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Introduction 

The environmental impacts of ports can be direct, within the port area, or indirect, due to the 

movement of ships or the use of other modes of transport in a multimodal transport chain. 

Port authorities are responsible for the use and preservation of the port environment and for 

ensuring that port development plans and activities incorporate the necessary social and 

environmental considerations. Irrespective of the improvements introduced, the protection 

of the port environment from all forms of pollution remains a significant challenge for the port 

industry.  

The most important sources of air pollutants resulting from port activities are combustion 

sources from ship  main and auxiliary engines and boilers. Main pollutants are sulphur dioxide, 

nitrogen oxides, greenhouse gases, carbon dioxide and carbon monoxide, fine particulate 

matter and volatile organic compounds, followed by emissions from vehicles and from 

combustion sources in land-based engines and boilers, which produce similar pollutants. 

Volatile organic compounds can also be emitted from fuel storage and refuelling. The storage 

and handling of dry bulk goods and onshore construction activities, and vehicle traffic on 

unpaved roads can also contribute to particulate matter emissions.  

The storage and handling of dry bulk materials generate dust emissions. Water discharges are 

generated from both port and ship handling activities. These include rainwater and 

wastewater from port operations, as well as sewage, ballast water, e.g. from oil tankers, bilge 

water and ship cleaning wastewater. Stormwater and wastewater from port facilities should 

be treated in accordance with the guidelines.  

Port operators should provide collection, storage and transfer/treatment services and 

facilities of sufficient capacity and type for all wastewater arising from ships in port in 

accordance with the MARPOL Convention and national rules.  

Hazardous substances in ports include large quantities of dangerous goods, as well as oil and 

fuels and hazardous substances used in port activities, including the maintenance of ships, 

vehicles and the area. The handling of these materials is subject to the risk of incidents, 

accidents and potential pollution. Spills can occur as a result of accidents, e.g. collisions, 

groundings, fires, equipment failures, e.g. pipelines, hoses, flanges, or improper operating 

procedures in cargo handling or refuelling, as well as crude oil, refined products or fuel 

residues, liquid materials and packaged materials.  

In the 1st chapter provided green port conceptions via environmental approach to port safety, 

alternative energy sources and shore power connection, assurance of the environmental 

safety in the port.  The 2nd chapter presented analyse of the pollution problems in the dry 

and liquid bulk terminals, air and noise pollutions in the container and Ro-Ro terminals, 

pollutions during dredging operations and industrial pollutions in the seaport. Methods of the 

assessment of pollutant emission and energy consumption in ports, conversion of energy into 

sulphur dioxide equivalent and energy calculations for buildings, warehouses, and stevedoring 

equipment are presented into chapter 3.    
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1. Green Port Concept 

In transport, the term “sustainable green transport” is based on a framework that strikes the 

right balance between environmental, social and economic indicators. Researchers point to 

the importance of meeting the transport needs of emissions, conduct a bibliometric analysis 

of research related to green ports and maritime logistics, and propose the concept of a zero-

emission port, in which any energy consumption in port operations must be covered by 

generating energy from renewable energy sources (RES). The definition of a green port as a 

zero-emission port is probably very exclusive, as the energy demand of ports is rapidly 

increasing along with port capacity. For the purposes of this chapter, the concept of a “green 

port” refers to a port that has developed a strategy to reduce emissions, energy consumption 

in its operations, ambient air and water pollution, improved environmental performance and, 

in short, is working towards becoming a “greener” port. 

1.1. Environmental approach to port safety 

1.1.1. Sources of pollution in port activity 

Activities and operations vary widely among ports depending on the types and volume of 

materials shipped. Environmental impacts at the port activities are the result of maritime 

traffic, loading and unloading of vessels, cargo storage, shipment consolidation and 

deconsolidation operations, internal and external transportation, maintenance, supplying 

operations, waste disposal, among other ones, which involve any disturbance to the 

surroundings and for which control and mitigation measures must be implemented (OECD, 

2011; ESPO, 2021a). Every port and port-based company needs to identify key environmental 

priorities. But in general, the main issues and impacts related to air quality, energy saving, 

noise, waste management and water pollution.  

A port can play an essential role in environmental protection and enhancement if careful 

planning and implementation of appropriate measures are undertaken at the outset. Factors 

can be identified which determine the environmental impact of the activities carried out: 

• Proximity to sensitive natural resources 

• Open pathways between the activity and these resources  

• Extend of the activity 

• Control measures in place to prevent or reduce impacts 

• Opportunities to improve the environment (American Association of Port Authorities, 

1998). 

The main port activities that can have an impact on the quality of the environment are divided 

into two main categories: 

• Development-related activities 

• Activities related to operations 
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Development-related activities. Development activities depend on the port development 

process, starting with t assessing existing facilities and identifying needs as market conditions 

change. This is followed by general port planning, several design stages, construction stages 

and operation. Although environmental impacts usually occur during construction and 

operation, environmental issues need to be identified at any stage of the development 

process. Such activities can include building renovation or demolition, dredge material 

placement, dredging, landfilling, new building construction, pier construction, pavement 

installation, or removal (American Association of Port Authorities, 1998).  

Operation-related activities. Operational activities are common to many port facilities and 

port terminal services. Port activities, by their nature, may have a greater or lesser impact on 

the environment and pollution. American Association of Port Authorities (1998) identifies such 

port activities: rail and land transport, cargo handling, chemical storage and handling, fuelling, 

painting, rail maintenance, ship liquid discharges, ship air emissions, ship breaking, vehicle & 

equipment maintenance, vessel repair & maintenance (American Association of Port 

Authorities, 1998).  

Environmental impacts are generally air, surface water, soil and groundwater. There is more 

than one pathway leading to an environmental impact for many port activities; each should 

be reduced or eliminated. For example, bulk coal storage can generate dust, which may wind 

currents may carry to nearby dwellings. Stormwater can fall on the product and transport fine 

particles, and other contaminants to nearby surface waters, or stormwater can dissolve 

contaminants and transport those contaminants to the soil and, eventually, to groundwater. 

Each activity carried out by the port and its tenants should be assessed to identify possible 

pollution routes. Understanding pollutants and possible ways to reduce them or their spread 

provides a basis for initiating or changing environmental management practices to facilitate 

their removal. 

1.1.2. The main environmental issues for ports 

The European Seaport Organization (ESPO) and the Green Port Organization (EcoPort) have 

published the ten most attention requiring environmental problems for ports 

(ESPO/EcoPorts Port, 2020). The list of problems is constantly updated. Recently the issue of 

transporting dangerous cargo, which was very relevant in the past, was replaced by the issue 

of relationship with the local community, which is also mostly related to the environmental 

impact of ports. The main environmental issues for European ports for 2020 are:   

• Air quality; 

• Climate change; 

• Energy efficiency; 

• Noise; 

• Relationship with the local community; 

• Ship waste; 

• Water quality; 
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• Garbage/Port waste; 

• Dredging operation; 

• Port development (land-related). 

Air quality. Emissions into the air consist of gaseous or solid materials or energy, entering the 

atmosphere through chimneys, ducts, openings, windows, transporting, loading or handling 

of cargo. These substances cause air pollution, directly impact human health, and affect global 

warming and ozone depletion. 

Energy efficiency. This means using less energy to perform the same activity. It is, therefore, 

the one method to reduce human greenhouse gas emissions. Energy consumption has 

become a priority in the European ports since 2009. Energy consumption grows with the 

increasing volume of cargo. One of the reasons this issue has become so relevant is a direct 

relationship between energy consumption (the carbon footprint of ports) and climate 

warming. 

Noise. Noise can be defined as unwanted sound. Noise generation is associated with most of 

the mechanical or industrial activities carried out in the port, and this aspect has a significant 

impact on workers, wildlife and society. Noise can interfere with sleep, communication and 

privacy, it increases stress, causes irritation and reduces work efficiency. A high noise level can 

cause hearing loss. Therefore, noise can be assigned to a group of occupational hazards and is 

the most common cause of public dissatisfaction. 

Relations with the local community. This is a new priority, which shows the attitude of ports 

towards the surrounding population. The ports acknowledge that their growth and labour 

supply depends on the local community and good relationships with the community. 

Ship waste. Ship generated waste has great diversity and depends on the type of vessel. The 

types and quantities of waste generated on cruise ships are different from those generated, 

for example, by oil tankers. Ports must accept and handle ship waste, which is not simple, 

given their diversity. Sewage from ships is also very diverse. Sewage that is contaminated with 

chemicals, oil products and lubricants is also generated. If this wastewater is discharged at the 

harbour, this will affect the water quality. 

Water quality. Water quality has become an issue since the Water Directive entered into 

force. Under this directive, companies must ensure good or not worse water quality than 

currently. As cargo turnover increases with an increasing number of vessels entering, 

implementation of the requirements of this directive becomes a problem, which requires a 

high level of attention. 

Port waste management. Waste is defined as various materials or objects that the waste 

holder discards, wants to remove or is required to remove. These include water containing oil 

and lubricants, toxic fluids, special, controlled and hazardous waste, wastewater and debris. 

Waste generation is related to many activities carried out in the port (e.g., transportation, 

storage, maintenance, waste management). If the waste is not managed correctly, it can be a 

significant source of pollution. Waste must be managed in accordance with the principle of 
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care, whereas accounting and control must be executed from the point of generation to the 

point of final disposal. 

Dust. Dust is a particle released into the air and can have a visual, physical and chemical impact 

on the environment, causing health problems for the population and the employees. The most 

common dust sources are open storage, management, handling or unexpected spillage of dry 

bulk cargo. Small particles exposed to the wind enter the air and cause dustiness. 

Dredging operations. Usually, dredging activities are the periodic removal of the seabed in a 

harbour and the harbour basin to maintain the widths and the depths of the previously 

deepened areas and ensure safe navigation. This operation also involves the removal of the 

excavated soil. Such activities impact water quality due to the introduction of toxic sediments 

into the water, increasing turbidity of the water. Along with bottom sediments, part of the 

microorganisms can also be removed, changing the biodiversity.  

Port development. With the increase in the volume of goods transported through ports, ports 

expand their territories while increasing their industrial activities. Due to this, valuable 

territories entering the port development zone can be destroyed, flora and fauna entering the 

port territory can be damaged, installations of stevedoring equipment can lead to social 

conflicts and landscape changes; infrastructure of the port changes, usually road traffic, light 

pollution at night and noise increases, the industrial part of the city expands 

1.1.3. Environmental initiatives of the European port sector 

With the need to consider environmental concerns, the European Seaports Organization 

(ESPO) published the first ESPO Environmental Code of Practice in 1994. It was the first 

document for ports, which showed the sector’s views on environmental liabilities and 

responsibilities, and provided guidelines on best practices.  The Code was updated in 2003 and 

replaced in 2012 by ESPO Green Guide, which introduced a common framework for action 

under “Five Es”: exemplify, enable, encourage, engage, and enforce (ESPO, 2012). In addition 

to codes of practice, ESPO has regularly conducted environmental surveys (1996, 2004, 2009, 

2013, 2016) and Environmental Reports (2017, 2018, 2019, 2020, 2021) 

(https://www.espo.be/publications). The Environmental Reports provide ESPO and European 

policymakers with insights on the environmental issues that European ports are working on, 

and informs about the initiatives taken by ESPO. ESPO systematized and presented common 

port performance indicators – 10 environmental management indicators, 11 environmental 

monitoring indicators and key shipping priorities and services (Table 3.1) 

Table 3.1  
ESPO port performance management and environmental indicators 

No 
Environmental 

Management Indicators 
Environmental Monitoring 

Indicators 

1. Existence of an Environmental Management System (EMS) Waste 

2. Existence of an Environmental Policy Energy consumption 

3. Environmental Policy makes reference to ESPO’s guideline documents Water quality 

4. Existence of an inventory of relevant environmental legislation Water consumption 

5. Existence of an inventory of Significant Environmental Aspects (SEA) Air quality 
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No 
Environmental 

Management Indicators 
Environmental Monitoring 

Indicators 

6. Definition of objectives and targets for environmental improvement Noise 

7. Existence of an environmental training program for port employees Sediment quality 

8. Existence of an environmental monitoring program Carbon Footprint 

9. Environmental responsibilities of key personnel are documented Soil quality 

10. Publication of a publicly available environmental report Marine ecosystems 

11. - Terrestrial habitats 

Source: ESPO, 2021a, 2021b 

The results of the 10 environmental management indicators provide information on 

management efforts affecting the port’s environmental performance. The second category of 

indicators focuses on European port environmental monitoring programs, which provide a list 

of ports that monitor selected environmental issues. 

Many projects related to environmental protection have been developed in recent years 

(Table 3.2) 

Table 3. 2  
List of the port environmental protection projects 

No. Project Date Aim 

1.  Noise Management in 
European Ports 
(NoMEPorts) 

2005-2008 To create good practices guide on “Port Area Noise 
Mapping and Management”; The results were widely 
disseminated and the good practices guide has been 
distributed through the EcoPorts network reaching more 
than 350 European ports 

2.  Port Environmental 
Information Collector 
(PEARL) 

2005-2008 To develop and trial the PEARL ‘Platform’ 

3.  Clean Shipping Project for 
sustainable shipping (Clean 
Shipping Project) 

2007-2012 To develop the Clean Shipping Index, which can be used by 
cargo-owners for supplier evaluation and decision-making 
during sea freight procurement. This should create 
financial incentives for shipping companies to invest in 
environmentally-adapted transport services 

4.  Energy Efficiency criteria at 
Port Container Terminals 
(EFICONT) 

2009-2011 To incorporate a set of significant energy efficiency 
improvements into ports, particularly container terminals. 

5.  Mediterranean Ports’ 
Contribution to Climate 
Change Mitigation 
(CLIMEPORT) 

2009-2012 To create a set of actions aimed at reducing greenhouse 
gas emission (GGE) levels, the identification of best 
practices and the design of action plans founded on 
innovation, know-how and the transfer of knowledge 
acquired during the project 

6.  Port Performance 
Indicators: Selection and 
Measurement (PPRISM) 

2010-2012 Identify a set of relevant and feasible performance 
indicators for EU ports 

7.  Sustainable management 
for European local Ports 
(SuPorts) 

2010-2013 To help local ports to design better environmental 
strategies and to have easy access to suitable 
environmental management tools in order for them to 
remain competitive and to contribute to a more 
sustainable EU. 
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No. Project Date Aim 

8.  Clean Baltic Sea Shipping 
(CLEANSHIP) 

2010-2013 On the technical level CLEANSHIP has developed best 
practice cases and technical pilot solutions regarding 
infrastructure for onshore power supply for ships at berth, 
LNG supply for ships, and sewage reception in ports. On the 
strategic level CLEANSHIP has addressed the 
harmonisation of environmentally related port fees and 
the development of an Environmental Port Index, for ports 
to benchmark their environmental status 

9.  Policy-oriented marine 
Environmental Research in 
the Southern European 
Seas (PERSEUS) 

2012-2015 To identify the interacting patterns of natural and human-
derived pressures on the Mediterranean and Black Seas, 
assess their impact on marine ecosystems and, using the 
objectives and principles of the Marine Strategy 
Framework Directive as a vehicle, to design an effective 
and innovative research governance framework based on 
sound scientific knowledge 

10.  Port Observatory for 
Performance Indicator 
Analysis (PORTOPIA) 

2013-2017 To develop innovative approaches for the industry's 
stakeholders next to extensions of existing indicators 
within the different perspectives of port performance, 
innovative approaches for the industry's stakeholders.  
One of aims – to develop an innovative, port-individualized 
tool for environmental and safety performance. 

11.  GREENBERTH project 2013-2015 To study in detail the improvement opportunities of energy 
efficiency and the use of technologies based on 
environmental-friendly energies to be implemented 
through the exchange of best practices and experiences of 
six reference Mediterranean ports 

12.  Low Cost Onshore Power 
Supply (LoCOPS) 

2015-2016 To supply and demonstrate a competitive shore power 
supply also called Onshore Power Supply (OPS) related to 
providing electricity for cruise ships when docked in port 

13.  Clean Shipping Project 
Platform (CSHIPP) 

2018-2020 Objective - enhancing clean shipping in the Baltic Sea 
region. The activities of CSHIPP revolve around two key 
themes: the environmental effects of shipping and the 
business potential of clean shipping in the BSR. 

14.  High resolution 
Copernicus-based 
information services at sea 
for ports and aquaculture 
(HISea) 

2019-2021 To provide readily-available, high-resolution 
environmental information to meet users’ operational and 
management requirements. HiSea will develop, in 
operational mode, new downstream Copernicus-based 
services. These integrated services will incorporate marine, 
terrestrial and climate Copernicus service products, local 
monitoring data and advanced modelling, representing 
added value for potential users of Copernicus data  

15.  Noise and emissions 
monitoring and radical 
mitigation (NEMO) 

2020-2023 To develop a turn-key solution for the integration of new 
systems into existing infrastructure in order to measure 
and mitigate emissions and noise levels. The NEMO project 
will contribute to the improvement of air quality and 
reduce the impact of traffic noise, thus promoting the 
creation of healthier cities 

16.  Green and Connected 
Ports (GREEN C PORTS) 

2019-2023 This project covers six business cases consisting of 
prototypes and pilot tests. They will be implemented in 
different European ports and will serve as a basis for 
testing innovative technologies such as IoT, big data or 
predictive analysis using artificial intelligence models. 
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No. Project Date Aim 

17.  Stockholm Royal Seaport 
2030  

2014-2030 Stockholm Royal Seaport is to be fossil-free by 2030. The 
target includes GGE from the heating and cooling of 
buildings, road shipments within Stockholm Royal Seaport 
regardless of the operator and all other gas and electricity 
consumption for households and businesses in Stockholm 
Royal Seaport.  

