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Abstract

:

Green supply chain management (GSCM) can be defined as the integration of environmental concerns into the inter-organizational practices of supply chain management (SCM). This paper analyzes the role of seaports in the greening of supply chains in two ways. First, the fields of action to pursue GSCM objectives in ports are identified and grouped. The proposed typology includes five groups of actions, i.e., green shipping; green port development and operations; green inland logistics; seaports and the circular economy; and, actions in the field of knowledge development and information sharing. In the empirical part of the paper, this typology is used to analyze green actions and initiatives developed by market players and port authorities in the Rhine–Scheldt Delta, the leading European port region in cargo throughput terms. This structured overview of green actions and initiatives shows that these ports are hotbeds for GSCM initiatives, but progress in some areas remains slows. The second part of the analysis focuses on the attitudes and perceptions of port-related actors towards the greening of port-related supply chains. A large-scale survey conducted in the Belgian and Dutch logistics and port industry reveals that greening has been put massively on the agenda by the firms between 2010 and now. The results give a clear view on the diverse drivers and impediments towards the greening of supply chains. In addition, one can still see a gap between words and actions. The survey further points to the role of governments as catalysts or soft enforcers for change, and calls for continuity and coherence in government policy. This paper is the first study providing a comprehensive analysis on initiatives, approaches, and perspectives of port-related actors in a specific multi-port region.
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1. Introduction


In past decades, green supply chain management (GSCM) has developed in view of integrating environmental concerns into the inter-organizational practices of supply chain management. Tighter regulatory requirements, and strong demands for a cleaner and more sustainable environment exerted by communities at large, are pushing GSCM practices to the next level. The sense of urgency rises with an escalating deterioration of the environment, e.g., diminishing raw material resources, proven climate change impacts, and increasing levels of pollution. As nodes in global supply chains, ports generate environmental impacts through their various functions linked to cargo handling, connectivity to maritime and land transport networks, industrial and semi-industrial activities, logistics and distribution activities, and energy production and distribution. The emergence of the ‘green port’ concept is closely associated with the growing environmental awareness of seaport actors.



This paper analyzes the role of seaports in the greening of supply chains. It is the first study providing a comprehensive analysis on the role of ports in GSCM covering initiatives, approaches, and perspectives of port-related actors in a specific multi-port region. The conceptual insights are applied to the ports in the Rhine–Scheldt Delta area, Europe’s most important port area in cargo throughput terms. The role of seaports in GSCM is analyzed in two ways. First, several fields of action to pursue GSCM objectives are identified and grouped for private and public actors involved in port-related activities. We present a novel typology which makes a distinction between actions in the areas of green shipping; green port development and operations; green inland logistics; seaports and the circular economy; and, actions in the field of knowledge development and information sharing. This typology is used to analyze green actions and initiatives developed by market players and port authorities in the Rhine–Scheldt Delta ports. The second part of the analysis focuses on the attitudes and perceptions of port-related actors by using a large-scale survey conducted in the Belgian and Dutch logistics and port industry. The survey outcomes are analyzed in detail with attention for possible linkages between the answers and differences in the answer patterns among respondent groups. This paper concludes with a summary of the findings and a set of recommendations for the business communities in the Rhine–Scheldt Delta region, and beyond, in view of advancing the implementation of GSCM practices in seaports.




2. Green Supply Chain Management and the Role of Seaports


Supply chain management (SCM) is the coordination and management of a complex network of activities involved in delivering a finished product to the end-user or customer. While Ahi and Searcy [1] found a total of 22 definitions, green supply chain management (GSCM) can be defined as integrating environmental concerns into the inter-organizational practices of SCM [2,3]. In the 1990s, environmental management started to become more integrated in overall operations and a means to gain competitive advantage and economic benefits (see e.g., [4]). The idea of using environmental strategies to gain competitive advantage was further developed by Porter and van der Linde [5]. The greening of supply chains does not have to be a burden, but could constitute a potential source of competitive advantage [6]. These ideas further ripened in the early 2000s with a growing awareness that GSCM could constitute a business value driver, not just a cost center [7].



The main idea of GSCM is to strive for a reduction in environmental impacts by focusing on a series of R’s throughout the supply chain: Reduce, Re-use, Recycle, Remanufacture, Reverse logistics, etc. [8]. The fields of actions in GSCM include:




	
eco-design and green process engineering;



	
green procurement and purchasing (see [9]);



	
green production/remanufacturing and industrial ecology [10] with minimum energy and resource consumption, a green energy mix, and the application of techniques for product recovery and waste management;



	
circular economy and reverse logistics, and models to share or use products instead of owning them outright;



	
environmental management systems (EMS) or “a collection of internal policies, assessments, plans, and implementation actions affecting the entire organization and its relationships with the natural environment” [11]. Darnall et al. [12] demonstrate that organizations that adopt an EMS more frequently implement GSCM practices, regardless of how long the EMS has been in place. This suggests that EMS and GSCM may complement each other;



	
green logistics, distribution and transportation: From a logistics point of view, advancing GSCM requires a massive re-engineering of supply chains in favor of eco-friendly packaging, eco-friendly transport mode choice, load and route optimization, green distribution networks and distribution hubs, and a modal shift to environmental-friendly transport mode combinations and synchromodality. Modal shift and ‘co-modality’ policies have been implemented by supranational, national, and regional governments aimed at stimulating the use of barges, rail, and shortsea shipping. In the meantime, the terms modal shift and co-modality have made room for the notion of ‘synchromodality’. The Platform Synchromodality defines this notion as “the optimally flexible and sustainable deployment of different modes of transport in a network under the direction of a logistics service provider, so that the customer (shipper or forwarder) is offered an integrated solution for his (inland) transport”. A key characteristic of the concept is that not one single kind of party is leading in finding and implementing a synchromodal solution. Shipping lines, terminal operators, inland terminals, inland transport operators, 3PL companies, shippers, and public authorities all have their role to play in the development of synchromodal solutions. Co-ordination and co-operation between supply chain partners [13] and the use of digital and integrated data solutions are key to support the above fields of actions.








