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ABSTRACT 

With 80% of international trade transported by sea, maritime transport serves as the tool 

through which society navigates the dynamic interaction of supply and demand, featuring its 

critical role in global commerce. The shipping industry is under growing pressure from current 

International Maritime Organization (IMO) policies aimed at reducing the impact of climate 

change and heading towards the bright future of sustainability. Although the maritime 

industry recognizes green ports as a crucial solution to environmental pollution and climate 

issues, the progress of green port development, particularly in developing countries, remains 

limited. Vietnam is making significant efforts to develop environmentally friendly ports, with 

a vision towards 2050 of connecting the dry port systems with logistics hubs, expecting to 

serve the increasing demand of container transport and other logistics businesses in numerous 

localities. However, there are some obstacles to getting everything done properly. This study 

aims to identify the key factors in building and developing green port models from leading 

countries in the industry by comparing the differences in port construction and formulation 

among major designated ports in the world and notable representatives of Vietnam. After that, 

the study shall assess the hypothesis of applying green port development models in Vietnam 

in line with global trends. Our research also highlights the support and encouragement for 

green port initiatives from the government, indicating Vietnam's significant potential in 

constructing and developing green port models. Additionally, the study figures out current 

disadvantages and significant challenges in coping with these movements in the future. 

1. Introduction 

According to the United Nations 

Conference on Trade and Development 

(UNCTAD), in recent years, although there 

was a sharp decrease during the pandemic, 

maritime transport remains the principal 

method that moves 80% of all globally 

traded goods [1]. It enables trade between 
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countries and continents, giving them access 

to essential goods and markets all over the 

world. The shipping industry is facilitating 

commerce and aiding in economic growth by 

offering lower freight in transport and 

presenting cleaner solutions towards 

sustainability [2].  
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Acting as a bridge between sea and land 

transportation, ports become the integral 

points optimizing the flow of cargo in an 

environmentally efficient manner involving 

reversal of flow and a variety of functional 

machinery to ensure the seamless transfer of 

various types of goods. Additionally, in the 

current world of globalization and supply 

chain, ports act as the primary nodes for 

transferring goods between the hinterland 

and foreland by connecting with the road, 

rail, or waterways transport depending on 

the features of the geographic location of a 

particular port area. Deriving from this 

essence, port daily operations concentrate 

on two main sectors, including ship-related 

and cargo-related services. Ship-related 

services comprise an extensive range of 

facilities designed to meet the various 

demands of vessels. These include 

navigational services such as pilotage, 

towage, anchorage, and berthing a ship; and 

technical services such as ship maintenance, 

bunkering, repairs, and provisions for ships 

and their crews. Cargo services can be 

divided into four segments that are cargo 

receipt or dispatch and storage. 

As Lloyd's report showed that the top 50 

ports in the world handled approximately 

67% of the global container volume in 2016, 

therefore, to catch up with the evolution of 

shipping, ports, which served as the 

principal connection in supply chains, need 

to interact with every business partner in the 

world for the advancement and 

reinforcement of their services. “Green port” 

since then was presented as an achievable 

solution. It has been recognized as an 

innovative approach to sustainable 

development in the late 1990s to 2000s by 

coordinating the balance between 

environmental effects and economic benefits 

[3]. The terminology “green port” is a 

concept that has evolved over time in 

response to the growing environmental 

concerns [4], referring to ports that 

incorporate environmentally sustainable 

and responsible practices into their 

operations, aiming to minimize the 

environmental impact and contribute to 

sustainable development by using all 

resources more efficiently, reducing 

emissions and waste, and implementing 

measures to preserve local ecosystems [5]. 

This includes the use of solar panels, wind 

turbines, and other green technologies to 

reduce emissions [6]. By law, regulations, 

and initiatives, the United Nations (UN), the 

International Panel on Climate Change 

(IPCC), the World Health Organization 

(WHO), and the IMO have set targets for the 

decarbonization of the world. Overall, CO2 

emissions and their impact on climate 

change are topics being discussed by 

individuals, organizations, and entities all 

over the world.  

2. Literature Review 

2.1. The impacts to the environment of port 

operation 

Ports are the key link within global supply 

chains, performing a variety of critical roles 

from cargo handling and storage to 

providing value-added services. By serving 

vessels, handling cargoes, and transporting 

goods throughout the inland and global 

markets, there are many sources of pollution 

arising from port operations, such as air 

pollution, water pollution, noise pollution, 

and others.  

Vessel: Pollutants and emissions from 

vessels, along with those from hinterland 

means of transport and port equipment, 

contribute a significant amount of pollution 

in port, including air pollution, water 

pollution, and noise pollution. Currently, the 
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global shipping sector’s CO2 emissions, as 

well as Sulphur Oxides (SOx), Nitrogen 

Oxides (NOx), and other Greenhouse Gases 

(GHGs) shall grow by 16% from 2018 to 

2030 and 50% by 2050 without additional 

policy action [7]. Water and noise pollution 

are also considerable concerns. Water 

pollution stems from various ship 

operations, such as the discharge of ballast 

water or the disposal of water from ship 

activities, which can damage the local 

marine ecosystem [8]. Ships themselves 

generate noise due to engine operation, 

loading/unloading operations, and the use of 

foghorns [9]. 

Cargo: Among the variety of cargo types, 

we focus on non-containerized and 

containerized cargo. Non-containerized 

cargo, due to its specific characteristics, 

carries a higher risk of causing 

environmental pollution during its handling 

process. This is often not the case with 

liquid-based cargo, as the operation occurs 

within a pipeline system. Dry materials like 

cement, mineral ores, or mined products are 

particularly prone to generating dust [10]. 

On the other hand, containerized cargo, 

while generally more environmentally 

friendly than non-containerized cargo, also 

causes environmental pollution, including 

air and noise pollution [11]. These pollutants 

can originate from handling operations as 

well as the movement of the containers 

themselves [12].  

However, pollution from containerized 

cargo can be mitigated and monitored more 

effectively than that from non-containerized 

cargo by employing alternative fuels that are 

environmentally friendly, hybrid electric 

cargo handling equipment, and advanced 

port technologies [11]. 

The hinterland: The hinterland is the area 

where traffic demand starts. The port 

hinterland is connected to a port by lines of 

communication or transport routes: roads, 

railways, pipelines, and rivers/canals [9]. 

Transport to and from the port could 

intensively contribute to environmental 

pollution, especially road transport, because 

of the flexibility to deliver cargo “from door 

to door.” On the contrary, road transport 

mode has its limitations, for instance, unit 

capacity and relatively high engine power 

used, resulting in high fuel consumption and 

emissions that are often not optimal 

compared with other alternatives. The 

impacts resulting from road traffic are 

extensive, and the consequences are 

reflected in fuel leakage, soil sealing, noise, 

and air pollution. Moreover, referring to land 

transport, rail transport marks a vital 

influence in hinterland connection, with 

more sufficient capacity and less 

environmental impact compared with road 

transport for the same quantities of cargo. In 

some countries with natural blessings, 

inland waterway transport is their 

significant advantage by using barges and 

inland waterway cargo ships, leading to less 

fuel used for the transportation of the same 

cargo volumes, generating fewer emissions 

compared with other transport modes [13]. 

2.2. The concept of green port 

Since 2015, globalization has been 

moving towards greener and more 

sustainable practices. The IMO GHGs 

Strategy [14], adopted at the Marine 

Environment Protection Committee, sets the 

target of achieving net-zero emissions from 

international shipping by or around 2050, 

employing technology, alternative fuels, and 

energy sources such as LNG-LPG. 

Undoubtedly, LPG serves as the kickstart 

needed to transition towards carbon-neutral 

fuels [15]. When using LPG, sulfur oxides 

decrease by approximately 99%, GHGs by 
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around 15%, and nitrogen oxides by about 

10% [16]. Additionally, ships are increasing 

in size every year to reduce the carbon 

footprint per unit of cargo. Larger vessels 

require fewer trips to transport the same 

amount of cargo, leading to a substantial 

reduction in overall emissions. Accordingly, 

the fuel needed for a day of transport per 

unit of cargo can be reduced by nearly 25% 

by using 10,000–12,000 TEU ships instead of 

5,000–6,000 TEU ships [17].  

However, the green transformation of the 

shipping industry shall be incomplete 

without embracing the green port concept. 

Ports need to be equipped with the 

necessary infrastructure and facilities to 

support green ships since their reputations 

are intertwined. Therefore, as ships are 

becoming environmentally friendly, port 

authorities would not want to risk tarnishing 

their name by not adopting green practices. 

Hence, the concept of a green port is 

essential for a sustainable future. 

Containerized shipping is well-aligned 

with the green port concept because it 

simplifies various operational aspects, 

aiding in the implementation and tracking of 

green port initiatives. Containerized 

shipping also offers opportunities for more 

efficient loading and unloading, reducing the 

total time spent in port and consequently 

decreasing emissions at the site. Moreover, 

with advances in technology, containers 

themselves can be handled with electric-

powered equipment, further minimizing the 

carbon footprint in operation. 

Based on all these pieces of evidence, it 

can be affirmed that container terminals are 

appropriate venues for the advancement of 

green port implementations. 

2.3. Regulation and guidelines for global 

green ports 

The trend in maritime transportation is 

undeniably shifting towards green ports, 

signaling a collective move towards 

sustainability in maritime activities. To 

mitigate environmental impacts, several 

global organizations have proposed 

regulations, guidelines, and necessary future 

objectives for transitioning towards green 

ports. For example: 

IMO: The IMO adopted a strategy to reach 

net-zero GHG emissions from international 

shipping by or around 2050 [14], 

committing to ensure an uptake of 

alternative zero and near-zero GHG fuels by 

2030, as well as indicative checkpoints for 

international shipping to reach net-zero GHG 

emissions for 2030 (by at least 20%, striving 

for 30%) and 2040 (by at least 70%, striving 

for 80%). 

