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Abstract

Maritime transport plays a crucial role in global trade and tourism, yet it significantly contributes to global
greenhouse gas emissions, posing environmental challenges that demand urgent solutions. This article
explores the innovative concept of maritime green shipping corridors, an emerging strategy aimed at
decarbonising the shipping industry. By analysing the origins of green corridors from urban and
transportation perspectives, the article outlines their evolution towards multimodal, zero-emission shipping
solutions. It highlights the role of international frameworks, such as the International Maritime Organization
Clydebank Declaration, in facilitating the transition to green shipping routes and the proliferation of
zero-carbon fuels. The article also assesses the integration of renewable energy technologies, alternative
fuels, and electrification in port operations, as well as the broader spatial and economic impacts on port-city
ecosystems. With the potential to enhance urban sustainability, promote green logistics, and drive global
decarbonisation efforts, maritime green shipping corridors represent a crucial framework for future research
and policy development. However, the article highlights the need for further studies to evaluate the
socio-economic and environmental impacts on local communities and regional planning.

Keywords
green shipping corridors; maritime transport decarbonization; renewable energy in ports; port-city ecosystem

1. Introduction: Green Corridors for Port-Cities in Transition

Maritime transport serves as the backbone of international trade and the global supply chain but also plays a
pivotal role in the tourism industry. Shipping and ports are also essential elements of the blue economy—a
concept that was drafted at the Rio+20 UN Conference on Sustainable Development in Rio de Janeiro in
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June 2012; it is recognised as a framework for sustainable use of the ocean while balancing ocean-related
economic activities with environmental concerns (Silver et al., 2015)—and play a vital function in maintaining
blue growth across all sectors of the economy (Notteboom et al., 2022). Compared to bulk transportation,
shipping is relatively energy efficient in terms of CO, emissions. Yet, maritime shipping, both for commodity
and passenger flow, raises concerns about human health and environmental issues. Greenhouse gas (GHG)
emissions from the maritime sector represent 2.8% of global emissions (Morante, 2022), with projections
suggesting an increase to 17% by 2050 (Sinay, 2022). The shipping industry faces significant environmental
challenges, including air and noise pollution, vessel discharges, port congestion, and marine ecosystem
degradation (Jagerbrand et al., 2019).

To address these challenges, international frameworks such as the International Maritime Organization (IMO)
2020 and 2050 strategies have introduced tools and approaches aimed at sustainable practices in maritime
operations. One of the most recent and innovative efforts towards decarbonising shipping and zero-emission
fuels is to implement the “green shipping corridors” (hereinafter GSCs) concept, launched officially in 2021.
Figure 1 shows the three phases of the shipping sector’s transition to zero-emission fuels, highlighting the
emergence of GSCs. In this preliminary phase, through national and international actions, learning and R&D,
a complex framework of multiple technologies is tested in pilot projects. By 2023 (Phase 2), it was expected
that technological developments and optimisation in the supply chain would help lower costs and, therefore,
support the proliferation of zero-carbon fuel implementation and smoothen the transition process. In the final
phase, the curve may reach a saturation point where zero-emission fuels become the primary shipping fuel
(Smith et al., 2021).

Within the outlined framework, this article will provide a comprehensive review of the concept, tracing its
origins from environmental, transportation, and planning perspectives, and discuss the potential impact on
land and the sea. The aim is to understand the state-of-the-art studies and map a global taxonomy of the
relatively new phenomenon of maritime green corridors, which can be used as a conceptual framework for
future research lines in sustainable urban and regional studies. This article conducts a comprehensive desk
research methodology to explore the concept and implementation of GSCs. Secondary data were collected
from official documents, policy reports, and academic publications. The analysis incorporates a content review
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Figure 1. Three phases of the maritime industry transition to zero-emission fuels. Source: Talalasova and
Fahnestock (2023, p. 2).
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of international initiatives, such as the Clydebank Declaration, and a synthesis of multidisciplinary literature
from environmental, urban planning, and transportation domains.

The structure of the article is as follows: Section 2 reviews the origins and conceptual foundations of green
corridors (GCs), including urban and transportation perspectives. Section 3 focuses on the definition,
implementation processes, and challenges of GSCs. Section 4 discusses the broader implications of GSCs for
urban and spatial planning and port-city sustainability. Finally, Section 5 concludes with key findings,
research gaps, and potential future directions.

