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Green Port Indicators: A Review
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Abstract Unlike the shipping sector that has witnessed concerted international
efforts to address sub-standard ships, similar action has not been seen in the port
sector. Other than the efforts taken by the European Sea Ports Organisation that
has produced various environmental guidelines to seaports located in the European
Union, most efforts to become green or environmentally sustainable are arguably
unilateral in nature. As interest in ensuring greener shipping began to accelerate
after the implementation of Annex VI of the International Maritime Organization’s
MARPOL Convention in 2003, the interest to extend its effect on greener seaports
has begun to be seen. This resulted in an increase on green port studies beginning
2010. Therefore, the aim of this paper is to review the accessible literature on green
ports and to identify the indicators or determinants that were normally addressed
to ensure their green performance. Literature search was done through the google
scholar search engine using the keywords “green port” and “sustainable port” to iden-
tify the relevant literature. Subsequently, a qualitative content analysis technique was
used on the 27 identified articles in order to merge the various findings into suitable
categories.
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21.1 Introduction

More than 80% of global trade are carried on board ships and handled through
seaports of the world. Therefore, without an efficient seaport and shipping network,
the continually increasing demand to move international trade would not be effec-
tively met. As port traffic continues to grow, the question of how to ensure long-term
sustainability of the port sector is becoming an important issue at international level.
Responding to the sustainability and environmental challenges, many developed
economies have taken unilateral actions to implement green port policies and legis-
lation in their countries and it has been argued that since 2010, the green port concept
has been applied as a new paradigm that has become synonymous with sustainable
port [1]. It has also been argued that ports and their stakeholders can use their asso-
ciations with green improvements to explore commercial benefits through positive
branding and corporate savings. Therefore, developed economies such as Europe
have translated their environmental concerns into the European Sea Ports Organisa-
tion (ESPO)Environmental Code of Practice in 1994 thatwas subsequently enhanced
into the ESPO Green Guide in 2012 [2].

A Green port is defined as a product of the long-term strategy for sustainable
and climate-friendly port infrastructure development [3]. Similarly, it can also be
defined as those that place priorities on pollution prevention, clean technology, clean
shipping and clean port services [4]. It is a contemporary trend of port development.
Sustainability in terms of the green port concept consists of three key elements:
ecological balance, port economic stability and social development [5]. The concept
of green ports advocates with port to minimise or eliminate harms to the environment
and to improve the port’s efficiency. All of these positive effects will eventually affect
worker’s health and social stability, and also increase economic development. For
a port to achieve green port status, it has to adhere to the green port concept and
measure the port’s green performance.

There are many negative impacts from port operations. These negative impacts
come in various forms such as pollution and environmental degradation. As the oper-
ations are continuous, the ports are generally aware of the pollutions that are emitted
to the natural environment [6]. These negative effects can be mitigated by imple-
menting the concept of green port. A green port uses systems and technologies that
prevent the environmental pollution and enable to eliminate or reduce the negative
impact of port activities on the environment [5]. Despite the awareness, most port
systems use outdated energy consumption measurement technology that does not
contribute to energy efficiency, environmental protection and sustainable develop-
ment [6]. Nowadays, a port requires an updated or advanced technology to measure
the port energy consumption. Energy and environmental management systems enrich
business processes with new knowledge about energy consumption and allow stake-
holders to better understand their activities and processes [3]. Scarcity of resources
is a challenge in the development of green port since ports require more resources
to develop or improve. According to [5], the concept of sustainable port rationally
uses natural resources of the environment. Therefore, the development of green port
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is beneficial to the environmental resources in the foreseeable future. Environmental
planning is important in determining how sustainable seaports are built and developed
[6].

21.2 Aim

Studies on green ports seem to increase after 2010. Most green port studies have
generally focusedon evaluating the benefits of greenport implementation, identifying
managerial and policy tools required for green ports, transnational initiatives and
strategies to improve the green port performance and determining priority green port
determinants in order to improve green port performance. The aim of this review
paper is to identify the main determinants for improving the green port performance,
thus contributing to the fourth category of green port literature. Since ports are
involved in activities that are not exactly similar to each other, the presentation of
a general list of main determinants or indicators will assist the port management
to select those that can provide a significant impact towards achieving a green port
status.