Each port has different environmental aspects depending on the activities carried out in the 

port area. Port authorities are urged to choose from the most significant, so-called “significant 

environmental aspects”. This is necessary to ensure that the day-to-day running of the port 

and its activities are in line with sustainable development goals. Therefore, the aim of most 

projects is to assess the environmental performance of solutions, to develop systems of 

observable indicators so that port authorities and port terminal operators have the means to 

select and monitor the progress of continuous improvement. 

Outside Europe, other initiatives have also emerged. The International Association of Ports 

and Harbours (IAPH) promoted the creation of the World Port Climate Initiative (WPCI) 

through the IAPH Port Environmental Committee. The WPCI was set up in 2008 to help ports 

combat climate change by promoting best practices in reducing greenhouse gas emissions and 

improving air quality. Examples of these best practices include:  

• the issuance of a Carbon Footprint Guidance Document (WPCI, 2010), which is used as a 

reference for ports looking to develop or improve the inventories of their GHG emissions;  

• promotion of onshore power supply (conversion of onboard energy from auxiliary diesel 

engines to onshore electricity);  

• the development of an Environmental Ship Index (ESI), which identifies seagoing ships that 

better reduce nitrogen oxides (NOx) and sulphur oxides (SOx).  

Another WPCI working group has developed guidelines for safe procedures for LNG bunkering 

operations, guiding ports around the world on implementing this technology.  

The PIANC Committee regularly provides advice to ports on emerging issues related to carbon 

management, climate change, environmental risk management, sea turtles and mammals, 

dredging and the construction of ports and waterways, among others. PIANC and IAPH have 

agreed to set up a joint working group on port sustainability reporting to provide guidance to 

ports on assessing and reporting on their economic, environmental and social activities in a 

common way (PIANC, The World Association for Waterborne Transport Infrastructure.) 

The American Association of Port Administrations (AAPA) has published an Environmental 

Management Handbook to help ports manage environmental issues effectively (American 

Association of Port Authorities, 1998). In addition, AAPA has an Environment Committee, 

which aims to monitor, collect and disseminate information on all aspects of the 

environmental impact of ports, including air quality, water quality, rainwater, polluted 

sediment, sustainability and environmental management systems. This committee also 

facilitates the sharing of best management practices related to the improvement of the 
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coastal environment, the management of environmental impacts and the involvement of 

stakeholders and communities. 

1.2. Alternative energy sources and shore power connection 

Once at berth, ships need electricity for activities such as heating, lighting and other technical 

equipment. Usually, the propulsion engines are switched on at berth, and auxiliary engines 

powered by diesel or other fossil fuels provide the necessary energy. Exhaust gases from 

auxiliary engines hurt the environment, both locally and globally, in terms of CO2 emissions 

and other air pollutants. In this case, alternative energy sources such as Shore Power 

Connection and alternative fuels are proposed. 

1.2.1. Energy supply to ships at port 

Vessel emissions in ports are an increasing concern, especially for SOx, NOx, and PM that 

affect the health of local populations. Vessel emissions in ports are mainly addressed by cold 

ironing, use of LNG, and vessel speed reduction in the port. 

Onshore power supply, OPS, or shore-side electricity, SSE, or cold ironing, is the process 

whereby ships at berth connect to SSE rather than running their auxiliary generators to 

provide power for hoteling (as engines are constructed from iron, turning the engine off while 

in port means the vessel is obtaining their energy requirements while the iron is cold; hence 

the vessel is said to be “cold ironing”). In the Fig. 3.1. a general design of high-voltage OPS 

facilities is given. 

 

Fig. 3. 1 General design of high-voltage OPS facilities 
Source: European Alternative Fuels Observatory (2019) 

An electrical cable is extended from the pier and plugged into the ship’s receptacle to supply 

power to operate the machinery, allowing the ship to shut down the diesel engines that 

generally drive the electrical generators. The use of OPS reduces the negative environmental 

aspects of ships, such as noise and air pollution, as the auxiliary engines can be switched off. 

In addition, the deployment of OPS offers the opportunity to improve air quality and reduce 

CO2 emissions, which are a major contributor to global warming. 

It was founded that USD 70-150 million could be saved on health costs by retrofitting OPS 

equipment to a quarter to two-thirds of all vessels calling at US ports. According to the WPCI 

(2018b), there were only 28 ports in the world with cold ironing installed, which represents 
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how low the take-up has been so far. However, the situation is changing. In particular, 

European ports are stepping up their efforts to have more OPS installed in their port. 

According to the European Environment Agency (EEA), the number of EU ports alone with an 

OPS installed rose to 31 in December 2020 (EEA, 2021b). The implementation of OPS covers a 

wide range of port stakeholders, and, therefore, the following countries should be involved in 

their implementation: 

• the port authority 

• the targeted shipping lines (frequent callers) 

• the terminal operator 

• the local community 

• suppliers of electricity and automation technologies 

• environmental engineers. 

The implementation of OPS is complicated because the equipment and solutions required may 

vary from case to case. Currently, systems around the world are not interoperable due to 

differences in voltage, frequency and design. This is due to the lack of standardisation and the 

different frequencies of the systems in North America (60 Hz) and Europe and most of Asia 

(50 Hz), and the different voltage levels at ports.  

It should be noted that the capacity of the installations in the various ports depends on the 

power requirements of the incoming vessels. Ocean-going vessels calling at European ports 

tend to have more 60 Hz electrical systems on board, while smaller vessels have 

50 Hz systems.  Additionally, larger vessels (such as cruise ships) can also use medium voltages 

(>1 kV) and high voltages (6.6 kV and 11 kV) due to their higher electrical demands (Table 3.3).  

Table 3. 3  
Vessels types due to their higher electrical demands 

Vessel type 50 Hz 60 Hz LV HV 

Container (<140 m) 63% 37% 100% 0% 

Container (>140 m) 6% 94% 88% 12% 

Ro-Ro 30% 70% 100% - 

Oil and product tanker 20% 80% 100% - 

Cruise ships (<200 m) 36% 64% 100% - 

Cruise ships (>200 m) - 100% 12% 88% 

Source: Ericsson, Fazlagic (2008) 

The need for a frequency converter and/or an onboard transformer depends on the particular 

local situation, whether it is needed or not. As stated earlier, these two items (varying 

electrical frequencies and voltages) will affect the overall costs of an OPS system 

(sustainableworldports.org/). To get an idea of the power required for the OPS system, the 

power requirements for different types and sizes of vessels are presented (Table 3.4). 

Table 3. 4  
The power requirements for different types and sizes of vessels 

Vessel type Average power 
demand (kW) 

Peak power 
demand (kW) 

Peak power demand for 95 % 
of vessels (kW) 

Container (<140 m) 170 1000 800 

Container (>140 m) 1200 8000 5000 
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Vessel type Average power 
demand (kW) 

Peak power 
demand (kW) 

Peak power demand for 95 % 
of vessels (kW) 

Ro-Ro 1500 2000 1800 

Oil and product tanker 1400 2700 2500 

Cruise ships (<200 m) 4100 7300 6700 

Cruise ships (>200 m) 7500 11000 9500 

Source: Ericsson, Fazlagic (2008) 

When berthed, ships require electricity to support activities like loading, unloading, heating, 

lighting and operation of other technical installations. Typically, the ships’ propulsion engines 

are turned on when berthed and the power needed is provided by auxiliary engines that are 

running on diesel oil or other fossil-based fuel. Most of the new cruise ships, which are the 

biggest single sources for air emission in a port, use diesel-electric propulsion systems and get 

all the electricity they need from the same generators. Exhausts from the auxiliary engines 

affect the environment negatively both locally and globally by emissions of CO2 and other air 

pollutants. It is easier for ships such as tankers, cruise ships and ro-ro ships, which are usually 

moored at the same berth and do not use cranes, to connect to shore. Container terminals, 

where ships do not always berth in the same place, require more connection points. In 

container terminals, the quay area is bounded by rails, so quay space is more limited. 

The primary barriers are the expenses of installation and the fact that each vessel must also 

install the connecting technology onboard, which they will only do if they are likely to use it 

frequently (Sciberras et al., 2015; Innes and Monios, 2018). However, for those vessels that 

do call frequently at the same ports, they can make significant savings by paying for electricity 

rather than fuel, especially as fuel costs rise (particularly for MGO that is used for smaller 

vessels, but its demand is rising due to larger vessels using it in SECAs). 

Moreover, ports can incentivize use by subsidizing the electricity price, and indeed the Port of 

Gothenburg currently charges nothing for providing electricity. Like using LNG while in the 

open sea, using LNG in vessels approaching the port and in the port area is an attractive option 

for reducing emissions (Styhre et al., 2017). The same challenges occur during use at sea 

regarding refuelling points and supply. Using LNG at the berth can be an alternative to cold 

ironing, particularly as it almost eliminates local air pollution, which is the key issue for ports 

in city locations with local populations. As Winnes et al. (2015: 81) point out, “since the share 

of total GHG emissions in port areas are low compared to emissions during a voyage, a port 

city might be more benefited from prioritizing local issues before global.” Thus while LNG only 

partially reduces GHG emissions compared to cold ironing, its performance with local air 

emissions is almost equal and it does not require the same infrastructure investments as cold 

ironing. On the other hand, it will not reduce engine noise as cold ironing does, and there 

remains an expense for vessels to adapt their engines. Just as at sea, slow steaming at and 

near the port can also be used to reduce fuel consumption and hence emissions, although the 

savings are not the same at lower speeds, particularly below the vessel’s design 

speed (Winnes et al., 2015). 

Emissions actually produced by port activities contribute less of the total emissions but can be 

addressed through various methods, although in general only a small number of ports actually 



 

14 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

measure their emissions. Wilmsmeier and Spengler (2016) explored ways of increasing energy 

efficiency by means of more modern handling equipment, differentiated port and terminal 

charges, and implementing energy management systems. 

Acciaro et al. (2014) discussed ports implementing energy demand management strategies 

and generating their own green energy onsite (e.g., wind turbines, solar panels, heat plants) 

and showed that, while ports do not necessarily consider energy production as a source of 

external revenue, managing both supply and demand can reduce their costs and 

environmental footprint. 

As well as modelling emission reductions through various strategies, some authors have taken 

a management perspective on the kind of measures available for port managers and the 

challenges associated with each one. Successful identification and implementation of more 

sustainable practices entail a strong governance component. Acciaro et al. (2014) argue for a 

multifaceted understanding of the port, including not just operational functions but also the 

port’s roles as the landlord, regulator, and community manager, noting that “efficiency, 

growth, regulatory compliance and environmental sustainability can at times lead to diverging 

priorities.” 

It is pointed out that port authorities are not the only actors involved in setting regulatory 

policies; thus they often focus on voluntary schemes such as clean ship indices and discounts. 

Indeed some ports around the world have implemented various indices to incentivize greener 

vessels by offering discounts on port dues to carriers calling at their ports according to certain 

criteria. This is an indirect way to increase the environmental performance of vessels at sea, 

in addition to their actual emissions within the port area. 

All of these strategies relate to climate change mitigation, i.e., reducing the environmental 

pollution. But we must also consider adaptation, which is dealing with the consequences such 

as the sea-level rise and storm surges, which are already occurring. It is estimated the value 

of assets in large coastal cities exposed to climate change at USD 3000 billion in 2005 and 

predicted a rise to USD 35,000 billion or 9% of global GDP by 2070. Climate change adaptation 

by ports has become a significant area of study in recent years. 

1.2.2. Benefits and criteria of onshore power supply and possible challenges 

Cold ironing mainly provides social and environmental benefits. Specifically, if the technology 

is implemented right, it can significantly improve the air quality, by reducing CO2 emissions. 

In fact, because of the high efficiency of cold ironing, and due to the facilities that cut 

emissions in plants, we can save over 30% of CO2 emissions and more than 95% of NOx and 

particulate. As a study reports, in 10 hours of the stop of a cruise ship, its emissions decrease 

from 72.2 to 50.1 tonnes of CO2, from 1.47 to 0.04 tonnes of nitrogen oxide, and from 1.23 to 

0.04 tonnes of sulphur oxide. 

In addition, another study has calculated the overall capital cost of installing cold ironing 

technology in medium-sized ports. It found that the cost would be around £6.6 m (€7.4 m), 

while the system would save annual emissions of 108 tonnes of NOx, 2.7 tonnes of PM and 
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4,767 tonnes of CO2 emissions worth £1.3 m (€1.4 m). As for the payback of this process, the 

report says that in the best-case scenario, the external cost benefits would return the system 

capital and operating costs in only 7.0 years, or 3.5 years if subsidised 50% by the EU. 

But the benefits do not only regard limited emissions and costs. Specifically, cold ironing: 

• Reduces noise pollution; 

• Provides better onboard comfort while in port; 

• Provides green profile for the ship owners and customers; 

• Reduces lifecycle cost by fewer fuel consumption and maintenance costs. 

Despite the challenges that may arise from the installation of cold ironing systems, it seems 

that many large ports have already implemented this solution (Table 3.5). 

Table 3. 5  
Examples of OPS installation 

Port Description 

Port of Los 
Angeles 

On June 21, 2004, the Port of Los Angeles opened the West Basin Container Terminal at 
Berth 100. This was the first container terminal in the world to use cold ironing. Nearly two 
months later on August 9, 2004, the Port welcomed the world’s first container vessel to be 
built with cold ironing specifications, NYK’s NYK Atlas 

Port of Long 
Beach 

When California mandated that at least half of all container ships run on shore-side 
electricity at berth, in 2014, the Port completed more than $185 million worth of dockside 
power hook-ups and other infrastructure to facilitate shore power 

Port of Seattle A partnership between the Port of Seattle and Princess Cruises and Holland America Line, 
resulted in important emissions reductions while vessels berth. Simply by “plugging in” to 
the city grid and turning off their engines, ships are reducing annual CO2 emissions by up to 
29%, with financial savings of up to 26% per call. 

Port of 
Antwerp 

The Antwerp Port Authority wants to create the necessary conditions to supply onshore 
power for seagoing ships in the port. For this reason, it signed two agreements on 2018 to 
enable onshore power for seagoing vessels in the port area to be realized 

Port of Killini First shore power supply in East Mediterranean. In a major milestone for the Mediterranean, 
Greece’s Port of Killini accommodates the first shore-to-ship (STS) electrical supply 
connection in Eastern Mediterranean. The Ro-pax ferry “Fior Di Levante” plugged into the 
region’s first shore power facility on 20 December 2018 

Port of 
Hamburg 

“Siemens” has developed a turnkey onshore power supply for the Hamburg Port Authority 
(HPA) that will provide grid power to docked ships at the Hamburg Altona cruise terminal. 
The new cold ironing facility allows cruise ships calling at the port to turn off the generators 
while receiving shoreside electrical power. The ship fuel consumption releases harmful gases 
that affect the residential and commercial areas nearby as the port is located in the middle 
of the city. Cruise ships release nitrogen oxides and carbon dioxide that forms smog and acid 
rain. In addition, running ship engines cause a high level of noise pollution. 
SIHARBOR solution can match any ship’s electrical system as it has a frequency converter 
with control software, which alters the frequency of the local distribution grid, and a 
transformer that adjusts the voltage. The system is also equipped with a custom-built, 
mobile robot arm specifically designed for a tidal range of up to nine metres. 
Siemens’ Hans-Erhard Schmidt said: “With the shoreside power supply, ships, including 
cruise ships, which can often be berthed for ten hours or more, and other vessels can shut 
down their diesel engines in port to be supplied with clean energy from shore and cut their 
emissions to zero.” 
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The use of OPS reduces the negative environmental aspects of ships, such as noise and air 

pollution, since the ships’ auxiliary engines can be switched off. Moreover, implementation of 

OPS provides an opportunity not only to improve air quality, but also to reduce emissions of 

CO2, one of the main contributors to global warm. 

OPS (or Shore-to-ship) electricity should be installed in ports on the TEN-T core network and 

other ports by 31 December 2025, unless there is no demand and the costs would be 

disproportionate to the benefits, including environmental benefits. In this context, FEPORT 

welcomes the fact that the Energy Taxation Directive revision proposal provides for the 

possibility of a full or partial exemption from taxation for electricity supply to vessels at berth 

(Proposal for a Council Directive restructuring the Union framework for the taxation of energy 

products and electricity (recast), article 15.5, 2021). This could encourage ship operators to 

increase the use of OPS even before 2030 when they will become mandatory. The lower the 

connection cost, the more likely it is that ship operators will opt for this green solution.  

If the EU really wants to see the wider deployment of OPS infrastructure, the investment 

should be public. In the current context, investment decisions by private companies are 

difficult to make, as the return on investment remains highly uncertain given the continuing 

uncertainty about how to decarbonise the waterborne transport sector. 

Shore-to-ship energy supply is particularly relevant for vessels operating on special routes and 

for ships that consume large quantities of high energy consumption and high air pollutant 

emissions during bunkering.  