2. Green Corridors: Origins, Concepts, and Definitions
2.1. Urban Green Corridors

The concept of GCs in transportation and shipping is relatively new, but its origins can be traced back to
urban planning and design in the late 19th century. Early examples include Olmsted’'s “Parkways” in the
United States and Ebenezer Howard'’s “Garden City” in England, regarded as pioneering visions of GCs in the
early 20th-century town planning. These greenways were designed to create interconnected systems of
environmental open spaces, integrating green infrastructure across urban and rural areas to combat air
pollution (Hough, 1984). Over time, various movements and visions have emerged to minimise human
environmental impact and preserve essential ecosystems by reimagining the relationship between cities and
nature and linking natural elements into ecological corridors.

According to one of the forerunners of the contemporary GCs, they are “networks of land containing linear
elements that are planned, designed and managed for multiple purposes including ecological, recreational,
cultural, aesthetic, or other purposes compatible with the concept of sustainable land use” (Ahern, 1995,
p. 134). In the literature, there are already many studies on the topic of GCs—especially from the 1990s
onward—mainly from environmental and social science fields. A study by Aman et al. (2022) analysed 406
publications from the Scopus platform (up to mid-2022). Figure 2 shows a co-word analysis of the keywords,
and five main clusters (topics) have been identified: (a) Agricultural land and ecology cluster (in red),
(b) climate change and water conservation cluster (in green), (c) urban design and land use (in blue), (d) GC
and transportation cluster (in yellow), (€) mining and soil erosion (in purple). The authors conclude that
although the concept of GCs is not new, the literature is expanding slowly, and more interdisciplinary
research is necessary.

2.2. Green Transport Corridors

As briefly discussed in the previous section, the significance of urban and ecological GCs is well documented
in the literature (see also Korkou et al, 2023). For this study, it is worth making reference to
transportation-related GCs. What is a transport corridor? Here, the definition of Arnold (2006) is used,
which considers transport corridors as systems with two dimensions:

Physical Dimension: one or more routes that connect economic centres within and across countries;
these routes are composed of links and nodes that interconnect transport services; gateways are
located at endpoints, connecting the corridor to the immediate hinterland.
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Figure 2. Co-word analysis of keywords from Scopus publications (1990-2022). Source: Aman et al.
(2022, p. 2).

Functional Dimension: as connectors between one or more countries or access providers to the sea
for landlocked countries.

Moving from urban GCs to green transport corridors (GTCs), the concept evolves around the re-organisation
of transportation systems regarding efficiency and sustainability issues. The initial ideas of GTCs were
developed in North America and Scandinavian countries, which are traditionally “more environmentally
sensitive.” The initial concept concerned modes of transportation using clean energy (Miliauskaité, 2011).
What interests this study is GTC’s more recent and developed vision in freight transport and supply chain:
GTCs as integrated multimodal, efficient, and sustainable freight transportation solutions (Schroder &
Prause, 2015). Freight-based GTCs in Europe were introduced as part of the EU’s Freight Transport Logistics
Action Plan in 2007: these integrated routes (GTCs) would enable freight to be transported with a reduced
environmental impact via a combination of short sea journeys, rail, road, and inland waterways, and of
relevant technologies, such as information and communications technology used in intelligent transport
systems (European Commission, 2007).

According to the Swedish Logistics Forum, GTCs aim at reducing environmental and climate impact while
increasing safety and efficiency and are characterised by:

e Sustainable logistics solutions with documented reductions of environmental and climate impact, high
safety, high quality, and strong efficiency.

¢ Integrated logistics concepts with optimal utilisation of all transport modes, so-called co-modality.