A seaport is a logistic and industrial node accommodating seagoing vessels and characterized by a functional and spatial clustering of cargo transport, storage, and transformation processes linked to global supply chains [14]. Ports, as nodes in extensive global transport networks, and intersections of large bundles of supply chains, create environmental impacts and adverse effects on earth’s climate through their logistics function (i.e., transport, terminal, and warehousing activities) and industrial and semi-industrial function (i.e., goods and energy production, assembly, and recycling activities). Moreover, maritime operations of ships visiting the port and landside connectivity cause environmental impacts. Therefore, ports as nodes in global supply chains have a role to play in GSCM. The emergence of the ‘green port’ concept is closely associated with the growing environmental awareness of seaport actors. Pavlic et al. [15] define green port as ‘a product of the long-term strategy for the sustainable and climate friendly development of port’s infrastructure’. The green port concept means responsible behavior of all stakeholders involved in port management and operations. Doerr [16] provided an overview of policies and strategies for sustainable ports across the world. Lam and Notteboom [17] conduct an exploratory and comparative review of the range of ‘greening’ tools available to port authorities in leading ports of Asia and Europe. Acciaro et al. [18] defined a set of quantitative objectives to evaluate the success of innovations with respect to environmental sustainability in seaports. In business practice, the growing green reflex is mirrored in the many green initiatives of individual ports, and the coordinated actions of the wider port community, as exemplified in Europe by the EcoPorts foundation (embedded in the European Sea Ports Organisation - ESPO). Puig et al. [19] provided a good overview of current environmental issues in seaports and the overall performance of European ports in terms of environmental management.



Finally, it needs to be noted that GSCM in seaports and the ‘green port’ concept mainly focus on environmental and climate change aspects of the sustainability concept. The 2030 Agenda for Sustainable Development of the United Nations, as captured by the UN Sustainable Development Goals, includes 17 goals and, thus, covers a much wider spectrum of sustainability objectives. GSCM in ports primarily helps in the pursuit of Goal 7 (‘Ensure access to affordable, reliable, sustainable and modern energy for all’), Goal 12 (‘Ensure sustainable consumption and production patterns’), Goal 13 (‘Take urgent action to combat climate change and its impacts’), Goal 14 (‘Conserve and sustainably use the oceans, seas and marine resources for sustainable development’), and Goal 17 (‘Strengthen the means of implementation and revitalize the global partnership for sustainable development’). Nevertheless, ports are focusing on all 17 goals and thus go beyond GSCM practices only. For example, International Association of Ports and Harbors (IAPH) launched the World Ports Sustainability Program (WPSP) in 2017 together with The American Association of Port Authorities (AAPA), the European Sea Ports Organisation (ESPO), the International Association of Cities and Ports (AIVP), and the World Association for Waterborne Transport Infrastructure (PIANC). Using the 17 UN Sustainable Development Goals as the foundation, the program wants to enhance and coordinate future sustainability efforts of ports worldwide and foster international cooperation with partners in the supply chain. Next to organizing events, the WPSP program is developing a global database of port related projects on sustainable development to raise awareness, share experiences and provide inspiration.




3. Methodology


The role of seaports in the greening of supply chains forms the core of the presented research. To investigate this role, our methodological approach is based on two pillars: (1) the introduction of a typology on GSCM initiatives that can be developed by port-related actors and (2) an assessment of attitudes and perspectives of these actors on GSCM.



To advance the first methodological pillar, we present a novel topology on fields of actions in GSCM relevant to ports and their actors. Based on extant literature, we present five fields of action for private and public actors involved in port-related activities to pursue GSCM objectives (Figure 1). Section 4 presents a concise and structured discussion of concrete actions in each of these domains of the presented typology, supported by relevant literature for further reading and insights.



Next, the above typology is empirically applied to analyze green actions and initiatives developed by market players and port authorities in the Rhine–Scheldt Delta ports. This port system in the Netherlands and Belgium handled about 925 million tons in 2018 or about a quarter of the total port throughput in the EU28 (Figure 2). Next to being large cargo handling platforms, the ports in the Rhine–Scheldt Delta are home to a large diversity of industrial activities, such as steel plants (ArcelorMittal and Tata Steel), automotive plants (Volvo Cars and Trucks), energy plants, and energy-related industries. However, the largest industrial activity in the Delta is related to petrochemical and chemical companies. The presented application to one of the most prominent port systems in the world not only makes the typology more concrete, but also provides a basis for evaluating to what extent initiatives are effectively planned or have been implemented in each of the five fields of action.



The second part of the analysis focuses on the attitudes and perceptions of port-related actors. To be consisting with the empirical setting of planned and implemented initiatives, we conducted a large-scale survey in the Belgian and Dutch logistics and port industry. The survey was conducted in the period February–May 2019. The questionnaire contained 22 questions that surveyed the relevance, the rate of implementation, the acceptance and support, specific activities, incorporation of the GSCM theme into company management, drivers and obstacles, balance of power, the role of government and administration, key performance indicators, commercial aspects, and the current and future perceived role for each stakeholder in leading the way to green supply chains. Survey software was used to process the answers and to detect differences between respondent groups.