The installation of an OPS depends on a number of elements, including the power 

requirements (or maximum load requirements) of the ships calling at the port, the operational 

profile (i.e. energy use and energy-intensive equipment), the amount of time spent at the 

berth, and the safety, security and costs involved. ESPO has identified a number of cumulative 

criteria that are important in the evaluation of where and when OPS make sense in European 

ports (ESPO, 2021a): 

• Ship type and OPS readiness of vessels: certain vessel types and segments are more 

OPS-ready than others and are already using OPS to some degree. These vessel types and 

segments should be prioritised, together with vessel types most suited for OPS. Passenger 

vessels, cruise vessels and certain container segments could be considered at first. There is an 

added value for vessel types that use OPS for cargo operations at berths such as containers 

and ro-ro; 

• Vessel minimum time at berth: a necessary criteria. For OPS to be viable, vessels must 

spend a minimum amount of time at a particular berth. The time spent by the vessel at the 

berth versus the time required to connect and disconnect OPS is an important factor. The time 

to connect varies greatly between ship types. It can take between 1-2 hours for a container 

vessel to connect or disconnect, whereas inland vessels and ro-ro vessels need less time, but 

spend often only limited time at berth; 

• Frequent repeated calls by the same vessels: OPS is more viable for berths serving regular 

calls and connections by the same ship; 
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• Minimum occupancy rate of the berth: to be worth the investment, a berth should be 

regularly used over an extended period of time. Temporary berths should be excluded; 

• New built berths: new berths could be especially appropriate since the OPS infrastructure 

can be integrated into the berth planning and construction from the start, thereby limiting the 

costs. 

1.2.3. Renewable and alternative energy sources for port activities 

Understanding the decarbonisation potential of ports can help in the transition towards an 

energy transition using renewable and alternative sources. DNV GL together with Eurelectric 

Federation, has assessed the Ten Green Transitions to decarbonisation. Some of the 

transitions are specific to ports, such as offshore fuel switching and electrification of port-

related activities. Others are more general, such as the electrification of industry and the 

phasing out of fossil fuels for electricity generation: 

• Electrification of port-connected activities 

• Fuel switch for maritime transport 

• Electrification of industry 

• Integration of offshore wind 

• Energy system integration 

• Hydrogen as feedstock and energy vector 

• Phase-out of fossil-fuelled power plants 

• Carbon capture and storage 

• New regulations 

• Circular and bio-based economy (DNV GL, 2021) 

The adaptation of renewable energy is one of the most frequent analysed field of possibilities 

to reduce carbon emission (Fig. 3.2).  

 
Fig. 3. 2 Energy generation sources in the port 

Source: ESPO, 2016 

The ESPO survey “Trends in EU ports governance“ showed that ports have energy production 

plants located in the port area (Fig. 3.2). Next to traditional fossil-fuelled energy plants, ports 

are increasingly hosting sustainable energy generation with wind and solar, biomass and 

waste-based energy production plants. The Fig. 3.2 shows that 38% of the ports have wind 
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generation on their land. 31% of the ports have coke & coal and oil & petroleum (CCPG and or 

CHP) based power plants (DNV GL, 2021). 

Wind energy. Since it is clean, accessible, and plentiful, wind energy is considered the most 

promising renewable energy source (Alzahrani et al, 2021). There has been significant growth 

in installed wind energy at a global level. In 2018, the total installed wind capacity was 599 

GW. It was projected that the installed wind energy would rise to 664.5 GW (Peak et al., 2018). 

There are many benefits to using wind as an energy source as it is simple, produces zero 

emissions and offers high efficiency. While wind is a popular energy source, wind turbines 

require further development to minimise their noise generation. Regardless of the wind 

turbines being aesthetically pleasing, they are considered to be very expensive to install 

compared to other renewable energy sources (Alzahrani et al, 2021).  

The literature on using wind energy for seaports remains very limited because not all the 

seaport locations are suitable for installing onshore or offshore wind turbines. Wind farms are 

significant, and there is often not enough space close to port sites to install them. A relatively 

detailed study by Acciaro noted a case where the Hamburg port authority has invested in 

renewable energy since 1990 and has installed 58 turbines with a capacity of 52.75 MW 

(Accario et al., 2014). J. Gutierrez- Romero et al. (2019) investigated the capability of 

renewable energy resources to meet power demands for a port site. This study found that 

wind energy can be efficiently applied to the site to meet the power demands of the port 

authority. 

Around the North and Baltic Seas, ports are the natural landing point for the huge planned 

capacity of offshore wind. These ports can play a major role in the development of offshore 

wind activities as they often have strong industrial clusters, which have the potential to offer 

flexibility that can be used to have a better match with offshore wind electricity production 

profiles.  

Solar energy. Within the industrial sector, solar power has become an attractive source of 

energy because it is free, clean and abundant in pollution. The installed solar energy capacity 

globally increased 8 times between 2001 and 2018 (Alzahrani et al, 2021). Two types of solar 

energy applications are used: solar thermal and photovoltaic (PV). Solar thermal industrial 

applications account for 10% of the total global high-temperature industrial processes. It 

refers to the process of converting directly radiated light (solar or other) into electricity. PV 

panels can work effectively in different weather situations. It has also been suggested that the 

installation costs will gradually decrease due to the increased demand and production of PV 

panels (Alzahrani et al, 2021). PV systems are incredibly versatile and can be installed at 

different sized sites. 

There are two main groups of PV systems: standalone and grid-connected systems. A 

stand-alone system is not connected to the grid, and the power production will be used locally 

to meet power demands. Such a system needs a storage system to meet the power demand 

at night. Solar energy in the industrial sector is used for heating, cooling, air conditioning, and 
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producing energy using PV systems. A PV system can be used directly by storing energy in 

rechargeable battery systems, which can then be used for different applications. 

Meanwhile, grid-connected systems are connected to the national grid to feed the surplus 

power production to the grid and meet the power demand when the power from the PV 

system is not sufficient. There are a few studies that highlight the application of solar farms, 

specifically at seaports. One study discussed the application of an active house for the 

sustainability of the Stockholm Royal seaport (Stoll et al., 2011). The other case study 

addressed implementing a 3.3 MWp PV system to help reduce instability in power distribution 

at the seaport of Jurong (Verma et al., 2018). M. Acciaro, H. Giara and M.I Cusano (2014) 

compared the application of energy management systems for seaports between two seaports: 

the Hamburg seaport and the seaport of Genoa. The seaport of Genoa applied the seaport 

Energy Environmental Plan (PEEP), which aims to develop energy production and 

consumption activities at the seaport (Acciaro et al., 2014) 

Marine energy. Three-quarters of the Earth’s surface is occupied by oceans and seas, which 

offers the potential for energy generation. Marine renewable energy power generation occurs 

from tidal movement and ocean circulation. There are many types of marine renewable 

energy sources that can be utilised to generate electricity, including wind, tides and waves. 

According to the World Offshore Renewable Energy Report 20, the world’s potential tidal 

energy is estimated to be 3000 GW, with less than 3% being located in areas suitable for power 

generation (Alzahrani et al., 2021). 

Fuel switch for maritime transport. The use of alternative sources of energy has the potential 

to reduce a specific individual form of emission from ships, a number of emissions 

simultaneously, and/or to enhance fuel efficiency. There are many alternative energy options 

for ships that prove technical viability. However, each of the alternatives analysed further does 

exhibit its own inherent advantages and disadvantages. The Alternative Fuels Infrastructure 

(AFI) Regulation compels Member States to ensure that by 1 January 2025, sufficient LNG 

refuelling points are in place to allow seagoing ships to circulate throughout the TEN-T core 

network.  

Low sulphur fuels. These reduce sulphur emissions directly while also indirectly decreasing 

PM and CO2 emissions. However, in order to produce sufficient quantities of low sulphur fuel, 

the residual oil, which is currently used as a marine fuel will need to be further processed. In 

addition, the sort of caps which will currently apply within Emission Control Areas (and which 

apply globally from 2020) simply cannot be attained through the use of standard low sulphur 

bunker fuel. Thus in order to comply with an increasingly stringent regulatory regime for the 

control of sulphur emissions from ships, standard low sulphur fuel will have to be utilized in 

tandem with some form of abatement technology. Alternatively, distillate fuels (marine diesel 

oil, MDO, and marine gas oil, MGO) will need to be burned in ships and engines modified 

accordingly. In both cases, the additional processing operations within the refining industry 

result in both more emissions and higher-priced fuel. This means that there is no economic 

motivation for their adoption, apart from the possibility of “green marketing” benefits. In 

addition, the shipping industry is extremely concerned about the physical capacity of the 
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global oil refining industry to supply their possible future demand for low sulphur fuel (CE Delft 

et al., 2006). 

Biofuels. Biodiesel works well in ship engines. It can provide 100% of a ship’s fuel, or it can be 

blended with conventional fuel. For example, a 5% biodiesel content in the fuel results in a 

CO2 reduction of about 4% (ECSA/ICS, 2008). Additionally, biodiesel does not contain sulphur. 

However, as the demand for biofuels increases, the problems associated with the land-take 

required for growing the source crops required to manufacture biofuels have come to the 

fore. This has promoted research into the development of second-generation biofuels or 

biomass (using agricultural waste, industrial waste such as sawdust and paper pulp, woody 

biomass from forestry, municipal solid waste including household food, garden, and paper 

waste), but this is still in its infancy, and the supply limitations remain even more critical. In 

recent years, there has been some significant practical use of methanol as a specific form of 

biofuel for shipping, with Stena having converted one of its ferries to run on the fuel and a few 

Japanese dry bulk carriers having been specifically designed and built with methanol fuelled 

engines. Ultimately, there remain some significant concerns over the use of biofuels in 

shipping. In the first instance, the production process for biofuels means that the 

environmental benefits are not entirely clear-cut. In addition, the potential productive 

capacity is a major concern. Even if production capacity can be increased, it will be expensive, 

and there are concerns in maritime circles that priority in supply will be given to fulfil the likely 

high demand from land transport, notably, cars. The European Commission (EC) has recently 

proposed, however, that the use of advanced alternative fuels in the aviation and maritime 

sectors can be counted 1.2 times toward their 6.8% renewable energy mandate, with the 

objective that this may incentivize greater use of biofuels in the maritime sector (ICCT, 2017). 

Nuclear power. Nuclear power has a proven track record as a marine fuel in military vessels. 

However, nuclear power is still very negatively perceived by the public. This creates its own 

political sensitivities, especially in relation to the acceptance and reception of such ships in 

ports and the complex legal issues which may arise from their deployment; for example, in 

relation to the role of the International Atomic Energy Agency in maritime affairs (ECSA/ICS, 

2008). Even if political and social barriers were to be overcome, crew competency and training 

needs are likely to be a significant barrier to the commercial application of nuclear power, 

with the controversial issue of disposal of nuclear waste being a further complicating factor. 

Hydrogen. The main form of hydrogen to be used in transport is the hydrogen fuel cell. This is 

a device that converts hydrogen gas and oxygen into water via a process, which generates 

electricity. Proton exchange membrane fuel cells (PEMFC) are being developed for both 

transport and stationary applications (such as power for warehouses). PEMFCs are not new; 

they were invented in the 1950s by General Motors and were used by the National 

Aeronautics and Space Administration in the Gemini space project. The PEMFC works by 

harnessing the chemical energy, which results from the reaction of hydrogen and oxygen and 

transforming it into electrical energy. It is very efficient at energy production and, to all intents 

and purposes, is totally recyclable. The main environmental benefit of hydrogen is that its only 
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real emission is water vapour. However, with the increase of research into the use of 

hydrogen, major doubts about its environmental credentials have also increased. 

The Policy on Reducing Shipping Emissions principal issues of contention are fivefold 

(Cullinane and Edwards, 2010): 

1. Hydrogen is “an energy carrier, not an energy source” (EurActiv, 2006). This means that it 

has to be produced from other sources (coal, nuclear, and so on), so it is only as clean as these 

source fuels. Eyre et al. (2002) concluded that because of the shortage of renewable energy, 

it is more efficient to use renewables for purposes other than hydrogen formation. 

2. The pollutant emissions from hydrogen have also been challenged. Hydrogen is an indirect 

GHG with a potential global warming effect because emissions of hydrogen lead to increased 

burdens of methane and ozone (Collins et al., 2002). 

3. In order to be able to produce hydrogen fuel cells, a small amount of platinum is required 

(to act as a catalyst), and there are substantial negative environmental effects associated with 

the mining and refining of platinum. 

4. A whole new refuelling infrastructure needs to be developed. 

5. At present, the fuel cells still do not allow long-distance travel (i.e., their range is limited). 

The practical deployment of hydrogen as a fuel within shipping is currently minimal and 

limited solely to highly specialized vessels largely in Scandinavia (particularly Iceland), but 

research is ongoing into various fuel cell technologies, particularly the use of liquid natural gas 

(LNG) for use with fuel cells and, ultimately, the possibility of ships creating their own 

hydrogen from the seawater on which they travel.  

Wind and solar. Several shipping companies have experimented with wind and solar energy. 

In 2008, for instance, the largest Japanese shipping company, NYK, launched its car carrier, 

the Auriga Leader, equipped with 328 solar panels costing US$1.68 million. This was in 

addition to the higher cost of the ship itself since an innovative design had to be implemented 

to ensure maximum exposure of the deck-mounted panels to sunlight. Trials over the first year 

of voyages found that the power generated by the 40 KW system represented the equivalent 

of only 0.05% of the ship’s propulsion power and 1% of its onboard electricity consumption 

(Eason, 2009). 

In Denmark, the Windships project uses new technologies and materials developed in the 

aerospace sector to fit high-performance steel masts and fiberglass sails with a profile like an 

aircraft wing to bulk carriers of up to 50,000 tons. Unlike traditional sails, these are controlled 

hydraulically from the bridge. Sails, however, exert aerodynamic drag which negates some of 

the accrued fuel savings (Hamer, 2005). The German company SkySails has tried to mitigate 

this disadvantage by developing innovative inflatable aerofoils which are winched up a height 

of 100-500 m and act as a large kite to pull the ship. The main disadvantage of this system is 

that there is a fairly significant fixed cost associated with winching the sails up and down. 

Additionally, the world’s prevailing winds are unidirectional (Hamer, 2005). 
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The ECSA/ICS (2008) suggest that both solar and wind power could become important 

supplementary sources of energy but that they are unlikely to ever be more than this. 

Liquefied Natural Gas. LNG was assigned an important role in the 2014 AFI Directive. Port 

stakeholders have made significant investments in order to be able to offer this solution for 

seagoing ships. Using LNG as a fuel for ships is undoubtedly one of the best available options 

in terms of environmental performance, as it emits only small 

amounts of NOx (1.42 g per kW h), SOx (0.00154 g per kW h) and PM. In addition, the use of 

LNG will also yield quite a significant reduction in CO2 emissions. There are very large reserves 

of LNG, so it is regarded as the fuel of the future. In addition, LNG remains a relatively cheap 

fuel alternative; in November 2017 the price of LNG was quoted as US$ 1.84/ MMBtu at the 

Nova Inventory Transfer in Alberta and US$ 3.05/MMBtu at the Henry Hub (National Energy 

Board of Canada, 2018). This compares to a price for IFO 380 at the same date 

of US$ 9.93/MMBtu (Bunkerindex, 2018). 

However, despite the benefits in terms of fuel cost and the environment, there are several 

practical difficulties that need to be solved in utilizing LNG as a fuel for ships. These include 

various technical storage and logistical issues relating to the space requirements for natural 

gas, both ashore and onboard (Einang, 2007); the specialized nature of the technology 

required for handling LNG and; the limited number of currently available locations for 

supplying ships with LNG (though distribution facilities, particularly within the Northern 

European Emissions Control Area (ECA), have been multiplying in recent years). By far the 

most critical difficulty lies with the fact that shipbuilding costs will be as much as 20% - 25% 

higher than ships with conventional engines (Det Norske Veritas, 2005), at least in the 

short term until such point that LNG-powered ships achieve the status of an established and 

standard design. Clearly, this could have a significant influence on the economics of operating 

ships using LNG as a fuel. Perhaps, a more attractive option in the future might be the 

conversion of existing ships driven by standard marine fuels to LNG operations. The first 

conversion of this type was conducted on the “BIT Viking” and was completed 

in November 2011 (Wartsila, 2011). 

EU standards on alternative fuel infrastructure require all ports in the TEN-T core area to be 

equipped with LNG filling stations by 2025 (EU, 2014a). LNG bunkering is already well 

advanced and has been introduced in several EU ports. Of the 97 EU ports in the sample, 

33% reported having LNG bunkering facilities in 2019, most of them mobile facilities. In 

addition, one out of four ports surveyed already has LNG bunkering activities in the 

pipeline (ESPO, 2020). In 2020, a total of 59 EU ports had LNG bunkering facilities, with a total 

of 71 facilities (ESPO, 2020b). 

In summary, current technologies suggest that LNG as a marine fuel will be used in auxiliary 

engines, and main engines when used on shorter voyages and LNG ships (where relatively 

minute proportions of the cargo can be used to power the ship). Also, while LNG may not be 

immediately relevant to ocean-going vessels, it certainly has great potential for use in short 

sea shipping, including the ferry sector. The Norwegian government’s NOx Fund already 

subsidizes the difference in construction costs for LNG-fuelled ferries, compared with the cost 
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of traditional diesel-powered ferries, and the EU has committed to establishing infrastructure 

which will allow LNG to be available to ships in all of its 144 maritime and inland ports 

by 2025 (Keating, 2013). This forms Policy on Reducing Shipping Emissions part of the EU’s 

commitment to developing a comprehensive and formal strategy on the use of LNG for 

shipping (European Commission, 2013). To achieve these high targets, Member States do to 

not only develop deployment plans for different types of alternative fuels infrastructure in 

maritime ports - such as for electricity, hydrogen, LNG or ammonia – but also to draft funding 

plans that lay down how they will finance alternative infrastructure development policies. 