¢ Harmonised regulations with openness for all actors.

e A concentration of national and international freight traffic on relatively long transport routes.

o Efficient and strategically placed trans-shipment points, as well as an adapted, supportive infrastructure.

e A platform for developing and demonstrating innovative logistics solutions, including information
systems, collaborative models, and technology (Kyster-Hansen et al., 2011, p. 18).
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3. Decarbonising the Global Maritime Sector: GSCs
3.1. Defining the Concept

Following long-term international efforts to reduce the environmental impact of maritime and shipping
activities (e.g., since the 1970s, the International Convention for the Prevention of Pollution from Ships), the
International Clydebank Declaration was launched at COP26 in November 2021, following the
decarbonisation targets set by IMO. The Declaration aims to promote a coalition among ambitious
governments, port(s), and operator(s) to reduce the GHG emissions of shipping routes (zero-carbo emissions
ships) through public and private actions and policy measures. Being an innovative initiative, the first
question here is the definition of “GSCs” and whether it is port-centric or cargo-centric.

For the Global Maritime Forum and Getting to Zero Coalition, maritime green corridors are specific shipping
routes where zero-emission ships’ technological, economic, and regulatory feasibility is catalysed by a
combination of public and private actions (Global Maritime Forum, 2022). Others define such GCs as
innovative systems of creating coalitions of stakeholders—to leverage national interest in the transition to
zero-emission shipping in a way that impacts international shipping (Smith et al., 2021). GSCs are, in fact,
specialised trade routes connecting major port hubs where zero-emission solutions have been implemented
and supported (Talalasova et al., 2022).

Once fully developed, the green shipping corridor entails the different layers between two (major) ports as
schematically drafted in Figure 3. Three main layers can be identified here: ports as nodes (land), shipping
corridors and connectors (sea), and technology (energy, shipping, and land-based). The collaboration between
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Figure 3. Schematic layers of the green corridor concept. Source: American Bureau of Shipping (2022, p. 2).
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stakeholders will then leverage this system by creating a multilayer development plan where all the actors will
follow a common objective(s) towards decarbonising maritime activities on land and sea.

The international organisation C40, which thrives on creating a global network of the world’s leading cities
that are united in action to confront the climate crisis, defines GSCs as “a shipping route on which
zero-carbon emissions ships and other emissions reduction programmes are deployed, and emissions
reductions are measured and enabled through public and private actions and policies” (C40 Cities, n.d.-a,
para. 2). It is worth underlining that C40 has established the Green Ports Forum, which supports ports and
cities in advancing maritime decarbonisation and the broader energy transition. It offers a platform for
peer-to-peer learning, mobilising knowledge, and catalysing policies and programmes. Accordingly,
C40 has created a network of 22 member cities—Auckland, Barcelona, Boston, Callao, Copenhagen, Dubai,
Durban, Guangzhou, Los Angeles, Lima, New York, Newark, Oslo, Rotterdam, Seattle, Shanghai, Singapore,
Stockholm, Sydney, Tokyo, Vancouver, and Yokohama—and their ports and support them in establishing their
green shipping corridor and proposes the following actions:

e Developing special economic zones at the port-city interface to support innovative technologies and
business models in tackling climate change.

e Considering best practices and successful programmes offered by C40 (e.g., Zero Emission Areas
Programme of 2017; C40 Cities, n.d.-b).

e Tackling broader environmental issues by zero-emissions ships and green ports that contributes to
reducing GHG.

e Fostering collaboration among ports and cities and public-private partnerships with the shipping and
port-related industries.

3.2. State-of-the-Art Implementation Process and the Role of Actors

By 2023, 27 countries have signed the Clydebank Declaration: Europe (Belgium, Denmark, Finland, France,
Germany, Ireland, Italy, the Netherlands, Norway, Spain, Sweden, Great Britain, and Northern Ireland); North
America (Canada and the United States); South America (Chile and Costa Rica); Oceania (Australia, Fiji,
New Zealand, Palau, and the Republic of the Marshall Islands); North Africa (Morocco); East Asia (Japan,
Singapore, and Republic of Korea); and the Middle East (UAE; United Kingdom Government, 2021). About
30 initiatives on GCs have been introduced by public and private stakeholders worldwide (Figure 4).
The geography of the announced GCs shows a concentration in North America, (North and Eastern) Europe,
and East Asia, which aligns with the region’s strategies to decarbonise their economy. Yet, there are huge
gaps; being an international sector, maritime transport is regulated by IMO at a global scale, so more
countries should engage for a faster transition to the process of decarbonisation (PierNext, 2022).

