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Executive Summary 

Sustainable and Holistic management of Irish Ports (SHIP) is a 3-year project funded under 

the EPA Research Programme 2014-2020. The EPA Research Programme is a Government 

of Ireland initiative funded by the Department of Communications, Climate Action and 

Environment. It is administered by the Environmental Protection Agency, which has the 

statutory function of co-ordinating and promoting environmental research. SHIP is co-funded 

by the Marine Institute.  

 

As an island nation, Ireland’s ports and harbours are essential for its local, regional, and 

national economies. In 2016, the maritime transport industry represented approximately 85% 

of the total volume, and 56% of the total value of the cargoes transported for export and 

import in Ireland in 2016 (see Ireland's Ocean Economy Report 2019). Furthermore, the 

economic contribution of the shipping and maritime transport services and operations to the 

Irish economy reached €2.3 billion in 2018. In total €697.2 million was generated in GVA 

and it is estimated that 5,055 full-time equivalents (FTEs) were employed in the industry in 

2018. Ports are, therefore, of strategic importance to Ireland. The complex nature of ports and 

the diverse range of activities and stakeholders involved can, however, make sustainable 

management challenging. For example, port activities are likely to expand while ports and 

shipping are simultaneously asked to play a role in decarbonizing the Irish economy. 

 

SHIP will illustrate how these issues may be overcome through the implementation of 

Transition Management and will actively contribute to national efforts to transition towards 

sustainability within these marine sectors. SHIP will specifically assist Irish ports in the 

development of a policy-making framework to help minimise and prevent potential 

environmental damage caused by unsustainable port operation practices.  

 

This document reports on a structured review of the literature on port sustainability. The review 

focuses on identifying key drivers of change that may impact ports and/or port transitions, and 

good practice examples of holistic port management. Key drivers are characterised using the 

Political, Economic, Social, Technology, Legal, and Environmental (PESTLE) framework. 

Issues related to the environment are interconnected with the five other areas of politics, 

economy, society, technology and law For example, the political drivers of change identified 

from the literature include the need for ports to respond to national and international efforts to 

ensure that maritime transport is better accounted for with climate change policies. Economic 
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drivers of port transformations include the continued growth in global trade but also the need 

to recognise how this does not fit with efforts to address climate breakdown and the biodiversity 

loss crisis. Increasingly, the broader social and local responsibility of ports has become a key 

driver placing pressure on ports to do things differently. This is particularly evident when 

combined with the need for ports to address negative local environmental impacts, including 

air pollution. Technological development, particularly in the areas of energy, environmental 

sustainability, and information, has become a major driver of innovation within ports. For 

example, ports are already using artificial intelligence and the Internet of Things to improve 

traffic management. Legal developments, particularly in the area of environmental standards 

in shipping, is also driving changes within ports.  

 

The breadth of these drivers illustrates the complex nature of port management and key issues 

to be addressed within SHIP’s transition management approach. The broad underpinnings of 

SHIP’s approach to transitions as outlined in this document but are explained in-depth in 

working paper 2.  

 

  



 

3 

 

 

Table of Contents 

Executive Summary ................................................................................................................... 1 

1. Introduction ......................................................................................................................... 4 

2. Methodology ....................................................................................................................... 6 

3. Drivers of change in ports and shipping ............................................................................. 8 

3.1 Political ........................................................................................................................ 8 

3.2 Economic ................................................................................................................... 11 

3.3 Social.......................................................................................................................... 13 

3.4 Technological ............................................................................................................. 16 

3.5 Legal .......................................................................................................................... 21 

3.6 Environmental ............................................................................................................ 23 

4. Examples of holistic approaches....................................................................................... 29 

5. Port transition management: the SHIP project. ................................................................ 31 

Bibliography ............................................................................................................................ 33 

Appendix .................................................................................................................................. 46 

 

 

Table of Figures  

Figure 1: Article topics associated with ‘Sustainable Ports’ ..................................................... 6 

Table of Tables  

Table 1: Criteria for article inclusion in Scopus search ............................................................. 7 

  



 

4 

 

1. Introduction 

The sustainable development of ports is rooted in the three pillars of sustainable development 

that embrace environmental, social, and economic goals (Ignaccolo et al., 2018). Port 

sustainable development implies business strategies and activities that meet the current and 

future needs of a port and its stakeholders, whilst protecting human and natural resources 

(Hiranandani, 2014). The main purpose of port sustainability is to seek a safe, socially 

acceptable, energy-efficient, and environmentally friendly port management approach that can 

simultaneously maximise available profits (Hakam & Solvang, 2013). Balancing these interests 

necessitates mediation and open dialogue, meaning practical and multidisciplinary 

management techniques are required to integrate socio-economic, legal, technical, and 

environmental practices (Ignaccolo et al., 2018). 

  

Based on the triple bottom line principle, the concept of port sustainability is generally 

understood as a means of attempting to balance environmental, social, and economic drivers 

of change (Bjerkan & Seter, 2019). This can involve approaches to minimise the negative 

environmental impacts engendered by a wide range of operational and shipping activities 

within the vicinity of ports (Narula, 2014; Shiau & Chuang, 2015), to contribute toward the 

enhancement of people’s quality of life by supporting port activities to satisfy socio-economic 

priorities including, for example, employment opportunities, education for employees and 

communities, and improving social stability of the area surrounding ports (Narula, 2014), and 

to maximise the economic performance resulting from implementing sustainable development 

initiatives, without adversely affecting social and environmental development (Cabezas-

Basurko et al., 2008).  

 

Globally, ports differ widely in terms of size, from very large container ports to very small 

fishing ports, in ownership, including publicly owned and operated, privately owned and 

operated, and charitable trust ports, and in the range activities that take place in them e.g. 

unloading/loading of cargo, cruise ship or passenger ferry terminals, oil terminals (Pettit et al., 

2018; Frantzeskaki et al., 2014; Gilbert et al., 2014; Lozano et al., 2019). Port management is 

not confined to just portside operations, as ports also fulfil a variety of other functions.  For 

example, common functions of a port management authority include landlord, regulator, 

operator, and community manager (Acciaro et al., 2014). Port activities significantly contribute 

to local and regional economies and society, providing a source of economic wellbeing and 

instilling a sense of place and identity for local and wider communities. Furthermore, ports 
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tend to be managed under different forms of port administration and ownership i.e. municipal/ 

local government encompassing all regulation and landlord functions or under mixed public 

and private service provision.  

 

Ports are, therefore, complex systems with varying operations, functions, assets, and 

management mechanisms that are affected by the economy, culture, policies, local 

communities, geographical locations, and wider governance considerations (Lim et al., 2019; 

Nogué-Algueró, 2020), making it difficult to manage and govern ports in an integrated manner. 

SHIP, which is concerned with the sustainable management of Irish ports, will examine the 

potential of using the framework of a transition to overcome potential barriers to sustainable 

development.  

 

Following an in-depth review of the most recently published, relevant academic and grey 

literature we have been able to map the current state-of-the-art for ports in terms of 

sustainability. The review helped SHIP to establish basic background knowledge in the area of 

port sustainability and highlight research studies relevant to our overall project. The research 

questions underpinning this literature review are as follows:  

 

1. What are the key drivers of change in port sustainability and the change responses that 

have been identified in these fields?    

2. Identify examples of good practice in terms of holistic port management.  

3. Identify research gaps in terms of port transformation and sustainability to ensure that 

the academic outputs from SHIP are at the cutting edge of the published literature. 