1.3. Environmental safety in the port 

Port activities are a frequent cause of environmental impacts and a source of pollutants with 

negative impacts on the environment and/or areas of influence. International environmental 

management models or standards have been developed to reduce and/or control the 

environmental impacts of port activities and economic activities in general. This chapter 

introduces the main port environmental management standards. 

1.3.1. International and European policies and procedures on environment and sustainable 
development of ports 

Port environmental management is the set of actions or tasks to be defined and managed by 

the management of a port authority to protect the environment of the area, in which the port 

operates, in accordance with the legal requirements laid down in the country’s environmental 

legislation. These tasks and objectives can be structured into six categories: 

• basic standards; 

• energy-saving and carbon reduction measures; 

• ecological protection measures; 

• pollution prevention measures;  

• resource recycling measures;  

• standards for measurement, evaluation and supervision/inspection. 

Basic standards mainly include the international standards in the fields of energy conservation 

and environmental protection in water transportation and port activities.  

Energy-saving and carbon reduction measures include facilities and (or) projects of energy-

saving, reduction of energy intensity, reduction of COx emissions intensity.  

Ecological protection measures are intended to provide the protection and utilization of 

plants, water, topsoil, and other resources during the construction period and activities, as 

well as for ecological restoration.  

Prevention and control of pollution tasks mainly include technical measures for noise pollution 

prevention and control during the construction and operation of water transportation 

projects, related treatment device standards, and collection methods for sewage and 

production wastewater from water transportation engineering facilities, comprehensive 

emissions from ships, and prevention and control of oil spill pollution. 
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Resource recycling measures include decisions for wastewater treatment and recycling. Much 

of the waste can be recycled. Depending on the volume of waste delivered at each port, for 

example, oily waste, the litter collected from ships, can be recycled. And the transfer of end 

products would contribute to the circular economy. However, measures such as a harmonised 

EU end-of-waste generation status may be important if we are to reap the benefits of these 

initiatives 

Supervision (inspection), assessment include standards for environmental monitoring 

technology, energy consumption detection methods, standards for evaluation of green 

transportation facilities, environmental impact assessment of port operation activities, 

supervision and management of energy conservation and carbon reduction. 

1.3.2. Major international and European legislation shaping the environmental policy 

MARPOL 73/78 is the main international agreement to which the Parties (Countries) 

undertake to prohibit all deliberate discharges of oil, its mixtures and residues, other harmful 

substances, effluents and garbage, and air pollution. The six Annexes to MARPOL 73/78 set 

out the rules and requirements governing the environmental pollution factors.  

HELCOM 92 ratifying countries develop and apply uniform requirements for reception 

facilities for ship-generated waste, taking into account the specific characteristics of passenger 

ships, The HELCOM States shall ensure that the requirements of passenger ships operating in 

the Baltic Sea are adapted to the specific needs of passenger ships. HELCOM 92 obliges to 

ensure the provision of facilities wastewater collection facilities in ports and terminals in the 

Baltic Sea basin without disrupting ship traffic schedules, adequately meeting the needs of the 

ships using them. 

Directive 2019/883 of the European Parliament and of the Council of 17 April 2019 on port 

reception facilities for the delivery of waste from ships, aims to reduce the discharge at sea 

of ship-generated waste and cargo residues, in particular illegal waste, by improving port 

reception facilities for ship-generated waste and cargo residues, the availability and use of 

ship-shipping facilities and thereby promote the protection of the marine environment. Under 

the Directive, EU countries must ensure that adequate waste reception facilities are available 

in ports capable of receiving waste from ships waste and cargo residues. Ship-generated waste 

must be collected before leaving port the master of the ship must deliver the waste to the 

port reception facilities. All ships calling at the port, regardless of whether or not they use the 

facilities, must contribute to the cost of the port reception facilities, including waste treatment 

and disposal. This Directive brings the EU legislative framework further in line with the 

MARPOL Convention (however, it is more stringent and new categories of waste from ships 

are included).  

It should be noted that there are other ship wastes and residues, such as ballast water 

sediments and residues from anti-fouling systems, which fall outside the scope of MARPOL. 

The management of these wastes and residues is regulated by the Ballast Water Management 

Convention, the Anti-Fouling Systems Convention and the London Protocol/London Convention 

and is not covered by the Directive. 
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The EU is working to improve air quality by controlling emissions of harmful substances, 

improving fuel quality and integrating environmental protection requirements into the 

transport, industry and energy sectors. The EU’s clean air policy is based on three main pillars 

(European Commission, 2018):  

1. The Ambient Air Quality Directive (Directive 2008/50/EC), which sets air quality standards 

and requires the Member States to assess air quality and implement air quality plans to 

improve or maintain air quality; these requirements also apply to port activities. 

2. The National Emission Ceilings (NEC) Directive (2016/2284/EU) sets limits for sulphur 

dioxide, nitrogen oxides and volatile organic compounds out of national emission reduction 

commitments. The directive transposes the reduction commitments for 2020 agreed by the 

EU and its Member States under the 2012 revised Gothenburg Protocol. 

3. Source-specific legislation setting specific emission levels and energy efficiency standards 

for major sources of air pollution. 

Directive 2008/50/EC on ambient air quality covers in particular nitrogen dioxide (NO2) and 

particulate matter or fine dust (PM10) emitted by traffic, combustion engines, including their 

operation in ports. It sets limit values to be complied with by Member States (MS) in their 

zones and agglomerations from 2005. The OECD (2019) also estimated that if all Member 

States meet their national exposure reduction targets for PM2.5. 

The NEC Directive 2001/80/EC covers the setting of limit values for the substances sulphur 

dioxide (SO2), nitrogen oxide (NOx), ammonia (NH3) and volatile organic solvents (VOCs). 

Amendments to the original 2001 NEC Directive were made in 2006 and again in 2009 to 

include all 27 member-states, as well as European Commission comments, in an updated 

policy – Directive 2008/50/EC. 

EU Sulphur Directive 2016/802 covers a reduction in the sulphur content of certain liquid 

fuels. It reduced SOx emissions by setting maximum sulphur content for marine fuels and 

incorporated new standards set by the International Maritime Organization into EU law, both 

within and outside regional protected areas, determined 0,1% Sulphur content fuels at berth. 

In order to regulate hazards caused by ship emissions, the International Maritime Organization 

(IMO) broadened the MАRPOL 73/78 International Convention for the Prevention of Pollution 

from ships by introducing Annex VI, which stands for air pollution prevention from ships. The 

latest amendments to Annex VI were adopted in 2018 and entered into force in January 2020. 

The European Union accordingly issues their legal act as Directives based on the International 

MАRPOL Convention. Ship emissions are an important source of air pollution, including SO 

emissions from fuel oil combustion. Sulphur oxides are harmful to the human respiratory 

system and make breathing difficult. 

On 12 May 2021, the European Commission (EC) adopted the EU Action Plan "Towards a Zero 

Pollution for Air, Water and Soil" (European Commission, 2021), one of the key deliverables 

of the European Green Deal (European Commission, 2019). The Action Plan sets out the “zero 

pollution vision for 2050", foreseeing that “air, water and soil pollution is reduced to levels no 
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longer considered harmful to health and natural ecosystems”. This has led to the emergence 

of nearly zero-emission port concept (nZEP). The key criteria for nZEP are air quality, energy 

conservation and renewable energy systems, water pollution and water quality, 

electrification/hybridization of equipment, noise pollution, waste management, Smart Energy 

Management Systems, and last but not least - natural habitat quality preservation (Sifakis and 

Tsoutsos, 2020). 

The Renewable Energy Directive (Directive 2018/2001) was adopted in order to promote and 

increase energy from renewable sources across different sectors.  Port terminal operators play 

an important role in decarbonising the EU transport sector and have the responsibility to 

reduce the environmental impact of their operations by investing heavily in environmentally 

friendly vehicles, equipment, green training and green intermodal operations.  

Along with the Renewable Energy Directive, the Alternative Fuels Infrastructure Directive 

(AFID) (Directive 2014/94/EU) was enacted in 2014 and then later revised in 2021. The latter 

directive establishes a common framework of measures for the deployment of alternative 

fuels infrastructure in the Union in order to reduce dependence on oil and mitigate the 

environmental impact of transport. It lays down the minimum requirements for alternative 

fuel infrastructure, including natural gas filling stations for ships at sea and inland waterway 

ports, the onshore power supply facilities, as well as common technical specifications for such 

charging and refuelling stations and requirements for information to users. 

To protect the water quality and to respect the EU standards imposed by the Water 

Framework Directive, some Member States have taken initiatives to limit liquid discharges 

from scrubbers in port areas. European ports would like to see prompt and harmonised action 

on the basis of scientific evidence available with regard to the impact of liquid discharges from 

scrubbers on water quality. Accordingly, most ports support the EU proposal to bring the issue 

to the IMO (ESPO, 2019). 

Seaports are a part of the world trade economy. They are a strategic partner in responding to 

today’s main challenges of decarbonisation and digitalisation. They are keen on working 

forward in a constructive manner with the Commission, the European Parliament and the 

Member States on making and supporting European policies that allow ports to further 

develop and respond to today’s challenges. 

1.3.3. Port’s Environmental Policy, Program, Management Standards 

The environmental tasks and objectives form the basis of Port’s Environmental Policy. In order 

to achieve compliance with the environmental objectives and targets, the Environmental 

Management Program of a Port Authority and the Environmental Management Plan (EMP) for 

each port terminal was established. Management programs include regulations and 

requirements of ISM Code, ISO 9001:2015 “Quality management system”, ISO 14001:2015 

“Environmental management system”, OHSAS 18001 “Health and safety management”, ISO 

50001 “Energy management system”. The ISM Code is mandatory in shipping and does not 

directly affect port and terminal operations. However, port states carry out inspections of 
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ships (Port State Control) in accordance with the ISM Code 

guidelines (MSC-MEPC.4/Circ.4, 2016) 

Environmental policy. The environmental policy of a port is a publicly available document, 

prepared by the upper management of the port authority, reflecting its commitment to 

achieving adequate environmental management and fostering sustainable development 

through the port’s operations and processes. It is essential that the port's environmental 

policy clearly sets out the intentions and operational principles, as well as defining the 

strategies and the short-, medium- and long-term objectives to be achieved, and consistently 

supports the environmental management and improvement envisaged by the port authority. 

Accordingly, the environmental policy should be based on the relevant environmental aspects 

and impacts of the port, taking care that its objectives do not oblige the organisation not to 

take actions and/or make statements that are inconsistent with its competence. 

The Port Authority should encourage and promote the participation of internal as well as 

external staff and other stakeholders in the development and formulation of environmental 

policy. It is also advisable to obtain input from an external organisation. Only in this way can 

the policy be successfully understood and followed by port employees and users and their 

co-workers. 

Environmental Program. An environmental program or environmental management program 

is a written description of the actions to ensure compliance with environmental requirements. 

It shall set out the Port Authority's objectives and targets, defining who is responsible for them 

and the financial and technical resources required to achieve them. 

Before establishing an Environmental Management Program, the port authority must identify 

all environmental aspects related to its activities, products or services. It is necessary to assess 

the aspects that it can control as well as those that are difficult to control. The port authority 

shall anticipate and influence those which it can influence, such as situations which can be 

reasonably predicted. All these aspects should be assessed in order to determine the 

significance of their environmental impact. 

When identifying the environmental aspects related to its activities, ISO Standard 14001:2015 

establishes that an organisation should take into account all aspects that are specific to its 

activities: 

• Changes, including new and planned changes, and activities, the products and services 

arising from them; 

• Unusual conditions and reasonably foreseeable emergencies. 

To the extent that any significant environmental aspects associated with the activity, products 

or services provided by the port are adequately identified, the environmental management 

programme will be able to address them through the identification of feasible and useful 

environmental objectives and targets.  

Environmental Management. Effective environmental management of ports must include 

minimising and controlling the impact of port facilities and activities on the environment and 
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the surrounding land, air and sea, as well as compliance with applicable national 

environmental legislation. The environmental impact of port facilities in operation is caused 

by maritime traffic, loading and unloading of ships, cargo storage, cargo consolidation and 

deconsolidation operations, internal and external transport or freight, maintenance, supply 

operations, waste disposal and other operations which cause any disturbance to the 

environment and which must be subject to control and mitigation measures. 

One way to meet this challenge is to implement an Environmental Management System 

(EMS). An EMS is a management tool that helps an organisation to continuously improve its 

environmental management planning, monitoring and oversight. 

EMS can be implemented at different degrees of development, depending on the size and the 

intended reach of the port, as defined by each particular organization. Currently, there are 

two tools for instituting an Environmental Management System, which are standardized, 

auditable and certifiable: 

- ISO 14001:2015  

- EMAS III Regulation (EcoManagement and Audit Scheme). 

- ISO 50001 “Energy management” 

ISO 14001:2015 standard is an instrument with a systematic approach to environmental 

management. ISO 14000 specifies the elements of a management system that a company 

must put in place to achieve its environmental objectives. For the identification of 

environmental management elements, it is recommended to take into account the following 

steps: 

• Firstly, to determine the general operating conditions, taking into account normal and 

abnormal operating circumstances and accident situations and emergency situations. 

• Subsequently, the identification and specific breakdown of all operations and processes 

related to its activity, product or service that may cause an impact, both in normal and 

abnormal operating situations. 

• Then, for each phase related to the operations and processes, it is necessary to identify the 

elements of each phase that are required by it (e.g. water, energy, fuel, material inputs) and 

their emissions (e.g. discharges, landfills, waste, etc.). 

• Following the previous step, the following elements must be identified: 

- Air emissions; 

- Discharges into the water; 

- Discharge into the ground; 

- Use of raw materials and natural resources; 

- Use of energy 

- Energy emitted (e.g. heat, radiation, vibration (noise) and light); 

- Generation of waste and/or by-products; and, 

- Space use. 
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• Finally, reports should be produced to enable organisations to review all the data collected: 

the stage/process at which they are generated, extent, physicochemical properties, cause of 

generation and the environment affected. 

The ISO 14001:2015 system of standards ensures that all of the organisation’s services are 

delivered responsibly and to a high standard, and that all processes related to service quality 

are managed in a standardised manner, applying global best practice. In addition, it helps not 

only to fulfil our obligations to our business partners, but also to deepen our environmental 

expertise by developing and implementing operational methods and technologies that reduce 

the environmental impact of our activities. 

The EU Eco-Management and Audit Scheme (EMAS) is a premium management instrument 

developed by the European Commission for companies and other organisations to evaluate, 

report, and improve their environmental performance (Regulation (EC) No 1221/2009, 

Regulation (EC) No. 761/2001 and Commission Decisions 2001/681/EC and 2006/193/EC). 

EMAS is open to every type of organisation eager to improve its environmental performance. 

It spans all economic and service sectors and is applicable worldwide. The EMAS system is 

addressed to all types of organizations interested in the implementation of comprehensive 

solutions in the field of environmental protection, both representatives of companies and 

non-profit institutions. It is a tool for implementing sustainable development principles in 

organizations and effective management of available resources and energy (Brzeszczak, 2018) 

EMAS-registered organisations have to: 

• Determine the organisational context of their environmental management system (EMS). 

This means that they should identify the internal and external factors that may impact their 

environmental strategy; 

• Identify interested parties (employees, shareholders, suppliers, etc.) and their relevant 

needs and expectations; 

• Consider a life-cycle perspective when assessing the significance of their environmental 

impacts; 

• Determine the risks and opportunities related to their EMS. 

Guidance on the selection and use of an environmental performance indicator is set out in the 

Annex I of Commission Recommendation 2003/532/EC, on guidance for the implementation 

of Regulation (EC) No 761/2001 of the European Parliament and of the Council allowing 

voluntary participation by organizations in a Community eco-management and audit scheme 

(EMAS) and provides guidance on the selection and use of environmental performance 

indicators to produce an environmental statement from EMAS (Jiri, Misařová and Hyršlová, 

2007; Brzeszczak, 2018). 

The main indicators included in the EMAS environmental declarations concern the main 

environmental areas such as: energy efficiency, material use efficiency, water, waste, 

biodiversity and emissions. EMAS is the most credible and robust environmental management 

tool on the market and goes beyond the requirements of ISO 14001, the international 
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standard for Environmental Management Systems (EMAS & ISO 14001, 2021). Table 3.6 shows 

the differences between the two Standards in terms and requirements.  

Table 3. 6  
Differences between ISO 14001-2015 and EMAS III 

Requirement ISO 14001:2015 EMAS III 

Application Universal application to all types of 
organizations 

Applies to all types of the organisation through 
global or corporate registration (currently 
restricted to some countries) 

Initial Environmental 
Evaluation / Review 

Recommended when no prior 
Environmental Management 
System in place 

Mandatory when no Environmental 
Management System was in prior certification 

Audit cycle No established frequency The cycle will depend on the type of activity 
performed, at least every 3 years 

Scope of audit Environmental Management 
System 

In addition to the EMS, it must include: the 
Environmental Policy; the Program. 
Compliance with applicable legislation 

Environmental 
Statement 

Not required Required, it shall be publicly and annually 
released 

Validity Can be self-certified, although the 
most usual thing is to be certified by 
an external accrediting agency 

It must be verified by an external accrediting 
agency, and validation of the Environmental 
Statement is required 

Registration Not necessary The organizations are entered into the registry 
of companies 

Source: CIP – Inter-American Committee on Port (2020) 

Implementation of EMAS system at a company is very similar to the system required under 

ISO 14001:2015, but EMAS is different. RAVE Study (2017) founds: 

• over 70% of environmental verifiers perceive EMAS to be more effective than ISO 14001 in 

ensuring legal compliance.  

