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Abstract: World transport faces a serious challenge, which involves the detrimental impact of its activity on the environment. 
Marine transport is a significant link in the worldwide transport system, which provides the free flow of diversified cargoes and 
offers competitive prices compared to other modes of transport for the carriage of goods. Seaports enabling waterborne trans-
port have a major impact on the economic, social and natural environment. Port managing authorities show growing aware-
ness of the negative influence of port units on the surrounding environment. Concurrently, environmentally friendly measures 
are implemented in line with the principles of sustainable development. The article aim is to present the characteristics of 
the green ports concept in response to ports struggle with environmental problems. The article presents port development 
background and the evolving approach to environmental issues. The seaport in Gdynia is an example of pursuing a sustainable 
development policy, and informally is well embedded in the concept of green ports.
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1. Introduction 

Seaports are called the catalysers of social, economic 
and spatial development of a given region. They em-
brace transport, industrial, trade, logistics and distri-
bution functions and in terms of spatial development 
are ‘city-genic’ and ‘region-genic’ (Montwiłł, 2011).  
Traditionally, seaports mean land and water adjacent 
areas equipped with facilities for providing port ser-
vices (Misztal et al., 1988). These include the infra-
structure (port water basins, port premises, transport 
system, networks and nodes) and port suprastruc-
ture (cargo handling equipment, port rolling stock, 
warehouses, storage yards, and other equipment and 
auxiliary facilities). Seaports are subject to continuous 
evolution resulting from economic transformation 
and global trends. The changes in the social sphere 
and the evolving approach to comprehensive protec-
tion and responsibility for the environment also play 
a significant role. 

The objective of the study is to develop a  syn-
thetic characteristic of the concept of green ports 
in response to environmental problems in the mari-
time sector. It will refer to development basics and 
the evolution of ports’ approach to environmental 
issues. The study is based on a review of national and 
international papers about the range of environmen-
tal trends in port development and environmental 
issues. 

2. Seaport generations

The report of the United Nations Conference on Trade 
Development1 identifies three basic port genera-
tions in the effort to develop a  synthetic overview 
and define development stages. The division into 
tangible generation types is based on the following 
categories: type of cargo handled, strategies, scope 
of operations, operation characteristics, interfaces 
and dominating factors. The article presents a spe-
cific division into generations in three time spans (up 
to 1960, after 1960 and following 1980).
– Up to 1960, Generation I ports dominated. They 

predominantly provided the simple handling of 
semi bulk cargo. This type of port was an indepen-
dent and isolated entity, which failed to maintain 
relations with the surrounding environment. 

– After 1960, ports experienced a  clear develop-
ment phase, conditioned by the principles of 
competitiveness and rivalry between particular 

1 Report by the UNCTAD Secretariat, 1992, Port marketing 
and the challenge of the third generation port, https://
unctad.org/en/PublicationsLibrary/tdc4ac7_d14_en.pdf 
[20.04.2020].

entities (Montwiłł, 2011). Bulk cargo (in particular 
oil and derivatives) characterised the cargo struc-
ture.  Generation II ports opened up to economic 
relations and interfaces evolving into service and 
transport complexes. The growing cargo han-
dling operations (connected with containerisa-
tion), functional and spatial development of ports 
augmented the risks for the environment. 

– The transition from Generation II to Generation III 
ports (after 1980) was related to transformation 
of administrative issues and changing attitude to 
the surrounding environment. Port efficacy influ-
enced their dominating nature and competitive-
ness compared to earlier Generation ports. The 
rising trend in port handling volumes resulted in 
ports developing their hinterland with logistics 
distribution hubs. They comprised an integrated 
system and logistic platform for international 
trade turnover. Port operations meant diversifi-
cation of services beyond the earlier port principal 
functions. Cargo groups handled by Generation 
III ports comprised bulk cargo, general cargo and 
containers. The development of relations and 
building closer relations between the port and 
the city structure gained weight. 
Apart from the three main generations, profes-

sional literature also indicates further generations, 
These are: Generations IV, V and VI. 

Generation IV ports feature a cross-regional na-
ture, developed cooperation of ports’ authorities and 
the development of a common administrating unit 
(UNCTAD secretariat, 1999). The involvement of the 
private sector in investment related decision-making 
is clearly visible. J. Semenov (2003) pointed out to 
the transformation of the port sector noting the lack 
of methodology in identifying the grounds for the 
development of Generation IV ports. Their initially 
characteristic feature, compared to earlier genera-
tions, was their attitude to adapt and comply with 
safety requirements in their operation. 