 

The next section provides an overview of the methodology used for this review. Section 3 

outlines the change drivers for port sustainability that were identified in the review. These 

drivers are characterised using the PESTLE framework. The PESTLE framework is an 

analytical approach to systematically examining the key factors (Political, Economic, 

Sociological, Technological, Legal and Environmental) that are influencing change in a 

specific context. Section 4 highlights examples of emerging responses to these drivers. Section 

5 outlines the SHIP approach to conceptualising port transition management, which will be 

developed in working paper 2 and deployed as a conceptual lens throughout the project to 

identify drivers of change in Irish ports and to help ports develop transition pathways.  

https://www.mssrg.com/ship
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2. Methodology 

A structured review of academic literature on ‘port sustainability’ was conducted to identify 

and analyse the main corpus of published work produced by researchers. To identify relevant 

literature on ‘port sustainability’ the online database, Scopus, was searched using the following 

search string: (“Ports” OR “shipping”) AND (“sustainability” OR “sustainable”). This was to 

scope initially the breadth and depth of articles and their relevance to SHIP. Given that port 

sustainability is a more recent trend, with the rapid deployment of innovation and technology 

outpacing research on the topic, the search was limited to the period 2015-2020 to focus on 

contemporary articles and recent developments in this subject area. The search yielded over 

900 articles.  

 

 

Figure 1: Article topics associated with ‘Sustainable Ports’ 

 

A number of themes (see Fig.1) were highlighted for further exploration. A second search was 

then conducted to examine these themes in more detail using the following search strings: 

(“Ports” OR “Shipping”) AND (“Clean” OR “Decarbonisation” OR “Circular economy” OR 

“Environment” OR “Technology” OR “Resilience” OR “Digitalisation” OR “Digitisation” OR 

“Change” OR “Transition” OR “Transformation”).  

 

To ensure a focus on contemporary articles relating to sustainability, criteria for article 

inclusion was devised and included in Table 1. For example, articles for the environmental, 

energy, engineering and social science sectors were selected and non-related sectors (e.g., 

medicine, health) were excluded. The resulting set of articles was rearranged using the sorting 

by relevance function which is a calculation of how well the text in the documents connects 

with the search string. A database of the top 100 most relevant papers was created. Following 



 

7 

 

the review of the 100 most relevant articles, 80 articles were deemed relevant to SHIP and 

selected for further analysis.  

 

Table 1: Criteria for article inclusion in Scopus search 

Article selection criteria 

Date  2015-2020 

Subject Area Engineering; Environmental Science; Social Sciences; Computer 

Science; Agricultural and Biological Sciences; Earth and Planetary 

Sciences; Energy; Chemical Engineering; Multidisciplinary 

Publication Stage  Final 

Source Type  Journal  

Language  English 

 

This database was reviewed to establish the relevance of these papers to port sustainability. To 

ensure a robust review, a snowball sampling approach was adopted, examining the 80 articles 

for other relevant cited works which were not captured in the initial Scopus searches; this 

resulted in the inclusion of 41 additional articles.  The searches have, therefore, yielded a total 

of 121 papers for in-depth analysis (see Appendix). The corpus of this review represents the 

state-of-the-art in the academic literature. To capture new developments in the field, search 

alerts have been placed on Scopus and new literature will continue to be reviewed throughout 

the project and, if relevant, will be added to academic papers that SHIP will produce in due 

course. 

 

This collation of papers was supplemented by a detailed review of grey literature which 

included:  

1. International and National Law, Policy and Regulations that may impact the 

sustainability of Ports;  

2. Good practice guides on topics germane to the sustainability of Ports; and  

3. Port sustainability case studies.  

 

References to these additional resources are interspersed throughout the paper to support the 

academic review.  
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3. Drivers of change in ports and shipping 

To understand how ports transition towards sustainability, it is necessary to identify the drivers 

of change. These are external or global pressures or local innovations or issues which drive 

ports to change how they operate. These drivers reflect changes in the macro economy, politics, 

population dynamics, natural environment, culture, technological development and 

worldviews. Change drivers have been identified from the literature review and will be 

examined on an on-going basis and in consultation with key stakeholders throughout the 

project. As advised by SHIP’s Steering Committee, the drivers have been categorised using the 

PESTLE framework.   

 

3.1 Political  

3.1.1 Policies  

The sustainability of ports is dependent on the various policies and tools adopted by port, local 

and national authorities. Consequently, the broader political sphere is a key driver of change 

within ports. Ports operate within a regulatory and governance framework that exhibits unique 

characteristics (van Tatenhove, 2016). Their governance and management tend to be 

fragmented and exacerbated by the complexities of international, regional, and national 

regulations. For instance, the IMO and EU are responsible for the safety, security, and 

environmental performance of international and European shipping. In the EU, polices are 

interpreted from the IMO and then adapted by EU member states by national legislation, which 

is then transposed through regional and local regulations (Hiranandani, 2014). Different ports, 

however, may adopt different policies considering the local regulatory, geographical, 

economic, and political background (Papaefthimiou et al., 2017).  

 

In Ireland, the management and development of ports are guided by the National Ports Policy, 

2013, Project Ireland 2040 National Planning Framework, Regional Spatial and Economic 

Strategies and County Development Plans. In the National Ports Policy, ports are categorised 

as Tier 1: Ports of National Significance, responsible for 15% to 20% of overall tonnage 

through Irish ports; Tier 2: Ports of National Significance, responsible for at least 2.5% of 

overall tonnage through Irish ports; and Tier 3: Ports of Regional Significance, smaller State-

owned commercial port companies and all other ports that handle commercial freight (DTTS, 

2013). Three of Ireland’s largest ports: Dublin Port, Port of Cork and Shannon-Foynes Port are 

all designated Tier 1 ports. The national port policy specifies that Tier 1 ports lead the 
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development of future port capacity in the medium and long term, as and when required. The 

Tier 1 designation under the EU’s Trans-European Transport Network (TEN-T) is also of 

significance, as it is on an EU core network corridor and a result qualifies for European 

programme funding assistance. The three largest Irish ports have produced non-statutory plans 

or strategies i.e. Port of Cork Strategic Development Plan Review, 2010; Dublin Port 

Masterplan 2040; and Shannon Foynes Port Company Vision 2041 in line with EU and national 

policy which set out their overall vision and strategic objectives for future development.  

 

3.1.2 Political Discourse 

An example of how changes in ports can be driven by broader political discourses can be found 

in the debates about maritime transport and its omission from climate change protocols and 

agreements. These political discourses focus on concerns that maritime transport remains on 

the periphery of the environment and development policy fields (Pettit et al., 2018). For 

example, greenhouse emissions from shipping are not covered by the Kyoto Protocol or any 

other legally binding international agreement on climate change since (Nogué-Algueró, 2020). 

This negligent approach to reducing CO2 emissions has been attributed to an absence of 

political drive in the shipping sector (Gilbert et al., 2014). Other researchers have highlighted 

the foot-loose nature of the shipping sector and the need for policies and regulations governing 

its externalities to be designed in a way that firms are unable to evade them (Vejvar et al., 

2020). It is also noted that the involvement of multiple actors and agencies in shipping 

contributes to its complex and fragmented governance. It is argued that the ‘polycentricity’ in 

shipping governance results in significant management differences at the regional and local 

scales (Pettit et al., 2018). Political leadership is, therefore, a necessary driver of change in the 

transition to greater sustainability in the port and shipping sectors.  

 

3.1.3 Regulation and incentives 

Whilst ports can voluntarily respond to drivers of change through internal mechanisms, they 

can also be led by regulatory initiatives and decision-making at the government level (Shaw et 

al., 2019; Schrobback & Meath, 2020). For example,the Port of Gävle is located on the Baltic 

east coast of Sweden, approximately 200 km north of Stockholm and is the largest container 

port on the east coast and third largest in Sweden (Carpenter et al., 2018). The port is owned 

by the municipality of Gävle and Gävle Hamn AB, the Port Authority, aims to promote 

sustainable, safe, and efficient port services and traffic flows to and from the region (Lozano 
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et al., 2019). In the Port of Gävle, public policy has been imperative in the development of 

alternative energy sources for shipping. In particular, state-initiated development contracts and 

the opportunity to include emission standards in public procurement contracts have been 

instrumental in forcing ship-owners to be innovative to comply with the requirements (Lozano 

et al., 2019). Development contracts and green public procurement in addition to national 

climate policies and emission standards have also proven successful in Norway’s transition 

from fossil fuels in coastal shipping (Lozano et al., 2019). As suggested by Vejvar et al. (2020) 

any policy (national policy in particular) addressing sustainability in shipping should aim to 

balance economic viability and external impacts of shipping, possibly by exploring incentives 

that aim to offset associated costs. Policies should be devised to ensure port users do not try to 

evade them or move from overregulated hubs to areas with less intrusive regulations (resulting 

in customers look towards other, less-regulated modes of transportation. The right incentives 

must be embedded within regulatory initiatives so that ports have the necessary technological 

and operational measures to actively promote sustainability (Vejvar et al., 2018). Policy actions 

and regulations are not straightforward tasks due to the increased complexity of port operations, 

yet examples such as eco-ports and green ports demonstrate that initiatives can address growing 

port sustainability concerns (Wu et al., 2020). 