• 72% of verifiers consider EMAS more effective than ISO 14001 in ensuring the transparency, 

trustworthiness and completeness of environmental reports and documentation.  

• 69% of EMAS-registered organisations feel that EMAS helps them achieve legal compliance 

more easily and completely than ISO 14001 alone (80% of them have both EMAS and ISO 

14001) (RAVE Study, 2017) 

ISO 50001 “Energy management System” was introduced in 2011 by the ISO as an effective 

tool for supporting energy managers on meeting energy consumption reduction goals, the ISO 

50001 follows the conventional Plan-Do-Check-Act (PDCA) improvement cycle as follows:  

• An energy review (i.e., audit) is conducted first, and the baseline (i.e., reference energy 

data) is set. Following the results of this process, the overall energy strategy is defined, specific 

energy saving targets and objectives are set, performance indicators are determined, and the 

action plan to be followed is prepared (PLAN);  

• Selected measures, either technological or operational ones, which have been 

incorporated into the action plan are being implemented next (DO);  

• Relevant processes, as well as key characteristics of operations that are affecting energy 

performance, are being monitored and reviewed against the energy policy which has been 
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formulated, and the specific reduction targets that have been set. The relevant results are 

being reported (CHECK);  

• Based on these results, strategic decisions are taken for ensuring the continuous 

improvement of energy performance and enhancing the Energy Management System (EnMS) 

(ACT) (IMO, 2016) 

ISO 50001 requires that a systematic, data and evidence-based process is in place to support 

continuous improvement in energy efficiency. Following the last technical update in 2018, the 

standard continues to specify the process for developing, implementing, maintaining and 

improving the EnMS (Sdoukopoulos at all, 2019). The standard identifies a corporate energy 

management system (CEnMS) that includes ship operations planning, data collection, 

monitoring and benchmarking, energy efficiency investment management, and KPIs. Given 

the considerable effort and resources required, certification to this standard is one of the most 

challenging commitments a port authority can make to improve its energy efficiency. 

ISO 50001 clearly defines the responsibility of management, the formulation of the energy 

policy and the main objectives to be achieved, the role of the management, the allocation of 

available resources and the definition of operational functions. The new standard places more 

emphasis on the design of processes, systems and equipment that may have an impact on 

energy aspects, emphasising the need to describe the energy policies that have been set out 

in any new contract and/or communication with energy suppliers. 

1.3.4. Environmental certification 

In 2007, the EU took a decision to develop a sustainable port sector and, among other things, 

called for the adoption of port environmental management systems (EC, 2007). 

The Port Environmental Review Scheme (PERS) requires port authorities to make certain 

commitments, such as environmental monitoring and the publication of periodic 

environmental reports. A port’s environmental management system can also be certified by 

an accredited body. Under the PERS, ports can also seek environmental certification to 

ISO 14001, a recognised international standard that sets out requirements to an effective 

environmental management system and the EU’s Environmental Management and Audit 

Scheme (EMAS), the highest quality management tool developed by the European 

Commission (EMSA, 2021). 

In the past, ports managed their activities and operations as autonomous entities. As 

problems grew, so did the demands and environmental concerns associated with these 

activities. European port terminals have started to think about the need for a sound and 

common environmental policy to comply with existing legislation and to protect the 

environment as much as possible. In 1999, the EcoPort Foundation, a non-profit foundation, 

was set up. In 2011, the Foundation ceased to exist and EcoPorts became part of ESPO.  

EcoPorts is the main environmental initiative of the European port sector. It was initiated by 

a number of proactive ports in 1997 and has been fully integrated into the European Seaports 

Organisation (ESPO) since 2011. The overarching principle of EcoPorts is to raise awareness 
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on environmental protection through cooperation and sharing of knowledge between ports 

and improve environmental management. The EcoPorts Network is the flagship initiative of 

the European port sector developed by ports, for ports seeking to self-monitor their 

environmental management and improvement over time, and encouraging the free exchange 

of experience on environmental issues among its members. In this way, EcoPorts seeks to 

increase awareness about environmental challenges, deliver compliance with legislation and 

demonstrate a high standard of environmental management amongst its 116 members from 

26 countries. Specifically, EcoPorts helps European ports to be at the frontline of 

environmental management, to take initiatives to protect the environment, to improve public 

health, and to address the challenges of climate change. The environmental report is an 

important tool of the ESPO EcoPorts Network, together with the Self-Diagnosis Method (SDM) 

and the Port Environmental Review System (PERS). 

The EcoPort web portal (www.ecoports.com) provides access to the SDM (Self-Diagnostic 

Method) management tools and PERS (Port Environmental Rating System). Non-European 

ports and terminals can access the EcoPorts tools through ECO Sustainable Logistic Chain 

Foundation or ECOSLC at www.ecoslc.eu. The 2021 Sustainability Report shows that almost 

40% of responding ports have become certified with the Port Environmental Review System 

(PERS). This is a significant increase compared to 2020, when 33% of ports had a PERS 

certificate (ESP-2844 Sustainability Report 2021). 

1.3.5. Organization of environmental control (regulation) in ports 

The United Nations Convention on the Law of the Sea (UNCLOS) is an international agreement 

that defines the rights and obligations of the countries where they use ocean waters. UNCLOS 

establishes a fundamental obligation for all parties to protect and preserve the marine 

environment. All States are called upon to cooperate globally and regionally to establish rules 

and standards and the means to achieve this goal. Part XII covers agreements on the 

preservation of the marine environment and protection against such pollution (EMSA, 2020). 

Port authorities are fully responsible for the safety of maritime operations in the ports under 

their jurisdiction. Their primary duty is to manage the port so that it is used safely and 

efficiently, including environmental protection. These duties are also a commercial 

imperative. A serious accident is not only likely to cause serious disruption to the port at the 

time, but may also have long-term consequences. Cleaning up pollution is a complex and time-

consuming process.  It may take even longer before the port is fully operational again and 

recovers from the costs and potential business losses caused by a major spill. It is therefore 

much better to work on preventing accidents than on dealing with their consequences. 

In this context, ports must have pollution response plans in place. The Port Contingency Plan 

for marine pollution aims to ensure that incidents are responded to in a timely, measured and 

effective manner. A port will be able to respond more quickly to an incident and resume 

normal port operations more quickly, with clear benefits for port users and port authorities. 

This plan is likely to be only one part of the overall port emergency planning.  

http://www.ecoports.com/
http://www.ecoslc.eu/
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These plans must include actions related to pollution by crude oil or petroleum products. Oil 

is the most important pollutant associated with port maritime operations and strategies to 

combat it are well developed through experience. Port administrations have a legal obligation 

to plan responses to such incidents. It is expected that this legal obligation will eventually be 

extended to other pollutants. An effective contingency plan to deal with oil pollution will have 

much in common with the plans needed to deal with other pollutants. The hazards and clean-

up methods will differ, but the command and control procedures will be very similar. 

The port authority must have an action plan for dangerous ships ready. Dangerous ships are 

those ships which, by their condition or by the nature or condition of the objects onboard, are 

likely to constitute a serious and imminent danger to the safety of persons or property. Such 

ships may pose a threat when they enter or are ordered to leave a port, sink or wreck in the 

port, thereby preventing or seriously interfering with the use of the port by other ships and 

causing a serious environmental safety problem. 

The Port Authority is responsible for and must regulate the risks posed by ship emissions. The 

IMO insists on the establishment of Emission Control Areas (ECAs) for the control of ship 

emissions, with stricter control of ship emissions. Currently, the Baltic Sea, the North Sea, the 

North American region, the Caribbean Sea of the United States of America, and ports in South 

Korea are designated ECAs (Zhou, 2019). Maritime transport has a direct impact on air quality 

in many European coastal cities. Ship emissions are an important source of air pollution, 

including SO Sulphur oxides are harmful to the human respiratory system and make breathing 

difficult. 

In order to comply with the Directive, the Member States of the EU аre motivаted аnd 

encourаged to offer the quаlitаtive аnd compliаnt fuel in their ports. Аs а significаnt number 

of ships аre not been fitted with exhаust gаs cleаning systems thаt enаbles the vessels to 

consume high sulphur fuels in compliаnce with the Directive, there is increаsed demаnd for 

low sulphur fuel, аnd prices hаve risen аccordingly. In аddition, the concerns hаve been rаised 

аbout the quаlity of some low sulphur fuel blends thаt cаn leаd to the vessel engine’s 

misfunctioning (e.g. blockаge of engine filters аnd pipes) or increаsing the the rаte of weаr of 

engine components. The ideаl scenаrio is when а port cаn sаtisfy аny ship with the compаtible 

good quаlity bunkering fuel needed аt the reаsonаble price.  Certаinly, the Stаtes аre ought 

to monitor аnd control the prices of bunkers becаuse of the commerciаl interest of suppliers. 

If the required bunkering fuel cаnnot be obtаined in the port, the Fuel Oil Non-Аvаilаbility 

Report (FONАR) must be completed аnd submitted to the Flаg Stаte аnd the competent 

аuthority of the port of destinаtion. А copy of the FONАR should be kept on boаrd for 

inspection for аt leаst 36 months. FONАR is аn evidence bаsed pаper which аllows vessels not 

to delаy or deviаte from the intended voyаge. The report lists аll the detаils of the voyаge аnd 

efforts mаde by the ship operаtor to get the compliаnt fuel. The higher cost of compliаnt fuel 

is not considered аs а vаlid reаson for claiming non-аvаilаbility. FONАR helps the port stаtes 

to mаke the decision if the vessel is аllowed to use non-compliаnt fuel in their ports 

with/without penаlties аpplied. If the port stаte is completely sаtisfied with the efforts mаde 

by ship operаtors аs described in the FONАR, the ship mаy be аllowed to use non-compliаnt 
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fuel without аny penаlty to the vessel. If not, the port stаte mаy аllow use with the penаlty to 

the vessel which would depend upon the seriousness of the non-compliаnce (Maritime 

knowledge, 2020). 

In this dаy and age, the only legal way to stаte thаt the vessel is using the non-compliаnt fuel 

аnd to impose а fine is to present the results of the sаmple аnаlysis tаken on boаrd the ship 

аs sаid in the Directive. It meаns thаt only ISO аpproved lаborаtories аre trustworthy аnd 

other informаtion gаined by different methods is considered complimentаry to the emssion 

monitoring аctivities. However, the two methods such аs а portаble on boаrd kit for аnаlyzing 

the fuel sаmples аnd the remote sensing equipment (sniffer) meаsurements аre broаdly used 

in reаl life. The methods serve аs а bаsis for а more detаiled inspection. In other words, it cаlls 

the ship into question. 

Sniffers аre gаs sensors thаt аre put on the Remotely Piloted Аircrаft Systems (RPАS) to 

meаsure the аmount of SOx by flying into the ship’s exhаust gаs plume. The sniffers not only 

registers the Sulphur content, but аlso record the mаritime scene by photogrаphic evidence 

using electro-opticаl cаmerаs аnd identify vessels аnd determine their position using АIS 

trаnsponder. The RPАS Dаtа Centre is linked to THETIS-EU, а Europeаn dаtаbаse used by 

аuthorities аround Europe responsible for ship inspections. If the emissions meаsurement 

tаken by the drone reveаls а breаch in the concentrаtion limit, а subsequent ship inspection 

mаy be triggered аt the next port of cаll (European Maritime Agency, 2020). 

Currently, the sniffers аre given to the EU Member Stаtes in limited quantities upon request 

for а triаl. The deployment is for а minimum of two months. The flight control is mаnаged by 

quаlified pilots from the service provider. The Member Stаte must provide аnd аppropriаte 

tаke-off/lаnding аre, onsite fаcilities аnd support in obtаining the RPАS permit to fly from the 

nаtionаl аviаtion аuthority (European Maritime Agency, 2020). 

Port State Control. Port States have control competences which are conferred on them by the 

various Conventions. The Paris MOU proposes that participating port States maintain an 

effective system of port State control, including ensuring compliance with basic international 

safety and pollution requirements, regardless of whether the flag State of the ship concerned 

is a party to those Conventions. The Paris MOU stipulates that each port authority must 

inspect at least 25% of the ships in its territory.  All port State control officers (PSCOs) shall 

inspect the ship's previous inspection report and, if so, how the company and / or the ship has 

resolved all settings related to its safety management system to assess the company's 

performance before boarding the ship. results. During PSC inspections, the PSCO may assess 

a deficiency that is identified as a failure, serious failure, or ineffectiveness in the 

implementation of the ISM Code. If there are unclear deficiencies in the ISM related to the 

previous inspection and internal audit records cannot be provided after the failure has been 

identified, the PSCO may detain the ship. 

The information system “THETIS-EU” (the Hybrid European Application and Inspection 

System), who used to inspect ships and report inspection results. It informs national PSC 

authorities which ships are due for an inspection (European Maritime Safety Agency, 2020). 
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Data on ships’ particulars, certificates, port calls and reports of previous inspections carried 

out within the Paris MoU region are provided by the inspection database as well. This tool, 

the Europeаn Union system THETIS-EU plаtform, is used by Port Stаtes of 28 EU countries аnd 

by Cаnаdа, Icelаnd, Norwаy аnd Russiаn Federаtion (countries, which signed the Pаris 

Memorаndum of Understаnding on Port Stаte Control. The informаtion on the results of 

compliаnce vаlidаtions performed by Member Stаtes is recorded аnd exchаnged in the 

system. Thus, the follow-up phаse of the Sulphur inspection represents reporting the findings 

of the Sulphur inspection thаt hаve to be аdded in the system. (European Maritime Safety 

Agency , 2020). 

The system contаins in itself аll necessаry informаtion аbout the ship аnd inspections: 

1. Ship pаrticulаrs (e.g. IMO number, Nаme, Flаg stаte, Ship type, Gross tonnаge, Deаd 

weight, Keel lаying dаte, Delivery dаte, Shipyаrd country, Ship yаrd, Emission аbаtement 

methods), 

2. Remote sensing meаsurements (Reporting Member Stаte, dаte of observаtion, sulphur 

content, the plаce of meаsurement), 

3. Fuel tаnks nаmes аn their cаpаcity, 

4. Combustion mаchinery аnd its power, 

5. Аctive аnd аrchived аlerts, 

6. The compаny responsible for а Vessel's compliаnce with the ISM Code under pаrаgrаph 

1.1.2 of the ISM Code, 

7. Stаtutory certificаtes аnd their issuing аnd expiry dаtes, 

8. Bunkering history before inspections, 

9. Fuel sаmpling history, 

10. PortCаll history, 

11. Inspection history, 

12. Informаtion on incidents, 

13. Observаtions, 

14. Inspector’s nаme аnd Orgаnizаtion, 

15. Outcome of the inspection (compliаnt/non-compliаnt, penаlty аpplied or not). 

Key responsibilities and functions of authorities involved in response actions organised by the 

Port are provided below 

1. The Harbour master office 

a.  is responsible for safe navigation in the port waters, makes risk assessment of 

incidents, vessel accidents in the area of responsibility of the Port, prepares recommendations 

on implementation of the preventive measures and acquisition of the best available technical 

equipment, methods and materials for response to pollution incidents, fires, for rescue of 

persons and property.  

b. has the local contingency plan on combating pollution at the port, fire-fighting 

operations, people rescue, salvage of vessels prepared and approved in the established 

procedure and ensures its implementation.  
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c. ensures reception of notices on incidents, vessel accidents and around-the-clock 

watch-keeping of required resources. 

d. according to the procedure established in the Plan notifies the NF coordination 

centre, Fire and Rescue Board and other government authorities on any incident, vessel 

accident and upon their request immediately provides additional information required to 

respond to pollution incident, fire, to rescue  people and property. In the event of shoreline 

pollution or threatened pollution, notifies relevant coastal municipalities. 

e. in cooperation with property owner or independently initiates operational measures 

for lifting of property sunken in the port waters if such property hinders safe navigation, 

activities of marine industries, hydro-engineering or other works, poses a threat to life or 

safety of people, can pollute or pollutes environment. 

f. makes decisions regarding access to the port of ships involved into incident (accident) 

at sea in order to ensure effective and successful ship, property salvage operations to rescue 

persons or salvage property in distress and to avoid damage to the environment. 

2. Naval forces  

a. gives a prompt notice on the incident and response actions taken to other competent 

operational authorities of the parties to MARPOL, Helsinki convention, which interests are or 

can be affected by pollution incidents (drifting of oil, other harmful substances to the response 

area of other country), and in the event of major discharge of harmful substances, informs all 

parties to Helsinki Convention and Helsinki Commission. 

b. asks for assistance from other competent authorities of the parties to Helsinki 

Convention, other countries in the event of tier 3 incident and takes command of response 

actions. 

c. performs other functions stipulated in the National marine oil pollution contingency 

plan, other legislative acts to the extent that their performance has not been delegated to the 

Port under the present Plan. 

d. approves the present Plan, contingency plans on combating pollution by oil and other 

harmful substances, fire-fighting operations, people rescue of vessels and supervises 

compliance with the plans 

e. Provides methodological assistance to the Port and other units involved in the 

response actions, assigned to the scope of its regulation, coordinates their actions. 

f. in cooperation with the Port, ship- (tanker), cargo-owners, insurance policy holders 

or independently makes urgent decision on application of extraordinary measures 

(intervention) in the event of explosion, fire, structural damages, grounding of a tanker within 

the area of responsibility of the Port, its drift beyond the area of responsibility, and if the 

above and other incidents pose a serious and imminent threat to people, environment and 

involved interests. 