M. Flynn, P. Lee and T. Notteboom noted that the 
next generation of ports must demonstrate major 
actions regarding relations between the port and 
its stakeholders, which include local society, eco-
nomic entities, local, regional and national self-gov-
ernments and others (Flynn et al., 2011). Generation 
V ports should maintain close relations with local 
society in solving problems and conflicts resulting 
from port activity. Port strategies should focus on 
sustainable development of both the foreground 
and the hinterland. The strategies would augment 
the quality of logistics and uninterrupted cargo flow. 
Environmentally friendly port actions are also among 
these major measures. These include reduction of 
exhaust emission, mitigating hazards related to port 
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operations, education and sharing knowledge (Ka-
liszewski, 2017). 

Professional literature also points to Genera-
tion VI ports. Their distinguishing feature would be 
handling 50 thousand TEU container vessels with 
a  draught of over 20 meters.  Comprehensive au-
tomation2 of port processes is projected as their 
operational basis with comprehensive handling of 
intermodal connections and low external costs. Gen-
eration VI ports would be bound to modernise their 
infrastructure, among others, to expand premises for 
storing goods, to implement new technologies to 
manage goods in port yards and use gantry cranes 
adapted to the new cargo handling reality (Kalisze-
wski, 2017). This Generation meets with criticism due 
to generated costs remaining disproportional to po-
tential benefits. 

3. Environmental impact of seaports

Seaports, apart from their positive input to economic 
development, have their significant negative impact 
on the operational premises, the urban environ-
ment, the natural environment – on land and water. 
The progressive development of ports will generate 
a growing threat to the natural environment. Thus, 
the fundamentals for further growth mean that ports 
should account for sustainability in their develop-
ment and their expansion policies. The pollution 
sources in seaports can be divided into two main 
groups: 
– those related to the presence of ships, other wa-

terborne crafts and cargo, and
– those related to the hinterland and investment 

measures. 
Ships in port emit harmful gasses and dusts to the 

atmosphere. They also pollute water and soil. The 
basic explanations for the pollution include ship bun-
kering and possible collisions of waterborne units. In 
the case of cargo, the handling activity in port cre-
ates a hazard particularly when handling hazardous 
cargo (inter alia chemical substances) and operations 
related to their storage and warehousing. Another 
source of pollution originates in services and pro-
duction operations as well as port development and 
investments (dredging approach fairways and the 
internal water basins, waste disposal). The linkage of 
port with the hinterland generates noise, vibrations, 

2 An example of a  fully automated port facility is the un-
manned port Yangshan in Shanghai. Growing cargo 
handling effectiveness of ports involve application of 
intelligent solutions, among others, autonomic vehicles, 
which ensure collision free transport of  cargo (Shanghai 
opened the biggest..., 2018) 

congestion and potential collisions and transport ac-
cidents (Klopott, 2013). The emission of carbon diox-
ide (CO2), sulphur oxides (SO2), and nitrogen oxides 
(NO2) have a key impact on climate changes and the 
greenhouse effect. 

The attitude of ports to their surroundings in 
terms of environmental priorities have changed. The 
evolving approach to environmental issues in the 
years 1996-2019 is presented in the environmental 
report ESPO 2019, which was published on the Eco-
Ports website3.  EcoPorts is the effect of the proactive 
environment initiative undertaken by the European 
port sector widely collaborating and sharing knowl-
edge about the environment (ecoports.com) (tab. 1).  

