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Abstract: The sustainability approach commits to conserving natural resources and biodiversity.
In ports, many efforts that encourage improvement in sustainability exist, such as sustainable ports,
eco-ports, or green ports. However, whether the current planning approaches for sustainable ports,
eco-ports, and green ports can effectively achieve sustainability remains a question. This study
aims to discuss this issue through a literature review. The main findings include (1) the current
sustainable port planning following the ambitions of sustainable development and aiming to fulfill
this generation’s needs; (2) the eco-port planning approaches emphasizing environmental protection;
(3) the planning approaches for green ports that have emerged within environmental management
and give attention to the ecological issues; (4) all of the three approaches prioritizing environmental
issues. We argue for the integration of eco-centric views for sustainability in port planning from
a maritime supply chain perspective, and based on this, the concept of the green port is proposed.
This study provides broad and mindful information regarding port sustainability education and can
help foster innovation in order to face the challenges in sustainability.

Keywords: sustainable port; eco-port; green port; sustainability approach; eco-centric perspective;
sustainability education

1. Introduction

Sustainability, the need to ensure a future for the Earth [1], emerged as the perpetuation
and enhancement of the natural ecosystem in the 1970s [2]. Given the adverse impact of growth
and development on global ecosystems within the limits of the biosphere’s carrying capacity,
the Brundtland report set a blueprint for sustainability to achieve economic growth, social responsibility,
and environmental quality in 1987 [3]. The United Nation’s 2030 Agenda currently interprets
sustainability as the maintenance of well-being, which concerns prosperity, planet, and people and
seeks the continuity of ecological systems and values irreplaceable natural resources [4]. Exploring the
theoretical basis of these concepts, eco-centrism, which includes humanity and the natural ecosystem
as a whole and views all life as equal, has been recognized [5]. Understanding the fact that the natural
environment and resources are fundamental for human existence and development, this eco-centric
approach became a key move towards sustainability [6]. Human activities must be connected in
order to conserve natural resources and biodiversity as a result of the changing environment and
the loss of biodiversity [5,7]. Taking the case of maritime activities, the World Association for
Waterborne Infrastructure (PIANC) laid stress on the “working with nature philosophy” to exploit the
ecosystem-based solutions for sustainability [8].

Due to pressures from environmental non-government organizations, stakeholders, and the public,
industries, including the port industry, have integrated sustainability into their business reports [9,10].
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Many port sustainability issues, such as energy-saving, air quality, emission-reducing, natural resources
conservation, and waste handling, have been raised by international organizations, governments,
port authorities, and companies [11]. In recent decades, well-known initiatives of sustainable ports,
eco-ports, and green ports have been developed and implemented to address growing port sustainability
concerns [10,12–14]. When moving towards the long-term goal of sustainability, port planning has
been regarded as a critical tool in port development [15]. However, the literature rarely concerns the
sustainability-oriented planning approach in ports [16]. There is a question about whether the current
planning efforts of sustainable ports, eco-ports, and green ports employ the eco-centric approach to
encourage the achievement of sustainability.

Thus, this study aims to review the current approaches of planning for sustainable ports, eco-ports,
and green ports, and to identify if the existing ones can capture the ecological requirements of
sustainability. The exploration of sustainability in ports may not only help the development of
creative perspectives but also help direct decision-makers to provide effective strategies for ensuring
sustainability in ports.

2. Materials and Methods

2.1. Methods

The literature review, an evidence-based approach, has been known as a key scientific tool to help
develop a knowledge base for an academic inquiry [17]. A structured literature review, which includes
the processes of collecting data, refining the initial search results, and analyzing the remaining literature,
has become popular for its transparent and replicable work [18]. This study adopts a structured
literature review method to identify and manage the literature, and employs content analysis to discern
reliable findings and give rise to a discussion [18]. In this research, there are two data sources—one
is searched publications from the Scopus database for its broad coverage, and the other is from the
official websites of international, regional, and local organizations selected by experts consulting from
representative perspectives of the green port, sustainable port, and eco-port (see Table 1). Keywords of
“green port”, “sustainable port”, and “eco-port” combined with “planning”, separately, were used for
the two-part search.

Table 1. Selected official websites for data collection.