3. Maritime safety administration 

a. is an authority responsible for implementation of national and international legal acts 

regulating maritime safety in the Port waters, performs their state control.  

b. pursuant to the established procedure, performs state control of vessels at the port: 

compliance of vessels with the international requirements in terms of maritime safety, 

pollution prevention, fire safety, people rescue, also compliance with the standards of 
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seafarers' working and living conditions onboard. Prohibits departure of a ship from the port 

if the ship does not comply with the above mentioned or other requirements or gives a 

permission to proceed only subject compliance with special conditions. 

c. Installs, operates and develops aids to navigation, controls their operation, provides 

navigational and hydro-meteorological information. 

4. Ship master 

a. The shipowner is responsible for keeping the ship seaworthy for the established 

trading area, i.e. the ship should be designed, built, equipped and operated in such a manner 

that to ensure compliance with applicable technical, navigational, ecological, labour safety, 

fire safety and seafarers’ working conditions onboard requirements, and the ship operator has 

valid  documents in evidence thereof. 

b. Ship operator may not act against or otherwise restrict the ship master’s decisions 

related with maritime safety and marine environment protection. 

c. During navigation of a vessel within the port waters or its berthing time, the master 

is responsible for: 

i. keeping the vessel in seaworthy condition; 

ii. urgent notification of the Port dispatcher on pollution incident, vessel accident 

noticed within the area of responsibility of the Port and on any changes that can result in 

recognising the vessel as being not seaworthy  and submission of additional information; 

iii. safe loading, unloading of the ship and use of ballast; 

iv. if ship is in distress – searching by all possible means for assistance for his vessel 

and people onboard (in emergency situation, the ship master, having coordinated his actions 

with the Port master, may call for any tugboats that would be the most suitable to ensure 

safety of the ship,, and the ship owner must pay all expenditures related thereto); 

v. upon request of the Harbour master - rescue of distressed people, property in the 

port waters or performance of other instructions if they do not pose a serious threat to his 

vessel, crew or passengers; 

vi. people rescue, response to pollution incidents, firefighting onboard the ship 

following contingency plans for people rescue, response to oil spill emergencies, fire-fighting, 

pollution   by harmful liquid substances emergencies (local plans for responding to tier 1 

incidents) 

vii. primary investigation of vessel accident; 

viii. implementation of the vessel’s oil contingency plan. The plan must be prepared 

according with the recommendations approved by resolution 54(32), dated 6 March, 1992 of 

Marine Environment Protection Committee of the International Maritime Organization, i.e. 

they shall include the following mandatory information: 

d. established procedures to be initiated by the master or other competent ship officers 

when notifying on pollution by oil incident or pollution noticed within the area of responsibility 

of the Port, the  territorial sea and exclusive economic zone;  

e. list of government authorities or persons that have to be liaised with in the event of 

pollution by oil incident; 
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f. detail description of response actions to be immediately initiated by persons onboard 

the ship in order to reduce and control oil discharge in the event of operational and emergency 

spills; 

g. contact addresses and procedures required to coordinate operations of a tanker with 

the Port in response to pollution incident. 

h. pursuant to the procedure established by legal acts reimburses damage made to the 

environment and other reasonable loss or damage related with pollution incident, vessel 

accident, if any, incurred due to the incident, vessel accident or the vessel’s crew fault. 

i. compliance with other requirements of international and national legislative acts. 

5. Port terminals 

a. have a local oil spill contingency plan prepared and approved according to the 

procedure established in the National marine oil spill contingency plan and implements it. 

b. Immediately notify the Port dispatcher on any pollution incident, immediately 

provides additional information necessary to stop pollution or to respond to incident. 

c. provides data to the Port, the NF coordination centre on available resources of 

response to oil spill and discharges of other harmful substances (equipment vessels, staff, 

etc.), render assistance to the Port in response to pollution incidents, vessel accidents within 

the area of responsibility of the port or ask for assistance, if the extent of pollution incident 

exceeds the capabilities defined in the local plan. 

d. Firefighting operation onboard the vessels (tankers) anchored in the terminal waters, 

rescue of people, vessels and property is performed in compliance with the present Plan and 

provisions of other legislative acts. 

e. Upon reasonable request of the Port, port users – potential sources of pollution  

incidents, accidents must have their local contingency plans for responding to tier 1 incidents 

within the port waters, prepared and coordinated with the Port Master Office,  or other 

measures that have to interface with  the present  Plan 

Port fees and incentives. “There is a range of options that port management bodies can apply 

to influence the environmental performance of shipping” (EC, 2017b). One is to offer 

incentives to the shipping industry to carry out more environmentally friendly maritime 

operations (EC, 2017b). Among the multitude of possible measures to tackle the adverse 

environmental impacts of maritime operations, 'port pricing' or 'environmental charging' has 

been receiving increasing attention and has translated into a number of practical, bottom-up 

initiatives, voluntarily implemented by port management bodies' (EC, 2017b). 

Regulation (EU) 2017/352 establishing a market on access to port services and financial 

transparency of ports provides that port infrastructure charges may vary according to the 

port's economic strategy and spatial planning policy. This can be used to promote more 

efficient use of port infrastructure, short sea shipping or solutions focused on increased 

environmental impact, energy efficiency or decarbonisation (EU, 2017b, Article 13(4)). 

A total of 30 EU ports have at least one environmental tax or charge. Eleven of these are 

located in the Hamburg-Le Havre port area, between the Netherlands and Belgium. Seven of 

them are located in the Baltic Sea and six in the Mediterranean Sea, with only one in the North 
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Sea. Black Seaports are not yet covered by these schemes. In general, larger ports tend to have 

more financial capacity and human resources to implement and monitor environmental fees. 

Of these 30 ports, 25 ports offer discounts on harbour dues ranging from 0.5% to 20% for ships 

certified under the Environmental Ship Index, the Green Award, the Clean Shipping Award 

Index and the Blue Angel ecolabel (EMSA, 2021). 

As regards the type of ships eligible for discounts, in most cases, environmental taxes do not 

discriminate against a specific type of ship, as long as the ship holds one of the above-

mentioned certificates. In some other cases, discounts are granted to specific categories of 

ships: e.g. ships powered by liquefied natural gas (or other environmentally friendly marine 

fuels), as well as ships that use OPS. 

2. Cargo handling pollution in the ports and its prevention 

Cargo handling has an impact on the environment both inside and outside the port, i.e. in the 

harbour approaches, which are used for urban activities.  The port's environmental policy, as 

far as cargo operations are concerned, should aim to minimise the inconvenience and 

environmental impact of port operations, taking into account in particular:  

• dust, 

• atmospheric pollution due to leakages and emissions, 

• water and soil pollution due to leakages and spills, 

• noise. 

The handling of dry bulk cargoes such as grain, coal, phosphates, sulphur, etc., may generate 

dust. It is generally accepted that 1% of the cargo is lost during the transport of such cargo. 

The loss of product is not only a financial loss, but also an environmental threat, as most of 

the product ends up in the port environment. Port authorities should aim to  

 implement policies and strategies to progressively adopt the latest and most efficient 

technologies to reduce the impact of pollution, and to apply various management measures. 

Technology can be defined as any process aimed at eliminating or reducing the level of 

pollution. The management measures applied may include the development of plans, which 

should also include staffing levels, working methods, training, supervision, and the means and 

control of processes. 

2.1. Pollution problems in the liquid bulk terminal 

2.1.1. Technological process of liquid bulk cargo handling 

Liquid bulk cargo is loaded at specialized liquid bulk cargo terminals. At these terminals’ ships 

can be loaded via direct transfer (vehicle-ship) or from storage tanks. Marine bulk oil transfer 

facilities should be designed for the safe and efficient transfer. Due to the nature of the 

materials being handling, transfer facilities should incorporate adequate fire prevention 

design criteria and environmental protection system (Desrosiers, 2015).  
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Liquid bulk cargo, crude oil and petroleum terminals are regulated by the International Manual 

on the Safety of Oil Tankers and Terminals (ICS/OCIMF/IAPH), published in 1968, which is now 

incorporated into the International Safety Guide for Oil Tankers and Terminals (ISGOTT) (6th 

edition 2020). 

Regardless of the terminal type, there are several basic elements and zones to petroleum 

terminals (Fig. 3.3). Specialized liquid bulk cargo terminal consists of three zones: 

• gate zone, dedicated to unloading and loading of cargo to vehicles in a dedicated unloading 

area – a truck rack; 

• storage zone, where the storage tank is located and a berm is installed; 

• quay zone, dedicated to receiving tankers (Song, Panayides, 2012). 

 

 

Fig. 3. 3 Typical liquid bulk cargo terminal chart 
Source: Desrosiers, R. (2015) 

Jetties are installed with the ship loading equipment – cargo transfer arms/hoses (Fig. 3.3). 

The cargo tanks are surrounded by levees, or dikes, with the area around the tank out to the 

levee referred to as a “berm”. Depending on the location and size of the tanks, the transfer of 

petroleum into and out of the tanks may be assisted by pumps to overcome head pressure 

resulting from tanks located significantly above the transfer point. 

Oil terminal is a special territory, it’s a terminal dedicated to oil business logistics. There are 

two basic types of marine petroleum facilities: marketing facilities and refining facilities. 

Marketing terminals are used for receiving and storing oil and petroleum products for further 

transfer. The purpose of such terminals is to accumulate, store, transfer and prepare for 

transportation imported, exported or transit crude oil and petroleum products. Refining 

facilities take crude oil delivered by tanker and refine it into various compounds, or fractions 

(Desrosiers, 2015).  

At this specialized terminal liquid cargo is transferred from the storage zone to the quay zone 

through the pipeline using pumps. Terminal equipment, its technical and technological 

parameters depend on the type of liquid cargo (physical and chemical properties), terminal 

arrangement (distances, heights, number of storage tanks), terminal throughput and other 

composites. 
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When a tanker ship arrives in port, the ensuing cargo operations have three principal areas of 

concern: the performance of both the ship and terminal in accordance with the charter party, 

the quantity of cargo transferred, and the quality of the cargo. It should be noted that all times 

during ship- terminal operations, all government, local port and terminal regulations shall be 

complied with, as failure to do so could result in lost time, fines or vessel detention.  

Loading, discharging of liquid bulk cargo (crude oil, chemicals, and oil products), bunkering of 

oil product are considered an environmental high-risk process as international statistics on 

accidental pollution incidents indicate. The process is highly complicated, often involving 

several partners and many procedures and protocols. Procedures onboard ship are well 

structured and well described in documentation provided by the manufacturers as well 

institutions such as IMO (MARPOL 73/78 clauses and Annexes), ISM auditors and others. 

Storage tank farms are dangerous for water pollution because in the event of an accident in a 

tank farm and the explosion of a hydrocarbon vapour-air mixture, the shock wave can cause 

the collapse of adjacent tanks, the spillage of products from the tank farms and the 

spontaneous flow of products. This flow is partially prevented by the installation of fencing. 

All tank farms ground is concreted. Under the concrete, a high-density polyethylene sheeting 

is applied to prevent the petroleum product from penetrating into the ground and 

contaminating the groundwater (including below gauges, pipes and pumps, and below railway 

and truck loading/unloading area). A monitoring system is installed underneath the tanks to 

detect any leakage of petroleum products through the base of the tanks. 

The main problem to think about when loading liquid cargo is spillage. In addition to oil and 

chemical spills, ports and terminal operators may face environmental impacts from: 

• Construction activities: ports and terminals are often built on reclaimed, low-lying land, 

with imported aggregates, which sometimes contain contaminated substances. 

• Storage facilities: tanks of liquid bulk materials with connecting pipelines can be subject to 

sudden and accidental structural failure or gradual soil penetration and leakage. 

• Auxiliary operations: tank cleaning, ballast water treatment, etc. 

Based on the environmental impact assessment studies by international companies, a strict 

environmental monitoring program must be introduced and approved serving as the basis for 

the continuous environmental monitoring of liquid oil terminal operation: 

• monitoring of emissions to air from emission sources; 

• monitoring of wastewater discharges from pollution sources; 

• monitoring of groundwater exposure; 

• monitoring of impact on the quality of the environment (environmental impact). 

 

Hazardous cargo, such as oil, liquefied gas, pesticides, and industrial chemicals, may require 

specific handling facilities or areas within the port, including separation from other cargo by 

cofferdam, void space, cargo pump room, or empty tanks. Pipe systems are required for 

handling bulk fuels and liquid chemicals. Hazardous cargo may be released through leaks and 

spill during transfer and storage, contaminating soil, surface water, or groundwater. Volatile 
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organic chemicals may also evaporate and be released to the air (Environmental, Health, and 

Safety Guidelines for Ports, Harbors, and Terminals, 2007) 

2.1.2. Prevention of oil pollution at liquid bulk terminals 

Once tanker loading or discharging operations start at an oil terminal, periodic incidents of oil 

pollution are inevitable and the Port Authority must recognise this fact. In this context, the 

Port Authority and the port terminals must have plans of action and procedures in place.  

This requirement is based on Article 3 of the 1990 International Convention on Oil Pollution 

Preparedness, Response and Cooperation (hereinafter referred to as the OPRC Convention) 

and on the provisions of Chapter II of the IMO Manual "Oil Pollution - Contingency Planning" 

concerning seaport emergency plans. HELCOM Recommendation 11/13, HELCOM 

Recommendation 20/5 provides for the Guidelines on Minimum Oil Spill Response Capacities 

for Oil Terminals and their application to oil terminals in the respective countries. Pollution 

control measures become necessary and should be aimed at preventing spilled oil from 

reaching the shore. The Port Authority must ensure that the pollution control services are 

under its control. Oil pollution emergency plans for ports should be developed in accordance 

with the following principles (Environmental, Health, and Safety (EHS) Guidelines for Crude Oil 

and Petroleum Product Terminals, 2007):  

1) Each pollution incident should be kept to a reasonable minimum. 

2) When pollution occurs, immediate action shall be taken to deal with the pollution; 

acceptance of liability and acceptance for payment shall be considered only secondarily. 

3) Measures taken should be designed to keep the possibility of oil reaching the shore to an 

absolute minimum. 

4) Removal of oil from the sea surface is always preferable to chemical dispersants, but in 

some cases, particularly with crude oil, dispersants may be the most effective measure. 

5) Equipment must be kept fully operational at all times and must be constantly modernized. 

6) The human factor or human error is, and always will be, the most important cause of oil 

pollution in the environment. It must be stressed that the human factor is not 

synonymous with simple carelessness, and can be the result of tiredness, language 

problems or even simple ignorance.  

7) The main pollution of port and sea waters comes not from tanker operations but from 

industrial effluent, industrial waste, sewage, urban and river drainage, urban and river 

drainage, natural seepage, offshore oil production and vessels other than tankers.  

8) Big ports should be equipped to receive ballast water and water for tank washing. Oil 

terminals should be equipped with technical means sufficient to deal with medium spills. 

Larger spills should be dealt with the help of other pollution control services and require 

a national response. 

 

Port authorities should strongly support efforts to improve control and enforcement of the 

International Convention for the Prevention of Pollution from Ships (MARPOL) and have for 

some time conducted a regular programme of vessel inspections in port specifically to control 

pollution, focusing not only on equipment and operational standards, but also verifying that 
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vessels have used appropriate reception facilities for oil and chemical washing. Provision of 

MARPOL reception facilities and their integration into the port management strategy is 

fundamental to good environmental practice. 

The port handling of oil and its products must take into account the obligations assumed by 

the Parties under the 1990 International Convention on Oil Pollution Preparedness, Response 

and Cooperation (OPRC 90). The Protocol on Preparedness, Response and Co-operation to 

Pollution Incidents by Hazardous and Noxious Substances, 2000 (OPRC-HNS Protocol) extends 

this regulatory framework to address pollution incidents involving hazardous and noxious 

substances, i.e. chemicals (IMO). In particular, they require port authorities to prepare oil spill 

response plans for their ports and to ensure that these plans are consistent with the National 

Contingency Plan (NCP), a strategic overview for responding to marine pollution from shipping 

and offshore installations.  Directive 94/63/EC of the European Parliament and of the Council 

of 20/12/1994 on the control of volatile organic compounds (VOCs) emitted during the storage 

of petrol and its distribution from terminals to service stations must be taken into account 

during loading and discharging operations. 

Accidents during oil handling in liquid bulk terminal may result in spillages into the port water:  

• - accident in tanker bunkering station. During loading operations, oil vapours explode due 

to static charge in the vapour collection system. In the event of failure of detonative safety 

valves, flame will enter the tanker tanks and result in explosion of the rest of oil vapours. The 

key hazard factors of such an accident are: shock wave in case of explosion, fire onboard the 

tanker and up to a 1000- ton oil spill into the port waters. 

• - accident in marine bunkering installation. During ship loading operations, an oil spill 

occurs through sealing inserts of marine bunkering installation. Leakage is caused by failure of 

worn-out sealing inserts of the marine bunkering installation. Within 300 s an operator must 

turn off a pump and closes valves on supply lines. The key hazardous factors of this accident - 

shock wave in the event of explosion, fire and spill of oil into the port waters. Due to failure of 

marine bunkering installation the amount of orimulsion spilt into the port waters would also 

be similar 

• - an accident at the ship's loading facility. Depending on the capacity of the ship's loading 

pumps and the shut-off time of the automatic shut-off valves of the handling unit (1-3 s), up 

to 1500 kg may be released into the harbour waters in 3 s (for a handling capacity of 2000 

tph). 