Collaboration between governmental organisations and other stakeholders is necessary to ensure a
promising global impact of GCs. A digital platform called Missions Innovation (see https://mission-
innovation.net) monitors GSCs and has mapped various stakeholders looking for partnerships and, therefore,
is interested in forming or supporting such corridors. Here is a selection of these stakeholders for
each category:

e Government or regulatory authority: for example, (a) Port of Antwerp (Bruges), (b)The Research
Council of Norway (investing in R&l and supporting international research to accelerate demonstration
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Figure 4. Global initiatives on GSCs (under development or established). Source: Hervas (2023).

and deployment of zero-emission fuel vessels and new ship technologies in GSCs); and (c) Korea
Maritime Institute.

Class society: for example, (a) ACUA Ocean, a UK-based start-up for zero-emission vessel provider
that seeks the feasibility of a GSC between the Port of Aberdeen and Norway; and (b) ClassNK, a
non-profit third-party certification body based in Japan, supporting stakeholders by providing
knowledge and certifications to initiatives on environmental protection.

Energy provider: For example, (a) Norwegian Hydrogen, which drives the green transition through the
development and operation of green hydrogen infrastructure, aimed primarily towards heavy-duty
transport and maritime customer segments; and (b) Australian-based Oceania Marine Energy, which is
leading the decarbonisation of shipping in the Asia-Pacific.

Knowledge community: For example, (a) C40 Cities (22 in total); (b) Newcastle University; (c) Fiirstenberg
Maritime Advisory; and (d) Institute of the North and SeaAhead in the United States.

NGO: For example, Pacific Environment, a global environmental NGO based in the United States, focuses
on empowering local communities with its Port for People campaign.

Ports and terminal operators: For example, Thames Freeport and Dover Harbour Board in the UK, as
well as the Port of Seattle and Port of Oakland in the United States.

Shipyards and original equipment manufacturers: LR-Shipdesign AG based in Switzerland; Eltronic
Fueltech A/S in Denmark; Azane Fuel Solutions AS in Norway.

Technology provider: Spire Global based in Luxemburg; AMOGY and Zero Emission Industries based in
the United States.

Vessel owners and operators: Viridis Bulk Carriers AS, Amon Maritime AS, and Grieg Ammonia
Distribution Vessels AS from Norway; E&S tankers based in Germany.
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The geographic distribution of the proposed actors shows that (mainly Northern) Europe, the United States,
and, to some extent, East Asia are taking the lead in showing interest in supporting such initiatives.
The multiplicity of interested actors is promising. The knowledge community (including research institutions)
shows a dominant interest in developing green maritime corridors. The balance between governmental,
industrial, and research sectors (plus academia) has yet to be achieved by encouraging more stakeholders
from various categories to collaborate in this initiative.

The world’s first GSC was announced in January 2022 between two major ports in the United States (the
Port of Los Angeles), China (Port of Shanghai), and C40 cities. This partnership between cities, ports, and
maritime industries (including shipping companies and cargo owners) will create the first trans-Pacific GC
in one of the world’s busiest container routes, reduce GHG emissions from cargo flows, and support the
shipping transition to decarbonisation. Based on their Green Shipping Corridor Implementation Plan Outline,
the participants of this corridor strive to reduce carbon emissions from shipping and port activities and to
address local community impacts. Figure 5 illustrates the conceptual framework of the Los Angeles-Shanghai
Green Shipping Corridor, highlighting the collaborative process among key stakeholders and the “gate-to-gate”
approach to emissions reduction. Focusing on emissions reductions at all stages of the shipping life cycle—from
port operations to vessel transit—the corridor adopts a comprehensive approach that includes both on-land
and at-sea solutions. This highlights its dual impact on local air quality and global decarbonisation.