Air quality is a key priority aspect. The issue re-
mains in the lead of port environmental priorities. 
Port activity shows a distinctive impact on deteriorat-
ing air quality in port vicinity, in this case the munici-
pal neighbourhood, as 90% of European ports oper-
ate in municipal areas (ecoports.com). Air pollution of 
anthropogenic origin generates considerable social 
costs (high mortality rate caused by tumours, strokes 
and cardiac diseases). Since 2016 power consump-
tion has ranked second after air quality. This aspect is 
substantially related with port effectiveness and the 
impact on power related costs as well as the shift to 
green energy. Climate changes appeared for the first 
time as the last item of priorities in 2017. This leads to 
a meaningful shift as in the 2019 priority set climate 
change ranked third after air quality and energy con-
sumption in three particularly important priorities 
for European ports (ESPO, 2019). The data referred to 
above indicates a rising trend in respecting climate 
related regulations, a shift to low emission operations 
and a reduction of ports detrimental impact on the 
environment. The three aspects constitute in their 
present reading the foundations of the environmen-
tal priorities of the port sector. The next item is the 
question of noise generated by port operations. The 
2009 priorities pointed to noise as the key problem. 
With time, noise has lost its position to air quality 
and energy consumption. Relations with local soci-
ety are another element. Ports are beginning to ac-
knowledge the building potency of cooperation and 
strengthened relations with neighbouring society 
and no longer form closed enclaves in a municipal 
environment. The next priorities embrace ship waste 
and waste generated by port activity. Port opera-
tions involve collection, storage and safe treatment 
of waste. The remaining three items cover port land 
related development and seabed related port opera-
tions (dredging of port basins). Water quality is at the 
end of the list maintained for the last 23 years.  

3  EcoPorts, https://www.ecoports.com [21.04.2020].
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4. Concept of green ports

This section, referring to the environmental impact 
of seaports, outlines the costs side of the issue. Costs 
are borne by ports and the city (society) in result of 
ports’ detrimental environmental impact. In the case 
of ports, these are private port costs resulting from 
their operation, whereas external costs burden the 
society, which functions in the port-municipality unit 
(Grzelakowski, 2011). Environmentally friendly initia-
tives are crucial in mitigating the negative footprint of 
ports on the environment and require a multi-aspect 
and long-term sustainable approach to environmen-
tal issues. Such measures would lower external costs 
(Klopott, 2012). Ecology related pressure on port enti-
ties grows with the proximity of ports to human clus-
ters and nature areas susceptible to anthropogenic 
influence. The creation of an eco-positive4 port image 

4  Building an ecopositive image by ports is an important 
measure, which illustrates the environment awareness 
level. It refers to creating a competitive edge, improving 
relations and building synergy between the port and the 
city. These goals are achieved by instigating steps, which 
limit the influence of ports on the environment in which 
it operates by, inter alia, implementing and popularising 
environmentally friendly solutions in transport.

Tab.  1. Changing environmental priorities of European ports. 

1996 2004 2009 2013 2016 2017 2018 2019

Port 
development 

(water)

Garbage / port 
waste Noise Air quality Air quality Air quality Air quality Air quality

Water quality Dredging  
operations Air quality Garbage / port 

waste
Power 

consumption
Power 

consumption
Power 

consumption
Power 

consumption

Dredging 
disposal

Dredging  
disposal

Garbage / port 
waste

Power 
consumption Noise Noise Noise Climate 

change

Dredging  
operations Dust Dredging  

operations Noise
Relationship 

with local 
community

Water quality
Relationship 

with local 
community

Noise

Dust Noise Dredging  
disposal Ship waste Garbage / port 

waste
Dredging  

operations Ship waste
Relationship 

with local 
community

Port 
development 
(land related)

Air quality
Relationship 

with local 
community

Relationship 
with local 

community
Ship waste Garbage / port 

waste

Port 
development 
(land related)

Ship waste

Contaminated 
land

Hazardous 
cargo

Power 
consumption

Dredging  
operations 

Port 
development 
(land related)

Port 
development 
(land related)

Climate 
change

Garbage / port 
waste

Habitat loss/
degradation Bunkering Dust Dust Water quality

Relationship 
with local 

community
Water quality

Port 
development 
(land related)

Traffic volume
Port 

development 
(land related)

Port 
development 

(water)

Port 
development 
(land related)

Dust Ship waste Dredging  
operations 

Dredging  
operations 

Industrial 
effluent 

Ship discharge 
(bilge)

Port 
development 
(land related)

Water quality Dredging  
operations 

Climate 
change

Garbage / port 
waste Water quality

Source: ESPO Environmental Report 2019, Table 7, p. 12. 

is of fundamental significance and contributes to ris-
ing port competitiveness.