The target group of the survey consisted of a wide range of companies including terminal operators, shipping companies, shipping agencies, logistics service providers, port industry companies, shippers, manufacturing companies, wholesalers and importers, freight forwarders, transport companies, etc. A total of 650 companies were invited to participate in the survey. The list was compiled based on a selection of the members of VIL (Flanders Innovation Cluster for Logistics), input obtained from the port authorities, and the customer database of a major bank active in ports and logistics. Port association Deltalinqs assisted in distributing the survey in the Rotterdam port community. The target group was divided into the following sub-categories: transport companies; freight forwarders; 3PL logistics service providers; shipping companies (including shipping companies, short sea shipping operators, inland navigation companies, shipping agencies and nautical service providers); terminal operators; retail, import/export wholesale companies; manufacturing / industrial companies; IT-providers; and the services sector (banks, insurance, etc.). The survey was made available to respondents through a web-based survey application and supported by an invitation letter.



A total of 93 fully completed surveys were received, implying a net response rate of 14.3%, with mainly transport companies, manufacturing/industrial companies, terminal operators, 3PL logistics service providers, and freight forwarders as the groups best represented in the population (Figure 3). The survey was sent mainly to C-level (Chief Executive Officer, Chief Financial Officer, etc.) or senior management positions. This was reflected in the answers: 57% of respondents were of C-level (or owner), 34.4% consisted of senior management or vice-president level, and 5.4% was composed of people working at managerial level.



Most questions were mandatory and presented several statements. The results of these questions will be presented in percentages. A limited set of open questions was also put forward. In Section 5 we present a theme-based analysis of the survey results with attention for possible linkages between the answers, and differences in the answer patterns among respondent groups.




4. Typology of Fields of Action in GSCM


4.1. Green Shipping


Ships do not only emit harmful substances when sailing. Ships are also major contributors to emissions in ports, even when they are idle or berthed. A study of Organization for Economic Cooperation and Development (OECD) argues that shipping emissions in ports account for 18 million tons of CO2 emissions, 0.4 million tons of NOx, 0.2 million of Sox, and 0.03 million tons of PM10 in 2011. Around 85% of emissions come from containerships and tankers [20]. Next to supranational regulation from International Maritime Organization (IMO), seaports and their actors have a role to play to reduce ship emissions in ports. The main fields of action are related to the following:




	
Reduce ship emissions in ports by decreasing waiting times and the turnaround time of vessels in port: this can be done by, for instance, synchronizing and integrating the nautical chain (which includes pilotage, towage, lock operations, etc.) through optimized vessel traffic management systems. In addition, terminal operators can play a major role to limit the vessel turnaround time at the terminal;



	
Implement green port dues and voluntary green shipping schemes: ports can implement voluntary programs to incentivize ship operators to green their ships. Green ship operators in return receive a benefit, such as a discount in port dues (see e.g., the Environmental Ship Index (ESI) initiated by the International Association of Ports and Harbours (IAPH));



	
Implement cold ironing, shore power supply, or alternate marine power (AMP): Seagoing vessels and barges at berth use shore power for the auxiliary engines instead of bunker fuel. At present, cold ironing is most widespread in the cruise shipping market and ferry business. There are challenges related to the investment cost (terminal and ship), the division of these costs between different stakeholders (shipping line, terminal operator, and port authority), and the break-even cost compared to bunker fuel. Shipping lines are not always eager to invest in the retrofitting of ships as long as cold ironing possibilities are limited to only a few ports of call (‘chicken and egg’ problem). Moreover, the large-scale application of cold ironing in a port might require extensive capacity upgrading of the local or regional power grid. Finally, the environmental advantages of cold ironing depend on how clean the shore-based electricity production process is;



	
Support the transition to liquified natural gas (LNG) as a ship fuel: The systematic literature review in [21] presented perspectives of and challenges for the adoption of LNG as a ship fuel. In the past five years, investments in LNG bunkering infrastructure in ports have really taken off. Quite a few public port authorities are playing a proactive role in facilitating the use of LNG as a marine fuel, often in close partnership with industrial actors [22].









4.2. Green Port Development and Operations


Green port development is about actions in ports that make the port and its environment greener and more sustainable. Within port areas, a lot of greenhouse gases (GHG) are emitted into the atmosphere, mainly due to industrial and transportation activities. Multiple instruments and concepts of green port development and operations exist including:




	
Develop a green concession policy by implementing green elements in terminal concession procedures and contracts [23];



	
Maximize the ‘ecologies of scale’ in industrial clusters. Ecologies of scale are achieved in the (petro)chemical industry when companies utilize each other’s waste material or by-products, such as heat. It would be far more difficult to achieve this when the plants concerned would be spatially scattered. Environmental zoning and co-siting/location can help to achieve these effects;



	
Develop green zones and buffers in the port area with nature forming a shield between heavy port industry and residential areas [24];



	
Develop wind and solar parks and wave energy, combined with Port Energy Management (PEM; see [18];



	
Implement Carbon Capture and Storage (CCS) and fume return systems: the process of CCS consists of three steps, which are capturing, transportation, and storage [25]. Carbon can also be used as a base for other products, i.e. Carbon Capture and Utilization (CCU);



	
Support the production of bio-fuels and bio-based chemicals: A biofuel is a hydrocarbon that is made by, or coming from, a living organism that humans use to power something. Ports that have good access to biomass and a good transportation network can be smart places to locate production facilities for biofuels;



	
Use low-emission or zero-emission quay and yard equipment on terminals (see e.g., [26] on the energy efficiency of terminals and [27] on the economic viability of battery-electric automated guided vehicles orAGV);



	
Reduce idling of ships and inland transport modes and waiting times at terminals through information sharing on the chains via data platform, vessel dependent time windows [28], or truck appointment management solutions or pricing systems (TAS; see e.g. [29] and [30]);



	
Develop green warehousing and distribution activities in ports through optimal location choice, optimal distribution system design, sustainable warehouse design (e.g., LED lighting and smart cooling/heating systems), energy, and material recycling.