21.3 Identification of Important Green Port Indications

Green port indicator is used to measure the port’s green performance. The indica-
tors can be identified through several methods. The indicators can form a significant
measurement avenue to evaluate the port’s status. There are several indicators in
ports and it varies depending on the characteristics of ports such as the types of cargo
handled, size and locality. At present, the number of research concerning green port
indicators is still limited although research on green port has generally increased
after 2010. In an earlier study, [7] argues that detrimental effects on the port environ-
ment are caused by identified port activities, which include oil spills, waste dumping
in the water, cargo spills by chemical carriers and tankers, air pollution from bulk
cargo handling, noise and vibration from cargo handling activities, ballast water
discharge, collision and stranding of vessels. Hence, necessary measures must be
taken to minimise the detrimental effects of those activities. A study by [8] has iden-
tified the green criteria of a seaport (GCS) using the Factor Analysis (FA) to evaluate
port’s green performance. The studywas conducted on five ports in Korea. The factor
analysis was conducted based on the criteria suggested in other previous research.
The research has resulted in the development of green criteria of a seaport (GCS)
to evaluate the port’s green performance. The GCS consists of fifteen indicators
grouped into five main categories. Category one is easing the environmental burden;
involving the utilisation of alternative fuels, incentives of pollution reduction, using
renewable energy, and recycling of dredging sand recycling. Category two involves
environmental friendly method and technology development of construction, whilst
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the third category involves utilisation of resources andwastes inside a port. The fourth
category deals with efficient planning and management of port operation involving
the introduction of a port environment management system, expansion of prevention
facilities of ocean pollution and an efficient construction plan. The final category
is port redevelopment with the introduction of a waterfront concept which involves
the introduction of environmental impact assessment (EIA), and creation of artificial
sandbars and wetlands.

A year earlier, the authors of [9] espouse determinants to consider for Greece to
develop a port with green status. The first determining factor involves measures to
prevent air pollution such as fully comply with regulations, installing air monitoring
station for monitoring pollution emitted, modernise cargo handling equipment, using
filters and friendly fuel to reduce fuel emission, provide shore power and used wet
suspension. The second factor is to reduce soil and sediment pollution followed by
an improvement in water quality through development of a storm water pollution
prevention program, cleaning the paved roads, connect the contaminant water to the
sewage treatment plant and installing sensors for pollution risk. The fourth factor
is improving the marine life through periodical environmental studies and tracking
indicators of habitat quality. The fifth factor is the reduction in energy consumption
by enforcing energy efficiency policies, installation, maintenance, usage and storage
of renewable and eco-friendly forms of energy, and conduct energy consumption
studies. The sixth factor is the reduction of noise pollution followed by an improved
weathermonitoring by establishingweather station networks. The last two factors are
modern environmental perspectives for green ports by using geographic information
system (GIS) environmental monitoring and adopting sustainable practices through
recycling, using solar energy or hydroelectric power and applying energy efficiency
plans [9].

The authors of [10] in their case study on the Kaohsiung harbour argue that by
adopting an onshore power supply (or known as cold ironing) system and speed
reduction to 12 knots within a 20 nautical mile zone could reduce nitrogen oxide
(NOx) by 49.2%, sulphur dioxide (SO2) by 63.2% and particulate matter (PM) by
39.4%. Moreover, by preventing ships at berth from using their auxiliary engines,
greenhouse gas (GHG) emissions involving carbon dioxide (CO2) and hydrocarbon
(HC) would also be reduced by 57.2 and 29.2%, respectively [10]. [10] also argue
that green port concept requires an efficient leadership, relevant policies and regu-
lations, innovations, and an environmental energy efficient and sustainable develop-
ment management system. A subsequent study by [11], has evaluated port’s green
performance on three major ports in Asia, which are Shanghai, Hong Kong and
Kaohsiung. The study identified 17 green port indicators through a brainstorming
session with academicians. The indicators were later reviewed and grouped into five
areas namely air pollution management; aesthetic and noise pollution management;
solid waste pollution management; liquid pollution management and marine biology
preservation. By applying the analytical hierarchy process (AHP) method to iden-
tify the weightage of each indicator, the research results indicate that the top three
important actions to improve the green performance are air pollutant avoidance, using
electrically powered equipment, and encouraging the use of low-sulphur fuel [11].
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In another study, [12] have investigated the factors for operating a green port. The
study evaluated three ports in Taiwan namely Kaohsiung, Taichung and Keelung.
The authors referred to previous studies and have identified 13 factors based on
five dimensions for green port operations. The five dimensions are environmental
quality; use of energy and resource; waste handling; habitat quality and greenery
and social participation. The results of the empirical study from the research show
that the top five attributes of green port operations are hazardous waste handling, air
pollution, water pollution, port greenery and habitat quality maintenance. The result
is then used to evaluate the three ports green performance. Additionally, by referring
to a study by [11], authors of [13] have successfully discovered 15 key performance
indicators that can be used to evaluate the green performance of Egyptian ports.
Using the AHP method, top four indicators identified are air pollution avoidance, oil
spill contingency plan, reducing road vehicle CO2 emissions and hazardous cargo
management. The authors propose a Green Port Performance Index (GPPI) that was
subsequently used to evaluate the ports performance based on the top indicators.
Additionally, it was argued that the proposed index can be used on ports of any
country to ensure compliance to their environmental law [13].