Environmental initiatives should involve three 
main elements; i.e. the environment, economy and 
society. The response to key problems is the so-
called green port, which takes into account these 
elements and ranks them as crucial in its operational 
activity. Green ports are the effect of study initiatives 
undertaken by scientific circles and the sector com-
munities specialising in development policies of the 
marine sector (Lawer et al., 2019). Initially, the term 
“green port” identified a new ideology of sustainable 
development of the port sector and referred solely 
to ports themselves, which balanced their environ-
mental footprint by economic benefits. The year 2010 
marks a new, wider approach to the concept of green 
ports as an agent and concurrently a growth centre. 
Its mission is to establish a  development plane al-
lowing for its basic operations in full harmony with 
environmental and social aspects. The term “green 
port” has been used in Anglo-Saxon literature since 
the nineties of the twentieth century. According to 
A. Martiz, C.J.Shieh and S. P. Yeh (2014), green ports 
show a global trend in response to the energy cri-
sis and the deteriorating state of the natural envi-
ronment. The authors point out that port manage-
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5. Case study of the seaport in Gdynia

None of the Polish ports joined the EcoPort initiative 
as the overall European forum of environmentally 
friendly actions and knowledge transfer. Gdynia 
Port Authorities (Zarząd Morskiego Portu Gdynia 
S.A.) has adopted a special pro-ecological attitude 
and a sustainable development policy. The seaport 
in Gdynia, located at outlet of the Kashubian Ur-
stromtal to the waters of Gdańsk Bay, is outstanding 
compared to other ports. This outstanding feature 
is the city forming nature of the port and funda-
mental meaning for the functioning and growth of 
the Gdynia port municipal unit. In the traditional 
approach, the port grows with the city. In the case of 
Gdynia, the port was decisive for the development 
of the municipal structure around its borders (the 
city spreads around the port), thus the city grew 
together with the port. 

Seaports undertaking environmentally friendly 
actions start formalising actions by gaining certifi-
cates. These confirm the implementation of manage-
ment systems based on specified standards (Klopott, 
2013). In the case of Gdynia port, four main certificates 
need mentioning. These are the ISO 14001, ISO 9001, 
ISO 45001 and ISO 22000 certificates. The most popu-
lar environmental standard is ISO 14001. The stand-
ard governs environmental management aimed 
predominantly at mitigating the negative impact 
of the entity on the environment and environment 
protection. Apart from port environment oriented 
own actions on environmental management, stand-
ards foresee compliance with legal requirements and 
regulations regarding environmental protection. The 
other certifications refer to quality management sys-
tems (ISO 9001), and in particular to improving rela-
tions with stakeholders and the improved quality of 
services rendered. ISO 45001 covers the occupational 
health and safety management system (OH&S), which 
shapes the awareness and responsibility to ensure 
labour safety and culture. ISO 22000 HCCP deals with 
food safety management.  

The Strategy for the development of Gdynia Port 
up to 2027 was adopted in 2014, and responds to the 
present technological, environmental and economic 
challenges. The development strategy is a document 
which outlines the key trends in port development. 
The main issue is to ensure keeping its universal 
character. The key mission of the port is sustainable 
development and ensured partnership relations with 
the social environment. It is necessary to develop the 
most effective standards in pro-ecological measures 
and safety (Gdynia Port Authorities S.A.). The priori-
ties listed in the port strategic document refer to four 
segments: maintaining the universal character of the 

ment systems should aim at maintaining a balance 
between environmental protection and economic 
objectives. Green ports  characterizes rational use of 
resources, effective implementation of environmen-
tal protection policies, reduction of energy consump-
tion, and demonstrate social responsibility (A. Martiz 
et al., 2014). The subject of green ports in polish lit-
erature is at the exploratory stage, nonetheless the 
deliberations of A.S. Grzelakowski (2011) should be 
duly noted. These refer to export as a new direction 
and form of European port development and envi-
ronmental governance in maritime economy. 

In order to structure the terminology, the follow-
ing two basic definitions have been chosen: 
– Green ports – meaning ports that apply devel-

opment and investment measures to mitigate 
the negative impact of port operations and to 
improve environmental conditions. The strategic 
aspect covers long-term and sustainable actions 
aimed at continuous growth of port functionality 
concurrently improving social and environmental 
aspects. They embrace the economic, social and 
environmental spheres. Augmented effective-
ness in managing the work environment, maxi-
mising the use of own resources and improved 
quality of the surrounding environment consti-
tute a significant aspect of the strategy. They also 
form a special component of the public private 
cooperation sector towards initiatives on envi-
ronmental protection and raising environmental 
awareness. A synonym term would be “ports of 
sustainable development” and “ecological ports” 
(A. Oniszczuk-Jastrząbek et al., 2018). 