 

Further regulatory responses include short sea shipping initiatives, which have been 

championed by the European Commission. Strengths of this approach include geographical 

advantages, particularly within Europe where there is a coastline in excess of 67,000km and 

60–70% of its industrial and production centres are located within 150–200 km of the coast, as 

well as financial advantages concerning efficient management of human resources and 

environmental benefits from lower emissions (Šimenc, 2016). Despite this, there is a range of 

challenges to the successful expansion of short sea shipping. Primarily, these can include 

heightened complexity and congestion within ports, the need to shift or redefine a port’s 

corporate culture, a requirement of enhanced resources and funding to implement new and 

innovative communicative technologies and information systems, as well as the 

operationalisation of new customer service approaches (Michaelides et al., 2019). 

Additionally, academic literature has argued that the concept of short sea shipping has not been 

well defined and that the market potential for the modal shift from land to sea has been 

overestimated. 
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3.1.4 External political developments 

In addition, exogenous political developments can drive change in ports. For example, Irish 

ports are currently monitoring the potential impact of Brexit on port activities from both a 

national and EU trade perspective. Notwithstanding this, border controls have had to be 

introduced resulting in several infrastructural developments. For instance, Dublin Port 

Company has constructed custom inspection facilities, increased the capacity of their internal 

road network and introduced new internal traffic management measures (Dublin Port 

Company, 2021).  

 

3.2 Economic  

3.2.1 Globalisation 

Growth in global trade is driving an increase in maritime business and, consequently, port 

development and expansion. The maritime industry accommodates 90% of global trade by 

volume and 70% by value is one of the largest and globalised industry sectors in the world 

(Asgari et al., 2015). International seaborne trade is expected to rise, driven by continued 

growth in world merchandise trade. This continued growth provides is an opportunity to drive 

change within ports. With the expansion of trade and corresponding growth in ship sizes, many 

ports have had to invest significantly in modernising port facilities and infrastructure including 

dredging channels, improving transport links and provision of new cranes (Carpenter et al., 

2018). 

 

3.2.2 Sustainable supply chain 

As the importance of sustainability within ports has been increasingly appreciated within 

academic and policy circles, the sustainable management of supply chains has become the 

driver of change in many ports (Hiranandani, 2014). A sustainable supply chain can be defined 

as the management of information, operations, funds, and resources to maximize economic 

efficiency, maximize social welfare and minimize environmental impacts (Satir & Doğan-

Sağlamtimur, 2018). Specifically, regarding the economic and social dimensions of 

sustainability, a sustainable supply chain will attempt to maximise port operations by 

improving cost-effectiveness and the working conditions of employees. This can mean that 

ports are capable of establishing balances between their roles as coastal stewards, facilitators 

of commerce and transportation, as well as members of their respective communities 

(Goulielmos, 2000). 
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3.2.3 Regional impacts 

Ports are also local and regional economic hubs and attract businesses such as distribution 

centres or warehouses, to be located close to ports to reduce transportation costs. Other 

businesses providing supporting maritime services such as ship agencies, stevedoring and 

third-party logistics are also drawn to port areas. This type of maritime/ port clustering 

contributes to economic growth and local employment (Chen & Lam, 2018). Port users, 

terminal operators, and port employees spend money in this area which leads to direct and 

indirect multiplier effects on the economy, contributing to national GDP (Liu et al., 2019). As 

ports and their usage have significant impacts on their surrounding environments, i.e., city, 

hinterlands, and forelands, they need to provide facilities and services for ships that minimise 

adverse environmental, social, and economic impacts (Lam & Yap, 2019). Improving port 

infrastructure and responding to the needs of industries can help to enhance the efficiency of 

port operations, providing greater certainty to industries and increasing their capacity to 

contribute toward wider sustainable development. For example, this can be achieved by using 

technology that assists ports in better planning and coordination with other ports therefore,  

reducing delays and emissions.    

 

In Ireland, the future development of ports is focused on their capacity to deliver infrastructure 

and services to meet expanding trade and economic growth in a global market, as well as 

meeting the development needs of national, regional and local economies. For example, a 

review of the Dublin Port Company Masterplan 2012-2040 was conducted in light of 

unanticipated economic recovery leading to a growth in Dublin Port’s volumes of 30.1% in the 

five years to 2017 (Dublin Port Company, 2018). As a consequence, Dublin Port is now being 

developed according to anticipated capacity requirements to meet an average annual volume 

growth (AAGR) of 3.3% over the 30 years from 2010 to 2040 rather than the 2.5% originally 

assumed in 2012. Similarly, for Shannon Foynes Port Company, its location on the Shannon 

Estuary and its capacity to accommodate Panamax and Post Panamax vessels is recognised at 

a national level as being fundamental to Ireland’s economic prosperity and global trading links 

(Shannon Foynes Port Company, 2013). 

 

However, unlimited economic growth and further port developments are not compatible with 

efforts to address climate breakdown and biodiversity loss. In this context, there should be 

further discussion and research into alternative economic models which do not focus on 
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continuous growth and exploitation of natural resources. As suggested by Nogué-Algueró 

(2020), a blue de-growth model advocating a sustainably planned cooperative port system, the 

downscaling and control of traffic levels, and the relocalisation of production as an alternative 

to the increasing pressures exerted on society and the environment by port and shipping 

activities ought to be considered. Pettit et al., (2018) highlighted the need to re-think the 

volumes of growth in port and shipping activities. They also envisaged the relocalisation of 

production as a realistic alternative to the current system of globalisation. They expected the 

physical transportation of materials and goods over long distances to be replaced by spatially 

bounded circular economies. In this sense, responding to the climate and biodiversity crises 

through de-growth may become a driver of change with ports.  

 

3.3 Social  

3.3.1 Corporate social responsibility 

Corporate social responsibility and local community engagement are an increasingly 

significant driver of change within ports. With increasing awareness of the effects of 

anthropogenic activities including a rise in global CO2 emissions, climate change and 

biodiversity loss, ports are under growing pressure to comply with regulatory and societal 

requirements for operational sustainability. It is recognised that the more sustainable ports are, 

the more likely they are to attract support from the government, local communities, investors, 

and the general public (Wu et al., 2020b). Furthermore, shipping companies are choosing ports 

operating at a higher level of sustainability compelling other ports to take action (Lim et al., 

2019). Customers of shipping services are also demanding greater environmental sustainability 

from their service providers (Lam & Lai, 2015). Due to the competitive nature of the shipping 

industry and the corporate image of some of the multinational enterprises requiring the 

shipment of large quantities of cargo around the world, shipping firms are under pressure to 

meet the sustainability demands of their customers. As a result of these pressures, several ports 

have made efforts to reduce their reputational risk by improving their sustainability 

performance (Ashrafi et al., 2019). This has required ports to make significant investments in 

corporate social responsibility which is regarded as a strategic tool to place shipping on a 

sustainable pathway (Fasoulis & Kurt, 2019).  

  

Corporate sustainability is most widely used to refer to an organisation's approach to creating 

value in social, environmental and economic spheres in a long-term perspective, supporting 
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greater responsibility (Kang & Kim, 2017). Corporate sustainability is increasingly 

acknowledged as an essential component of port strategies (Ashrafi et al., 2019). Due to the 

manner in which governments, port customers and local communities are becoming more 

aware of the negative external impacts of port operations, several ports have instigated 

movements to reduce their reputational risk by improving their sustainability performance 

(Satir & Doğan-Sağlamtimur, 2018). For ports to be able to create value for society and the 

environment whilst balancing profitability and growth, academics argue that corporate 

sustainability should be fully embedded into ports’ business planning and processes (Kang & 

Kim, 2017). 