In another study, authors of [14] conclude that energy management is impor-
tant in achieving sustainability, and more attention must be paid on energy issues
in port management. The researchers highlight the importance of renewable energy
and encourage the installation of equipment to generate renewable energy. They also
emphasise on the development of biofuels in ports as it can be seen as an opportunity
for the ports since the world demands eco-friendly fuels. They argue that energy
management is important to achieve port sustainability. Therefore, port management
must give more attention on energy matters. The researchers express their views
towards the importance of renewable energy and encourage the installation of equip-
ment for generating renewable energy from the wind, wave and geothermal energy.
Based on a case study on the European ports of Genoa and Hamburg, the researchers
encourage installing solar panels on the wide flat surface such as storage areas and
warehouses to generate solar energy. They argue that these installations and commit-
ment towards renewable energy can leave a positive impact on ports. Additionally,
carbon capture and storage (CCS), material recycling and waste disposal may influ-
ence the port’s reputation. The production of biogas and electricity can be obtained
fromwaste by converting it into thermal energy. The development of biofuels in ports
is also an opportunity for the ports as the world demands eco-friendly fuels [14].

In a research published in 2014, the authors of [3] espouse the problem in achieving
green port status is because the majority of the workers tend not to see or feel the
link between their action or behaviour and their companies’ energy performance and
impact on the environment. They argue that energy efficiency is largely linked to
investments in new equipment [3]. In their case study on the Port of Koper, Slovenia
they discovered that in order to be successful in achieving green port status, a proper
selection of the initial projects is vitally important in order to make the green concept
alive.Additionally, the involvement of amulti-disciplinary team fromall departments
in the port is also crucial. The implementation of the green port projects must be
supported by an intelligent energy and environmental management system to enable
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those involved are updated with previous and present performance to ensure their
effectiveness [3]. In their evaluation of two Asian and two European leading ports,
authors of [4] argue that the most common green tools used by port authorities and
public regulators are managing ship traffic, cargo handling and storage activities,
as well as port expansion and industrial activities. This is because ports are driven
by international conventions that place a higher weight on curbing pollution from
ships. They argue that less initiatives were seen in the area of intermodal hinterland
connections [4].

Authors of [15] investigated the status and trends in the environmental perfor-
mance involving 79 European ports on issues related to environmental management,
environmental priorities and current environmental monitoring practices. Based on
their survey to support their “Port Performance Indicators: Selection and Measure-
ment” (PPRISM) project in 21 European countries, it was discovered that the top
five environmental priorities among European ports are air quality, garbage/port
waste, energy consumption, noise and ship’s waste. Other priorities are relationship
with local community, dredging operations, dust, port development (land work) and
water quality [15]. Although, some of the priorities have shifted as compared to
earlier surveys conducted by the European Sea Ports Organisation beginning 1996,
it has been argued that dredging operations, dust, port development and water quality
have consistently appeared as the top priorities among European ports[15]. Authors
of [16] propose the data envelopment analysis (DEA) and panel data estimation
models as an approach to assess the efficiency of green ports. They also argue that
the deployment of computer and control systems within vehicles laid the foundation
for an emission reduction strategy. Additionally, the advance of intelligent logistics
and smart transportation will improve the fuel economy that will lead to the choice
of cleaner energy [16].