4.3. Green Inland Logistics: Modal Shift, Synchromodality, and Inland Terminals


Inland logistics comprises the transportation of goods from the hinterland to the port or from the port to the hinterland via barge, rail, truck, or pipeline. GSCM actions can include the following:




	
Make the multimodal transport system greener by stimulating a modal shift and implement synchromodal transport solutions through pricing (taxes and incentives), regulation on emission standards, information provision to users, a liberalization of freight markets, and infrastructure investments to make certain transport modes more attractive. Behdani et al. [31] and Tavasszy et al. [32] explain their vision on synchromodality as following: a horizontal integration of freight transportation planning, which allows for parallel usage of different transportation modes from origin to destination. Pfoser et al. [33] describe the most important requirements for synchromodal transportation to work: close cooperation of all stakeholders within the transport chain, technical ICT infrastructure to share chain information and optimize logistic flows, and a proper physical infrastructure;



	
Optimize the use of each modality by reducing empty kilometers, the improvement of vehicle utilization rates, and scale increases in transport modes (vessel scale, train length and tonnage, truck platooning, etc.);



	
Implement smart planning by bundling cargo within a company or between companies. The latter demands horizontal co-operation (see [34]);



	
Support the transition to a greener energy mix for transport by imposing minimum emissions standards on vehicles entering the port area (e.g., Clean Truck Program, part of the San Pedro Bay Ports Clean Air Action Plan) and by giving incentives for the use of non-fossil fuels;



	
Promote the role of inland terminals and port-hinterland concepts in GSCM: many market players and port authorities have come to understand that landside operations are key to a successful integration along the supply chain and to move to a greener port-hinterland connectivity. A number of shipping lines extend their scope beyond terminal operations to include inland transport and logistics [35]. Some terminal operators in Europe are also increasing their influence throughout supply chains by engaging into inland transport. They seem to do so mainly by incorporating inland terminals as ‘extended gates’ to seaport terminals [36];



	
Develop new or renewed transport modes in a seaport context, such as underground freight transport (UFT) [37], such as the Hyperloop concept;



	
Implement green inland-focused port dues: port authorities can influence the greening of hinterland transportation activities by applying port dues as a tool, see [38];



	
Develop advanced and integrated traffic management systems for rail, barge and truck;



	
Implement pricing mechanisms and other instruments to spread traffic in time and space: tools such as appointment systems, fixed time windows, peak pricing, or extended (night) opening hours of terminals can lead to a better utilization of terminals and less waiting hours for transport operators [39];



	
Development of pipeline network (intra-port, inter-port and port-hinterland): pipeline networks can be used for transportation of liquids over both short and long distances. Pipeline transportation is cleaner than other transport modes such as truck, rail and barge, and is essential for the development of a circular economy.









4.4. Seaports and the Circular Economy


Preston [40] describes the circular economy as: “restructuring the industrial systems to support ecosystems through the adoption of methods to maximize the efficient use of resources by recycling and minimizing emissions and waste”. Van Dooren and Braam [41] distinguish four focus areas of ports to create a circular economy: (1) minimizing the use of inputs and eliminate waste and pollution, (2) maximize the created value at each stage, (3) manage flows of bio-based resources and recovery of flows on non-renewables into a closed loop, and (4) establish mutually beneficial relationships between companies within each circular chain. In a port context, the main fields of action are:




	
Promote industrial ecology: industrial ecology attempts to optimize waste management by making interactions between stakeholders within the same geographical area stronger (e.g., exchanging materials, water, and by-products). This functions best when industries with synergies are located in close proximity to each other [42];



	
Develop seaports as hubs for recycle flows: ports are well-suited to serve as a hub in international recycling flows due to the already existing seaport infrastructure and international connectivity [43]. Within these hubs, recycling flows are delivered, transformed into new products, and re-exported around the world;



	
Use renewable energy sources: ports are well-suited for the generation of renewable energy, for example, via hydro- and offshore power installations [44].









4.5. Knowledge Development, Information Sharing, and Exchange of Best Practices


This field of actions includes measures that facilitate knowledge development, information sharing, and exchange of best practices in the field of GSCM in seaports. A non-exhaustive list of some areas for initiatives is presented below:




	
Develop interactive environmental and energy information and management systems which enrich business processes with new knowledge about energy consumption and emissions, and lead to a better understanding of activities and processes, allowing stakeholders to better plan their strategies;



	
Co-operate in the framework of port-related associations: port authorities and port-related firms can exchange knowledge and best practices on green ports and green supply chains, and jointly aim for innovation in these fields through a broad range of associations, ad hoc co-operation arrangements, and partnerships of all sorts;



	
Implement environmental strategies of ports combined with or integrated in broader corporate social responsibility (CSR) strategies and stakeholder relations management: Corporate social reporting (CSR) is concerned with learning about the effect an organization has on society and allows the organization to be accountable for these responsibilities. A lot of port authorities, port companies, and branch organizations have developed extensively sustainability and CSR programs to improve the social and environmental performance of the port cluster and to improve communication and exchanges on these topics with a broad range of stakeholders (environmental groups, community groups, the press, government, port users, etc.), see e.g. [45] on Australian seaports and [46] on how port innovation initiatives respond to the CSR goals;



	
Implement sustainability reporting at company, port authority or port industry level: the port industry is adopting this sort of reporting to conceptualize sustainability and as an essential basis for the license to operate ([47]. Mainly larger port authorities have started producing sustainability reports [48]. In 2016, the first Sustainability Report at the level of the European Port Industry was presented;



	
Develop the local knowledge base on GSCM in ports: to drive innovation in the port cluster, actors develop a broad range of local initiatives, such as the setting up of incubators and smart-labs for start-ups and scale-ups, the organization of Hackathon events to create usable software or hardware, co-operation (agreements) with universities and research institutions, and creating a good business environment for research and development (R&D) focused firms, research centers, consultancy firms, and start-ups.