– Ecoports – meaning ports, which implement the 
concept of internalising external costs5. They facil-
itate the solving of environmental problems draw-
ing on the opportunities of the diversified port 
services market. According to A.S. Grzelakowski 
(2011, p. 15) these include ‘autonomic mechanisms 
for choosing products, relying on a price system 
based on border costs (SMCP)’. 
The common feature of both is a long-term vision, 

commitment and comprehensive strategy of the port 
to ensure low emission and to create partnership rela-
tions with the surrounding environment.  

5 The concept basis on sustainable development. Accord-
ingly, three main rules are specified such as polluter 
pays, which concerns paying for polluting, and user pays, 
which implies the duty to pay for the use of infrastruc-
ture and thus generates an income which can be used to 
modernise the infrastructure. The rule of full coverage of 
costs for using the infrastructure refers to final prices for 
their use, including social costs (A.S. Grzelakowski, 2011). 
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port, modern potential, transport accessibility and 
port friendly for the surrounding environment. The 
steps undertaken by the port comply with the con-
cept of a green port and cover three areas: economy, 
environment and society (Gdynia Port Authorities 
S.A.). These embrace: 
– Close economic relations with the hinterland, 
– More effective and sustainable use of the natural 

potential of resources and assets of Gdynia port,  
– Enhanced competitive position on the European 

market by conducting comprehensive modernisa-
tion and investments in port infrastructure (han-
dling and storage), parameters and throughput 
(Gdynia Port Authorities S.A.).  
Among the special pro-ecologic actions of the 

port we can distinguish: 
– Engagement in the development of green en-

ergy sources (wind farms) and the development 
of the offshore sector (Biniek, 2017). Gdynia port 
is to take on the role of the basic operator in the 
governmental green initiatives with reference to 
cargo handling and completing wind farm sets 
and their transport to target locations on the 
Baltic Sea. Port Authorities shall dedicate areas 
in the external port premises to implement the 
green initiative. The initiative shall influence en-
ergy transformation in the country and growing 
importance of green energy (Gdynia Port Authori-
ties S.A.). 

– Partnership under the European Water Innova-
tion System Amplifier (WISA) initiative: test-beds 
for water innovation (Water Innovation System 
Amplifier)6. The initiative assumes undertaking 
steps to limit pollution of waters flowing to the 
Baltic Sea (together with rainwater and waste wa-
ters). The initiative will create a forum of knowl-
edge and exchange of experience with other Bal-
tic ports participating in the project (Gdynia Port 
Authorities S.A.). 

– Gdynia port is introducing bunkering of ecologic 
fuel LNG. The use of alternative fuels in port is 
a  step forward in implementing the concept of 
green ports, it minimises air emission compared 
to traditional fuels and reduces fuel storage and 
transport costs (‘Fuel of the future’ in Gdynia port, 
2019).  

– The port is equipped with facilities for measuring 
air pollution (dust PM2.5 and PM10) 7. The measur-
ing points are located in the southern part of the 

6 WISA – Water Innovation System Amplifier, https://south-
baltic.eu/-/wisa [22.04.2020].

7 PM2.5 and PM10 dusts are atmospheric aerosols and mix-
tures of dangerous particles, which generate a  special 
hazard to human life and health. 

port, in close vicinity to urban tissue. Monitoring 
is to provide a potential measure to eliminate haz-
ardous dust in cargo handling processes (Gdynia 
Port Authorities S.A.). 

– The state of the seabed sediments in port basins 
is regularly tested as projected in HELCOM8 guide-
lines. The port measures the content of metals (ar-
senic, chrome, zinc, copper, nickel, lead, mercury), 
PAH9, among them benzopirazine and polychlori-
nated biphenyls, (PCBs). 

– Monitoring, physical and chemical testing of the 
so-called offshore dumping sites and adjacent 
areas. The dumping sites are dedicated locations 
at sea for the spoil excavated in the process of 
dredging port basins. Measurements are carried 
out every three years at average. The objective 
is to check whether the deposited sediment 
produced in the dredging process leaves a det-
rimental footprint on sea bottom habitats in the 
dump site vicinity and its impact on Natura 2000 
protected  areas Gdańsk Bay and Hel Peninsula). 