Types Organizations Official Websites

International

United Nations Conference on Trade and Development
(UNCTAD) https://unctad.org/en/Pages/Home.aspx

The World Association for Waterborne Infrastructure
(PIANC) https://www.pianc.org/

GreenPort https://www.greenport.com/
International Association of Ports and Harbors (IAPH) https://www.iaphworldports.org/

European Sea Ports Organization (ESPO) https://www.espo.be/

National
United States Environmental Protection Agency https://www.epa.gov/

Ministry of Transport of the People’s Republic of China http://www.mot.gov.cn/
Maritime and Port Authority of Singapore https://www.mpa.gov.sg/web/portal/home

Local

Port of Long Beach http://www.polb.com/
Port of Los Angeles https://www.portoflosangeles.org/

Port of New York and New Jersey http://www.panynj.gov/
Port of San Diego https://www.portofsandiego.org/
Port of Rotterdam https://www.portofrotterdam.com/en

Sydney Ports Corporation https://www.service.nsw.gov.au/

2.2. Materials

As of 2 January 2020, the Scopus search collected 141, 1, and 22 English and Chinese papers for
sustainable port planning, eco-port planning, and green port planning, respectively. After excluding
the publications classified as research areas in the Scopus database of (1) Earth and Planetary Sciences,
(2) Energy, (3) Computer Science, (4) Agricultural and Biological Sciences, (5) Mathematics, (6) Materials
Science, (7) Arts and Humanities, (8) Biochemistry, Genetics, and Molecular Biology, (9) Chemistry,

https://unctad.org/en/Pages/Home.aspx
https://www.pianc.org/
https://www.greenport.com/
https://www.iaphworldports.org/
https://www.espo.be/
https://www.epa.gov/
http://www.mot.gov.cn/
https://www.mpa.gov.sg/web/portal/home
http://www.polb.com/
https://www.portoflosangeles.org/
http://www.panynj.gov/
https://www.portofsandiego.org/
https://www.portofrotterdam.com/en
https://www.service.nsw.gov.au/
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(10) Physics and Astronomy, (11) Immunology and Microbiology, and (12) Medicine, there were 83,
1, and 13 papers that remained for data analysis. Additionally, the official website search identified
15 documents associated with planning for the sustainable port, eco-port, and green port.

3. Results

3.1. Current Concepts of the Sustainable Port, Eco-Port, and Green Port

The United Nations Conference on Trade and Development (UNCTAD) linked sustainable
development, which was defined by the World Commission on Environment and Development,
to ports in 1993 [19]. Since then, sustainable ports have drawn much attention regarding the
environment and development for satisfying humans’ needs. In 2013, the Working Group of the
World Association for Waterborne Infrastructure (PIANC) suggested that sustainable ports should
be based on “an economic green growth strategy”, “working with nature philosophy”, “corporate
social responsibility”, and “stakeholder participation” [12]. As with eco-ports, the European Sea Ports
Organization (ESPO) initiated a project entitled EcoPorts, which emerged as a port that coexisted with
the environment [20], and highlighted the awareness of environmental protection and the improvement
of environmental management [14,20]. Entering the 21st century, the concept of the “green port” has
been widely accepted as the balance of environmental challenges and economic demands, and the
Working Group of the PIANC proposed that green ports should “understand the environment and
human uses” and “work with nature philosophy” [8].

3.2. Efforts of Sustainability Planning in Ports

As early as 1993, the United Nations Conference on Trade and Development (UNCTAD) initially
proposed policies and strategies for sustainable development in ports [19], and the EcoPorts Tools
and Certification scheme was implemented in Europe [21]. In 2000, the Urban Harbors Institute
(UHI) at the University of Massachusetts, Boston, provided some planning suggestions regarding
environmental management and technology for America’s green ports [13]. In the past two decades,
world associations and regional governments have paid much attention to providing guidance for the
planning of green ports, sustainable ports, and eco-ports [8,22], and many related planning efforts for
individual ports, like the Port of Long Beach and the Port of San Diego, have been conducted [23,24].

Additionally, scholars have paid attention to analyzing and evaluating the current status of
environmental performance in ports and provided indicators of and ideas for sustainable or green port
planning [25]. Guos Ong et al. [26] and Wu [27] tried to integrate ecological planning views into green
port planning.

3.3. Approaches to Port Planning for Sustainability

Based on the papers and documents obtained, the approaches for sustainable port planning,
eco-port planning, and green port planning can be summarized here.

(1) Sustainable port planning:

• The UNCTAD provided the planning approach of sustainable development for ports in 1993,
which includes project objectives; the pre-feasibility study of the initial environmental assessment;
feasibility study; environmental impact assessment, formulation, adoption, implementation,
and monitoring or evaluation [19].

• The PIANC offered guidance for port authorities to build sustainable ports in 2013, which embraces
defining sustainable ports to meet the needs of present and future generations, analyzing the roles
of port authorities, identifying the environmental and sustainability issues in ports and related
logistic chains, and strategies formulation [8,12].