 

Corporate social responsibility has been recommended as a tool for organisation change. It has 

the potential to help a port evolve into a more sustainability-oriented organisation as part of an 

iterative process which drives systemic change (Santos et al., 2016; Fasoulis & Kurt, 2019; 

Ashrafi et al., 2019). When addressing sustainability change, stakeholder engagement is 

recognised as a key element. Ports should therefore consider engaging with external customers 

(i.e., carriers) and supply chain partners (i.e., terminal operators, truck companies, and 

stevedoring companies) with internal sustainable management procedures to improve their 

sustainability performance (Lu et al., 2016). For internal sustainable management systems, a 

sustainable development vision, goals, regulations and clear organisation of responsibility are 

recommended. Staff training should also be included.  

  

3.3.2 Stakeholder engagement  

Collaboration with external stakeholders can have a positive impact on a ports internal 

sustainable management system. For example, collaboration can lead to synchronisation of 

efforts and actors within the port, enabling efficient resource management and planning. This 

can help to avoid delay such as ships having to wait to enter or leave the port because not 

enough tugs or facilitators are available (Arjona Aroca et al., 2020). In this context, all potential 

port impacts on society and local communities should be considered as part of wider economic 

and environmental issues to promote a holistic approach to sustainability.  

 

As successful innovation in ports is dependent on collaboration – not just amongst port 

operators, but with research and local communities as well – many academic studies have 

suggested that ports can act as stewards of equality and social justice (De Lara, 2018). For 
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instance, some innovative measures are created to give back to local communities (Acciaro et 

al., 2014; Di Vaio et al., 2018), to support the continued conservation of maritime heritage 

(Gravagnuolo et al., 2019), to evolve existent industry (Schrobback & Meath, 2020) and to 

create a more efficient port that is both economically and environmentally working for all 

(Nursey-Bray, 2016; Ignaccolo et al., 2018).  

  

In the context of port cities, the port and city are no longer regarded as two separate entities 

(Lam & Yap, 2019). They are interdependent and their activities have an impact on each other. 

As a result of this symbiotic relationship, the sustainability aspects of the port are of direct 

interest to city businesses and residents. There needs to be balanced development in terms of 

spatial resources, economic networking, industrial layout and ecological environment (Liu et 

al., 2019). Sustainability and sustainable development must therefore be a shared aim for any 

port-city relationship.  

 

To encourage greater stakeholder engagement, it is important to have a good communication 

strategy. This should involve the port sharing sustainability information with its customers as 

well as the wider community. Similarly, shipping companies should be encouraged to share 

sustainability information with its customers to allow them to make fully informed choices. 

Various channels can be used to share sustainability information such as financial or 

sustainability reports, webpages, stakeholder events, social media and tendering and 

procurement material (Yuen et al., 2018). The widespread availability of sustainability 

information will increase transparency and trust among all stakeholders. Ports and shipping 

companies should also use this opportunity to expand their reputation and expertise in 

sustainability management, showcase their integrity on implementing sustainability, and 

display benevolent behaviour towards sustainability. 

 

In a recent study conducted by Lim et al. (2019), it was determined that engagement with local 

stakeholders was lacking in a review of port sustainability. As part of their survey work, the 

researchers found that few reflected the opinions of local groups regarding port sustainability. 

The researchers contended that although published research verified the importance of public 

relations with port economic performance, there was little evidence to suggest the engagement 

of local stakeholder in green port planning and management. While a wide range of articles 

discuss the importance of measuring the sustainability performance of ports and the use of 

indicators, these are irrelevant if key stakeholders are not involved in the sustainability process. 
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It is acknowledged that the criteria for performance evaluation are different among ports, 

therefore, a model or tool which reflects both international evaluation criteria and port 

characteristics could present an opportunity for further research.  

 

In Ireland, the three largest ports have Corporate Social Responsibility (CSR) commitments 

and implement several management systems including ISO 14001 for the environment, ISO 

50001 for energy, OHSAS 18001 for occupational health and safety and are compliant with 

European Sea Ports Organisation (ESPO) EcoPorts criteria as well as the International Code 

for Safety and Environmental Management in Ports (IPSEM) by the international organisation 

Bureau Veritas. In terms of community engagement, Irish ports through their CSR policies, 

support local communities in the areas of education, sport and community events.      

 

3.4 Technological  

Advancements in technology and innovation are also acknowledged in the concept of 

sustainability (Karlsen et al., 2019), with academic literature highlighting the need for ports to 

find innovative solutions that can respond to pressures from competitors, customers, and 

regulators, or risk losing vital opportunities for growth and sustainable development. New 

technological innovations have been referred to as the fourth industrial revolution and are 

increasingly used in everyday life as part of social, economic and environmental activities. This 

new or fourth industrial revolution connects industrial processes and technologies, as well as 

business processes with new information and communication technologies (ICT) (Fruth & 

Teuteberg, 2017). Technological advancements have always been supported in the maritime 

sector. As reported by Geels (2002), one of the first examples of technological revolution was 

the advancement of sailing ships to steamships, 1780-1900. In recent decades, port operations 

have adopted the use of information systems to enable more transactions to be carried out 

electronically or digitally (Heilig et al., 2017). Currently, ports are now being driven by 

innovation in the areas of energy, environmental sustainability, and technology. This involves 

incorporating a range of initiatives including SMART technology which uses artificial 

intelligence, machine learning and big data analysis to increase efficiency and effectiveness of 

port activities and shipping (Heilig et al., 2017; Chen et al., 2019). ‘Smart’ ports use modern 

information technologies to ensure better planning and coordination between other ports and 

thus reduce delays and emissions.     
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Examples of technology and innovation already in use within ports and shipping include marine 

data collection and analysis involving satellite imaging and remote sensing; vessel and traffic 

data management including GPS navigation; automatic identification systems (AIS); and 

cybersecurity and automation including radio-frequency identification (RFID) in shipping 

containers. It is anticipated that port logistics, maritime traffic and vessel management will be 

further improved with the advent of artificial intelligence, the Internet of Things and other 

technological solutions (Gilbert et al., 2014; Berg & Hauer, 2015; Ghaderi, 2019; González-

Cancelas et al., 2019). It will be possible to fully digitalise and globally network maritime 

transport through smart containers and a single networked information system with all port 

vehicles, machines and devices interconnected and in communication with each other (Fruth 

& Teuteberg, 2017). Similarly, ships can be equipped with onboard sensors and transmitters to 

share operational data with ports and detect any faults or errors that could potentially result in 

delays or hazards. This allows for any necessary maintenance work to be scheduled ahead of 

port arrival. 

 

Movements toward digitisation have also grown in prominence in recent years, with digital 

transformation being advanced as a central means of responding to many ports to changing 

environmental, social, economic, and technological conditions (Shaw et al., 2019). Digitisation 

refers to the process of converting analogue sources into a digital form and involves applying 

digital techniques to broader social and institutional contexts. Current enablers to digitisation 

involve novel IT delivery models (cloud computing), pervasive computing (Internet of Things), 

blockchain and tools to support real-time data (big data, machine learning) (Langenus & 

Dooms, 2018). 