4.6. Empirical Application: GSCM Initiatives in the Rhine-Scheldt Delta Ports


Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8 provide an overview of the fields of action in GSCM in the Rhine–Scheldt Delta ports. The discussion follows the typology of measures, tools, and instruments presented earlier. The (leading) actor or initiator involved is also identified.



In the Rhine–Scheldt Delta, all port authorities are corporatized landlord port authorities resulting from gradual corporatization processes. In practice, this implies port authorities have a public limited company status and have financial and managerial autonomy to develop and implement port strategies. The port authorities in the Rhine–Scheldt Delta, just like many other ports around the world, are pursuing a greening of port management to safeguard their license to operate, to comply with, and anticipate to environmental regulation, and to increase their economic and environmental competitiveness. It has also become a clear mission in the context of corporate social responsibility (CSR) and stakeholder relations management in port areas [49,50]. Other actors include port and terminal operating companies; supply chain and transport organizers, such as forwarders, shipping agencies, and logistics service providers; companies involved in industrial and semi-industrial activities in the port area; associations, government agencies, and non-governmental organizations (NGOs). Furthermore, industry and branch organizations often play an important role in bringing companies together to take joint initiatives in GSCM. Port community associations (e.g., Deltalinqs in Rotterdam, Alfaport in Flemish ports, etc.), branch organizations (e.g., Fedichem, Koninklijke Belgische Redersvereniging, etc.), environmental groups (e.g., Natuurpunt), and community groups of all kinds also contribute to the stakeholder debate on the greening of ports and port-related supply chains. In other cases, private companies (sometimes with different backgrounds) and other organizations (such as public entities) form ‘coalitions of the willing’ to advance the design and implementation of GSCM solutions. These coalitions are associated with new models of governance to build trust among the parties involved and to achieve a fair distribution of costs/efforts and revenues/returns [51,52,53,54]. Finally, service providers (such as banks, insurance companies, classification and certification societies, rating agencies, IT companies, and start-ups, etc.), research institutes, universities, and innovation centers of all sorts contribute to the search for novel ways to support GSCM practices in the port context.





5. Survey Results on GSCM Attitudes and Perspectives in the Rhine–Scheldt Delta Port Region


5.1. Greening as a Topic at Corporate Level


Companies’ attitudes towards GSCM can range from reactive monitoring of the general environment management programs to more proactive practices. Kopicki et al. [55] argued that companies can follow three different approaches in dealing with GSCM:




	
the reactive approach: minimal resources are committed to environmental management and the focus is very much on just meeting compliance in terms of environmental regulation;



	
the proactive approach: companies following this approach start to pre-empt new environmental laws by realizing a modest resource commitment to, for instance, initiate the recycling of products, reverse logistics and designing green products;



	
the value-seeking approach: in this case, companies integrate environmental initiatives, and activities such as green purchasing and green transport as strategic initiatives into their business strategy.








Figure 9 presents some indicators on a company’s perspective and attitude towards the greening of supply chains in the Rhine–Scheldt Delta. For almost 70% (69.9%) of the response group, greening has been a topic since before 2015. The same group (67.8%) included this in its corporate mission statement and has expanded into real actions (66.6%) within two years after including it in their mission (2016–2017).



When zooming in on individual respondent categories, it should be noted that the service-oriented companies (LSPs) have been significantly more aware (78% by 2015) and active (80.4% by 2016–2017). Only 68.3% of them had included greening in their company mission by 2016–2017. The producers, manufacturing (shippers), and retailers did not deviate from the generic response group by having it on the agenda (70% by 2015), but a stunning 85% had included it in their company mission by 2016–2017, even though only 50% claimed to have moved to real actions by then.



Also, important to note is that 1 out of 10 still must have a look at the topic (10.8% as from 2019 or not yet), and that even 1 in 5 still must get into gear (19.4% as from 2019 or not yet). Service oriented companies (LSPs) score significantly better with 7.3% (agenda) and 12.2% (action), respectively.



The green topic often (i.e., 71%) is an individual topic at the board or management meetings, which can be considered a good sign (Figure 10). For 7.5% of the respondents, ‘greening’ is never on the agenda and for another 21.5% only once a year. Combined, this means that for 29% the topic is not a very hot one. A further detailed analysis of the results shows that greening is much more part of the corporate DNA when it concerns larger companies.



Another question aimed at identifying in which corporate activity fields greening has been explicitly incorporated. A distinction was made between procurement, manufacturing, planning, transport, and logistics, innovation and investment policy, quality management, strategic management, and HRM. The results point to three domains in which greening has been incorporated for a longer time and for which either a greening project has started recently or has been running for over a year:




	
innovation and investment management (75.3% of respondents);



	
strategic management (69.9%);



	
transport and logistics (65.6%).








Nevertheless, about 14% of respondents state that greening is not an actual topic in the field of transport and logistics. Scrutinizing the various respondent categories, it is noted that mainly shippers and retailers state that it is not a relevant topic yet (20%). It is the only category in which there is a different top three, i.e., procurement is deemed the second most important management aspect in which greening has been incorporated. This however is consistent with the role of such actors in the supply chain. The service industry states that transport and logistics is the number one domain in which greening has been incorporated.