Authors of [15] have identified ten specific components of environmentalmanage-
ment and eleven environmental monitoring indicators. The eleven environmental
monitoring indicators are air quality, water quality, soil quality, sediment quality,
terrestrial habitats, noise, marine ecosystems, energy consumption, water consump-
tion, carbon footprint and waste management. The three indicators of green shipping
obtained from the results are onshore power supply, differentiated fees for clean
shipping and LNG bunkering. Two techniques were used in this research to identify
and select the indicators. Firstly, a bottom-up method was used to assess the current
indicators applied by the ports. Secondly, a top-down approach mainly focused on
legislation and regulations as well as valuable opinions and suggestions from port
communities. According to [17], Vietnamese ports need to emphasise on sustain-
able development for their expansion and improvement projects. They argue that
the criteria for environmental management should be divided into two dimensions,
which are internal and external. Ports should use integrated technology equipment
for efficiency and reduce cost and time. Collaboration with business partners in
computer aided operations is necessary to reduce time and supply chain collabora-
tions to improve stakeholder relations. Furthermore, the utilisation of cleaner port
technology equipment is necessary. Periodic collaboration throughbusinessmeetings
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with shipping companies for environmental issues is necessary. Port expansions activ-
ities should consider sustainable projects with urban authorities to evaluate projects
and effects on inhabitants around the ports area. Internal social programs proposed
are employee welfare, education and training for management that are related to
reduction of potentially damage environmental practices and lead for environmental
performance improvement [17].

According to [18] in their study involving Brazilian public ports, there are four
main innovations in port environmental management. The first is cooperation with
external parties such as UNESCO and specialised companies. The second innovation
is improving the internal pipeline of the port, followed by marine biology preser-
vation at port entrance sediment and coastal erosion control, as well as wetland
and marine habitat preservation in the port area. The fourth factor is organisation and
management training or education for employees and working level, good communi-
cation with the local government, establishingmanagerial organisation for green port
development and regular and exclusive budgets for green port performance [18]. On
the other hand, author of [19] conducted a review on 18 articles involving green port
and condensed green port performance criteria into five groups namely air pollu-
tion management, liquid pollution management, solid waste and other pollutants
management, aesthetic and noise control management, and lastly marine biological
preservation.

In a research done by [6], the modernisation of the waste management system is
one of the methods to develop a green port. Examples of green measures mentioned
by the researchers are the use of renewable energy for port operations and activities;
recycling and reuse of materials; implementation of policies similar to the reduc-
tion of the emissions of harmful substances; and landscape design of a port, which
includes the plantation of trees to absorb noise and pollution. It has also been argued
that the importance of open discussions such as forums with environmental organ-
isations related to environmental activities in order to obtain efficient, high quality
guidelines and management recommendations. Moreover, the researchers suggest
to establish networking among the ports to exchange experience and knowledge
regarding green development. The researchers utilised the qualitative content anal-
ysis method to complete their research [6]. Additionally, author of [20], argued that
environmental aspects play a vital role for ports as they can gain support from the
community and attract trading partners and potential investors. They suggested three
approaches to reduce maritime GHG, namely through technical measures, market-
based instruments measures and operation options measures. The researchers also
argued that on-road and off-road vehicles are the major emissions contributor of
the terminal. Technical measures composed of efficient ship hulls, energy-saving
engines, more efficient propulsion, use of alternative fuels such as biofuels, scrubbers
to trap exhaust emissions and onshore power supply. Market-based instruments are
divided into twomain categories, namely; carbon levy schemes and emission trading.
Operational options measures comprised speed optimisation, optimised routing and
improved fleet planning. Based on the outcome of their research on the port of Long
Beach and Istanbul’s Marpot terminal, they concluded that the major contributors to
the total emission in terminal are on-road and off-road vehicles [20].
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Authors of the study [9] have listed 21 indicators for green performance evaluation
with six sections, which are liquid pollution management air pollution management,
noise control, low carbon and energy saving, marine biology preservation and organ-
isation andmanagement for three major China’s ports. Among the 21 indicators are a
fuel spilling contingency plan, sewage treatment, hazard waste management, ballast
water polluting control and waste dumpling management. They are followed by dust
control and encouraging use of low-sulphur fuel, cold ironing, regulation on the
emissions of toxic gas, annual plan for air pollution management, reducing noise
and vibration from cargo handling, equipment and the vessels and using renewable
energy resources such as solar heat and wind power. Additionally, using substitute
energy and energy-saving devices, applying new energy-saving working processes,
using on deck power, port entrance sediment and coastal erosion control, wetland and
marine habitat preservation, trainingor education for employee atworking level, good
communication with the local government, establishing managerial organisation for
green port development, and finally regular and exclusive budgets for green port
performance. Recent studies indicate that government guidelines in terms of training
and education are themost significant and essential components to evaluate the green
port performance. The problems are lack of access to collect data from the ports and
also information on guidelines of green port criteria evaluation for becoming “green”.
Hence, the ports have to get a better understanding on the method to implement a
comprehensive approach for Chinese port sustainability practices to improve green
performance. Government can take initiatives to promote sustainability by allocating
special grants and funds to encourage and motivate Chinese ports for better green
performance [9].