 

3.4.1 Increasing efficiencies  

The objective of most global ports is to establish efficient flows of productivity so that 

economic benefits can be maximised (Acciaro et al., 2014). For long-term economic success 

to be achieved by ports, particularly in the face of uncertain challenges or shocks, operational 

goals must be approached with a focus on sustainability and resilience (Kang & Kim, 2017; 

Vejvar et al., 2018). Evaluations of global ports have demonstrated how the sustainable 

development of ports, as well as their capability to efficiently respond to unforeseen challenges, 

is dependent upon their use of innovative strategies and solutions. Put simply, innovation 

involves the implementation of new technologies and alternative approaches to port 
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management that have the potential to realise opportunities and benefits that are otherwise 

unattainable (Bosman et al., 2018). Importantly, for ports to grow and sustainably expand their 

outputs, academic literature illustrates how innovation must be trialled across all port sectors 

and dimensions. This can involve innovative solutions being used to tackle energy production 

and storage challenges, traditional shipping concerns and waste management issues. However, 

innovation requires more than the simple installation of new technology or tools. Collaboration 

amongst port stakeholders is key for both innovative action and implementations to flourish, 

with clear examples of this being seen within more ambitious and enterprising ports throughout 

the world, e.g., Port of Rotterdam and Port of Hamburg as two European examples (Langenus 

& Dooms, 2018). The Port of Rotterdam, during the period 2015-2017, established a transition 

arena/ forum involving the participation of internal and external stakeholders to the port area 

in  the development of a transition pathway towards a circular and bio-based economy. This 

resulted in the establishment of a dedicated transition unit and a change in investments from 

fossil fuel products to a more bio-based and circular Port of Rotterdam (Bosman et al., 2018). 

The Port of Hamburg has been embracing technological interventions since 2010 when one of 

their terminal operators introduced automated guided vehicles powered by battery alone 

(Acciaro et al., 2014). The level and scale of innovation that a port can support will depend 

upon their governance structures and approaches to sustainability that they are led by. 

Academic and grey literature has demonstrated this, suggesting how some ports are at risk of 

being left behind by neglecting innovative solutions and failing to take risks by trialling 

alternative measures to emerging challenges (Uche-Soria & Rodríguez-Monroy, 2019). 

 

3.4.2 Potential barriers to technology 

Whilst movements toward digitalisation will prove crucial for the sustainable development of 

ports, initiatives often require structural changes to be realised and can take long periods of 

time to be adopted (Heilig et al., 2017). Moreover, digital innovation may require government 

intervention to take off and private investments in innovations are quite risky due to market 

imperfections, risks of being locked into technologies that may prove unsuccessful and the 

interdependency among sector players (Acciaro et al., 2014). Ultimately, the success of digital 

transformation lies not only in using advanced technologies and methods but also in the 

adaption of organisational aspects (Heilig et al., 2017). It has been indicated that a crucial 

success factor of those initiatives is not only a good alignment between the port strategy and 
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the digital strategy but also the acceptance of port actors to cooperate and collaborate (Cheon, 

2017). 

 

Although unexpected at the time of implementation, technological innovations may fail to 

realise their potential and can become redundant (Heilig et al., 2017). This can cause significant 

economic damage to ports, as outdated and out of use technologies must be removed before 

alternatives are assessed. To avoid such scenarios, sustainable ports strive to operate in a 

manner that is conscious of the propensity of technological advancements to collapse and aware 

of the impact that this can have on wider port operations (Hou & Geerlings, 2016). Research 

and development programmes can be used to pinpoint specific technologies that are interpreted 

as being sustainable, cost-effective and efficient in their operation (Innes & Monios, 2018; 

Langenus & Dooms, 2018). Such technologies can then be slotted into preselected positions, 

ensuring that new technologies are capable of offering scalability and can function as integrated 

solutions that fit a port’s size, location and overall needs. As such, should they fail in the future, 

they can be more efficiently removed and replaced than more structurally embedded 

technologies. Dynamic and flexible flows of innovative implementations can mean that ports 

are continuously improving; reducing losses and redundant costs, increasing employment 

opportunities, supporting new sustainable initiatives, efficiently and effectively reacting to 

potential opportunities and declines, and making use of horizon scanning programmes that can 

reveal where and how ports can move next (Heilig et al., 2017, Laxe et al., 2017, Wang et al., 

2016). 

 

3.4.3 Benefits of technological innovation 

Environmental innovation can also enable ports to test novel solutions to address 

environmental problems, including the use of Augmented Technologies to locate and enhance 

pollutants or environmentally harmful objects by computer-generated perceptual information 

(Karslen et al., 2019). Augmented Technologies have also been utilised to revolutionise marine 

maintenance services within ports, as augmented reality simplifies troubleshooting and speeds 

up the service and repair works (Langenus & Dooms, 2018; Md Sapry et al., 2020). It can also 

support more efficient and greener inspections, alignment measurements, on-site machining, 

shaft straightening and newbuilding commissioning (Chen et al., 2019). Ultimately, the 

challenge of implementing innovative change in sustainable ports is to create ecosystems or 
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interconnected systems, communities of interest and practices that make the whole system 

smarter and more responsive to change. 

 

Technological innovation should be embraced by the ports and shipping sector. Based on the 

recent research by Schwartz et al. 2020 (2020) annual emissions of shipping can be reduced by 

74.62% with a combination of operational (22.35%) and technical (52.27%) solutions. These 

solutions include voyage optimization, slow steaming and cargo coordination in operations and 

hull design, propulsion, alternative fuels and alternative energy sources for technical solutions. 

The researchers recommended starting the change towards more environmentally friendly 

shipping by 2020 so that the fleet gets naturally replaced with environmentally sustainable 

vessels by 2050. Other technological innovations include creating circular economies (Van 

Den Hanenberg, 2015; Carpenter et al., 2018; Gravagnuolo et al., 2019; Karimpour et al., 

2019) as well as digitalisation and automation (i.e. unmanned vessels, remote operation, 

unattended machinery spaces etc. managed through information technology) of ports and 

shipping. 

 

It has, however, been argued that the concept of sustainable development is often narrowly 

interpreted as a process of implementing “techno‐centric” fixes to port problems (Wu et al., 

2020). Technological fixes, such as changes of land use or the introduction of new technology, 

are rarely capable of exclusively responding to all issues facing ports, particularly when 

problems are associated with organisational change processes (De Lara, 2020). Conversely, 

port sustainability is dependent upon ‘fixes’ that can effectively address a combination of 

economic, environmental, social and organisational changes in an inclusive manner. Port 

changes commonly require socio-political change and political willingness (Hou & Geerlings, 

2016), which can render technological approaches ineffective or inappropriate for sustainable 

development. 

 

In the three larger Irish ports, there is a lack of information publicly available on technological 

advancements. For example, while it is recognised in the Dublin Port masterplan review that it 

has the potential to become a testbed for smart mobility and technology there is no specific aim 

or actions to achieve this outcome apart from exploring opportunities in the context of Dublin 

City Council’s Smart Dublin initiative (Dublin Port Company, 2018). Shannon Foynes Port 

Company has also identified the use of new and developing technology to increase its 

throughput. However, aside from the promotion of the port as a strategic location for the 
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development and facilitation of offshore renewable energy, tangible actions are absent for 

embracing innovation in port operations and activities. For example, there is no reference to 

the emergence of automation, artificial intelligence or SMART technology. This could 

represent a missed opportunity for Irish ports in terms of increasing efficiency and 

competitiveness with other international ports. This can be followed up with each of the three 

main ports as part of the next stage of the research.  

 

3.5 Legal  

3.5.1 International legislation 

Development in international and national law across a wide range of issues, but particularly 

transport, can also drive change in ports. The International Maritime Organization (IMO) is the 

agency responsible for the prevention of marine and atmospheric pollution by ships as well as 

the safety and security of shipping. Since 1958, the IMO has been charged with the 

development and maintenance of a regulatory framework for the shipping industry (Innes and 

Monios, 2018). In 1973 the IMO adopted the International Convention for the Prevention of 

Pollution from Ships (MARPOL) to prevent pollution of the marine environment by ships from 

operational or accidental causes. Since then, the IMO has slowly introduced different 

regulations to reduce emissions in sea transport, through various annexes to the MARPOL 

convention. These apply to ballast water, oil spills, emissions and invasive species (Gonzalez 

Aregall et al., 2018).  