2.1.3. Prevention and control of pollution at liquid bulk terminals 

Environmental issues in these terminals include the following: 

• Air emissions, 

• Wastewater, 

• Hazardous materials and oil, 

• Waste.  

The handling of liquid products releases volatile organic compounds (VOCs) due to their 

properties. Emissions of VOCs may result from evaporative losses during storage (typically 
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referred to as “breathing, storage, or flash losses”, from operational activities such as filling, 

withdrawal, additive blending, and loading / unloading of transport links (referred to as 

“working losses”), and due to leaks from seals, flanges, and other types of equipment 

connections (known as “fugitive losses” (Environmental, Health, and Safety (EHS) Guidelines 

for Crude Oil  and Petroleum Product Terminals, 2007).  

When the tank is full, the liquid level usually reaches about 30 cm from the deck. After a sea 

voyage this space is completely saturated with vapour. During unloading the liquid level slowly 

drops and the space is filled with air or inert gas. When new cargo is added, the liquid level 

rises again, displacing the vapour-air mixture from the tank and causing VOCs to be released 

into the atmosphere.  

After unloading, the vapour concentration in the tank is not uniform, but decreases with 

increasing height from the maximum at the liquid surface. This is due to a combination of 

density stratification, where denser vapour tends to remain in the lower part of the space, 

and advective and diffusive mixing, which tends to make the concentration more uniform.  

Consequently, the VOC leaving the tank during loading tends to be very low at the beginning 

of the loading operation and very high at the end, with a more or less abrupt transition 

between the two modes at some point in the operation. This can pose a problem for 

abatement technologies, especially for combustion systems where auxiliary fuels are initially 

required.  

The rate of emission depends on many factors, the most important of which are: 

• The nature of the previous load 

• Nature of current cargo 

• temperature 

• Speed of loading 

• Turbulence in the vapour space 

• Sea conditions (when loading at sea) 

• Time elapsed since previous discharge 

• Ship design 

In particular, vessel movement can have a significant effect on emission rates, and when the 

water is rough, emissions will be greater. This is particularly important when loading on the 

open sea, where wave heights can be much greater than in relatively calm ports and harbours. 

Reducing ship-loading emissions requires capital investment in three categories (Rudd & Hill, 

2001): 

1. Modifications to the ships 

2. Pipeline systems to transfer the vapour from the ship to the treatment plant 

3. Vapour treatment plant 

Ships. A small number of ships are already equipped with vapour transfer pipework because 

they carry hazardous cargoes for which vapour treatment is necessary - eg benzene. Such ships 

will not need any further modification to enable them to transfer vapour ashore for treatment. 

Ships that are capable of closed loading - in which all hatches and sampling ports are closed 
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during the loading operation - have either individual tank vents or a vapour collection header 

connected to a high-level discharge vent. Some of the latter type of ships are also capable of 

transferring the vapour to the shore-side to be vented without further modification. An 

increasing proportion of the tankship fleet is equipped with inert gas systems. The gas comes 

from either a stand-alone combustion plant or from the ships engines. It is common for the 

combustion gas to be scrubbed using a liquid scrubber before being fed into the tank. 

Loading facilities. The shoreside facilities at a loading berth include a moveable arm that 

connects to flanges on the ship in order to transfer liquid to and from the ship’s tank. To enable 

vapour to be returned to shore, the loading arm can be modified with the addition of a vapour 

return line. Alternatively, a separate arm can be used to collect vapour. For unloading / loading 

activities involving marine vessels and terminals, preparing and implementing spill prevention 

procedures for tanker loading and off-loading according to applicable international standards 

and guidelines which specifically address advance communications and planning with the 

receiving terminal (ISGOTT). Loading / unloading activities should be conducted by properly 

trained personnel according to pre-established formal procedures to prevent accidental 

releases and fire /explosion hazards. Procedures should include all aspects of the delivery or 

loading operation from arrival to departure, including wheel blocking to avoid rail vehicle 

movement, connection of grounding systems, verification of proper hose connection and 

disconnection (Environmental, Health, and Safety Guidelines for Crude Oil and Petroleum 

Product Terminals, 2007). 

Pipeline systems. To transfer the vapour from the loading arm to the vapour treatment plant 

a pipeline is needed. As well as piping, the following items are also required: 

• booster fans 

• detonation arrestors 

• support fuel injection (for combustion processes) 

• monitoring instrumentation 

Detonation arrestors are particularly expensive items and are essential to meet IMO 

standards. Where a combustion process is used as the treatment method, the vapour in the 

transfer line from the ship has to be enriched, inerted or diluted to ensure the vapour 

concentration is outside its flammable range. 

Treatment plant. The main factor influencing the cost of vapour treatment plant is the 

installed capacity, expressed in terms of maximum flow rate (m3/hour). The flow rate of 

vapour expelled from a tank being loaded is approximately the same as the loading rate of the 

cargo into the tank, although vapour evolution due to evaporation can add up to 10% to the 

total flow. The loading rate for non-static generative cargoes is determined by the physical 

ability of the vessel’s tank structure, vent and cargo piping systems to withstand the loading 

pressures. For gasoline loading the flow rate of vent gas can be in the range 600 to 3,800 

m3/hr and for crude loading can be in excess of 20,000 m3/hr (Rudd & Hill, 2001). Based on 

the nature of materials being stored, minimizing storage and working losses through 

installation of internal floating roof and seals.  
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Storage tanks and components should meet international standards for structural design 

integrity and operational performance to avoid catastrophic failures during normal operation 

and during exposure to natural hazards and to prevent fires and explosions. Applicable 

international standards typically include provisions for overfill protection, metering and flow 

control, fire protection (including flame arresting devices), and grounding (to prevent 

electrostatic charge). Overfill protection equipment include level gauges, alarms, and 

automatic cut-off systems. Other standard equipment include the use of “breakaway” hose 

connections in fuel dispensing equipment which provide emergency shutdown of flow should 

the fuelling connection be broken through movement. 

Wastewater. Crude oil and petroleum products terminal effluent consists of sewage and 

process wastewater. Process wastewater consists mainly of tank bottom draining and 

contaminated stormwater, including tank leakage and spillage water that collects in 

hydrocarbon contaminated secondary containment areas. Other potential sources of 

effluents include water contaminated with petroleum products from tanker and railcars 

washing and effluents from vapour recovery processes. 

The quality and quantity of polluted stormwater runoff may depend on site-specific 

circumstances, including overall housekeeping and spill prevention practices, rainfall and the 

total area of runoff. Measures to reduce the generation of stormwater contaminated with 

petroleum products include in particular:  

• Effective spill prevention and control; 

• Secondary containment procedures to avoid accidental or deliberate release of 

contaminated containment fluids; 

• Installation of stormwater channels and catchment ponds with subsequent treatment 

using oil and water separators. Oil and water separators should be properly selected, design, 

operation and maintenance.  

Rainwater infiltration, condensation of tank vapour moisture in the space, and water in the 

product itself prior to delivery can all contribute to the presence of water inside the product 

in the storage tanks. Water that separates and settles to the bottom of the tank should be 

periodically drained from the bottom of the tank, resulting in a liquid oily water leak. 

Waste Management. Waste generated at terminals can include tank bottom sludge, which 

must be periodically removed to maintain product quality or tank capacity, as well as spill 

clean-up materials and oil-contaminated soils. Typically, sludge consists of water, product 

residues and various solids including sand, sediment and rust. Tank sludge and spilled cleaning 

materials should be managed either by recycling for product recovery or as waste in a facility 

licensed to handle this type of material. in an environmentally sound manner. Small quantities 

of oil contaminated soil should be managed by land treatment or as waste in a facility licensed 

to handle this type of material. Larger quantities of contaminated soil and other 

environmental media, including sediment and groundwater, may need to be managed in 

accordance with the guidelines for contaminated land in the procedures. 
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Terminals should have formal procedures to address and manage the planned or unplanned 

discovery of site upgrade and decommissioning waste, as well as to address the discovery of 

more extensive evidence of environmental contamination (Environmental, Health, and Safety 

Guidelines for Crude Oil and Petroleum Product Terminals, 2007). 

2.2. The impact of dry bulk handling operations on pollution in the seaport 

Dry bulk cargoes cover a range of produce and raw materials that have two features in 

common: they are unpacked and are homogeneous. These two properties make it easier for 

dry bulk cargoes to be dropped or poured into the hold of a bulk carrier. Dry bulk cargo in 

seaports is handled using specialized or universal terminals. Small volume of dry bulk cargo is 

handled in universal port terminals and large batches of dry bulk cargo are handled in 

specialized dry bulk cargo terminals. 

Manual on Loading and Unloading of Solid Bulk Cargoes for Terminal Representatives (BLU 

Manual) and The Code of Practice for the Safe Loading and Unloading of Bulk Carriers (BLU 

Code) state, that port terminals may accept vessels for loading or unloading that can be safely 

berthed alongside loading or unloading equipment, appreciating the depth of waters by the 

quay, largest volume of the ship, equipment installed in a berthing location, external berthing 

beam, safe access and possible hindrances during loading or unloading operations (The Code, 

2004). Dry bulk cargo operation activities should be conducted in accordance with 

international regulations and standards - International Code for the Safe Carriage of Grain in 

Bulk (International Grain Code), International Maritime Dangerous Goods Code (IMDG Code), 

International Labour Organization (ILO) Code of Practice for Safety and Health in Ports (2005). 

2.2.1. Dry bulk cargo handling and storage 

In the course of loading and unloading of ships, a dependable and continuous coordination of 

actions between the port and ship personnel must be established. Operators of the quays 

where cargo handling takes place must appoint suitably qualified individuals responsible for 

loading and unloading of a vessel without breaching any requirements for the safe berthing 

and floatability of the vessel (The Code, 2004). 

Universal terminals use portal slewing cranes to handle dry bulk cargo. Since such terminals 

do not have specialized warehouses for dry cargo, environment sensitive cargo is loaded by 

direct transfer: wagon-to-ship, ship-to-wagon, whereas environment insensitive cargo can be 

temporarily stored in open storage areas.  

Big volume of dry bulk is carried by special ships – bulk carriers, and later handled in specialized 

dry bulk cargo terminals. Technological processes in such terminals are fully mechanized. 

Equipment in such terminals is designed to handle dry bulk cargo with high output and low 

cost. 

Dry bulk cargo equipment depends on cargo properties, which define the mode of storage and 

the type of bulk carrying transport. Dry bulk cargo is transported by wagons: open, flatcars, 

covered hopper, open hopper and, in some cases, special wagons. The wagons are unloaded 

using special equipment, e.g. elevators, pneumatic or belt conveyors and, by using special 

cone-shaped containers, bunkers.  
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Wagon operations. Wagons are unloaded in special posts. Locomotive pulls in wagons that 

are stationed in special unloading points above bunker receptacles. After comparing the 

numbers on wagons and seals against freight invoice, unloading begins: 

1. A test sample is taken using the top hatch.   

2. After coordinating via radio, a technological line of conveyors under the wagon post is 

activated.  

3. Terminal employee opens floor hatches in the wagons, the cargo starts flowing into 

bunkers and by conveyors is transported either to a warehouse or directly to the ship.  

If fertilizers are not flowing well from the wagons or handling conditions are poor, operating 

stevedore uses vibrator equipment. When a wagon is unloaded, terminal employee shuts top 

hatches and operators working below use air compressors and brooms clean (blow off) the 

rails and the bottom of the wagons from the remains of the cargo before they are moved. 

Warehouse operations. Warehousing technology depends on the properties of cargo and its 

storage mode. If cargo is stored in an open storage area it can be handled using a portal crane. 

In other cases, when export flow is significant, ship loading equipment is used, and in cases of 

import flow – unloading equipment. Inside the terminal dry bulk cargo is transported by 

conveyors. 

Quay operations. In specialized seaport terminals grain is handled using specialized loading 

equipment – a shiploader, producing high output capacity (from 1,000 to 7,000 t/h) with 

minimal costs involved. Specialized loading equipment is very effective in ship loading, 

operations are fully automated and no manual labour is required (Alderton, 2008). 

Vessel operations. Dry bulk cargo is loaded into ships in this particular order:   

• shiploader shoot is lowered into the cargo hold and the cargo is loaded throughout the 

width of the hold;   

• bulk cargo distributor is lowered into the hold and the underdeck part of the hold is filled; 

• distributor is removed and remaining part of the hold is filled.  

If the ship’s underdeck space is not large, cargo distributor is not used, and the ship is loaded 

using the following technology: 

• shiploader’s shoot is lowered into the cargo hold and in the centre the first layer cone is 

formed;  

• shoot is then moved to a corner of the hold and a supporting cargo cone is formed;  

• remaining corners of the hold are filled the same way;  

• following same steps second and third layers of cargo are filled. 

When dry bulk cargo is handled using cranes (portal, mobile or ship) with grabs, some negative 

properties may come to light – high level of dustiness, loss of cargo to water, possibility of 

damaging the vessel and bunker because of the high speed and weight of the grab. To avoid 

this, tarpaulin sheets are used to cover distance between the ship and the quay to prevent 

bulk cargo from entering to the port water. 

The following table 3.7 summarizes some of the key considerations for choosing between 

these different technologies.  The power consumption of the grab unloader includes the 
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assumption that the engine is used for dynamic braking when lowing the grab into the ship 

hold. 

Table 3.7 
Ship unloading system technologies 

Features Unit Grab Pneumatic Vertical Screw 

Unloading capacity rate tph 600-3000 300-1200 600-2500 

Maximum vessel size DWT 250000 45000 180000 

Power consumption (per rate unloaded tph) Kwt/t 0,2 – 0,4 0,85 – 0,9 0,3 – 0,6 

Operational efficiency  50-55 65 70 

Operating expense (per ton unloaded) USD/t 4,20 4,30 4,60 

Source: Stern (2019) 

 

Discontinuous mechanical unloading, or grab handling, is the most popular method of ship 

discharge and also the most prone to spillage and dust pollution. 

Light and small fraction cargo is handled using pneumatic loaders. Since they use a lot of 

energy and have comparatively low output, they are used only for particular cargoes that are 

characterized by a fine granulometric composition (e.g. cement). This equipment consists of 

these key elements: cargo intake pipeline, a pump and a separator. Since output capacity of 

pneumatic system depends on the length and the arrangement of the pipeline, it is used only 

to unload dry bulk cargo from the ships whereas at the terminal such cargo is transported 

using belt conveyors. Key advantage of pneumatic loaders is the ability to handle cargo under 

bad weather conditions (rain, snow) and to use it as a closed system, which means minimal 

environmental impact.  

Vessel operations are finished with the trimming of cargo surface. This process depends on 

the properties of cargo but is always performed to decrease the chances of cargo shifting and 

to minimize air influx, because this can result in the self-heating of the cargo (IMBSC Code, 

2012). Cargo trimming and consolidation is required for dry bulk cargo that does not settle 

and the flow angle is less or equals 30° (e.g. grain) (IMBSC Code, 2012). For the cargo that has 

a flow angle higher than 30° the trimming is required to be in an amplitude between 1.5-2 m. 

The loading, unloading and storage of bulk cargo have the potential to generate dust and 

odours which may be transported beyond the boundary of the port and have adverse effects 

on the environment if not properly controlled. The major sources of dust and odours at the 

port are: 

• Ship loading and unloading; 

• Stockpiles of materials; 

• Vehicle movements; and 

• Wind generated dust from split materials on wharf and yard areas. 

If and when new products are introduced to the Port loading/discharging technologies must 

be revised to include any specific emission control procedures that are require for the new 

materials. The major factors that influence dust emissions from bulk material handling 

activities are: 
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• Wind speed – the critical wind speed for the pickup of dust from surfaces is 5 m/s. Dust 

pickup increases rapidly at wind speeds of above 10 m/s. 

• The percentage of fine particles in the materials. 

• Moisture content of the material. 

• The area of exposed surface. 

• Disturbances such as loading and unloading of materials. 

• Drop heights. 

Odour discharges are closely associated with the dust discharges from the bulk materials 

handled at port terminal. Consequently, if dust discharges are minimised, odour discharges 

should also be minimised.  

Unlike air pollution, transportation vehicles in their normal activities do not generate water 

pollution. However, when loading cargo some effect on water may happen. Waste from ships, 

directly spilled or flushed into water, can have impact on the quality of the water and 

subsequently affect the ecosystem and cause damage to human health. These effects may 

include bacterial and viral contamination of commercially harvested fish and crustaceans, 

oxygen depletion in water and certain accumulated toxins in fish (Bailey et al., 2004, OECD, 

1997). 

Exposure may occur in the event of an emergency spill, during which the pollutants can be 

washed off into the harbour area. Most commonly, spillage can occur when loading oil or its 

products. Water pollution can also be caused by bulk cargoes that can be blown into the water 

by wind. Such cases are possible when loading fertilizers, coal, iron ore and similar cargo. 

Contaminants which enter the water, depending on their nature (organic or inorganic) may 

reduce the dissolved oxygen content, increase concentration of nutrients and thereby 

contribute to eutrophication. Eutrophication is an increase in the amount of nutrients in the 

environment, inducing excessive growth of plants, resulting in oxygen depletion in the water 

body. 