• A World Ports Sustainability Program was set up in 2018 by the International Association of Ports
and Harbors (IAPH) in order to implement the United Nation’s Sustainable Development Goals
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(SDGs) [28]. This program will communicate the missions and objectives, and develop further
projects and initiatives [28].

(2) Eco-port planning:

• The ESPO provided a certification scheme for eco-ports, which includes the processes of
self-diagnosis, port environmental review, and certification [21]. In 2012, the Green Guide
was published by the ESPO in order to structure the approach for port environmental management
and sustainability, which comprises setting a vision to improve environmental performance and
environmental management [29].

• In 2011, the Port of Osaka provided a planning model for eco-ports, which includes protecting the
natural environment and minimizing the environmental damages caused by port development [20].

(3) Green port planning:

• The Urban Harbors Institute at the University of Massachusetts, Boston, presented an approach
for the environmental management of America’s green ports in 2000, which includes avoiding,
preventing, minimizing, mitigating, or remediating the environmental impacts related to port
development and operations [13].

• The Port of Long Beach provided policies for a green port in 2005, by adopting specific
environmental principles, setting goals, establishing specific metrics to measure progress toward
meeting the goals, designing environmental programs, and making specific incentives and
legislative proposals [23].

• The Port of Sydney offered guidelines for green port construction in 2006, which provide strategies
and practices to be both environmentally friendly and commercially viable [30].

• The San Diego Unified Port District set goals and objectives in the areas of improving water
quality, conserving energy, reducing air emission and waste, implementing a sustainable building,
and increasing employees and the public’s sustainable awareness, so as to build a green port in
2008 [24].

• In 2010, the Maritime and Port Authority of Singapore encouraged ocean-going vessels to reduce
emissions such as sulfur oxides and nitrogen oxides, and use clean fuels for achieving a green
port [31].

• The Ministry of Transport of the People’s Republic of China provided opinions to promote the
sustainable development of coastal ports in 2011, which proposes green strategies including
energy-saving, emission-reducing, and ecological protection based on the identification of the
problem [22]. Another opinion provided green strategies for a green port by the Ministry of
Transport, which include resources-saving, energy efficiency improvement, emissions-controlling,
and environmental protection based on the development goals set by the government [32]. In 2018,
the Ministry of Transport provided an action plan draft to promote green port construction
(2018–2022) in 2018, which proposed green development strategies including low carbon and
circular, resource conservation, pollution prevention, and ecological protection based on the
development goals set by the governments [33].

• The Department of Transportation of Jiangsu Province, China, issued the Three-Year Action Plan
for the Construction of green ports in Jiangsu Province (2018–2020) in 2014, and this proposed
green actions including energy saving, emission reduction, pollution prevention, and shoreline
resource protection to implement the national strategies [34].

• The Green Port Action Plan (2014–2020) issued by the Department of Transportation of Guangdong
Province, China, in 2014 [35], and the Shanghai Green Port Three-Year Action Plan issued by the
Port of Shanghai in 2015 [36], proposed green actions including energy saving, emission reduction,
and pollution prevention, so as to implement the national strategies.

• The Port of Xiamen of China issued the thirteenth Five-Year Plan for constructing the green port
in the Port of Xiamen in 2019, which proposed green strategies including resource conservation,
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environmental friendliness, and social responsibilities for protecting the environment and ecology
in the port area through an assessment of status [10].

We can acknowledge that the current sustainability approaches in port planning are
problem-/data-driven or vision-/goal-oriented. The problem- or data-driven approaches mainly rely
on the assessment of the impact of port activities and can be characterized as bottom-up. The vision-
or goal-oriented approaches have been widely used in planning by international organizations and
associations, governments, and port authorities. Most of the top-down approaches have offered
strategies or actions to implement sustainable ports, eco-ports, and green ports. Both approaches
highlight environmental issues.

4. Discussion

According to the literature review, the initiatives of sustainable ports and eco-ports emerged earlier
than those of green ports. All of these concepts give much attention to environmental issues, and recent
ideas of sustainable ports and green ports use a “work with nature philosophy” [8,12]. For guiding
these port developments, plenty of practical planning for sustainable ports, eco-ports, and green ports
from international, regional, and local organizations have been identified, while only a few papers
have focused on port sustainability planning. Probably because of different systems of port governance
in different areas, for instance, the Ministry of Transport of the People’s Republic of China provided
national strategies to plan a sustainable or green port [22], but the most green or sustainable efforts in
the United States were in the private sector [23]; the current port sustainability-oriented planning was
lacking a coherent policy. Nevertheless, through the bottom-up problem-/data-driven or top-down
vision-/goal-oriented planning processes, sustainable port planning has followed the requirements
of sustainable development and attempted to fulfill the needs of present and future generations.
Compared with eco-port planning, which commits to improving environmental performance [37],
green port planning, to some extent, is concerned with natural conservation [10] and ecological
protection [33]. The distinction between the two approaches concerns the development objectives
and the satisfaction of human needs or the maintenance of the natural ecosystem’s intrinsic value [5].
Taking sustainability education as an example, for the former, people would be educated to protect the
environment to serve human interests, rather than the “unity of nature and humanity” from ancient
Chinese philosophy.