ISO: The ISO has released ISO 14001 

certification (which was first published in 

1996 and amended in 2015), an 

internationally recognized standard for 

Environmental Management Systems (EMS), 

which is highly pertinent to the 

establishment of green ports [18]. It outlines 

a framework for companies to follow to set 

up an effective EMS, paving the way for ports 

on their green initiatives. Additionally, ISO 

20519, established in 2017, provides 

specifications for safe bunkering procedures 

for LNG-fueled ships, aiming to prevent or 

minimize impacts on the environment 

during processes. As LNG is seen as a cleaner 

fuel option in maritime transport, this ISO 

standard underpins green port practices 

[19]. 

APSN: APEC Port Services Network 

(APSN) is a unique international 

organization that promotes economically 

and environmentally sustainable ports for 

APEC members in the Asia-Pacific region 

[20]. The APSN initiated the Green Port 



Tran Thi Anh Tho , To Thi Bich Ngoc, Lam Nguyen Thai Hoang, Le Huy Nhat  

Global green port development models and the assessment of their applicability: A Case study of Vietnam’s Southern  

 

79 

Award System (GPAS) in 2011 and officially 

launched this program in 2016 to set an 

achievement for ports to encourage green 

and sustainable development [21]. 

EcoPorts: They, which was initiated in 

1997 and has been integrated into the 

European Sea Ports Organization (ESPO) 

since 2011, aim to raise awareness on 

environmental protection through 

cooperation and sharing of knowledge 

between ports by setting two sections about 

Self Diagnosis Method (SDM) and Port 

Environmental Review System (PERS), 

especially PERS, which is the standard for 

the port sector [22]. PERS is also globally 

recognized and is now being adopted by 

numerous international port associations, 

such as the African Ports Association and the 

American Association of Port Authorities 

(AAPA). 

Furthermore, the World Bank recognizes 

the EcoPorts PERS as a global standard for 

environmental risk prevention for port 

finance schemes [23]. 

2.4. The key factors of green ports in achieving 

sustainable goals 

There is a consensus on criteria necessary 

to establish a list of the key factors to 

determine a green port: 

Port authorities, port management, and 

pricing: Port authorities play a pivotal role in 

managing and promoting the ports. 

Traditionally, port authorities perform roles 

varying from landlord to regulator to 

operator of the port. Their role has evolved 

significantly since the 21st century due to the 

reforming of port governance, the increasing 

presence of private operators and owners, 

and the changing economic contexts and 

technology. Their key responsibilities 

include administration, development, 

management, and port operation, including 

ownership, economic exploitation, and long-

term development of land, as well as the 

upkeeping of basic infrastructure such as 

fairways, berths, access roads, bridges, and 

tunnels [9]. According to ESPO, port 

authorities should be leaders in driving 

environmental performance while 

efficiently managing their ports for socio-

economic benefits by promoting best 

practices, facilitating knowledge sharing, 

and strengthening networks among theirs 

members [24]. On a smaller scale, terminals 

are typically managed by port operators. 

Port authorities operating their own 

container terminal are no longer a priority. 

Nowadays, port authorities act as landlords 

by hiring terminal operators to operate their 

terminals [25]. 

One efficient green management tool in 

ports is the pricing strategy. They can be 

used to boost a port’s competitive position, 

such as lowering charges to encourage green 

ships to visit [26]. Some ports use the 

Environmental Ship Index (ESI), which is 

one of the projects under the World Ports 

Climate Initiative (WPCI), to identify vessels' 

performance by assessing the amounts of 

pollutants [27]. For example: 

Port of Busan (Korea): Vessels that ESI 

score 31 points or higher will be able to 

receive a 15% discount on port dues in 2014 

while staying at the port of Busan [27]. 

Port of Singapore (Singapore): The Green 

Port Program is specifically targeted at 

ocean-going vessels that use approved 

abatement or scrubber technology or burn 

clean fuels with a Sulphur content of less 

than 1.00%. These vessels are offered 

significant incentives during their time 

within Singapore Port Limits. For those 

staying in the port for 5 days or less, a 

generous 25% reduction in port dues is 

provided, while vessels at berth can benefit 
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from a 15% reduction in port dues. 

Furthermore, the Green Ship Program 

provides financial benefits to qualifying 

Singapore-flagged ships. Ships that exceed 

the IMO’s Energy Efficiency Design Index 

(EEDI) through the adoption of energy-

efficient designs benefit from a 50% 

reduction in initial registration fees along 

with a 20% rebate on annual tonnage tax. 

For ships that go the extra mile in 

environmental responsibility by adopting 

approved SOx scrubber technology that 

exceeds the IMO's emission requirements, 

these benefits are further increased. A 25% 

reduction in initial registration fees and the 

same 20% rebate on annual tonnage tax are 

the rewards for these ships. Even better are 

the benefits for ships that combine both 

energy-efficient designs and approved SOx 

scrubber technology. These ships are given a 

substantial 75% reduction in initial 

registration fees and a 50% rebate on annual 

tonnage tax [27]. 

Port of Tokyo (Japan): Vessels that 

achieve certain ESI scores are eligible for 

reductions on port dues. Specifically, vessels 

with an ESI score of 20.0 to 29.9 can qualify 

for a 30% reduction. The reduction increases 

with the ESI score, with a 40% reduction 

applicable to vessels that have an ESI score 

in the range of 30.0 to 39.9. Lastly, vessels 

that attain an impressive ESI score of 40.0 or 

higher can benefit from the maximum 

reduction, a significant 50% off on their port 

dues [27]. 

Technical Infrastructure: Technical 

infrastructure plays a significant role in 

providing the physical and technical 

foundations for implementing green 

solutions at ports. By improving and 

innovating technical infrastructure, ports 

can significantly reduce the environmental 

impact of port operations while 

simultaneously providing more efficient and 

safer harbor services. Several technical 

infrastructure solutions have been 

recommended to address specific issues 

frequently encountered in ports, such as 

managing air pollution, ship waste, and 

improving energy efficiency and transitions 

[28]. Investment in appropriate 

infrastructure and collaborative efforts with 

shipping companies and other stakeholders 

enhances the efficiency and sustainability of 

cargo handling. The net effect not only leads 

to substantial cost savings but also promotes 

environmental protection, underpinning the 

vital role of green ports in building 

sustainable global supply chains. 

Shore power: It is a method employed at 

ports to supply electricity to docked ships 

from an external source, such as a shore-side 

electricity grid. This action allows the ship to 

shut down its engines while remaining fully 

operational [25]. The benefits of shore 

power are manifold. Using significantly 

reduces the emission of GHGs and other 

pollutants like CO2 (reducing emissions by 

up to 85%), SOx (by 88%), NOx (by 94%), and 

PM (by 95%) from a container terminal’s 

ship emissions inventory, as well as 

particulate matter from the ships, leading to 

improved air quality around the ports [29]. 

Additionally, onboard energy consumption 

is lowered, thereby increasing energy 

efficiency. Shore power also reduces noise 

pollution, as the ship's own engines no 

longer need to operate while docked [30]. 

Lastly, if shore-side energy is sourced from 

renewable power plants, shore power can 

contribute to green shipping solutions and a 

more sustainable maritime industry. 

Water treatment: This includes facilities 

designed to effectively collect, treat, and 

recycle water waste or pollutants discharged 

from ships and port activities [24]. This 



Tran Thi Anh Tho , To Thi Bich Ngoc, Lam Nguyen Thai Hoang, Le Huy Nhat  

Global green port development models and the assessment of their applicability: A Case study of Vietnam’s Southern  

 

81 

helps protect precious biodiversity and 

maritime ecosystems. Furthermore, efficient 

treatment of water waste aids the port in 

adhering to environmental regulations, 

avoiding legal ramifications, and saving 

costs by reusing. Lastly, this infrastructure 

enhances the port’s reputation in operation 

and environmental protection in the 

industry as well as in the community. 

Cargo handling and facility: Automated 

cargo handling systems ensure logistics 

efficiency by estimating accurately the time 

in ports, reducing waiting times, therefore 

lowering the level of environmental. The use 

of digitalization and automation in cargo 

handling reduces operational inefficiencies 

caused by human negligence, enhancing 

speed and overall process [31]. The use of 

energy-efficient and low-emission 

equipment, including hybrid or electric 

cranes and Automated Guided Vehicles 

(AGVs), reduces the carbon footprint. 

GHGs emission inventory: A GHGs 

emission inventory is a crucial tool used at 

green port to manage and reduce their 

environmental impact. It provides a 

thorough account of all energy use, fuel use, 

and other port-related activities that 

contribute to GHGs emissions. With this 

comprehensive understanding of the 

emission sources, port authorities can 

identify areas for improvement, such as 

enhancing energy efficiency or upgrading 

port operations to reduce their 

environmental footprint. Furthermore, this 

inventory serves as a foundation for the 

development and implementation of 

effective emission reduction measures. The 

benefits are substantial; by obtaining a clear 

and detailed emission profile, sustainable 

strategies can be tailor-made for the port, 

leading to better environmental 

performance [28]. In the long run, this not 

only helps reduce the impact but also 

contributes to the attainment of global 

sustainability goals, making the ports more 

socially responsible and economically viable. 