5.2. Types of Green Supply Chain Measures


Companies have a series of alternatives/options available for improving the environmental performance of their supply chains. These alternatives may include technological, process, or organizational characteristics. In an open question, respondents were asked to name the most obvious example of a green measure within the company. The long list of answers was reduced to 14 categories, amongst which five clearly yielded a significant number of answers (Figure 11):




	
Green energy (22).



	
Energy saving measures for transport (20).



	
Energy saving measures for infrastructure (17).



	
Modal shift / intermodal transport (15).



	
Alternative fuels for transport (14).








The best scoring greening measures typically relate directly to existing regulation and minimum standards. Those measures that relate to a real change in behavior or intrinsic motivators score substantially lower.



The survey also included questions on which actor is the driving force behind the development and implementation of green initiatives and how companies actively influence, or are influenced by, their supply chain partners. Virtually none of the respondents (4.3%) states they are fully controlled by suppliers/customers when it concerns greening. Almost half (45.2%) of the respondents state they are fully in control, whereas the rest (50.5%) recognize that greening is a joint effort. When looking at how companies actively direct greening efforts, the top answers are:




	
Imposing specifications (26.9%).



	
Actively stimulating supply chain collaboration (25.2%).



	
Clearly stating that greening is an integral part of the evaluation process (20.3%).








A clear majority (74%) of respondent firms state they are doing more than what has been imposed by their clients. When asking about the drivers that push companies ‘to do more’, 45.1% of the mentioned drivers are directly linked to ‘environment, climate, and social responsibility’. This figure outweighs the other motives to do more, such as reputation/image/marketing (about 17%), strategic decision for long-term growth (15%), and increased efficiency/profitability (12%).




5.3. Main Drivers and Barriers to GSCM


Companies might initiate the implementation of environmental practices due to motivational drivers, such as sales to customers, and regulatory and stakeholder-related pressures. The survey reveals that the main motives of the respondents to aim for the greening of supply chains are of an economic and or social nature, with the following top 5 drivers (Figure 12):




	
Reputation of your company (89.2%).



	
Focus on greening as new value creation activity (73.1%).



	
Influence from society (73.1%).



	
Demand (68.8%).



	
Competitiveness (63.4%).








Almost half of the respondents (49.4%) indicate it is important to attract young(er) employees. The World Economic Forum [56] argues that not opting for green supply chains can negatively affect companies’ cost base and profitability, and that a focus on GSCM is needed to secure revenue growth, achieve cost reductions, develop brand value, and mitigate risks. Still, the survey results give a more diverse picture. Even though 33.3% of respondents see greening as a driver for the profitability of the company, almost an equal number (36.6%) see it as a barrier. As the awareness among consumers and stakeholders about greening is increasing, companies feel the need to show commitment towards a greener production and supply chain without ignoring competitive advantage and positive business cases. Therefore, it is difficult to assess whether an initiative really represents a further greening of supply chains or a “greenwashing” campaign with no or very little impact on the environment.



When also considering the fact that 63.4% of companies surveyed see competitiveness as a clear motive to engage in greening (Figure 12), it could be concluded that greening indeed is required to maintain one’s competitive edge, but that at the same time not everyone is convinced that it contributes to the company’s profitability. This issue was further addressed by using another question in the questionnaire, i.e., do greening measures also yield earning opportunities? Figure 13 shows that more than two-thirds of the respondents see earning opportunities arising from new greening activities. Even though the group sees fewer chances into building on existing services and products, still, some 60% (59%) believe one should not just get rid of the old. It is furthermore hopeful to note that two-thirds (66.6%) of the population does not consider greening to be a cost only.



In summary, companies cannot blindly roll out green initiatives as part of GSCM. Investment recovery is often cited as a critical aspect of GSCM. Logistics and supply chain managers have to balance efforts to reduce costs, improve service quality, increase flexibility, and innovate while maintaining good environmental (ecological) performance. When deciding on green initiatives, companies take into account the above strategic performance requirements, which may not be environmentally based, such as cost, return on investment (ROI), service quality, and flexibility. In other words, green initiatives should not only best support the green supply chain, but also result in a positive business case. Otherwise, the competitive and financial position of the company might be negatively affected.



When considering the barriers, it should be noted that the top three show less pronounced results as those noted under drivers:




	
uncertainty about continuity of funding and innovation stimuli from policy makers (46.3%);



	
uncertainty whether the preferred greening solution is future proof (44.1%);



	
profitability of the company (36.6%).








Additionally, climate ambitions both on a local (national/regional) (45.2%) and international and European (43%) level are seen as drivers, even though they both have a large number of the population that is undecided (43%).



Financial incentives or penalties given by public authorities (such as subsidies, tax breaks, etc. for green investments or penalties for non-compliance) or by private service providers (such as a commercial bank providing favorable loan conditions for green investments) are often very important in investment or divestment decisions and to achieve investment recovery. However, the survey shows the business world is very sensitive to coherence and continuity in the developed policy, the legal (un)certainty of implemented policies, and the enforcement of policies through inspection and control. As many investment decisions have a medium to long-term payback time, any changes in government policy (for example, the abolishment of a subsidy scheme for certain green investments) can have large ramifications on the soundness of the initial corporate decision related to a green initiative. Thus, government policies and regulation typically have a significant impact on green strategies, investments, and GSCM initiatives pursued by companies, but should provide legal and investment certainty to the affected companies.




5.4. The Role of Government in GSCM


There is an important role for (inter)national governments and organizations in driving the developments in green supply chains. Governments may act as catalysts for change. The environmental policies of governments and other public entities can have a significant impact on GSCM. These policies typically define the emission and energy targets (global, Europe, national) for economic activities. To reach these targets, a range of instruments and intervention mechanisms are available to public policy makers. For example, financial incentives and penalties of governments and public entities can affect the further greening of supply chains.