However, according to the previous studies by Wu, Zhang, and Luo [18], a combination of
top-down strategic focuses with bottom-up assessment information is necessary in order to improve
planning effectiveness, for overcoming the limitations of relying mainly on either limited data or
the planners’ subjective judgment. In addition, even though some organizations such as the PIANC
started to relate logistics chain concerns with port planning, the majority of current approaches still
concern the port itself. Owing to ports being the nodes of logistics chains in the context of globalization
and larger-sized vessels, port sustainability planning should do more work on the collaborative
research-practice maritime supply chain to guide the maritime industry towards sustainability.

Moreover, the conservation of natural ecosystems has already been considered as the key to
sustainability, based on the fact that “planet Earth is an end-in-itself” [38], and that people are part
of nature and ecosystems [39]. Based on the review results, we found that the current sustainability
approaches for port planning have limitations for capturing the ecological essence of sustainability.
The current sustainable port planning views, aimed at the fulfillment of human needs, make it difficult
to maintain natural resources because of human preferences. Planning for eco-ports recently failed
to prioritize nature conservation [37], which may lead to the slow progress of the sustainability
approach. Although green port planning raised ecological awareness, a sustainability approach,
namely green development, has not been realized. The green development approach has been proven
as a good choice for achieving sustainability by Wu, Zhang, and Luo [5], because of its eco-centric
theoretical bases, and the objective of conserving the natural resources and biodiversity. Fortunately,
in 1998, the preferred sustainability approach was implemented in the real estate industry so as to
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integrate ecology into construction [40]. Some countries and cities have also used green development
to transform their developments; for instance, China has made green development a development
path [41].

In this study, we suggest the green port as a good approach towards sustainability, and the
combination of green development in the theoretical bases and objectives may lead to more specific
and mindful implications, as follows:

• Integrating ecological issues such as biodiversity [10], natural resources conservation [10],
and ecological risks caused by oil spoil and non-routine discharges in port development.

• Considering the logistic chain from a supply place to a receipt place [42] in port scoping to improve
connectivity and add value [43].

• Combing the top-down strategic sustainability goal with the scientific bottom-up assessment
information for port planning.

5. Conclusions

In globalization and global sustainability, challenges drive practitioners and researchers to develop
proactive and collaborative planning for sustainability in ports. Currently, there is a lack of consistent
or coherent policy for port sustainability-oriented planning. This study contributes to the review
and discusses the existing representative sustainability approaches for port planning. Insights from
our broad literature review indicate the following: (1) the current sustainability approaches in port
planning are limited to specific problems, historical data, and subjective judgment for port-itself
development; (2) approaches for sustainable port planning, eco-port planning, and green port planning
prioritized the environmental issues, but ignored the importance of ecological matters; (3) the current
planning approaches for sustainable ports, targeted to meet the needs of present and future generations,
are not a good choice for sustainability; (4) green port planning did not realize the implications of
green development on the sustainability of nature. Through a comparison of the current sustainability
approaches for port planning, we adopted green port planning as a preferred approach for sustainability
and gave more mindful connotations for consideration.

This study provides a meaningful analysis to help decision-makers and students understand the
current status of port sustainability planning, and prompts in-depth thinking about sustainability in
ports. Nonetheless, we would like a broader and further discussion on this topic to gradually move
towards the long-term goal of sustainability. For this, innovative sustainability education must play
a vital role.

In the future, the proposed concept of a green port will impact the establishment of the subsequent
approaches and methods from planning areas, planning objectives, planning processes, and priority
initiatives perspectives. A collaborative and cooperative research–practice network in port, shipping,
and maritime logistics will be of help. A wider discussion would also be to think of other elements by
using Key Performance Indicators, such as economic impact and technological innovation, to learn
more about port sustainability planning. Furthermore, for better education about sustainability in
ports, a lot of ethical searches into current research and practices need to be carried out, which may
encourage creative thinking.
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