According to [21], in their study involving the handling of bulk cargo, the use
of technological measure for prevention of the dust emanation during dust material
transportation is unavoidable. Dust prevention by perforated wind dust screens is
used in Canada, China and several other countries. Depending on the direction of
the wind, it functions as wind protection when located upwind from the stack, whilst
it functions as dust prevention when located downwind from the stack [21]. The
dust problem can also be reduced by using standard container for handling bulk
cargo. The box type bulk cargo handling reduces missing cargo compared to open
storage. Five indicators are proposed for green operations in dry bulk terminals,
namely treat dust production materials at dispatch point with special liquid solutions,
watering stacks at open handling points of materials, frequent dust removing and
area cleaning, installing wind dust protection screen at port area and container cargo
handling system of delivery materials [21]. Additionally, author of [22] in their study
on toxic air pollution in United States’ 20 biggest container ports discovered many
challenges in the measuring port efficiency due to the heterogeneity characteristics
of port activities. They argued that although ships are becoming more efficient, they
are the largest in port source of toxic air pollution contributing about 70% of sulphur
oxide (SOx) and 50% of PM [22]. Author of [23] espouse six green port concepts
based on their study on six ports in Turkey, Europe and the United States.

The first concept is air quality that aims to reduce air pollution and improve the
air quality at the port areas by using the shore electricity as power source. Next is
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monitoring the wildlife by tracking several indicators of habitat quality including
the abundance of birds and the number of fish species found in the harbour during
periodic biological surveys. Hence, ports also have to plan for restoration programs
for rehabilitation area and should conduct a biological periodic survey after every
construction. Third, the water quality needs to be measured by its own parameters
for water quality study. Fourth, the community relation for sustainable environment
must be improved in order to complete for EIA. Public broadcasting can be used
as a channel to gain awareness for the public on the protection of the environment.
Managing waste material by recycling and reuse is also important as another strategy
to protect the ecological environment. Finally, sustainability should be adopted as
a new concept to reduce pollution through the recycling method. According to [5],
the green port concept will contribute towards the concept of sustainable devel-
opment, which means a port development that meets the needs of the present and
future generations. They espouse efficiency of resources, low emission of dusts and
other harmful substances, low emission of noise and economy of land use as the
contributors to green ports. Additionally, they propose eight important assumptions
to achieve a sustainable port concept as addressed in Table 21.1. Meanwhile [2]
utilised the drivers, pressures, states, impacts and responses (DPSIR) framework
to integrate different perspectives on environmental, social and economic issues in
their study on green port. In addressing the pressures on green ports, they argue
that dust pollution, water pollution, solid waste pollution and noise pollution are the
main stress inflicted by ports daily operations [2]. Therefore, in order to identify the
pressures, ports must be able to identify volume of waste gas emission involving
SO2, NOx and inhalable particles. Similarly, volume of waste water discharge per
throughput, amount of solid waste residual per throughput and average noise level
of port need to be considered [2].

A more recent study by [24], propose the environmental performance indicators
(EPIs) to access to the environmental aspect of a container seaport through their
evaluation of Laem Chabang port in Thailand. According to the authors, green port
becomes a trendy seaport activity, and EPIs are important for the assessment of
environmental criteria. The authors propose several green port indicators by applying
the entropy method in support of the efforts by the Port Authority of Thailand in
promoting green ports. The top five indicators are total Kjeldahl nitrogen (TKN)
in wastewater, chromium in soil and sediment, total suspended particles (TSP) in
the air, phytoplankton biodiversity and zooplankton biodiversity. The authors argue
that the EPIs can be used as a tool for green port evaluation that could be applied
not only to Laem Chabang port but also to any container port that is interested in
achieving the green port status [24]. Additionally, [1] in their examination of green
port practices by the port of Bremen and the main ports of West Africa shortlisted
12 green practices implemented by the ports as highlighted in Table 21.1. In their
study on the challenges faced by cruise ports, [25] identified waste management and
various forms of emissions that include air and noise since cruise ships are large
emitters due to their large hoteling loads. Therefore, they espouse on the concept of
cold ironing, utilisation of diesel oil to replace heavy fuel oil, renewal energy sources
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and LNG as alternatives [25]. A summary of 27 previous studies that were published
mostly between 2011 and 2019 is condensed in Table 21.1.