 

In 2005 MARPOL Annex VI was implemented to prevent air pollution from ships. The aim 

was to reduce air pollution by placing a limit on NOx, SOx and PM emissions from fuel 

combustion. Annex VI was revised, and an amendment came into force in 2010 to impose more 

rigorous limits and introduce emission control areas (ECAs). These areas are located in the 

North Sea, the Baltic Sea, the North America Area and the United States Caribbean area. The 

amendment was introduced to reduce the sulphur cap in fuel from 3.5% to 0.5% by 2020. In 

ECAs the limit was reduced to 0.1% in 2015. The revised annexe also imposed tighter 

restrictions on NOx by separating vessels into three tiers, depending on when they were built 

i.e. Tier I ship construction on or after 01 January 2000; Tier II ship construction on or after 01 

January 2011; Tier III ship construction on or after 01 January 2016 (Innes and Monios, 2018).  
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In 2011, the IMO adopted the Energy Efficiency Design Index (EEDI) and Ship Energy 

Efficiency Management Plan (SEEMP) into MARPOL Annex VI. The EEDI requires all newly 

built ships from 2013 onwards to meet mandatory reduction targets, which increase in every 

five years up until 2030 (Rehmatulla et al., 2017; Walsh et al., 2017). The successful 

implementation of the EEDI regulations has, however, been criticised due to the lack of 

information disclosure and technologies being impacted by access to capital and different 

forms of risk (Rehmatulla et al., 2017). Furthermore, Walsh et al., (2017) declared that these 

policies would not reduce CO2 emissions from shipping, due to continued growth in transport 

demand and the slow pace of technology innovation. Notwithstanding this, it is a requirement 

that all countries must comply with the minimum standards of legislation set out by the IMO. 

It is also highlighted that there remains no global CO2 limit on shipping (Gonzalez Aregall et 

al., 2018). 

 

In addition to the regulations adopted by the IMO, the European Union (EU) has also 

introduced regulations aimed at reducing ship emissions. In 2005, the EU published Directive 

2005/33/EC for ECAs in the English Channel, North Sea and the Baltic Sea. In these ECAs, a 

sulphur cap of 1.5% was set and all vessels calling at EU ports for longer than two hours must 

use fuel with a sulphur content below 0.1%. As of January 2018, the EU applied a regulation 

on monitoring, reporting and verification (MRV) which requires compulsory monitoring of 

CO2 emitted by vessels larger than 5000 gross tonnage calling at EU ports (Gonzalez Aregall 

et al., 2018). In terms of ports, EU directive 2014/94 requires all EU ports to prioritise shore-

side electricity supply and LNG bunkering availability (European Commission, 2014).  

 

3.5.2 Non-statutory guidance   

In addition to international and European legislation, various non-statutory initiatives are 

promoting sustainable ports and shipping. The European Sea Ports Organisation (ESPO) 

promotes environmental management, policies and plans in European ports. Since 2011, 

EcoPorts, the main environmental initiative of the European port sector, was integrated into 

ESPO. The objective of EcoPorts was to build a worldwide network for sharing experience in 

port environmental management (ESPO, no date). Similarly, the American Association of Port 

Authorities (AAPA), has developed a guide for environmental management, the Environmental 

Management Handbook (EMH) for its members in North, Central and South America 

(Gonzalez Aregall et al., 2018). In Ireland, Dublin Port Company and Shannon Foynes Port 
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Company have achieved the Ports Environmental Review System (PERS) certification from 

Ecoports (ESPO, 2021).      

 

In 2017 the International Association of Ports and Harbors (IAPH) decided to set up a World 

Ports Sustainability Program (WPSP) guided by the United Nations Sustainable Development 

Goals (SDGs). The program aims to enhance and coordinate future sustainability efforts of 

ports worldwide and to foster international cooperation with partners in the supply chain. This 

program builds on the World Ports Climate Initiative started in 2008 by IAPH (WPSP, no date). 

In 2020, there were no Irish Ports included in the WPSP published portfolio which 

encompasses an  up-to-date global database of port-related projects on sustainable development 

(WPSP, 2020).  

As noted by Oh et al., (2018) adopting green port policies and regulations have become 

common practices for enhancing port sustainability. They believe that green port policies 

empower ports to incorporate sustainable practices into their operations and developments by 

encouraging an organisational culture of environmental improvement and economic and social 

responsibility (Shiau and Chuang, 2015; Lam and Notteboom, 2014; Lirn et al., 2013).  

 

In addition, Yuen et al., (2017) acknowledged that self-regulated or market-driven initiatives 

and measures such as certifications including ISO 14000 and ISO 26000, slow-steaming, cold-

ironing, biocide-free paints and renewable fuel alternatives are increasingly being adopted by 

shipping companies. This is to reduce operating costs, provide different services as well as 

minimising the impact of their operations on the environment and society. 

 

3.6 Environmental 

3.6.1 Balancing development needs 

Many port developments have environmental as well as societal and economic implications 

which need to be sustainably managed to ensure negative impacts are minimised and positive 

outcomes are supported. Port activity and development are usually associated with positive 

socio-economic effects, such as increased GDP and employment. However, the industry’s 

continuous expansion produces adverse outcomes which include air, noise, and water pollution, 

the destruction of marine and coastal environments, and labour issues which affect the health 

and social well-being of local inhabitants. Therefore, the unlimited growth of the port and 

shipping industries is incompatible with environmental sustainability. Whilst continued 
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economic growth in maritime industries is supported as part of the ‘Blue Growth’ paradigm, it 

must be managed in terms of natural resource boundaries and sustainability (European 

Commission, 2017).  

 

Ports contribute significantly to the economy, they also pose adverse effects on the 

environment (Gilbert et al., 2014; Hiranandani, 2014; Papaefthimiou et al., 2017; Walsh et al., 

2017; Carpenter et al., 2018; Gonzalez Aregall et al., 2018; Innes & Monios, 2018; Hossain et 

al., 2019; Lim et al., 2019; Michaelides et al., 2019; Dai et al., 2020; Nogué-Algueró, 2020). 

Environmental impacts can be caused by port activities, berthing ships and emissions from 

transport serving the port. Environmental effects include air, water, noise and light pollution, 

traffic congestion, the introduction of invasive species, effects on marine ecosystems such as 

seafloor erosion, wave and current regimes alteration, land-use change, dredging, impacts of 

marine accidents and spills, as well as impacts on public health and safety (Carpenter et al., 

2018; Hossain et al., 2019; Lim et al., 2019; Nogué-Algueró, 2020).  

  

3.6.2 Accountability 

These adverse effects have meant that ports are increasingly being held responsible for their 

sustainability performance by local communities and are pressurised to comply with increasing 

regulatory requirements for environmental protection. In response, ports are having to re-think 

their business models and their competitive advantage by examining new ways of managing 

their assets as efficiently and productively as possible in economic, environmental, and social 

terms (Carpenter et al., 2018). Recent research has started to explore strategies that regard 

externalities and trade-offs in shipping, a move away from operational efficiency and financial 

performance as focal issues (Vejvar et al., 2020). 

 

In addition to policies, ports may also introduce measures that include fiscal incentives such as 

discounts on port dues for lower emissions ships, slow steaming, ships using low-sulfur fuel, 

transport operators using low-emission vehicles, a ban on the entry of vehicles with high 

emissions, the use of cold ironing, replacing diesel automated guided vehicles (AGVs) with 

electric vehicles, or terminals supplied with power from renewable sources (Kotowska et al., 

2018). 
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3.6.3 Increase in air emissions  

In addition to general environmental effects, the main body of literature focuses on air 

emissions from port activities and shipping. While it has been acknowledged that shipping is 

considered to be an environmentally friendly mode of transport in terms of emissions per 

kilometre, and energy efficiency in terms of large volumes of cargo, given the share of maritime 

transport in total world trade, its impacts on the environment are significant (Lim et al., 2019; 

Nogué-Algueró, 2020). As the port sector expands its infrastructure to accommodate the 

growing demand for shipping, logistics services and container vessels size, this has the 

potential to further exacerbate environmental effects, including emissions. The industry 

anticipated a growth rate of 300% in emissions from 1990 levels by 2050 if adequate measures 

were not implemented (Gilbert et al., 2014). Shipping is also one of the least regulated 

anthropogenic emission sources and has been omitted from all international agreements on 

climate change including the Paris Agreement. The IMO, as the regulatory body for the 

industry, has pledged to reduce greenhouse gas emissions from international shipping by 2050 

(IMO, 2018). To achieve the 1.5-2 degrees Celsius climate target specified in the Paris 

Agreement, this will require net-zero GHG emissions across all economic sectors, including 

shipping (Michaelides et al., 2019).  

