innovation-community that proactively 

contributes to the developments. Inclusion of 

stakeholders with different interests. Application 

of 'triple helix': government, businesses and 

educational centres to maintain and strengthen 

the liveability, environment and (local)l 

employment.

Using and 

maintaining 

the 

'economical 

DNA of 

Schiedam'. 

8, 9, 11, 

17

Table 10
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