The Los Angeles-Shanghai Green Shipping Corridor represents a pioneering collaboration among key
stakeholders to achieve decarbonisation in maritime transport. Four stakeholder groups—carrier partners,
port partners, cargo owner partners, and all partners—are tasked with specific goals to drive progress.
Carrier partners aim to enhance technical and operational efficiency for participating shipping lines,
targeting the deployment of zero-lifecycle carbon emission ships by 2030. They are also responsible for
developing innovative solutions to improve the sustainability of shipping operations. Port partners play a
crucial role by investing in clean marine fuelling infrastructure, ensuring reliable services for shore-based
power, and reducing emissions from terminal operations. These efforts create the necessary foundation for
adopting green technologies at ports. Cargo owner partners are tasked with contracting shipping services
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Figure 5. Schematic vision of the Port of Los Angeles-Port of Shanghai Green Shipping Corridor. Source: C40
Cities (n.d.-c).
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that use zero-carbon emission technologies, committing to increased adoption over time. They also
advocate for policy measures that make green solutions economically viable. All partners share responsibility
for setting tangible CO, reduction goals, regularly reviewing progress, and identifying pathways for
improvement. Together, they aim to support the feasibility and demonstration of the world’s first
zero-lifecycle carbon emission container ships, fostering innovation and sustainable practices across the
shipping industry (C40 Cities, 2023).

This pioneering Los Angeles-Shanghai corridor is particularly significant as the initial foundation of an
innovative framework for cross-value-chain collaboration starts at the local level: the cities and their ports in
both cases of Los Angeles and Shanghai are run by their municipalities. In this regard, Alisa Kreynes, deputy
director of ports and shipping for C40 Cities, stated at the C40 Ports Forum in 2021:

We work at the city-to-city level, which makes things a lot more efficient than working at the state or
national level. So, in the case of the United States and China, we were able to overcome some of the
geopolitical tensions and complexities that were certainly not in our favour at that time. (LaBrecque,
2023, para. 7)

Therefore, in this example, the corridor is “port-centric” as it initiates from the port level, so the system
priority settings and fuel choices are set based on the air quality issues and local community and
environmental interests in both port-cities (Global Maritime Forum, 2022).

In contrast to the port-centric corridors are the “route-centric” ones (e.g., the West Australia-East Asia iron
ore GC), which are not driven by the ports themselves but may originate from ambitious countries and their
strategic interest, which vary from region to region. Here, GCs can contribute to national goals on sustainability
in the following areas:

e Maritime competitiveness: GC strategy as a tool to modernise the country’s maritime sector and to
secure, future-proof, or strengthen the national maritime competitiveness.

e Energy leadership: GCs enable a country’s transition by securing its position in the future energy market.

e Climate leadership: GCs contribute to the broader decarbonisation agenda and the global climate
movement.

e Innovation and technology leadership: GCs secure the country’'s competitiveness in the global
knowledge economy by entering into a new market for innovation and advanced technology.

o Strengthening trade partnerships: GCs secure national competitiveness in global trade flows by offering
advantageous conditions for trade along significant routes (Talalasova & Fahnestock, 2023).

3.3. Green Shipping Corridors Implementation and Challenges in Energy Transition and Innovation

The implementation of such GCs is associated with adopting alternative fuels, renewable energy technologies,
and the electrification of shipping operations. A significant aspect of establishing GSCs is the integration of
renewable energy technologies within port operations. Ports are increasingly designed to minimise carbon
footprint by optimising energy use and reducing reliance on fossil fuels. This transition is essential for achieving
the decarbonisation goals set by international maritime organisations, which aim to substantially reduce GHG
emissions from shipping activities (Camargo-Diaz et al., 2022). Incorporating renewable energy technologies
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not only supports the operational efficiency of ports but also aligns with broader environmental objectives,
such as those outlined in the European Green Deal, which emphasises the importance of sustainable energy
practices in various sectors, including maritime transport (Ustolin et al., 2022).

Alternative fuels also play a crucial role in the decarbonisation of maritime transport. Fuels such as hydrogen,
ammonia, and biofuels are being explored as viable options to replace traditional marine fuels. Studies indicate
that the life cycle emissions of biofuels can significantly reduce GHG emissions compared to conventional fuels,
showcasing their potential to achieve a more sustainable maritime sector (Q. Wang et al., 2023). Moreover,
the use of ammonia as a shipping fuel has gained traction, although it raises concerns regarding secondary
emissions and environmental impacts that must be addressed (H. Wang et al., 2023). IMO has set ambitious
targets for reducing GHG emissions from shipping, with a commitment to at least a 50% reduction by 2050,
necessitating the widespread adoption of these alternative fuels (Serra & Fancello, 2020).