The hinterland: The important part that 

makes a port green is its hinterland. It is 

known as the effective market, or the 

interior region served by the port. The 

hinterland transportation system enables 

load units to be transshipped between 

seaports and inland destinations. The 

logistics related to the hinterland involve 

many actors and activities and require 

intense collaboration and coordination to 

work effectively and efficiently. The 

hinterland transportation system consists of 

rail, road, and inland waterways to transport 

goods. In the concept of a “green port”, the 

hinterland is also known as the efficient 

factor [32]. For example, the Japanese 

shipping company ONE recently expanded 

its hinterland range, primarily offering the 

main service by rail, cutting around 80 

percent of CO2 emissions compared to truck 

transport. TFGeco, ONE product, completely 

covers the power requirement for rail 

transport with renewable energies. While in 

other continents, in the infras survey review, 

it was found that using rail transport saves 

80% of CO2 emissions compared to road 

transport, while inland waterways also save 

70% of CO2 emissions compared to road 

transport. Additionally, the cost of using rail 

or inland waterways is less than 50% of the 

external cost of road traffic. This is because 

rails and barges can move a large amount of 

cargo in a single trip, reducing the number of 

individual trips that would be necessary if 

the same quantity of goods were transported 

by road [33]. 

3. The relevant case study of green port 

development 

3.1. Bremen/Bremerhaven Port 
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The Sustainability Strategy of the Ports of 

Bremen/Bremerhaven: The twin ports of 

Bremen, situated in Bremen and 

Bremerhaven, are overseen by Bremen ports 

GmbH and Co. KG, representing the Free 

Hanseatic City of Bremen. Bremerhaven, 

positioned nearer to the North Sea, focuses 

on container ships, car carriers, and 

specialized vessels, while Bremen's 

terminals, located approximately 60 

kilometers south, primarily handle general 

cargo and bulk commodities. In line with the 

aim of transitioning towards sustainability, 

the Ports of Bremen implemented a variety 

of policies, technologies, and measures and 

provided several green services to ships 

calling at its ports. They developed measures 

and integrated environmental objectives 

into their planning and operational 

structures. This pursuit includes technical 

infrastructures, such as a necessary waste 

reception infrastructure established in the 

early 2000s to receive and process all kinds 

of waste from ships and vessels that call at 

the port [34]. 

Port authorities, port management and 

pricing of the Port of Bremen/Bremerhaven: 

The port authority of the Port of Bremen has 

taken active steps in protecting the 

environment and public health and 

mitigating the impact of operations and 

port/environment development on climate 

change. Referred to as a “green port”, this 

port has implemented various policies, 

technologies, and measures to transition 

towards sustainability, incorporating 

environmental goals in planning and 

operational structures. For instance, as per 

an EU directive, Bremen Port developed a 

waste reception infrastructure to process 

various kinds of waste from ships and 

vessels since the early 2000s [28]. The port 

authorities have also focused on reducing air 

emissions to improve air quality, enhance 

energy efficiency, and minimize impacts on 

climate change. To encourage ships to 

reduce their emissions, the port introduced 

the ESI tool in 2012, offering a bonus scheme 

for vessels that use low-sulfur fuels. Also, 

since 2012, the port has doubled its energy 

intake from renewable sources. To manage 

the entire process, the port authority 

established the office of environment and 

sustainability affairs in 2008, began 

publishing its “green port” sustainability 

strategy since 2009, and even registered its 

“green port” label as a global brand for 

companies wanting to promote 

sustainability in the logistic chain. Therefore, 

the port is committed to sustainable 

development, not only to protect the 

environment and public health but also to 

improve the port's competitive position. The 

Port of Bremen in Germany has 

implemented a pricing policy aimed at 

promoting environmental sustainability in 

shipping. Under this policy, a total of 25 

ships with an ESI score of 30 or higher are 

eligible for discounts. Ships with an ESI score 

between 30 and 40 will receive a 5% 

discount per port call, while those with a 

score of 41 or higher will receive a higher 

discount of 10% per port call [27]. This 

initiative encourages ships with lower 

emissions and better environmental 

performance to frequent the port by offering 

them reduced fees, thereby incentivizing 

environmentally responsible shipping 

practices and contributing to overall 

sustainability efforts in the maritime 

industry. 

Technical Infrastructures: In compliance 

with EU Directive 2000/59/EU and Bremen 

law on port reception facilities for ship waste 

and cargo residue, the port established 

waste reception infrastructure in the early 
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2000s [35]. Since 2010, efforts have been 

made to reduce air emissions, improve air 

quality, enhance energy efficiency, and 

mitigate climate change impacts. Renewable 

energy-generated electricity is provided for 

inland vessels and port operations. 

Shore power: A total of 18 shore power 

connectors have been installed to enable 

inland vessels docked at the port to utilize 

clean energy, facilitating the shutdown of 

their auxiliary engines that would otherwise 

run on diesel generators. Meanwhile, 

options for onshore power supply for 

maritime shipping are under evaluation 

[28]. Since 2012, the port has significantly 

increased its use of renewable energy, 

aiming to double its reliance on sustainable 

sources. Plans are underway to introduce 

innovative technologies like green hydrogen 

by 2024, aligning with broader efforts to 

reduce GHGs emissions and meet evolving 

air quality regulations. EU directive 2014/94 

mandates the prioritization of renewable 

energy and alternative fuels in ports, 

pressuring EU ports to comply. 

Water treatment: The Federal Land of 

Bremen has taken proactive steps by 

establishing regulations and issuing 

guidelines for treating ship-generated 

wastewater, aimed at providing clarity on 

requirements for shipping, ports, and public 

authorities. Additionally, guidelines for 

issuing permits for underwater hull cleaning 

at the ports of Bremen were published in 

November 2021. Furthermore, efforts to 

reduce nitrogen oxide emissions, which 

contribute to water eutrophication, have 

been supported by the ports of Bremen. 

Initiatives include developing an 

information campaign on proper medication 

disposal, particularly for seagoing vessels, 

and exploring measures to implement IMO 

biofouling recommendations. 

The hinterland: Ports like Bremerhaven 

and Hamburg have shifted to rail shuttles to 

reduce emissions and congestion, while 

others rely on barges for hinterland 

transport. The Port's first carbon footprint 

analysis in 2012 has guided efforts to 

monitor and mitigate its environmental 

impact, aiding in the development of 

targeted sustainability strategies. 

The implementation of the green port 

model by the Port of Bremen has yielded 

significant efficiency and achievement. One 

notable success lies in their endeavor to 

reduce carbon emissions. With a target of 

achieving carbon neutrality in port 

infrastructure by 2023, the company has 

made remarkable progress. From 2011 to 

2021, they have successfully reduced CO2 

emissions from 7000 tons to 1,115 tons, 

representing an impressive relative 

reduction of 84.1%. Furthermore, the Port of 

Bremen's commitment to sustainability has 

been recognized through prestigious awards 

for eight consecutive years. Especially in 

2021, the shipping company Holwerda 

Shipmanagement, with its vessel MV Freya, 

stood out as a beacon of eco-friendliness. 

The MV Freya achieved an outstanding ESI 

score of 56.11 points, securing both the 

“Most Eco-friendly Vessel” and “Most Eco-

friendly Fleet” awards. This recognition not 

only underscores the Port of Bremen's 

dedication to environmental excellence but 

also serves as a testament to the tangible 

successes realized through their green port 

initiatives [34]. 
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3.2. Shanghai International Port Group  

Port authorities and port management of 

SIPG: Sustainable development, as an 

important element of their strategy, reflects 

Shanghai International Port Group’s (SIPG) 

relentless pursuit of economic, 

environmental, and social development. 

SIPG focuses on technology development 

and actively trains and educates employees 

to adopt an environmentally conscious 

mindset [36]. 

Economic: SIPG is ranked among the top 

three major terminal operators worldwide 

and maintains the No. 1 ranking in container 

throughput in the world [36]. 

Environmental: SIPG aims to improve the 

capacity and efficiency of technological 

innovation. They focus on shore-power 

supply projects, RTG hybrid power 

transformation projects, and the use of 

technologies in management and paperwork 

to enhance the green hinterland [36]. 

Social development: SIPG continues to 

develop the waterway hinterland [36]. 

Technical infrastructure: 

Shore power: In January 2020, 

Guangdong successfully supplied shore 

power to the “COSCO Sagittarius,” a 20,000 

TEU ultra-large container ship. The charging 

lasted for 6 hours, totaling 13,200 kWh. It 

was the first time in the world that this class 

of ultra-large container ships was 

successfully charged using shore power [36]. 

Cargo handling and facility: Optimizing 

the port of entry by building platforms: The 

feeder service platform and e-DOC platform 

for the Yangtze River [36]. 

E-EIR platform in the port of Shanghai: 

This platform helps improve the efficiency of 

the port of Shanghai, making it an 

information hub, innovating in port logistics, 

and enhancing the port environment. The 

platform operates 24 hours a day, 365 days 

a year, transmitting over 3 million EIR 

documents daily, or nearly 1.5 billion per 

year [36]. 

E-truck platform: This platform 

centralizes the scheduling of container 

loading space, yards, docks, and fleets, 

reducing resource waste and achieving 

optimal resource allocation [36]. 

In 2019, in line with the requirements of 

the Central Government and Shanghai on 

cross-border trade facilitation, SIPG further 

optimized its port environment by 

improving customs clearance and logistics 

efficiency. The e-B/L went fully online on 

November 6, following the launch of the last 

e-Doc after the e-EIR and e-loading list. 

Under the instruction of the Shanghai 

Municipal Office for Port Services, SIPG 

began a test run for e-B/L in November 2018 

and established a task force to collaborate 

with shipping companies, shipping agents, 

customers, and other relevant parties to 

promote the use of this paperless document. 