Gleaning through Table 21.1, it can be observed that a variety of researchmethods
have been utilised for green port research. Among the most popular methods are case
study, AHP/Fuzzy AHP, DEA, interview, content analysis and survey. Most of the
research is also focussed on findings in container and general cargo terminals with
only one research that is focussed on dry bulk terminals and another research on
passenger terminals. Most of research studies are focussed on a particular geograph-
ical region whilst four studies focus on two or three regions. From the 27 papers
reviewed, 13 papers focus on Asia involving ports in East Asia and Turkey. 11
papers address the ports in Europe and three papers cover ports in North America.
The coverage for ports in other regions are barely minimum and present an excellent
gap that can be explored for future research.

21.4 Most Research Green Port Indications

In order to determine suitable indicators for green ports, a qualitative content anal-
ysis was performed on the 27 selected publications. The text identified has been
coded into a suitable number of categories or themes that can assist in a better under-
standing of the main green port determinants. Based on the content analysis, the
most popular determinant covered by green port research is air pollution manage-
ment, which was addressed in 25 publications that were reviewed. Among others,
this category deals with dry bulk cargo handling, modernisation of cargo handling
equipment, on- and off-road vehicles management, cold ironing, use of scrubbers
and alternative fuels for ships, electrical powered land vehicles, control of speed and
effective control of toxic gas emission. On the other hand, water pollution manage-
ment was addressed in 16 publications. This category covers sub-categories such as
handling of oil and cargo spill, sewage treatment, handling of ballast water, liquid
waste management, maintenance of water quality. The third most frequently covered
category is preservation/improvement of marine life with 11 publications. It covers
areas that include periodical environmental study, habitat tracking and preserva-
tion, preserving marine ecosystem, wetland habitat conservation, and monitoring of
phytoplankton and zooplankton biodiversity.

The next popular research area in the green port study is noise pollution manage-
ment that was covered in 10 publications. This is followed by soil and sedi-
ment preservation (nine publications), management of solid waste and garbage
(nine publications), utilisation of green technology (eight publications), preser-
vation/improvement of coastal habitat (seven publications) and cooperation with
external parties (six publications). Next areas that received coverage in five publica-
tions are effective coordination and regulatory measures, efficient port development,
and environmental awareness and training. Other areas that were covered in more
than one publications are recycling/management of wastes and resources (4), moni-
toring changes in weather/climate (3), incentives and fines (3), landscape design
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(2), measures to reduce port service time (2), adoption of quality standard (2) and
management of hazardous cargo (2).

21.5 Conclusion

In retrospect, it is easy to comprehend why air pollution management is the most
frequently research green port indicator in the recent years. This is because, it coin-
cides with the current research in green shipping especially on the various initiatives
to adhere to Annex VI of the Marine Pollution (MARPOL) Convention. Besides air
pollution, the other popular indicators or determinants that are commonly studied in
green port research are water pollution, preservation/improvement of marine life and
noise pollution. Water pollution and noise pollution are also two common areas that
are generally studied in environmental research. It is also interesting to note that soil
and sediment preservation, management of solid waste and garbage, the prospect
of utilising more green technology, as well as the preservation and improvement of
coastal habitat have also been considered by many researchers as among the impor-
tant factors that must be addressed by ports in order to become more sustainable
in the long run. Notwithstanding the preceding arguments, it is worthy to note that
although the other indicators did not receive much coverage in the contemporary
green port literature, it does not in any way signify that those indicators are less
important. In fact, it presents green port researchers with an opportunity to further
explore into those indicators and contribute towards the enhancement of green port
as a body of knowledge.
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20. Kaya Y., Bitiktaş F., Çelik M.S.: Green port concept and its legal backround: an investigation

on practices in Turkey and California. AICSS, Yildiz Technical University, Istanbul (2017)
21. Kuznetsov, A.L., Kirichenko, A.V., Pogodin, V.A.: Utilization of containers for dry bulk

handling in seaports. In: IOP Conference Series: IOP C SER EARTH ENV (pp. 032013–
032013) (2018)

22. Liu, Q., Lim, S.H.: Toxic air pollution and container port efficiency in the USA. Marit Econ.
Logist. 19, 94–105 (2017)
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