The electrification of vessels is another critical component of maritime GCs. Hybrid electric systems and
battery-powered ships are being developed to enhance energy efficiency and reduce emissions during
operations (Torreglosa et al., 2022). The transition to electric propulsion systems not only lowers operational
emissions but also aligns with the global push towards cleaner energy sources. However, the initial
investment costs for these technologies can be high, which poses a challenge for widespread adoption
(Y. Zhang et al., 2022). Economic incentives and supportive policies are essential to encourage investment in
green technologies and infrastructure to facilitate this transition (see Qadir et al., 2021, for a review).

4. Potential Implications of Green Shipping Corridors for Urban/Spatial Planning and
Sustainable Port-City Ecosystem

The implications of GSCs for cities and spatial planning are yet vague and to be discovered. However, GSCs
may represent a shift towards sustainable urban development and integrated transport systems. Such
corridors, which facilitate the movement of low-emission vessels and promote sustainable maritime
practices, necessitate re-evaluating urban planning strategies to integrate these corridors effectively into
territory and land use. This integration can enhance urban sustainability, improve connectivity, and foster
economic growth while addressing environmental concerns.

The implementation of GCSs demands spatial planning and policy approaches that align transportation
infrastructure with urban development goals. Jurkovi¢ and Lovokovi¢ (2023) discuss that corridor planning
should focus on creating synergies between transport systems and surrounding land uses, thereby
enhancing the overall development value of cities. This approach ensures that GCs do not merely serve as
transportation routes but also contribute to urban vitality and sustainability. For instance, integrating GCs
can facilitate the development of multifunctional spaces that promote recreational activities, biodiversity,
and community engagement (Z. Zhang et al., 2019). Moreover, planners and decision-makers must ensure
that ports, as nodes of GSCs, are equipped with sustainable logistics infrastructure, including renewable
energy facilities, alternative fuel storage, and electrification systems. Hence, GSCs will impact land use
policies and redesign urban spaces to prioritise eco-friendly logistics hubs, improving connectivity between
ports and hinterlands while minimising environmental impacts. As cities adapt to the increasing importance
of maritime transport, there is a need to reserve spaces for port-related activities and infrastructure that
support green shipping initiatives. H. Wang and Zhang (2020) highlight the importance of evidence-based
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environmental planning in urban areas, which can guide city managers in enhancing and conserving GCs and
ecological networks.

The establishment of GSCs also has implications for regional development. By enhancing connectivity
between urban centres and ports, these corridors can stimulate economic growth and facilitate sustainable
trade. Mao et al. (2023) show that developing international transport corridors (in the example of
China-Europe) can improve regional green economic efficiency as a new overland trade between regions.
Furthermore, the transition to GSCs can catalyse the development of green infrastructure, which is crucial
for sustainable urban planning. Lennon (2014) discusses how green infrastructure can enhance ecological
sensitivity in urban areas, promoting greater biodiversity and improving the quality of life for residents.
Integrating GSC with the urban GCs can facilitate the establishment of ecological networks that connect
green infrastructures, thereby enhancing biodiversity and providing essential ecosystem services.

GSCs can significantly impact the economic and logistical aspects of port-city interactions. Implementing
such corridors encourages the use of advanced technologies and co-modality in freight transport, which can
lead to increased efficiency and reduced GHG emissions (Penela et al., 2012). This shift towards greener
logistics not only aligns with global decarbonisation goals but also enhances the competitiveness of ports by
attracting environmentally conscious businesses and consumers (Song et al., 2023). Also, the development
of green ports can serve as a model for sustainable development, providing valuable lessons for cities aiming
to integrate sustainability into their economic frameworks (Nguyen et al., 2022). The strategic planning of
GSCs can facilitate the integration of renewable energy technologies into port operations. Adopting
renewable energy in ports is crucial for reducing the environmental impact of maritime logistics (Parhamfar
et al., 2023). By aligning green shipping initiatives with urban energy strategies, cities can create a more
sustainable and resilient infrastructure supporting economic growth and environmental stewardship.