– The port tests the quality of seawater in 28 marked 
measuring spots on the premises of the entire 
port to identify the contamination level. Rational 
management of rainwater by managing entities 
has an important impact on port water quality. 
An upgraded rainwater system equipped with 
pre-treatment facilities is responsible for limiting 
the negative impact. The testing of the quality 
of underground waters takes place twice a year 
(one in the western part of the port and three 
in the southern part) to identify anthropogenic 
influence on the bottom, middle and top water 
tables (Gdynia Port Authorities S.A.). 

– Strict supervision is coordinated and focuses on 
ensuring the cleanliness of port basins and the 
outer harbour, and fast response to pollution (oil 
spills, algae blooming, navigation obstacles, dan-
gerous waste – oil derivatives. The port has an 
integrated system for combating threats and pol-
lution of port water jointly with external entities 
(Plan for combating..., 2016). 

– The noise level caused by port operations is mea-
sured as well as noise originating from transport 
units (Gdynia Port Authorities S.A.). 

– The soil quality is tested and the land-water condi-
tions on the port premises (Gdynia Port Authori-
ties S.A.). 

– In 2018, the waste management plan and man-
agement plan for dealing with cargo residue from 

8 HELCOM (Baltic Marine Environment Protection Com-
mission – Helsinki Commission) https://helcom.fi 
[22.04.2020].

9 Polycyclic aromatic hydrocarbon (PAH).
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ships were updated and specify a comprehensive 
range of regulations and procedures (Port plan 
for management..., 2018). Port infrastructure for 
collection of waste from ships was constructed, 
and in particular facilities for sanitary waste, a re-
tention tank, pumping station and installation for 
waste waters treatment from ships. 

– Gdynia port cooperates with the social and eco-
nomic environment (scientific centres, institu-
tions), which conduct development studies in-
volving cooperation, internships, study projects, 
training. 

– The port instigated an action ‘let’s share the good-
ness’ to aid the local society and neighbouring 
communes (pol. gmina) in face of the SARS-CoV-2 
pandemic and acquired four specialist instru-
ments for diagnosing the virus infection. The in-
struments were forwarded to the hospitals in the 
cities and towns of Gdynia, Gdańsk, Wejherowo 
and Kościerzyna. The instruments, apart from di-
agnosing SARS-CoV-2, will also serve other labora-
tory objectives.  

Conclusions

The negative impact of seaports on the environment 
is an inseparable effect of port operations. The above 
study shows that the development of ports, and their 
upgrade from a  lower to a higher port generation, 
exhibit port growth both in care for the hinterland 
and the resultant effectiveness. Growing awareness 
of this phenomenon is illustrated by the environmen-
tal priorities presented in the article. The studied data 
indicate the growing commitment to priorities in port 
operations related to air pollution, climate changes, 
energy consumption, generated noise and relations 
with society.  

Gdynia port demonstrates an active environmen-
tal policy and numerous initiatives aimed at mitigat-
ing its negative impact. These actions include active 
participation in European partnership initiatives on 
reducing pollutant volumes entering inland waters. 
The port monitors harmful particulate matter con-
tent in the air and regularly tests the quality of wa-
ter and soil on the port premises. Control measure-
ments are also carried out beyond the port borders 
and cover dumping sites for depositing dredging 
spoil. The implementation of LNG bunkering facili-
ties for ecological fuel as an alternative to traditional 
fuel is another key operational aspect. These meas-
ures fit well to the concept of green ports though the 
port is not officially present among European ports 
cooperating under the EcoPorts initiative. Green 
ports not only ‘favour the environment’, but also 
make efforts towards energy transformation and 

the use of green energy.  Gdynia port is engaged 
in the development of the offshore sector and is to 
take on the role of the main operator in handling, 
completing and transporting construction compo-
nents of wind farms. We cannot pass over the social 
activity of the port. As the study shows, an example 
of a social measure is, among others, the purchase 
of special instruments for hospitals to aid diagnos-
ing diseases threatening the health and life of the 
population. This exemplifies the strengthening of 
port-city relations. 
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