The survey contained a question related to the role of government in GSCM (Figure 14). The results show that 87.1% of the respondents state the government has a role as an information provider. This is partially supported by the expectation that the government should impose minimum standards. More than half (54.8%) support this statement, when, at the same time, not a single respondent (0%) thought this to be false. All shipping companies supported this statement. More than half (52.7%) of the respondents think some form of intervention of the administration is desirable, with only about one in five (18.3%) confirming they should not actively engage. Shippers and retailers are the most in favor, i.e., 80%. Taxes as a tool to enhance the greening of supply chains is a contentious issue. Still, the group that recognizes (41.9%) taxes as a tool is larger than the group that is opposed (31.2%). Two thirds of respondents consider subsidies to be beneficial to greening. Especially the consolidated logistics service providers (83.2%) show an interest. The overall results show that business wants government to be a soft enforcer. Companies want government to tell them how to proceed and to be stimulated to do so, but at the same time do not want to be punished too severely if they don’t engage quickly enough.




5.5. Key Performance Indicators (KPIs) for Measuring and Reporting on Green Measures


When engaging in GSCM initiatives, companies are challenged to measure the related performance. Existing literature provides a wide range of classifications, typologies, and overviews of possible Key Performance Indicators (KPIs) that can be used in a GSCM context (see e.g. [57,58,59]). Figure 15 provides insights on the KPIs being considered or used by the respondents. A clear top three emerges:




	
relative emission per delivered effort (e.g., tonkm) or manufactured unit (54.8%);



	
impact on loading factor/utilization degree of vehicles (54.6%);



	
absolute emissions (51.7%).








The large groups of respondents expressing ‘no opinion’ however are somewhat disconcerting. It leads us to believe that these companies are not actively engaged in implementing and following up on KPI’s within their companies. The top three for the larger companies is as follows:




	
relative emission per delivered effort (e.g. ton km) or manufactured unit (70.9%);



	
absolute emissions (70.8%);



	
impact on loading factor of vehicles (62.5%).








SMEs should define KPI’s and implement them to increase their grip on the subject. When asking for other relevant key performance indicators, there were no indicators that collected a significant number of replies. However, indicators such as ‘waste produced’, ‘use of water’, ‘particulate matter’ are worth mentioning.




5.6. To what Extent is Competition Between Ports and Companies Influenced by Greening Actions?


Respondents state that greening mainly has an influence on the company’s own competitiveness (65.6%) and on the choice of the transport mode (60.2%). It is striking that one third of the respondents’ state it does not influence the choice of the port they use, even though the majority do not express an opinion on this statement (45.2%), see Figure 16.



Another striking result is the relatively low score (33.4%) for the statement ‘greening influences my choice of (port)logistics service provider’. Upon closer examination, a distinction can be made between large companies (37.5%), shippers and retailers (45%), and logistics service providers (41.4%) that subscribe to this statement, and more port related companies that remain neutral on the matter, such as the shipping companies (80%), terminal operators (73.3%), and others (81.8%). Finally, about half (52.7%) of the respondents see greening as an opportunity for collaboration.





6. Discussion and Conclusions


Ports are hotbeds for initiatives aimed at a further greening of supply chains. To our knowledge, this paper is the first study providing a comprehensive analysis on initiatives, approaches, and perspectives of port-related actors in a specific multi-port region. While the empirical part of this research focused on the Rhine–Scheldt Delta port region, the conceptual typology of GSCM initiatives and overall findings of the survey can also provide valuable inputs to the ongoing discussions on the greening of port-related supply chains in other port regions around the world.



The long list of initiatives, actions, and projects for each of these domains illustrates that the port communities in the Rhine–Scheldt Delta are determined to reduce the environmental footprint of their activities and to make the transition to a more energy-efficient and circular economy. However, port communities also understand that the challenges remain immense and progress made is not at the same level in all domains of action. The port ecosystems are challenged to drastically decrease their environmental footprints against a background of growth in volumes and investments. This requires drastic and large-scale solutions such as Carbon Capture and Utilization (CCU) and Carbon Capture and Storage (CCS), a further push towards greener shipping, a strong modal shift, and adoption of synchromodality, etc. Ports are part of larger networks and chains; thus, requiring co-ordination and co-operation between the actors involved in these networks and chains, thereby facilitated by technology, governance and business models, and facilitation and regulation by governments.



Port-related actors involved in global supply chains are aware of the sense of urgency to move to greener supply chains. The survey confirms that greening has been put massively on the agenda by the firms between 2010 and now. However, one can still see a gap between words and actions as from the responding companies; roughly one in five is just—or still must—expand into effective action. In addition, actions relate largely to ‘easy’ measures quite often related to regulation and less to serious new innovations or changes in behavior or business models. Companies are keen to provide ‘the right answer’ but a diffuse image on the future, as well as some fear for the company’s profitability, are holding some back. Still, the greening of supply chains does not have to be a burden but could constitute a potential source of competitive advantage. More than two-thirds of respondents see earning opportunities arising from newly to develop greening activities. Two thirds of the respondents do not consider greening to be a cost only.



There are diverse drivers towards the greening of supply chains, such as sales to customers, and regulatory and stakeholder-related pressures. However, companies cannot blindly roll out green initiatives as part of GSCM, and not all market players see GSCM as a business value driver. Companies seemingly are ambiguous on whether greening works positively on profits. Inconsistencies and discontinuity in government policies can lead to uncertainty negatively affecting or delaying green investment decisions and the associated development of business cases. The survey results show that the positive contribution to reputation of the company is a major driver, and in line with this is the ability to attract young employees, and the potential that greening offers for developing new value drivers within the company are highly valued. Governments may or should act as catalysts for change. The survey shows business wants government to be a soft enforcer, relying more on the ‘carrot’ approach instead of the ‘stick’ approach.