Moreover, the governance and management of GSCs require collaboration among various stakeholders,
including governmental bodies, private sector entities, and local communities. The involvement of diverse
stakeholders is essential for successfully realising GTCs, as it fosters a sense of shared responsibility and
collective action towards sustainability (Prause & Schréder, 2015). This collaborative approach can lead to
the establishment of comprehensive policies that support sustainable urban development and enhance the
resilience of port-city ecosystems against climate change.

GSCs can, therefore, represent a complementary effort for the complex and multidimensional concept of
sustainability and sustainable development. Here, it is worth mentioning the three-pillar conception of
sustainability (social, economic, and environmental)—introduced by Barbier (1987) in the mid-1980s, which
today is known as a common view for a model of sustainable development (Purvis et al., 2019). While
conceptualising the GSC, | suggest adding a fourth pillar to the sustainability concept: institutions and actors
(governmental and non-governmental). Therefore, a schematic diagram of the four intertwined pillars for
sustainable development of port-city regions connected to green maritime corridors and green ports is
reimagined, as illustrated in Figure 6.
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Figure 6. The four-pillar dimension of sustainable development of port-city regions connected to green
maritime corridors.

5. Concluding Remarks: Rethinking Ports and Their Green-Blue Connection

The concept of GSCs and their environmental impacts within the broader topic of energy transition in the
maritime sector is gradually gaining attention in different regions of the globe. Such corridors are pivotal in
the ongoing transition towards sustainable shipping practices. They facilitate the movement of vessels
with low-emission fuels and technologies, thereby reducing the environmental impact of maritime transport.
The implementation of GCs is closely linked to the adoption of alternative fuels, renewable energy
technologies, and the electrification of shipping operations.

On the other hand, GSCs create worldwide networks of nodes (ports and port-cities) and links (shipping routes),
which necessitates a complex stakeholder configuration and collaboration. Offering favourable conditions for
accelerated actions in terms of environmental policy, energy production, and shipping operations, GSCs can
function as “special economic zones at sea,” which should be expanded and linked to green ports on land.
This will allow policymakers to enable an ecosystem with regulations and financial incentives to support the
transition, for example, in lowering the cost of green fuel.

If we consider ports as nodes of connections and shipping corridors as links between these nodes, GSCs
may also contribute to the energy transition of port-city-regions worldwide. However, disaggregated and
transparent data is needed to undertake detailed studies on the extent of the state-of-the-art actions of such
corridors and the technological and policy-related challenges. Moreover, being a new and rather complex
global programme, no study is yet available on this concept’s potential (positive and negative) impacts on the
territory: port hinterland, their hosting city, and region. Empirical research is necessary to understand the
spatial implication of the shipping energy transition on land (soil consumption, land use, etc.) and how it will
be integrated (or not) with other GCs (urban and transportation). Although GSCs are turning points in the
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zero-emission transition of the maritime sector and can create clusters of innovation for high-ambition ports
and actors in the global supply chain, it is unclear to what extent local communities can benefit from such
a transition. Here, | have outlined some challenges that raise questions for the future implementation and
success of green maritime corridors, which would also become future research lines:

e Political and governmental support, along with the creation of a transborder collaboration among
different countries: What is the role of regional policy and planning? Can the EU regional framework,
such as the MSP, facilitate cross-border cooperation for implementing GSCs?

¢ A collaborative framework for joint action between various stakeholders: What tools and methods are
needed to encourage cooperation among governments, industry, and academia? What are the
implications for the private operators, and how does it impact the worldwide competitiveness of ports
and shipping operators?

e Technological advancements and challenges: What is the role of the public sector in providing financial
incentives and investing in R&l, start-ups, and the green technology industry?

¢ Interaction between the green maritime corridors, land, and local communities: How can community
leaders be included in the implementation process for a just society?

Despite their potential, GSCs face significant challenges, including high implementation costs, technological
uncertainties, and resistance to regulatory changes. More empirical research is needed to evaluate the
socio-economic impacts of GSCs on local communities and regions. Studies on land use conflicts, soil
consumption, and urban resilience are crucial to understanding how GSCs coexist with other urban green
initiatives. Research on stakeholder collaboration is equally important to identify effective governance
models that balance public and private interests while addressing the needs of vulnerable communities.
Technological advancements in renewable energy, alternative fuels, and electrification must also be scaled
up, requiring robust financial mechanisms and supportive policies.
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