  

Dai et al. (2020) reported that global Nitrogen Oxides (NOx) and Sulphur Oxide (SO2) 

emissions from all shipping sectors represented approximately 15% and 13% of the relevant 

air pollutants from anthropogenic sources. Additionally, the authors have noted that the major 

emissions from shipping including CO2, Carbon Monoxide (CO), Volatile Organic Compounds 

(VOC), SO2 and Particulate Matters (PM) whilst causing negative environmental impacts, can 

also harm human health in populations living close to ports.  

  

The maritime sector is facing the challenge to significantly reduce its emissions. Much of the 

literature reviewed focuses on the challenges and the measures and policies required for 

reducing emissions from shipping and ports. For vessels at sea, the literature has reflected on 

the need for cleaner fuel in response to IMO regulations, focussing on SOx and NOx as opposed 

to CO2 despite its contribution to global GHG emissions (Papaefthimiou et al., 2017; Gonzalez 

Aregall et al., 2018; Innes & Monios, 2018; Dai et al., 2020). Other articles have examined 

vessel design improvements (Pettit et al., 2018; Schwartz et al., 2020) and fuel usage reduction 

through slow steaming (Cariou, 2011; Vejvar et al., 2020).  
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Vessel emissions in ports are mainly addressed in the literature by methods such as cold 

ironing, use of LNG and vessel speed reduction in the port (Innes & Monios, 2018; Pettit et al., 

2018; Dai et al., 2020). Emission produced by port activities are being addressed by measures 

including operational efficiency and generating renewable energy on-site (Acciaro et al., 2014; 

Gonzalez Aregall et al., 2018; Kotowska et al., 2018; Pettit et al., 2018).  

  

3.6.4 Sustainable hinterland 

There is also increasing recognition in the literature of the impacts of port activities on the 

hinterland (Hou & Geerlings, 2016; Gonzalez Aregall et al., 2018; Kotowska et al., 2018; 

Mortensen et al., 2020). These have included emissions and congestion. These effects, 

however, are usually reported within land transport records and therefore greater interaction 

and integration between the port and inland actors is recommended (Gonzalez Aregall et al., 

2018). Wider environmental aspects of sustainability involve a range of dynamic ecological 

challenges that ports must respond to, including the degradation of marine aquatic life and 

ecosystems (Becker et al., 2018), as well as the growing demand for more expansive and green 

energy production and management (Bosman et al., 2018). 

 

3.6.5 Demand for ‘Green Ports’ 

Governance approaches and responses to sustainability are commonly underpinned by, or 

embedded within, a range of management concepts. Stemming from the European Sea Ports 

Organisation’s ‘EcoPorts’ project, where the concept of coexistence between the port and 

natural environment was heavily promoted, there is an increasing focus on the concept of 

‘green ports’ (Satir & Doğan-Sağlamtimur, 2018). The objective of a green port is to find 

balances between the environmental challenges and economic demands facing ports, with 

emphasis placed upon sustainable growth targets (Wu et al., 2020). Growth is presented as 

being sustainably attainable through an integrated and ecosystem-based approach, meaning a 

broad range of operational, economic, environmental, and social requirements are considered 

from the start (Bjerkan & Seter, 2019). Port development, following this approach, can be well 

placed to realise sustainable growth and development in an inclusive and integrated manner 

(Schipper et al., 2017). 

  

In contrast to the ideas of EcoPorts and Green Ports, the twin concepts of the ‘blue economy’ 

and ‘blue growth’ have been promoted by international organizations, think-tanks and 
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environmental NGOs to demonstrate the present economic importance and the future potential 

of ocean resources and maritime industries (FAO, 2018; OECD, 2016; WWF, 2015). Whilst 

there is no unified definition of the concepts, they are rooted in a vision of the ocean as a 

delicate container of unexploited wealth (Boonstra et al., 2018; Silver et al., 2015). Blue growth 

proponents value the seas as being crucial in the process of tackling humanity’s most pressing 

environmental, economic, and social problems, including economic stagnation, resource 

exhaustion and the global ecological crisis (OECD, 2016). While the blue growth paradigm 

suggests “win-win-win” solutions to coastal communities, businesses, and the environment, 

thus offering a high potential for sustainable development (Barbesgaard, 2018), academics 

have questioned the validity of the blue growth premise (Silver et al., 2015). Unlimited growth 

of the port and shipping industries is incompatible with environmental sustainability, with 

doubts surrounding the feasibility of technological improvements offsetting the sector’s 

associated negative socio-ecological impacts (Boonstra et al., 2018). 

  

3.6.6 Creating a Circular Economy  

A further way through which ports can transition to becoming more sustainable is through the 

creation and implementation of a circular economy (Cerceau et al., 2014; Hollen et al., 2015). 

The concept of the circular economy aims to ‘close loops’ and to solve environmental problems 

(Yuan et al., 2006). In the concept, waste is used as a resource in other parts of the value chain 

by shifting the focus to closing material loops through reduction, reuse, and recycling (Bosman 

et al., 2018). This requires a complete reform of the whole system of human activity, including 

production processes and consumption activities (Uche-Soria & Rodríguez-Monroy, 2019). 

These include changes in technology to cleaner production, better reuse and recycling of waste, 

(Bilitewski, 2012); social change including enhancing social participation, building positive 

community relations, developing valuable intangible assets, ensuring health and safety, access 

to education and training, ensuring diversity and equality (Lim et al., 2019; Ignaccolo et al., 

2018); organisational changes (Cheon, 2017); and economic and legal tools to promote the 

Circular Economy (Bilitewski, 2012). 

 

3.6.7 Reducing GHGs 

To reduce emission levels at ports, regulatory initiatives led by the EU Commission and 

International Maritime Organization have introduced several policies to constrain the shipping 

industry’s emissions for health and environmental issues (Chen et al., 2019; Lindstad et al., 
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2015). Reduced Speed Zones, Just-in-Time operations and Emissions Control Areas have been 

established aiming to reduce shipping emissions (Arjona Aroca et al., 2020). Under such 

initiatives, vessels are also forced to take alternative clean marine power technologies and 

cleaner fuels to reduce emissions when arriving at ports or staying at berth (Buhaug et al., 

2009). Such technologies remove the need for auxiliary engines to generate electricity for 

communication, lighting, ventilation and other onboard functioning when at berth. To this end, 

many ports have implemented Shore Side Electricity (often referred to as On-Shore Power 

Supply, Shoreside Power, Cold Ironing, Shore-to-Ship Power), which lowers vessel emissions 

and can improve port air quality (Styhre et al., 2017). However, as there is no exclusive 

measure that can sufficiently reduce sector-wide emissions, there has been a slow rate of 

implementation amongst ports, suggesting that more incentives may be required (Chen et al., 

2019). 

 

In an Irish context, Dublin Port Company, as a member of the Public Sector Energy Partnership 

Programme, must have achieved a target of 33% energy efficiency improvements by 2020. By 

December 2017, it had achieved a 24.3% improvement in its energy performance (Dublin Port 

Company, 2017). Notwithstanding this commitment to energy efficiency, there is a lack of 

published information on the use of alternative energy sources within Dublin Port, except for 

the planned installation of shore-side power at all new berths.  