Based on the research outcomes, we formulate a number of considerations that should be taken into account by public and private organizations when further pushing the green agenda forward in a port context, particularly in the Rhine-Scheldt delta region.



First, the positive green attitude of supply chain actors involved in ports and their commitment towards a further green development of their activities should be fully recognized and embraced. It is a joint responsibility of the port ecosystems to identify how to rightly tap upon the companies’ underlying wish or nice feeling while ‘doing good’ in order to accelerate actions in the field of the greening of supply chains.



Second, the port and logistics sector is already communicating and exchanging ideas on plans and real achievements in the area of green supply chains. Port ecosystems need to intensify their efforts in this area as it is expected this aspect is going to become even more important in the coming years. The greening of supply chains demands a further mentality shift and joint commitment and dedication of all parties involved. Companies often act in a position of short-term survival. This asks for a continuous joint attention for the concern of individual companies in terms of uncertainty, for the question on how their business cases can be improved, or where compensation can be found for a thin business case or for the risk that other actors stop cooperating. More than ever, market actors will have to call out to other partners in the chains (including final customers) on how they can help companies achieve green corporate and societal objectives. Success typically depends on coordination and co-operation between the actors involved and the availability, use and sharing of data through appropriate (planning) platforms and systems. Risk and uncertainty are serious bottlenecks here, while trust between parties is an important enabler.



Third, progress remains difficult in some areas. While supply chain actors indicate that greening certainly is on their agendas and sometimes already for quite long, real actions sometimes stay behind, especially those that imply new business processes, and even more if this is in collaboration with other supply chain actors. Slow progress in the implementation of certain green initiatives in port-related supply chains does not point to unwillingness or ignorance of the relevant actors. It typically reflects the complexity and co-ordination needs linked to these initiatives and the corporate reality of the ‘business case’ approach.



There are also specific challenges for the industrial function of ports. The environmental impact of seaports is typically significant given the large concentration of activities. However, the clustering of activities in one location can also exert strong environmental advantages. It is imperative that these ’ecologies of scale’ advantages are fully acknowledged in environmental policy. Still, CCU and CCS will be indispensable in view of meeting the CO2 reduction targets. The emerging cross-border and inter-port co-operation on this theme in the Delta is a positive step to bring its implementation to the next level. When it comes to the energy transition, it is important for port ecosystems to explore and contribute to the development of a wide range of initiatives that support a transition to more renewable energy, and not to narrow their focus to only one renewable energy source. Furthermore, port ecosystems are expected to develop further into key locations for recycling activities and the re-use of materials in the context of the transition towards a circular economy. Ports should be given the possibility to fully adopt this role through an appropriate regulatory framework, knowledge development, and infra- and superstructure.



A last set of considerations relates to the role of port authorities. Port authorities in the Rhine–Scheldt Delta are very visible in facilitating the greening of supply chains and the transition to a circular economy and non-fossil fuel-based economy. Examples include voluntary programs to promote the development and use of green ships, extensive coordinated initiatives to enhance a modal shift and synchromodality in hinterland transport, and a whole range of actions and plans in the area of CCU and energy transition. Port authorities should evaluate whether they have a role to play (i.e., will their involvement likely lead to a superior outcome compared to no involvement?), what tools or instruments to use (e.g., pricing, knowledge development/sharing, investment, etc.), and whether they should act as facilitator or entrepreneur. In some cases, port authorities move beyond the pure facilitating role by entering into key investments, particularly in those cases where private investors show more reluctance to do so. While port authorities are very active in materializing the green port concept, one should acknowledge that progress remains difficult in some areas, such as the large-scale implementation of cold ironing solutions for deep sea vessels, or the greening of terminal concession procedures and agreements. Given the position of seaports as key nodes in global supply chains and logistics networks, it is tempting to push port authorities to take up a role as tax collectors for environmental damage caused throughout these chains and networks. Port authorities should not be forced by policy makers at the supranational or national level to act as the convenient tax collectors for the greening of supply chains. Any internalization of environmental costs should target the polluter at the source and cannot lead to an obligation for port authorities to punish for externalities or to reward environmental performance. Obviously, the above point does not imply that port authorities should refrain from launching such schemes on a voluntary basis (individually or together with other ports).
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Figure 1. Fields of action for private and public actors involved in port-related activities to pursue green supply chain management (GSCM) objectives. 
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Figure 2. Port locations and maritime traffic (seagoing) in the Rhine–Scheldt Delta. 
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Figure 3. Survey response population ratio per category. 
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Figure 4. Green shipping. Notes. NSP = North Sea Port; Status: I = implemented, P = planned; Actor: C = consortium with different partners, PA = port authority, TO = terminal operator, BO = barge operator, SL = shipping line, IC = industrial company. 
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Figure 5. Green port development and operations. 
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Figure 6. Green inland logistics. 
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Figure 7. Seaports and the circular economy. 
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Figure 8. Knowledge development, information sharing, and exchange of best practices. 






Figure 8. Knowledge development, information sharing, and exchange of best practices.



[image: Sustainability 12 01688 g008]







[image: Sustainability 12 01688 g009 550] 





Figure 9. The relevance of and focus on greening from a corporate perspective. 
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Figure 10. Rate at which greening is a topic on the board or management meeting’s agenda. 
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Figure 11. Implemented greening measures (number of mentions by respondents). 
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Figure 12. Main drivers and barriers to the greening of supply chains. 
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Figure 13. Yield earning opportunities of green initiatives. 
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Figure 14. The role of government. 
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Figure 15. Relevant KPIs in a green supply chain context. 
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Figure 16. The impact of greening on competition and competitiveness. 
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