Within a year, e-B/L had been expanded to 

cover all containers in the Port of Shanghai 

[36]. 

Yangshan Port Phase IV Automated 

Terminal: The capacity of the Yangshan 

Phase IV terminal is 150,000 tons. This 

phase is characterized by intelligent and 

unmanned operations throughout terminal 

handling, horizontal transportation, and 

stacking yard management. This approach is 

crucial for reducing terminal operating 

costs, enhancing operational efficiency and 

safety, and promoting green and low-carbon 

terminal development. By the end of 2019, 

the Yangshan Phase IV terminal had 16 quay 

cranes, 88 Automated Rail- Mounted Gantry 

(RMG) cranes, and 80 Automated Guided 

Vehicles (AGVs), with an annual throughput 
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capacity of 4 million TEUs. Long-term plans 

include expanding to 26 quay cranes, 120 

RMG cranes, and 130 AGVs, with an annual 

throughput capacity of 6.3 million TEUs. The 

Yangshan Phase IV project covers a total 

land area of 2.23 million square meters, 

featuring 7 container berths and a total quay 

length of 2,350 meters. It currently stands as 

the world's largest automated container 

terminal with fully independent intellectual 

property rights, completed in a single phase. 

This terminal serves as a model for smart, 

green, efficient, and technologically 

advanced ports, demonstrating SIPG's 

commitment to innovation and 

sustainability in port development. Cargo 

handling at the port includes a 90% 

application rate of LNG for infield truck 

tractors and an 87% proportion of green-

power Rubber-Tired Gantry Cranes (RTGs) 

[36]. 

The hinterland: SIPG focused on the 

inland waterways of the Yangtze River and 

railways: 

Sea-rail intermodal transportation: SIPG, 

together with the subsidiaries of COSCO 

SHIPPING Group, China Railway Shanghai 

Bureau, and China Railway Container 

Transport Co., Ltd., established an equity 

joint venture, Shanghai Port Sea-Rail 

Intermodal Transport Co., Ltd., to vigorously 

expand the sea-rail intermodal transport 

business. Throughout 2019, the container 

throughput of sea-rail intermodal transport 

at the Port of Shanghai exceeded 147,000 

TEUs, an increase of 86.1% year on year [36]. 

Yangtze River Delta: Implementing the 

national strategy for the integrated 

development of the Yangtze River Delta 

region is one of Shanghai’s three new major 

tasks. On December 1, 2019, the CPC Central 

Committee and the State Council issued the 

Outline of the Plan for the Integrated 

Development of the Yangtze River Delta 

Region, which clearly outlined the future 

integrated development of the region.  

The outline proposes focusing on 

enhancing international competitiveness, 

strengthening cooperation between 

Shanghai and Zhejiang in Hangzhou Bay, 

deepening capital cooperation on Yangshan 

development between Shanghai and 

Zhejiang, and expanding and strengthening 

the role of the Shanghai International 

Shipping Center as a container hub port. The 

company has taken active actions to fully 

promote the integrated development of the 

Yangtze River Delta with higher quality [36]. 

4. The case of Vietnam 

4.1. Vietnam’s seaport system 

Vietnam has over 3,200 kilometers of 

coastline in a busy international maritime 

route, marking Vietnam as an ideal country 

for seaport business, an important gateway 

to the sea for neighboring countries. 

Vietnam has 286 berths, classified into 5 

groups with a total length of about 96,000 

meters of quays, over 1 million square 

meters of warehouses, and more than 2.2 

million square meters of yards [37]. 

Port governance: Vietnam's government 

has focused on developing its transportation 

system, especially ocean shipping, as part of 

the open economic policy. A number of 

special policies have been issued to enhance 

the country's fleet and improve our seaport 

systems, including infrastructure and 

services. This has led to significant changes 

in Vietnam's seaports, driven by growing 

imports, exports, and economic growth. 

Vietnam aims to develop a modern, 

synchronized maritime infrastructure that 

ensures safety, security, and efficient 

connectivity. They plan to use seaports as 

key hubs for international cargo 
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transportation to reduce logistics costs. By 

integrating with economic and urban 

development spaces and utilizing natural 

conditions, they aim to harmonize port 

development with environmental 

sustainability. Additionally, the port 

governance is committed to embracing and 

applying Fourth Industrial Revolution 

achievements in construction, management, 

and operation. This includes developing 

green seaports, promoting energy-saving 

practices, and efficiently utilizing natural 

resources along coastlines and water bodies. 

Through these efforts, the port governance 

aims to make seaports the leading 

contributors to Vietnam's maritime 

economy, supporting its growth into a strong 

maritime nation and a developed country 

with a higher GDP by 2050 [38]. 

Objectives by 2030: Develop a modern 

seaport system meeting all needs in 

economic, social, and military defense; 

increase cargo capacity to 1,423 million 

tons; prioritize the development of key 

international gateway ports and strategic 

seaports. 

Vision by 2050: Develop a modern 

seaport system meeting global standards, 

emphasizing environmental sustainability. 

Play a leading role in the country's maritime 

economy, contributing to Vietnam becoming 

a strong maritime nation and a developed, 

high-income country. 

The infrastructure of Vietnam's seaport 

system: Vietnam's seaport system has 

experienced significant growth since the 

first development plan was approved in 

1999. This plan, authorized by the Prime 

Minister in Decision No. 202/1999/QD-TTg 

on October 12, 1999, marked the beginning 

of several improvements. The system has 

progressed through two main stages: Stage I, 

from 2000 to 2010, and Stage II, from 2010 

to 2020, as outlined in Decision No. 

2190/QD-TTg on December 24, 2009, and 

adjusted in Decision No. 1037/QD-TTg on 

June 24, 2014. In two decades, Vietnam's 

seaport infrastructure has expanded 

significantly. In 2000, the national seaport 

system was only about 20 kilometers long, 

handling 82.4 million tons of cargo. Recently, 

there are approximately 92.2 kilometers of 

wharves, with a capacity of over 550 million 

tons per year, showing an increase from 6 to 

7 times since the start of the development 

plan. This growth has been accompanied by 

the improvements in technology and cargo 

handling practices, with many ports 

adopting modern management technologies. 

Major modern ports in Hai Phong and Da 

Nang are currently being further developed 

to meet the increasing demands of import 

and export activities across all regions of 

North, Central, and South Vietnam. The 

adjustment made in Decision No. 1579/QD-

TTg dated 22 September 2021 and Decision 

No. 442/QD-TTg dated 22 May 2024, further 

underscores the commitment to enhancing 

the seaport system. The decisions divide the 

system into five groups, aligning with the 

plan for the system's development until 

2030 [39]. 

Cargo handling: Tan Cang - Cai Mep 

International Port (TCIT) has focused on 

enhancing its cargo handling operations by 

investing in modern, environmentally 

friendly equipment. This includes electric 

cranes that reduce CO2 emissions compared 

to traditional diesel-powered equipment; 

LED lights on all the cranes to develop 

harmonic filter system for stable grid power; 

and utilizes excess crane power to 

strengthen its offices and container yards; 

and cargo handling machinery, such as 8 STS 

cranes, 18 RTG cranes, and feeder cranes. 

These investments have allowed TCIT to 
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handle cargo more efficiently and 

sustainably. The E-RTG cranes, for example, 

use 100% grid electricity and feature semi-

automated operations, flexible load control 

technology, and intelligent control cabins. 

Combined with the DGPS system and CATOS 

port management software, these 

advancements have made TCIT a preferred 

choice for shipping lines seeking 

environmentally conscious partners [40]. 

Water treatment: Gemadept has 

implemented various water-saving 

measures, including regular inspection and 

maintenance of water supply systems and 

equipment, timely repairs of leaks, and the 

replacement of old equipment. They also 

monitor water usage daily and have replaced 

faucets with automatic shut-off faucets. 

Furthermore, the company provides water-

saving training for employees and reminds 

them to use water efficiently. Gemadept also 

encourages customers and employees to use 

water sparingly and avoid waste. 

Additionally, they have installed toilets with 

dual flushing functions to reduce water 

consumption. In 2022, Gemadept measured 

the water consumption of major companies 

in their Port and Logistics system, totaling 

190,090 cubic meters. Gemadept is also 

upgrading its fleet technology to comply 

with International Maritime Organization 

(IMO) environmental standards, including 

the Energy Efficiency Existing Ship Index 

(EEXI) and the Carbon Intensity Indicator 

(CII), with a goal of achieving net-zero 

emissions by 2050 [41]. 

GHGs emission inventory: To reduce GHG 

emissions, Gemadept is installing an 

Emission Control System (EPL) in 2022 to 

regulate ship engine capacity and prevent 

overloading, which can increase GHGs 

emissions. This system aims to reduce GHG 

emissions and promote sustainable 

practices in the shipping industry. Gemadept 

is also the leader in conducting inventory 

and reporting on GHG emissions, with Nam 

Dinh Vu Port and Gemalink Port being the 

first two ports in their ecosystem to officially 

implement an ISO 14064 GHGs inventory, 

recognized by the British Standards 

Institution (BSI) [41]. Through efforts to 

build and develop in line with global 

tendency, Vietnam's seaport system has 

seen some ports honored with the award of 

green port and various important 

certifications: Green Port Award by the APEC 

Ports Service Network (APSN) Council: Tan 

Cang Cat Lai Port (2018), Tan Cang Cai Mep 

TCIT (2020); ISO 4001:2015: Dinh Vu Port 

(2023), Gemadept Dung Quat International 

Port (2019); ISO 45001-2018: Dung Quat 

Port (2019). 