 

In terms of climate change mitigation, there is very little published information available for 

Dublin Port either in the revised masterplan or published sustainability report (2017). It is stated 

in the revised masterplan that Dublin Port Company is committed to proactively reducing its 

carbon footprint and to contributing to the reduction of GHG emissions in supply chains 

upstream and downstream from Dublin Port, however, there is little detail included on how this 

will be achieved. There are some initiatives to decrease emissions with greater rail transport 

links to and from Dublin Port, increase in car sharing, the provision of pedestrian and cycle 

links within Dublin Port, and the improvement of public transport connections to the Port 

estate. There is also a recognition that Irish national policy requires the sale of non-zero 

emission vehicles by 2030 which should lead to a reduction in the throughput of petroleum 

sites over the period of the Masterplan. It is also acknowledged that the EU Transport 2050 

Strategy sets a clear policy context and challenges for Dublin Port by seeking a reduction of 

60% in Greenhouse Gases from the transport sector by 2050 (based on 1990 levels) however, 

there are no specific details or measures to address these targets. Dublin Port Company 
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commits to contributing to the relevant goals, targets and indicators of The Sustainable 

Development Goals National Implementation Plan 2018 – 2020, in the masterplan review but 

again, there is no information available on reaching these goals.  

 

With regards to climate change adaptation, it is specified in the revised Dublin Port masterplan 

that all future port development will be designed for flood risk and climate change influenced 

flood risk. Some general information has been provided in terms of the erection of physical 

infrastructure and flood defences. However, there are no other specific details provided on the 

exploration or use of natural defence mechanisms or a specific study on climate change impacts 

for the Dublin Port area. This is a similar situation to the Port of Cork and Shannon Foynes 

Port, where there is a dearth of publicly available information in terms of specific targets and 

actions towards achieving greater environmental and energy performance. This will be 

examined further in consultation with each of the three Tier 1 ports as part of the next stage of 

SHIP.   

 

4. Examples of holistic approaches  

The PESTLE drivers outlined above are dynamic and synergistic, contain elements that are 

external to ports, as well as internal innovation within ports, and will evolve over time. Port 

management responses to these drivers need to be flexible and focused on a longer-term 

perspective. Whilst the economic, social, and environmental pillars are a useful way of defining 

sustainability, many authors are keen to highlight the multitude of supplementary dimensions 

(Kang & Kim, 2017; Chen et al., 2019). Supplementary dimensions can include political and 

regulatory challenges, such as cross-sectoral implementation or cultural issues that can involve 

social justice challenges (De Lara, 2018), as well as democratic or ethical problems, primarily 

associated with participation (Yuen et al., 2019) and corporate responsibility (Kang & Kim, 

2017). Furthermore, ports are  “power-laden assemblages of spaces, flows, and actors, which 

produce unequally distributed socio-ecological benefits and burdens at multiple scales” 

(Nogué-Algueró, 2020, p.11) making fundamental change often difficult to achieve.  

 

To attain sustainability, the many dimensions of port functions need to be considered 

collectively (Wu et al., 2020). Policies and management practices affecting one or two 

dimensions of sustainability inevitably affect the remaining dimensions (Vejvar et al., 2020). 

For example, if ports implement more expansive security screenings of cargo, there will be a 
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knock-on effect on in-port time. This can increase both financial costs and emissions levels 

(Moon & Woo, 2014). This dual economic and environmental impact can also be seen with the 

continual increase of container ship size, where opportunities to enhance economies of scale 

must be balanced against greater emission levels. At the same time, this can increase the 

vulnerabilities of shipping routes to external shocks (Xu & Xia, 2017) and can instigate social 

and economic ripple effects due to the consolidation of cargo flows in a limited number of 

central hubs (Ducruet et al., 2015). Sustainability in ports, therefore, is improved when 

management protocols are enacted that can integrate economic, environmental and social 

(including legal and technical) issues (Dinwoodie et al., 2012; Lozano et al., 2019). Adopting 

holistic perspectives, where all dimensions of sustainability interrelate, are, therefore, crucial 

for ports going forward (Lozano et al., 2019). There is, however, a lack of integrative 

frameworks to guide port practitioners on how to approach sustainability holistically (Vejvar 

et al., 2020). 

 

Emerging, innovative responses to addressing multiple drivers can be seen in several ports. The 

Port of Rotterdam is often highlighted as a leading example in terms of implementing a holistic 

management approach. The port is guided by its Port Vision 2030, prepared along with clients, 

government departments, knowledge institutes and societal organisations (Gonzalez Aregall et 

al., 2018). The vision outlines how, by 2030, Rotterdam will be Europe’s most important, 

environmentally proactive ports (Bosman et al., 2018). Sustainability wise, the plan is to create 

the smallest ecological footprint amongst global ports by supporting sustainable transportation 

modes – including ‘just-in-time’ systems – clean fuels, shore-side electricity and efficient 

logistics chains (Heilig et al., 2017). There is also a strong emphasis on combining economic 

objectives with the broad concept of liveability, which encompasses the environment, safety 

and quality of life aspects (Kolk & van der Veen, 2002). As one of the highest-ranking ports, 

Rotterdam illustrates how a combination of integrated plans, measures, and regulations for 

sustainable port developments can create significant economic, social and environmental 

benefits (Schipper et al., 2017). It also highlights the degree to which green port policies must 

be interlinked via all dimensions of sustainability, utilising integrated approaches to realise 

maximum potential (Hiranandani, 2014). 

  

On a regional scale, the Port of Aalborg’s evolution towards catalysing sustainable hinterland 

development is a valuable example that smaller ports can learn from. Smaller ports, more so 

than their larger equivalents, are heavily dependent on a range of societal actors (Mortensen et 
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al., 2020). Consequently, sustainability is a vital instrument for small ports to uphold societal 

support. The Port of Aalborg’s development, enhanced sustainability and strong business 

competitiveness have been strongly linked to several key innovations. These include the 

creation of sustainability initiatives, environmental policy development, environmental 

monitoring systems, energy management, stakeholder engagement, incentive programmes, big 

data analytics and continual research and development (Hossain et al., 2019). Whilst the 

evolutionary path of the Port of Aalborg demonstrates how smaller ports are more dependent 

on proactive actions taken by a collaborative network of societal actors, it also suggests that 

there are unique opportunities available to smaller ports that can support wider societal benefits 

(Cheon, 2017). Looking at the example of Aalborg, smaller ports can be regarded as potential 

core actors in local initiatives for promoting a more sustainable society. Subsequently, there 

are calls amongst researchers to validate and better understand the evolutionary pathways and 

to explore the many possibilities amongst smaller ports to support sustainable hinterland 

development (Kang & Kim, 2017; Mortensen et al., 2020). 

 

5. Port transition management: the SHIP project.    

The SHIP project proposes to adopt transition management as an integrative framework to 

guide Irish port practitioners to develop more holistic management of Irish Ports. Transition 

management focuses on the transformation of sectors hindered by the complex intertangling of 

institutions, practices, policies, regulations, cultures, technologies, infrastructures, and markets 

(Bach et al., 2020). Transition management has been developed into a governance model and 

applied to areas such as energy and transport as well as water management, healthcare, and city 

planning. Transitions theory assumes that system innovation is required to overcome barriers 

to progress on environmental issues; change to complex social practice will take a long time; 

and a commitment to involve major social partners in defining and actualising transitions is 

necessary (Kelly et al., 2018). A transitions perspective, therefore, recognises the need for a 

system-wide approach in dealing with complexity and as such, could provide an alternative 

framework towards port sustainability. One key element of a transition is the multi-level 

perspective (MLP). The MLP distinguishes between three functional levels at which transition 

processes take place. These levels or contexts are referred to as niches, regimes and landscapes 

which have been used to distinguish between different forces for change in socio-technical 

systems (Geels, 2004; Rotmans & Loorbach, 2010). The MLP has been applied to the maritime 

transition from sailing ships to steamships (Geels, 2002). It is a useful framework therefore to 
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determine where innovation niches facilitate technological experimentation to reduce CO2 

emissions (Karslen et al., 2019).  

 

In transitions studies, a second concept is the technological innovation systems (TIS) which 

refers to the emergence of novel technologies and the institutional and organisational changes 

that have to coincide with technology development. It involves the systemic interplay of firms 

and other actors under a particular institutional infrastructure as the essential driver behind the 

generation, diffusion, and utilization of technological innovation (Bach et al., 2020; Bergek et 

al., 2015). Both the MLP and TIS concepts have the potential to be used to examine and 

evaluate potential approached to port sustainability and will be reviewed in more detail in 

Working Paper II as part of the SHIP project.    
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