The hinterland: Based on Vietnam's 

geography, it can be seen that hinterland 

transportation develops unevenly across the 

nation. Specifically, the North includes many 

mountainous terrains and steep rivers, so 

transportation mainly relies on roads and 

railways. At the same time, in the south, 

based on the delta terrain, many gateways, 

and the Mekong River system, inland 

waterway transportation will be more 

developed than railways. However, the 

connection of seaports to all logistics centers 

mostly relies on road transport [42]. 

Road transportation: Currently, there are 

1,822 km of highways across the country, 

with an additional 1,071 km under 

construction. Most of these highways are 

concentrated in the two main economic 

hubs, Ho Chi Minh City and Hanoi. According 

to the Road Network Planning for the period 

2021-2030, with a vision to 2050, the 

highway system will include 41 routes, 

totaling 9,014 km, and the national road 

system will consist of 172 routes, totaling 
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29,795 km. In 2023, Vietnam continues to 

complete and put into operation many 

highway projects, such as 7 component 

projects with a total length of 411.6 km. 

Meanwhile, 5 important national projects 

will be under construction, including the 

Bien Hoa-Vung Tau highway, Ring Road 4 

project in Hanoi Capital, the Ring Road 3 

project in Ho Chi Minh City, and others. 

Railway transportation: According to the 

current state of the railway system, we can 

see that the Vietnamese railway system has 

not been evenly invested in and developed, 

with a concentration in the Northern region. 

In the past, the railway used to connect to 

many large seaports, but these connections 

were removed, such as the railway to Cua Lo 

port, Song Han port, Quy Nhon port, and 

Saigon port. Currently, there are only two 

seaports directly connected to the railway 

system: Hai Phong port and Cai Lan port in 

Quang Ninh [43]. According to the plan being 

implemented, railways connecting to 

transport hub areas will be invested in, such 

as the Ho Chi Minh City-Can Tho railway, 

Bien Hoa-Vung Tau lines connecting to Cai 

Mep-Thi Vai international seaport, and 

Hanoi-Hai Phong lines connecting with Lach 

Huyen international seaport. According to 

conclusion No. 49-KL/TW, it is determined 

to complete the Yen Vien-Pha Lai and Ha 

Long Cai Lan railways by 2030.  

  

Figure 1. The Vietnam highway system 

 by 2025 [44]. 
Figure 2. Vietnam Railway map. 

Inland waterways transportation: 

Vietnam's inland waterways have developed 

rapidly, contributing to the growth of green 

ports, thanks to its geography featuring two 

large deltas-the Red River Delta in the North 

and the Mekong River Delta in the South-

which help limit emissions into the 

environment. According to data from the 

Vietnam Inland Waterways Administration, 

in the northern region, 7 out of 17 routes 
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have been renovated and upgraded, 

covering a total length of 949.5 out of 2265.5 

kilometers, reaching about 41%. In the 

Central region, 1 out of 10 routes has been 

renovated and upgraded, covering a total 

length of 63.5 out of 480.5 kilometers, 

reaching 13%. In the southern region, 9 out 

of 18 routes have been renovated and 

upgraded, covering a total length of 2303.9 

out of 3426.4 kilometers, reaching 67%. The 

government is focusing on the development 

of inland waterways to support road 

transport. The four major projects include 

the Cho Gao Canal upgrading project phase 

II, the project to upgrade waterway 

corridors and logistics in the Southern 

region, the Duong Bridge air clearance 

upgrading project, and the project to 

enhance air clearance of road and railway 

bridges crossing the national inland 

waterway route. Gemadept is actively 

developing inland waterway transport to 

create a green logistics system. They are 

researching the Cai Mep transport route in 

the Mekong Delta, aiming to contribute to 

Vietnam's inland waterway transport 

development. Improvements are needed in 

signaling, bridge systems, and connectivity 

to optimize goods transport [41]. 

 

Figure 3. Inland waterway in the Mekong Delta region map.

4.2. Measures within the key factors 

In the following section, we will compare 

Vietnam's seaports with other ports that we 

named above based on the three factors 

mentioned in the literature review section. 

The goal of this comparison is to identify 

opportunities for improving green ports 

within the measures already implemented in 

Vietnam's ports. It is important to emphasize 

the focused clustering approach to highlight 

areas that still require action. Table 1 

presents the field of authorities and 

management in ports to demonstrate the 

differences between the main green goals of 

the three ports and how they are put into 

action. Table 2 demonstrates how the port 

authorities actualize the green port goals 

through technical infrastructure. The aim is 

to examine the primary areas of focus for 

application and improvement within the 

port. The hinterland plays a crucial role in 

the development of green ports. In Table 3, 

the study aims to achieve how ports 

optimize air quality by replacing road 

transportation with railway and inland 

waterway transportation, considering land 

features. 
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Table 1. The comparison among the Port of Bremen/Bremerhaven, and Shanghai International Port. 

Key factor(s) 
Port of 

Bremen/Bremerhaven 

Shanghai 

 International Port Group 
Vietnam’s seaport 

The guidelines ESPO Shanghai government 
Vietnam Maritime 

Administration 

Notable Policy 

Encouraging technical 

infrastructure for waste 

reduction; 

Enhancing operation 

among ports; 

Applying favorable port 

fees for green ships. 

Developing technology for 

efficient port operation; 

Educating environmentally 

conscious mindsets for 

port employees. 

Developing infrastructure of 

port and hinterland; 

Leveraging natural blessing. 

Educating environmentally 

conscious mindsets for port 

employees. 

Pricing scheme Published Not clear Not clear 

Table 2. Comparison among Port of Bremen/Bremerhaven,  

SIPG and Vietnam’s seaports in terms of technical infrastructure. 

Key factor(s) 
Port of 

Bremen/Bremerhaven 

Shanghai  

International Port Group 
Vietnam’s seaport 

Shore power Wind & solar power Wind & solar power Ongoing project 

Water treatment Efforts to reduce nitrogen 

oxide emissions 

Not provided in the report Ongoing project 

Cargo handling 

and facility 

Promoting Bremen freight 

village (GVZ) 

Building Bremen high-bay 

warehouse; 

Applying Auto Terminal. 

Building E-Platform and 

Automated Terminal; 

Using LNG for infield truck 

tractors and green-power 

RTGs. 

Applying electronic shore 

and yard cranes; 

Developing a harmonic 

filter system for stable grid 

power; 

Utilizes excess crane 

power to energize its 

offices and container yards. 

Greenhouse gas 

emission 

inventory 

No No Yes 

Table 3. The comparison among the Port of Bremen/Bremerhaven, and Shanghai International Port. 

Key factor(s) 
Port of 

Bremen/Bremerhaven 

Shanghai 

 International Port Group 
Vietnam’s seaport 

Road 50%/60% of total 

hinterland transport 

Shanghai-Hangzhou 

Highway (A8), Shanghai-

Nanjing Highway (A11), 

Highway A20, Highway A2 - 

East Sea Bridge 

Mainly focus on road 

transportation, developing 

the highway and national 

road system 

Railway 47%/37% of total 

hinterland transport 

Pudong city railway Ongoing project 

Inland 

waterway 

3%/3% of total 

hinterland transport 

Shanghai-Hangzhou railway 

Shanghai-Nanjing railway 

The Red River in the North 

and the Mekong River in the 

South 
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5. Conclusion 

The green port concept represents a 

harmonious blend between environmental 

sustainability and economic development, 

emerging as a strategic trend in the global 

maritime industry. Its inception aims to 

mitigate and eradicate adverse 

environmental impacts stemming from port 

activities. Leading port nations like 

Germany, Singapore, and China have 

successfully implemented  green port 

development, demonstrating significant 

reductions in emissions. While green port 

development is a prevailing trend, its 

implementation in developing countries, 

particularly Vietnam, encounters various 

challenges. 

Research indicates Vietnam's suitability 

for embracing the green port development 

model, given the government's 

encouragement and support for green port 

initiatives in recent years. The government 

has set objectives to make seaports leading 

contributors to Vietnam's maritime 

economy, supporting the country's growth 

into a strong maritime nation and a 

developed, high-income country by 2050. In 

Vietnam, transportation infrastructure is 

increasingly being invested in and expanded, 

especially with a series of major highways 

facilitating cost and time savings for 

transportation businesses. The maritime 

port system is also being improved and 

continuously invested in, providing access to 

advanced, modern, and environmentally 

friendly transportation services. Moreover, 

Vietnam, with its potential for inland 

waterway exploitation through its network 

of rivers, canals, and major ports, has been 

investing in inland waterway development 

to expand the port ecosystem and maximize 

available resources. Furthermore, Vietnam 

benefits from abundant foreign investment 

capital for developing maritime port 

infrastructure. Over the past decade, many 

foreign investors have poured capital into 

building seaports in Vietnam. In the 

southern region, Ba Ria-Vung Tau is the 

locality that attracts the most foreign 

investors to construct ports, including major 

corporations such as PSA (Singapore), 

investing in SP-PSA Port; APMT (Denmark), 

investing in CMIT Port; Hutchison Port 

Holding (Hong Kong), investing in SITV Port; 

and shipping companies like Mitsui O.S.K 

Line (Japan) and Wanhai Lines (Taiwan), 

investing in the operation of the 

international container terminal Tan Cang - 

Cai Mep. 

With these substantial potentials, 

Vietnam promises to be at the forefront of 

building and developing green ports. 

However, Vietnam faces challenges in 

developing green ports, including the lack of 

consistency in criteria, technological 

limitations, and significant initial capital 

requirements. One of the major challenges 

facing Vietnam in the development of green 

ports is the lack of consistency in criteria. 

Different regions and organizations may 

propose varying criteria for green ports. This 

lack of uniformity can pose difficulties for 

ports, particularly those in developing 

countries, in efficiently identifying the key 

factors they need to prioritize to foster the 

growth of their green port. Consequently, 

considerable time and financial investments 

may be required to establish an 

appropriately tailored set of criteria for a 

specific port. Moreover, Vietnam's journey 

toward developing green ports encounters a 

significant hurdle in adopting cutting-edge 

technology for environmentally friendly 

shipping and port infrastructure, known as 

technical development. While various 

advanced technologies such as cold ironing, 
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seawater filters, alternative energy sources, 

and monitoring systems have been 

suggested for green ports, their 

implementation in Vietnam is hindered by 

limited access to these technologies. Most 

ports in Vietnam rely on outdated 

equipment that fails to meet modern 

environmental standards. Consequently, the 

deployment of green technologies, including 

cold ironing and seawater filters, which have 

the potential to reduce GHGs emissions and 

pollution, is restricted. Additionally, port 

operators in Vietnam face pressure to secure 

substantial initial capital for the 

construction of green ports. These financial 

barriers encompass all costs related to the 

facility before, during, and after 

development. To comply with emission 

reduction criteria, modern technologies 

such as cold ironing systems, seawater 

filters, alternative energy sources, and 

monitoring systems must be installed. As can 

be seen, the expense associated with 

deploying such systems is substantial. 

Nevertheless, the Vietnamese 

government and port enterprises are 

persevering daily in the green 

transformation process to contribute to 

achieving the goal of reducing net emissions 

to zero in Vietnam. Specifically, green ports 

in Vietnam will be developed based on six 

main criteria with specific scoring scales, 

including awareness of green ports 

(maximum score of 5 points), resource 

utilization (maximum score of 15 points), 

environmental quality management 

(maximum score of 50 points), energy usage 

(maximum score of 15 points), information 

technology application (maximum score of 5 

points), and emission reduction, climate 

change adaptation, and sea-level rise 

response (maximum score of 10 points). 

According to the roadmap after 2030, the 

application of green port criteria will be 

mandatory for port development, and to be 

considered for green port recognition, ports 

must achieve a minimum of 60% of the total 

points across all criteria (achieving a 

minimum total score of 60 out of 100 points) 

[45]. 

Contributions of authors in this article 

Tran Thi Anh Tho: Methodology, Data 

management, Formal analysis, Investigation, 

Validation, Grant acquisition, Feedback on 

peer review, Writing – original manuscript, 

Manuscript Editing. To Thi Bich Ngoc: Data 

compilation, Data analysis, Investigation, 

Verification. Lam Nguyen Thai Hoang: 

Writing – original manuscript, Investigation, 

Validation, Visualization. Le Huy Nhat Tai: 

Writing – original manuscript, Investigation, 

Validation, Visualization, Data management. 

Declaration of competing interest and 

dedication to copyright 

The authors declare the absence of any 

potential conflicts of interest from this study 

and affirm that the paper has not been 

previously published. 

Data available 

Data will be provided upon request. 

Acknowledgments 

This study is fully funded by University of 

Transport Ho Chi Minh City under Project 

No. KH2302. 

References 

[1]  S. Gucma, “Conditions of Safe Ship Operation in 

Seaports – Optimization of Port Waterway 

Parameters,” Polish Maritime Research, vol. 26, no. 

3, pp. 22-29, 18 October 2019, doi: 10.2478/pomr-

2019-0042. 

[2] K. Y. Bjerkan, L. Hansen, M. Steen, “Towards 

sustainability in the port sector: The role of 

https://sciendo.com/article/10.2478/pomr-2019-0042
https://sciendo.com/article/10.2478/pomr-2019-0042


Tran Thi Anh Tho , To Thi Bich Ngoc, Lam Nguyen Thai Hoang, Le Huy Nhat  

Global green port development models and the assessment of their applicability: A Case study of Vietnam’s Southern  

 

93 

intermediation in transition work,” Environmental 

Innovation and Societal Transitions, vol. 40, pp. 

296-314, Sep. 2021, doi: 10.1016/j.eist.2021.08.0 

04. 

[3] R. O. S. Gurning and D. I. Tangkau, “The analysis of 

the conceptual framework of green port 

implementation in Indonesia using circular 

economy: the case study of Benoa Public and 

Fishing Terminals,” Sustainability, vol. 14, no. 10, 

2022, Art. no. 6083, doi: 10.3390/su14106083. 

[4] Z. Chen and M. Pak, “A Delphi analysis on green 

performance evaluation indices for ports in 

China,” Maritime Policy & Management, vol. 44, no. 

5, pp. 537-550, 2017, doi: 10.1080/03088839.20 

17.1327726. 

[5] O. B. INAL, “An Overview of Green Ports and 

Sustainable Development Goals,” in International 

Conference on Scientific and Academic Research, 

Konya, Turkey, 2023, pp. 409–413.  

[6] S. -T. Le and T. -H. Nguyen, “The development of 

green ports in emerging nations: A case study of 

Vietnam,” Sustainability, vol. 15, no. 18, 2023, Art. 

no. 13502, doi: 10.3390/su151813502. 

[7] UN Trade and Development. “Review of Maritime 

Transport 2023.” unctad.org. Accessed: Sep. 16, 

2024. [Online]. Available: https://unctad.org/pub 

lication/review-maritime-transport-2023  

[8] J. -B. Sheu, T. -L. Hu, and S. -R. Lin,“The key factors 

of green port in sustainable development,” 

Pakistan Journal of Statistics, vol. 29, no. 5, pp. 755-

767, 2013. 

[9] T Notteboom, A. Pallis, and J.-P. Rodrigue, Port 

Economics, Management and Policy. NY, USA: 

Routledge, 2022. 

[10] D. Birkett. “Dry Bulk Cargoes and the Impact on 

Air Pollution in Ports.” pema.org. Accessed: Sep. 

16, 2024. [Online]. Available: https://www.p 

ema.org/wp-content/uploads/2022/09/Pema-D 

ryBulkCargoes-22022022-02.pdf 

[11] J. S. Cannon, U.S. Container Ports and Air 

Pollution: A Perfect Storm. VT, USA: Energy 

Futures, 2008.  

[12] K. L. Rødseth, “Noise pollution of container 

handling: External and abatement costs and 

environmental efficiency,” Transport Policy, vol. 

134, pp. 82-93, Apr. 2023, doi: 10.1016/j.tran 

pol.2023.02.002 

[13] V. Paulauskas, L. Henesey, D. Paulauskas, and M. 

Simutis, “Optimizing transportation between 

ports and the hinterland for decreasing impact to 

the environment,” in Proceedings of the 24th 

International Conference on Harbor, Maritime and 

Multimodal Logistic Modeling & Simulation(HMS 

2022), Rome, Italy, 2022, Art. no. 008, doi: 

10.46354/i3m.2022.hms.008. 

[14] IMO. “2023 IMO Strategy on reduction of GHG 

emissions from ships.” imo.org. Accessed: Sep. 16, 

2024. [Online]. Available: 

[https://wwwcdn.imo.org/localresources/en/Ou

rWork/Environment/Documents/annex/MEPC%

2080/Annex%2015.pdf 

[15] G. van Zutphen. “LPG makes waves in green 

shipping.” man-es.com. Accessed: Sep. 16, 2024. 

[Online]. Available: https://www.man-es.com/dis 

cover/(retro)fit-for-sea-pioneering-lpg-propulsio 

n 

[16] WLPGA, LPG for Marine Engines The Marine 

Alternative Fuel. Neuilly-sur-Seine, France: WLGA, 

2021. 

[17] E. Delhaye et al., “The COMPetitiveness of 

EuropeAn Short-sea freight Shipping compared 

with road and rail transport,” European 

Commission DG Environment, Brussels, Belgium, 

Final Report, 2010. 

[18] Environmental management systems 

Requirements with guidance for use,” ISO 

14001:2015, 2015. Online]. Available: 

https://www.iso.org/standard/60857.html 

[19] Ships and marine technology - Specification for 

bunkering of liquefied natural gas fuelled vessels, 

ISO 20519:2021, 2021. [Online]. Available: 

https://www.iso.org/standard/80842.html 

[20] APSN, “About the APEC Port Services Network.” 

apsn.glueup.cn. Accessed: Sep. 16, 2024. [Online]. 

Available: 

https://apsn.glueup.cn/org/apsn/about/ 

[21] APSN, “Green Port Award System Annual Report 

2020,” Beijing, China, 2020.  

[22] EcoPorts. “Port Environmental Review System 

(PERS): the only port sector specific 

environmental management standard.” 

ecoports.com. Accessed: Sep. 16, 2024. [Online]. 

Available: https://www.ecoports.com/pers 

[23] Ecoports. “Green your Port, Join EcoPorts.” 

ecoports.com. Accessed: Sep. 16, 2024. [Online]. 

https://www.sciencedirect.com/science/article/pii/S2210422421000575?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2210422421000575?via%3Dihub
https://www.mdpi.com/2071-1050/14/10/6083
https://www.tandfonline.com/doi/full/10.1080/03088839.2017.1327726
https://www.tandfonline.com/doi/full/10.1080/03088839.2017.1327726
https://as-proceeding.com/index.php/icsar/article/view/331/280
https://as-proceeding.com/index.php/icsar/article/view/331/280
https://as-proceeding.com/index.php/icsar/article/view/331/280
https://as-proceeding.com/index.php/icsar/article/view/331/280
https://www.mdpi.com/2071-1050/15/18/13502
https://unctad.org/publication/review-maritime-transport-2023
https://unctad.org/publication/review-maritime-transport-2023
https://openurl.ebsco.com/EPDB%3Agcd%3A7%3A4664935/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A97359033&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A7%3A4664935/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A97359033&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A7%3A4664935/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A97359033&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A7%3A4664935/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A97359033&crl=c&link_origin=scholar.google.com
https://porteconomicsmanagement.org/#content
https://porteconomicsmanagement.org/#content
https://porteconomicsmanagement.org/#content
https://www.pema.org/wp-content/uploads/2022/09/Pema-DryBulkCargoes-22022022-02.pdf
https://www.pema.org/wp-content/uploads/2022/09/Pema-DryBulkCargoes-22022022-02.pdf
https://www.pema.org/wp-content/uploads/2022/09/Pema-DryBulkCargoes-22022022-02.pdf
https://s3.amazonaws.com/energy-futures.com/port_study_ef.pdf
https://s3.amazonaws.com/energy-futures.com/port_study_ef.pdf
https://s3.amazonaws.com/energy-futures.com/port_study_ef.pdf
https://www.sciencedirect.com/science/article/pii/S0967070X23000276?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0967070X23000276?via%3Dihub
https://www.cal-tek.eu/proceedings/i3m/2022/hms/008/
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/annex/MEPC%2080/Annex%2015.pdf
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/annex/MEPC%2080/Annex%2015.pdf
https://wwwcdn.imo.org/localresources/en/OurWork/Environment/Documents/annex/MEPC%2080/Annex%2015.pdf
https://www.man-es.com/discover/(retro)fit-for-sea-pioneering-lpg-propulsion
https://www.man-es.com/discover/(retro)fit-for-sea-pioneering-lpg-propulsion
https://www.man-es.com/discover/(retro)fit-for-sea-pioneering-lpg-propulsion
https://www.worldliquidgas.org/wp-content/uploads/2018/02/LPG-for-Marine-Engines-2017-.pdf
https://www.worldliquidgas.org/wp-content/uploads/2018/02/LPG-for-Marine-Engines-2017-.pdf
https://www.worldliquidgas.org/wp-content/uploads/2018/02/LPG-for-Marine-Engines-2017-.pdf
https://www.schonescheepvaart.nl/downloads/rapporten/doc_1361789985.pdf
https://www.schonescheepvaart.nl/downloads/rapporten/doc_1361789985.pdf
https://www.schonescheepvaart.nl/downloads/rapporten/doc_1361789985.pdf
https://www.schonescheepvaart.nl/downloads/rapporten/doc_1361789985.pdf
https://www.schonescheepvaart.nl/downloads/rapporten/doc_1361789985.pdf
https://www.iso.org/standard/60857.html
https://apsn.glueup.cn/org/apsn/about/
https://cn.apecpsn.org/apsn/u/cms/www/202104/29150434p94v.pdf
https://cn.apecpsn.org/apsn/u/cms/www/202104/29150434p94v.pdf
https://www.ecoports.com/pers


Tran Thi Anh Tho , To Thi Bich Ngoc, Lam Nguyen Thai Hoang, Le Huy Nhat  

Global green port development models and the assessment of their applicability: A Case study of Vietnam’s Southern  

 

94 

Available: https://www.ecoports.com/assets/fi 

les/common/publications/ESP-2035_ECOPORTS 

_DEF.pdf 

[24] ESPO. “ESPO green guide 2021 a manual for 

European ports towards a green future.” espo.be. 

Accessed: Sep. 16, 2024. [Online]. Available: 

https://www.espo.be/media/ESPO%20Green%2

0Guide%202021%20-%20FINAL.pdf 

[25] W. K. Tailey, Port Economics. London, UK: 

Routledge, 2009. 

[26] J. S. L. Lam and T. Notteboom, “The greening of 

ports: a comparison of port management tools 

used by leading ports in Asia and Europe,” 

Transport Reviews, vol. 34, no. 2, pp. 169-189, 

2014, doi: 10.1080/01441647.2014.891162. 

[27]  J. C. Wang, “Green Port Pricing - A case study 

approach,” M.S. thesis, Maritime Economics and 

Logistics, Erasmus University, Rotterdam, 

Holland, 2015. 

[28]  E. T. Lawer, J. Herbeck, and M. Flitner, “Selective 

adoption: how port authorities in Europe and 

West Africa engage with the globalizing ‘green 

port’ idea,” Sustainability, vol. 11, no. 18, 2019, Art. 

no. 5119, doi: 10.3390/su11185119. 

[29]  L. Zhen, D. Zhuge, L. Murong, R. Yan, and S. Wang 

“Operation management of green ports and 

shipping networks: overview and research 

opportunities,” Frontiers of Engineering 

Management, vol. 6, pp. 152-162, 2019, doi: 

10.1007/s42524-019-0027-2. 

[30]  D. A. de Moura and D. G. de Andre, “Concepts of 

green port operations – one kind of self-diagnosis 

method to the port of Santos - Brazil,” Independent 

Journal of Management & Production, vol. 9, no. 3, 

pp. 785-809, 2018, doi: 10.14807/ijmp.v9i3.733. 

[31]  F. Chu, S. Gailus, L. Liu, and L. Ni. “The future of 

automated ports.” mckinsey.com. Accessed: Sep. 

16, 2024. [Online]. Available: https://www.m 

ckinsey.com/industries/travel-logistics-and-inf 

rastructure/our-insights/the-future-of-automa 

ted-ports?cid=soc-web#/ 

[32]  D. -W. Song and P. Panayides, Maritime Logistics: 

A guide to contemporary shipping and port 

management, 2nd ed. London, UK: Kogan Page, 

2015.  

[33]  Hafen-Hamburg. “Rail going Green.” Accessed: 

Sep. 16, 2024. [Online]. Available: 

https://www.hafen-hamburg.de/en/port-of-ham 

burg-magazine/hafen-und-klima/kein-plastikmu 

ell-mehr-an-bord-1/ 

[34]  Bremen Ports, “Environmental Report 2018 for 

the Ports of Bremen/Bremerhaven,” 

Bremerhaven, Germany, 2018. 

[35]  European Union, “Directive 2000/59/EC of the 

European Parliament and of the Council of 27 

November 2000 on Port Reception Facilities for 

Ship-Generated Waste and Cargo Residues,” 

Official Journal of the European Communities, 

2000.  

[36]  Shanghai International Shipping Institute, 

“Global Port Development Report 

(2019),”Shanghai, China, 2019.  

[37]  Prime Minister of Vietnam. (2024, May 22). 

442/QD-TTg, Decision regarding Approving 

amendments to master planning for development of 

Vietnam’s seaport system in 2021 - 2030 period, 

with a vision by 2050. [Online]. Available: 

https://english.luatvietnam.vn/xay-

dung/decision-442-qd-ttg-2024-adjustments-to-

the-master-plan-on-development-of-vietnams-

seaport-system-2021-2030-338611-d1.html 

[38]  Prime Minister of Vietnam (2021, Sep. 22). 

1579/QD-TTg, Decision regarding Approving the 

over all master plan on development of Vietnam’s 

seaport system in the 2021-2030 period, with a 

vision toward 2050. [Online]. Available: 

https://english.luatvietnam.vn/decision-no-

1579-qd-ttg-dated-september-22-2021-of-the-

prime-minister-approving-the-overall-master-

plan-on-vietnams-seaport-system-development-

in-t-209873-doc1.html 

[39]  Bộ Giao thông vận tải. (29.10.2020). 2027/QĐ-

BGTVT, Quyết định Phê duyệt Dề án phát triển 

cảng xanh tại Việt Nam. [Online]. Available: 

https://cangvuhanghaitphcm.gov.vn/index.aspx?

page=about&cat=16  

[40]  H. P. Nguyen, P. Q. P. Nguyen, and T. P. Nguyen, 

“Green port strategies in developed coastal 

countries as useful lessons for the path of 

sustainable development: A case study in 

Vietnam,” International Journal of Renewable 

Energy Development, vol. 11, no. 4, pp. 950-962, 

2022, doi: 10.14710/ijred.2022.46539. 

[41]  Gemadept Corporation, “Sustainable 

Development Report 2022,” Binh Duong, Vietnam, 

2023.  

https://www.ecoports.com/assets/files/common/publications/ESP-2035_ECOPORTS_DEF.pdf
https://www.ecoports.com/assets/files/common/publications/ESP-2035_ECOPORTS_DEF.pdf
https://www.ecoports.com/assets/files/common/publications/ESP-2035_ECOPORTS_DEF.pdf
https://www.espo.be/media/ESPO%20Green%20Guide%202021%20-%20FINAL.pdf
https://www.espo.be/media/ESPO%20Green%20Guide%202021%20-%20FINAL.pdf
https://www.taylorfrancis.com/books/mono/10.4324/9780203880067/port-economics-wayne-talley
https://www.taylorfrancis.com/books/mono/10.4324/9780203880067/port-economics-wayne-talley
https://www.tandfonline.com/doi/abs/10.1080/01441647.2014.891162
https://thesis.eur.nl/pub/33024
https://thesis.eur.nl/pub/33024
https://thesis.eur.nl/pub/33024
https://thesis.eur.nl/pub/33024
https://www.mdpi.com/2071-1050/11/18/5119
https://link.springer.com/article/10.1007/s42524-019-0027-2
http://www.ijmp.jor.br/index.php/ijmp/article/view/733
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/the-future-of-automated-ports?cid=soc-web#/
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/the-future-of-automated-ports?cid=soc-web#/
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/the-future-of-automated-ports?cid=soc-web#/
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/the-future-of-automated-ports?cid=soc-web#/
https://www.hafen-hamburg.de/en/port-of-hamburg-magazine/hafen-und-klima/kein-plastikmuell-mehr-an-bord-1/
https://www.hafen-hamburg.de/en/port-of-hamburg-magazine/hafen-und-klima/kein-plastikmuell-mehr-an-bord-1/
https://www.hafen-hamburg.de/en/port-of-hamburg-magazine/hafen-und-klima/kein-plastikmuell-mehr-an-bord-1/
https://docslib.org/doc/785415/environmental-report-2018-ports-of-bremen-bremerhaven-about-this-report
https://docslib.org/doc/785415/environmental-report-2018-ports-of-bremen-bremerhaven-about-this-report
https://docslib.org/doc/785415/environmental-report-2018-ports-of-bremen-bremerhaven-about-this-report
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
https://faolex.fao.org/docs/pdf/eur35001Original.pdf
http://sisi.gstta.org/uploads/2021/10/291409176464.pdf
http://sisi.gstta.org/uploads/2021/10/291409176464.pdf
http://sisi.gstta.org/uploads/2021/10/291409176464.pdf
https://english.luatvietnam.vn/xay-dung/decision-442-qd-ttg-2024-adjustments-to-the-master-plan-on-development-of-vietnams-seaport-system-2021-2030-338611-d1.html
https://english.luatvietnam.vn/xay-dung/decision-442-qd-ttg-2024-adjustments-to-the-master-plan-on-development-of-vietnams-seaport-system-2021-2030-338611-d1.html
https://english.luatvietnam.vn/xay-dung/decision-442-qd-ttg-2024-adjustments-to-the-master-plan-on-development-of-vietnams-seaport-system-2021-2030-338611-d1.html
https://english.luatvietnam.vn/xay-dung/decision-442-qd-ttg-2024-adjustments-to-the-master-plan-on-development-of-vietnams-seaport-system-2021-2030-338611-d1.html
https://english.luatvietnam.vn/decision-no-1579-qd-ttg-dated-september-22-2021-of-the-prime-minister-approving-the-overall-master-plan-on-vietnams-seaport-system-development-in-t-209873-doc1.html
https://english.luatvietnam.vn/decision-no-1579-qd-ttg-dated-september-22-2021-of-the-prime-minister-approving-the-overall-master-plan-on-vietnams-seaport-system-development-in-t-209873-doc1.html
https://english.luatvietnam.vn/decision-no-1579-qd-ttg-dated-september-22-2021-of-the-prime-minister-approving-the-overall-master-plan-on-vietnams-seaport-system-development-in-t-209873-doc1.html
https://english.luatvietnam.vn/decision-no-1579-qd-ttg-dated-september-22-2021-of-the-prime-minister-approving-the-overall-master-plan-on-vietnams-seaport-system-development-in-t-209873-doc1.html
https://english.luatvietnam.vn/decision-no-1579-qd-ttg-dated-september-22-2021-of-the-prime-minister-approving-the-overall-master-plan-on-vietnams-seaport-system-development-in-t-209873-doc1.html
https://cangvuhanghaitphcm.gov.vn/index.aspx?page=about&cat=16
https://cangvuhanghaitphcm.gov.vn/index.aspx?page=about&cat=16
https://ijred.cbiore.id/index.php/ijred/article/view/46539
https://www.scribd.com/document/712208949/GMD-Sustainable-Development-Report-Eng-2022-20-5-2023
https://www.scribd.com/document/712208949/GMD-Sustainable-Development-Report-Eng-2022-20-5-2023
https://www.scribd.com/document/712208949/GMD-Sustainable-Development-Report-Eng-2022-20-5-2023


Tran Thi Anh Tho , To Thi Bich Ngoc, Lam Nguyen Thai Hoang, Le Huy Nhat  

Global green port development models and the assessment of their applicability: A Case study of Vietnam’s Southern  

 

95 

[42]  N. C. Lam and N. M. Duc, “Defining characteristics 

of Vietnam's inland logistics note system: Insight 

from a statistical analysis,” Journal of Marine 

Science and Technology, vol. 62, pp. 90-97, Apr. 

2020. 

[43]   A. Tuyết. “Đường sắt mất lợi thế vì kết nối với 

các phương thức vận tải khác dần đứt gãy.” 

Accessed: Sep. 16, 2024. [Online]. Available: 

https://vneconomy.vn/duong-sat-mat-loi-the-vi-

ket-noi-voi-cac-phuong-thuc-van-tai-khac-dan-du 

t-gay.htm 

[44] T. Đạt. “Hệ thống đường cao tốc Việt Nam đến 

năm 2025.” Accessed: Sep. 16, 2024. [Online]. 

Available: https://dothanhdaewoo.com.vn/en/he 

-thong-duong-cao-toc-viet-nam-den-nam-2025.ht 

ml 

[45]  Bộ Giao thông vận tải. (29.10.2020). 2027/QĐ-

BGTVT, Quyết định Phê duyệt đề án phát triển 

cảng xanh tại Việt Nam. [Online]. Available: 

https://www.cangvuhanghaitphcm.gov.vn/image

s/uploads/attach/2027.Q%C4%90-BGTVT%20-

%2029.10.2020.pdf 

[46]  Bộ Công thương, “Báo cáo Logistics Việt Nam 

2023,” Hà Nội, Việt Nam, 2023.  

[47]  European Union, “Directive 2014/94/Eu of The 

European Parliament and of The Council of 22 

October 2014 on the deployment of alternative 

fuels infrastructure,” Official Journal of The 

European Union, 2014. 

[48]  The Prime Minister of Vietnam. (2000, Dec. 24). 

2190/QD-TTg, Decision regarding Approving the 

master plan for the development of Vietnam’s 

seaport system through 2020, with orientations 

toward 2030. [Online]. Available: https://moj.gov. 

vn/vbpq/en/lists/vn%20bn%20php%20lut/vie

w_detail.aspx?itemid=10735 

[49]  Chính phủ. (12.10.1999). 202/1999/QĐ-TTg, 

Quyết định về việc Phê duyệt Quy hoạch tổng thể 

phát triển hệ thống cảng biển Việt Nam đến năm 

2010. [Online]. Available: https://chinhphu.vn/de 

fault.aspx?pageid=27160&docid=149830 

[50]  The Government of Vietnam. (2014, Jun.24). 

1037IQD-TTg, Decision regarding Approval of 

revised Vietnam port system planning up to the 

year 2020 and a vision extending to 2030. 

[Online]. Available: https://faolex.fao.org/docs/ 

pdf/vie167800.pdf

 

https://jmst.vimaru.edu.vn/index.php/tckhcnhh/article/view/260/263
https://jmst.vimaru.edu.vn/index.php/tckhcnhh/article/view/260/263
https://jmst.vimaru.edu.vn/index.php/tckhcnhh/article/view/260/263
https://jmst.vimaru.edu.vn/index.php/tckhcnhh/article/view/260/263
https://jmst.vimaru.edu.vn/index.php/tckhcnhh/article/view/260/263
https://vneconomy.vn/duong-sat-mat-loi-the-vi-ket-noi-voi-cac-phuong-thuc-van-tai-khac-dan-dut-gay.htm
https://vneconomy.vn/duong-sat-mat-loi-the-vi-ket-noi-voi-cac-phuong-thuc-van-tai-khac-dan-dut-gay.htm
https://vneconomy.vn/duong-sat-mat-loi-the-vi-ket-noi-voi-cac-phuong-thuc-van-tai-khac-dan-dut-gay.htm
https://dothanhdaewoo.com.vn/en/he-thong-duong-cao-toc-viet-nam-den-nam-2025.html
https://dothanhdaewoo.com.vn/en/he-thong-duong-cao-toc-viet-nam-den-nam-2025.html
https://dothanhdaewoo.com.vn/en/he-thong-duong-cao-toc-viet-nam-den-nam-2025.html
https://www.cangvuhanghaitphcm.gov.vn/images/uploads/attach/2027.Q%C4%90-BGTVT%20-%2029.10.2020.pdf
https://www.cangvuhanghaitphcm.gov.vn/images/uploads/attach/2027.Q%C4%90-BGTVT%20-%2029.10.2020.pdf
https://www.cangvuhanghaitphcm.gov.vn/images/uploads/attach/2027.Q%C4%90-BGTVT%20-%2029.10.2020.pdf
https://valoma.vn/wp-content/uploads/2023/12/Bao-cao-Logistics-Viet-Nam-2023.pdf
https://valoma.vn/wp-content/uploads/2023/12/Bao-cao-Logistics-Viet-Nam-2023.pdf
https://eur-lex.europa.eu/eli/dir/2014/94/oj/eng
https://eur-lex.europa.eu/eli/dir/2014/94/oj/eng
https://eur-lex.europa.eu/eli/dir/2014/94/oj/eng
https://eur-lex.europa.eu/eli/dir/2014/94/oj/eng
https://eur-lex.europa.eu/eli/dir/2014/94/oj/eng
https://moj.gov.vn/vbpq/en/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=10735
https://moj.gov.vn/vbpq/en/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=10735
https://moj.gov.vn/vbpq/en/lists/vn%20bn%20php%20lut/view_detail.aspx?itemid=10735
https://chinhphu.vn/default.aspx?pageid=27160&docid=149830
https://chinhphu.vn/default.aspx?pageid=27160&docid=149830
https://faolex.fao.org/docs/pdf/vie167800.pdf
https://faolex.fao.org/docs/pdf/vie167800.pdf