2.2.2. Environmental requirements and protection standard during handling of dry bulk 
cargo   

Handling of extremely dry bulk cargoes such as grain, coal, china clay and metal ores, which 

generate dust. Strong winds can also carry fine particles out of warehouses. In addition, soot 

and ash, sulphur and nitrogen oxides, which are produced by the burning of fuel oil in marine 

engines, can react into dust in the air. Prevailing winds can disperse this dust in nearby 

residential areas. Particularly fine dust (particles smaller than 10 µm) is a threat to public 

health. The current EU limit of 20 µg/m3 for PM2,5 in the air is a relatively high requirement 

for many ports (Table 3.7). 

Table 3.8  

Air quality standards for the protection of health, as given in the EU Ambient Air Quality 

Directives 
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Pollutant Averaging 
period 

Legal nature and concentration Comments 

PM10 1 day Limit value: 50 μg/m3 Not to be exceeded on more than 35 
days per year Calendar year Limit value: 40 μg/m3 

PM2,5 Calendar year Limit value: 25 μg/m3 

Average exposure indicator in 2020 the 
percentage reduction depends on the 
initial AEI 

Exposure concentration 
obligation: 20 μg/m3 

National exposure reduction 
target: 0-20 % reduction in exposur 

O3 Maximum 
daily 8 hour 

mean 

Target value: 120 μg/m3 Not to be exceeded on more than 25 
days/year, averaged over 3 years 

1 hour Long-term objective: 120 μg/m3 
Information threshold: 180 μg/m3 
Alert threshold: 240 μg/m3 

 

NO2 1 hour Limit value: 200 μg/m3 

 
Alert threshold: 400 μg/m3 

Not to be exceeded on more than 18 
hours per year 
To be measured over 3 consecutive 
hours over 100 km2 or an entire zone 

Calendar year Limit value: 40 μg/m3 Not to be exceeded on more than 3 days 
per year 

SO2 1 hour Limit value: 350 μg/m3 

Alert threshold: 500 μg/m3 
Not to be exceeded on more than 24 
hours per year 
To be measured over 3 consecutive 
hours over 100 km2 or an entire zone 

1 day Limit value: 125 μg/m3 Not to be exceeded on more than 3 days 
per year 

CO Maximum 
daily 8-hour 

mean 

Limit value: 10 μg/m3 

 
 

Source: EU (2008) 

 

Dust generation during cargo handling can be reduced by spraying, covering during transport, 

storage using vapour recovery systems and careful profiling of warehouses. Careful planning 

of the port layout, taking into account residential areas and prevailing wind direction, is a 

prerequisite. Fine dust emissions due to sulphur and nitrates can be reduced by switching from 

marine fuels to other fuels. The IMO is trying to achieve this through mandatory reporting on 

fuel oil use and setting sulphur oxide limits for each ship.  

Another emission that causes environmental problems is nitrates, which act as fertilisers in 

natural areas and thus threaten biodiversity. Although port activities and inland waterway 

transport are not the main sources, this needs to be addressed. Especially in the vicinity of 

heavily used waterways such as the Waal River, the impact on the Baltic Sea can be significant 

(Bloemen et al., 2006). 

In line with these requirements, terminals handling such cargo must have an Environmental 

Management Plan (EMP). An EMP may be a stand-alone document, a set of safe operating  

The port or terminal operator shall have an approved EMP in place and comply with it when 

carrying out operations. If another legal entity carries out cargo handling operations at the 
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terminal, it shall also comply with the EMP. The terminal operator shall have the right to require 

the bulk handler to carry out the work in accordance with the EMP. No work may commence 

until the port has approved the EMP. A person performing dry bulk cargo handling must (and 

must ensure that each of his employees) comply with the approved EMP at all times.  

The EMP must include: 

• a contact details of the of the Person in Charge (PIC) of the dry bulk cargo handling;  

• a description of the activity, including quantities, type of products and working hours;  

• a risk assessment of the dry bulk handling operations on site in accordance with the 

objectives of this standard;  

• established risk mitigation, control and reduction practices to reduce risk, carry out risk 

assessment, including but not limited to:  

– product type;  

–  selection of plant and equipment;  

–  loading and unloading practices;  

–  stockpile management, including maximum height;  

–  transportation; and  

–  cleaning.  

• any applicable criteria for stopping work and/or initiating corrective action (trigger criteria); 

and  

• demonstrate how the PIC will monitor and evaluate risk mitigation control measures, 

including e.g. documented visual inspections.  

The EMP may include an environmental plan or map of the site to illustrate the location of the 

activity, the existing other port users and sensitive receptors, as well as the location of 

environmental control equipment and devices to reduce and monitor nuisance dust. 

Loading and unloading. The PIC shall select, use and maintain appropriate loading and 

unloading equipment and facilities to prevent spillage and dust. Sufficient deflectors shall be 

fitted before loading/unloading of dry bulk cargoes from the ship. Equivalent ones shall be 

fitted and positioned in such a way that particulate matter does not fall directly into the 

harbour or waters. At least deflectors (or equivalent devices) shall also be fitted between the 

hopper and the ship at the point where the clamp crosses the ship's rails.  When 

loading/unloading dry bulk cargoes from a ship, the materials shall be discharged at a height 

and at a speed which minimises the release of dust. Direct dumping of dry bulk cargo by lorries 

onto the quay shall be avoided. All loading operations shall always be carried out in such a 

way as to minimise spillage and dust generation. Meteorological data must be used to predict 

adverse weather conditions and to proactively use measures to reduce dust.  

Management of stockpiles. Where stockpiling is required, all dry bulk stockpiles shall be 

located within the appropriate boundaries of the leased/licensed area to prevent 

sedimentation or contamination to the storm water drainage system, groundwater system or 

harbour waters.  Clean water drainage facilities shall be provided prior to the installation of 

the stockpiles. The number, area, height and duration of stockpiles shall be kept to a 

minimum.  In the event of forecast adverse weather conditions, the height of the stockpiles 

shall be reduced to match to the type of material being stored. For example, highly dispersible 
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materials. Control measures for sediment retention and clean water diversion shall be 

maintained at all times. Inventory stabilisation controls appropriate to the type of material 

must be implemented, e.g. use of water spraying or fogging equipment, covering or covering 

stockpiles with plywood or and/or the installation of wind barriers. When managing the 

stockpile, terminal operator must comply with the speed limits of mobile plant and 

equipment.  

With all loading and unloading operations, protection from weather, wind, and rain is crucial 

to minimize loss. This includes covered storage. Several ports reported using open-roof 

storage for fertilizers. Dry bulk terminals modify their handling procedures to keep covered 

the entire loading and unloading process. Other terminals (example Baltic Bulk Terminal in 

Gdynia) have further implemented procedures to halt loading and unloading operations in 

periods of rain and snow to further prevent weather-related losses. 

Transportation.  When transporting dry bulk loads on site or on public roads, vehicles must 

be equipped with the following to ensure that dust and/or loads are not dispersed during 

transport. This includes the covering of loads and may include checking the tailgate and 

brushing if necessary.  

Cleaning facilities and equipment shall be readily accessible to allow progressive cleaning and 

disposal spillages during the handling of bulk cargo. For example, vacuum street sweeper, wet 

vacuum trailer, collection bins and/or something similar. All spillages from dry bulk handling 

shall be cleaned up and, if necessary, cleaned up. Disposal at a disposal site specified in the 

accepted EMP. The location and level of final clean-up shall be approved by the Operations 

Manager prior to the completion of dry bulk handling operations. Final clearance may include 

hand sweeping and collection of cargo residues around quay covers, columns and other quay 

elements, removal of cargo residues from quay covers, columns and other quay elements, 

washing of sewage pits, conveyor systems, disposal and supply of contaminated wash water 

vacuum sweepers. Under no circumstances shall cargo residues be swept or discharged into 

the harbour waters or storm water drainage systems.  

Monitoring and evaluation. The effectiveness of the mitigation measures and control 

measures implemented shall be monitored through documented audits and inspections. 

Monitoring programmes must be considered for on-site bulk handling activity(ies) that are 

considered to be at very high risk of causing environmental disturbance or damage (e.g. visible 

dust fumes). Any dust monitoring programme must be based on the identified risk levels and 

in accordance with industry standards. 

Stormwater management. Pollution sources from dry bulk cargo, including fertilizer, handling 

are distributed across the port facility, including areas under handling equipment, storage 

buildings, and areas open to airborne dust from handling. Where focused spills can be 

managed as they occur, manual clean-up from airborne dusting is nearly impossible. This 

dusting enters in stormwater runoff. Thus consolidating and capturing stormwater in some 

form to recycle nutrients is a key area for nutrient load reduction, and possible recovery, in 

seaports. Traditional drainage methods involve channelling rainwater through pipes to 
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remove it from the area as quickly as possible.  Sustainable Drainage Systems (SUDS) can 

include stormwater management and pollutant capture. Solutions for the use of a SUDS 

system, filtration, collection and possible nutrient recycling include mechanical filtration, bio 

filtration or a combination of the two. Like other solutions, stormwater management options 

are site-specific. Some of the details that need to be taken into account are slope, elevation, 

flood risk, total drained area, maintenance, and knowledge of the specific pollutants that may 

be present in the drainage area. 

Ship hold washing. Washing of ships’ holds can be a significant source of additional pollutants, 

leading to nutrients entering the sea. Under the MARPOL Convention, the Baltic Sea is 

included in the list of Areas of Particular Concern (AOCs), where stricter rules apply on how 

ships can discharge bilge wash water. If the wash water is contaminated the fertilisers and 

their chemical constituents, it is only required to be discharged to port reception facilities. 

IMO standards do not apply to the compulsory discharge of bilge wash water to port reception 

facilities if ballast water tanks are not onboard. The wash water does not contain substances 

specifically classified as “hazardous to the marine environment”. 

Incident and action management. All environmental hazards or incidents related to the 

handling of dry bulk must be reported Operations Manager, recorded and monitored in the 

Incident Management System. Such incidents may include, but are not limited to:  

• Complaints about nuisance dust;  

• Loss of bulk products into port waters;  

• Exceedance of monitoring criteria, such as PM10, for the site or dry bulk handling activities 

a 24-hour average value of 50 μg/m3; 

• Insufficient implementation of the dust control measures set out in this standard.  

• Visible particles that are dispersed around the site during unloading and/or loading of bulk 

cargo.  

 

Corrective and preventive actions resulting from environmental hazards, incidents or 

monitoring programmes shall be monitored to ensure their effectiveness and completion. 

Pollution sources from dry bulk cargo, including fertilizer, handling are distributed across the 

port facility, including areas under handling equipment, storage buildings, and areas open to 

airborne dust from handling. Where focused spills can be managed as they occur, manual 

cleanup from airborne dusting is nearly impossible. This dusting enters in stormwater runoff. 

Thus consolidating and capturing stormwater in some form to recycle nutrients is a key area 

for nutrient load reduction, and possible recovery, in seaports. 

2.3. Air and noise pollutions in the containers and Ro-Ro terminals 

2.3.1. Technological process of container and Ro-Ro cargo handling 

When a vessel comes to Ro-Ro terminals, vehicles need to quickly move from the ship to the 

yard and vice versa, while trailers need to be moved via either specialized yard equipment or 

via a truck-trailer combination. The yard operations are more complex in the case of container 
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terminals due to the requirement for much more yard equipment. Container terminal in a 

seaport is a location that has special quays for containerships, and where unloading of arriving 

containers and loading of departing containers takes place. At the berth, can be carried out 

the operations related to ships while they are berthed (water side). This includes ship services 

as e.g. administrative services, ship supply (water, food, fuel), ship waste, ship 

repair/maintenance. However, both the container terminal and the ro-ro terminal are 

dedicated to servicing ships, to provide transhipping facilities, where containers are 

temporarily warehoused waiting to be moved between ocean and feeder containerships. 

Operations are carried out in the special zones of the terminal: 

• quay zone, dedicated to loading and unloading of containers to and from vessels, 

operations of container cranes, access for the horizontal transport to reach the container 

crane;   

• storage zone for warehousing containers; 

• gate zone, where client transport is attended, administration, customs, as well as CFS 

warehouses and container repair shops are located. 

Container handling technologies are divided into two categories: 

• direct transfer system; 

• indirect transfer system (Kim, Gunther, 2007). 

Direct transfer system in container handling means unloading of a container from the vessel 

and loading of the container onto the client’s truck. Loaded vehicle immediately leaves 

terminal gate without any additional storage inside the terminal. The advantage of this 

scheme is the speed of the operations, although to ensure this there must be rapid exchange 

of information between participants of this operation and coordination of actions, therefore 

this technology is used for smaller flows of freight.  

The indirect transfer system is comprised not only of container loading/unloading operations 

and transportation beyond terminal gates, but also storing, warehousing and un/bundling 

(CFS) (Fig. 3.4). Indirect container handling is more complex and consists of discharging the 

container from the ship, storing the container, and placing the cargo in the container.  
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Fig. 3.4 Technology of indirect transfer system 

Source: Gharehgozli, Roy, Koster (2014) 

The quay-based operations depend on the type of cranes used, their technical specifications, 

vessel size and position at the quay. In a specialised container terminal, the ship-to-shore 

function is usually performed by ship-to-shore (STS) gantry cranes, the main operational 

element of which is the crane's boom, the length of which determines the width of the 

container ships that can be handled. Mobile cranes in the quay area can be used to handle not 

only containers, but also bulk and oversized cargoes. The mobile crane is versatile and can be 

used to change coupling mechanisms. Mobile cranes are mainly used in container terminals 

for container loading, as an auxiliary crane if there are larger vessels in port or if loading and 

unloading needs to be done more quickly. Quay cranes can be the cause of a major bottleneck 

in the terminal’s operation slowing down fast ship handling operations and increasing 

turnaround time (Imai et al. 2008). As technology improves, the quay cranes become faster 

able of lifting two containers at the same time and increase the number of maximum moves 

per hour. Energy efficiency also increases by taking advantage of hybrid technologies and 

energy regeneration when the cargo is lowered (eco-crane concept). 

In the inland terminal area, terminal tractors or automated trolleys transport the cargo from 

the quay STS crane to the storage area (Kemme, 2013). From the quayside to the storage area, 

containers are transported by automated guided vehicles (AGVs), terminal tractor units, the 

van carriers (straddle carriers). The transportation between the quay and the yard differs from 

port to port depending on size, throughput handled, and resources available. 

Container terminals require large storage spaces for the containers which may stay at the port 

several days. The stacks where the containers are placed ideally should be near the berth for 

fast unloading of the vessel. This area is typically called the yard where containers are stored 

in multi-tiered stacks which for ports with very limited area resources can reach up to 12 

container tiers (e.g., Hong Kong). Cargo handling equipment is required for the horizontal and 

vertical movements of containers at the stack (reshuffling of containers). The typical 

machinery involves:  
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• Rubber-tired gantries (RTG) which are flexible but cause high loads on the pavement. 

• Rail mounted gantries (RMG) that are more appropriate for larger stacks but are more 

expensive. 

• Automated stacking cranes, which are expensive to acquire and maintain, reduce labor 

costs. 

Table 3. 9  
Container terminal handling equipment energy consumption values  

Handling equipment Energy Source Average energy consumption per hour 

Quay crane Electricity 153kWh 

Yard crane (RMG) Electricity 107,5 kWh 

Mobile crane Electricity  

Van Carrier, Straddle Carrier Diesel 20 L/h 

Automated guide vehicles Diesel 12 

YT Diesel 8 

RTG Diesel 20,7 

ECH Diesel 9 

Reach Stacker Diesel 15,7 

Source: Spengler, T. & Wilmsmeier, G. Sustainable Performance and Benchmarking in Container Terminals – the 

energy Dimension. In Green Ports 

Containers that are destined for the hinterland will have to be moved from the stacks in the 

storage yard to the stacks in the hinterland side before being boarded on the locomotives or 

heavy goods vehicles. These movements inside the yard are usually performed by stacking 

cranes. Energy losses are often observed due to relocation of containers or inefficient 

transportation due to congestion problems in the yard (Zis, 2019). 

The final (or first process) occurs at the gate where containers leave the port for their inland 

destination. This process can be improved by using information technologies to reduce 

congestion at the gate and waiting time for trucks. 

All of the above processes that move containers require a significant amount of energy (Table 

3.8)  The source of this energy depends on the equipment used and whether it uses fossil fuels 

(e.g. diesel engines), electricity supplied from the grid or is a hybrid system. The energy 

demand can be estimated by analytical calculations based on horizontal and vertical 

calculations of the movement of containers from one location to another, using basic energy 

models (equipment specifications, container mass, movement speed and height differences 

are necessary inputs) or by using simulation tools. 

The increase in the number of containers around the world is having a major impact on the 

land road network and container handling equipment, leading to emissions problems. The 

more containers are handled at ports, the more fuel is consumed and the more fuel is used, 

and the more pollutants are emitted into the environment (Chung, 2015). 

2.3.2. Environmental pollution sources at container and ro-ro terminals 

Environmental issues in container and Ro-Ro terminals operation primarily include the 

following: 

• Air emissions; 
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• Climate change resilience; 

• Noise; 

• Waste management. 

Air emissions. Seaport terminals use a large amount of machinery that uses diesel fuel. Diesel-

powered handling equipment in ports emits gases such as SO2, NOx, CO, HC, PM, etc. (Zhu, 

2019). Therefore, it can be argued that seaports also contribute to GHG emissions in the 

transport sector. For this reason, the port must also reduce emissions from vehicles and 

handling equipment to reduce emissions. The analysis of container and Ro-Ro terminals 

focuses on three pollutants that are hazardous to human health, the environment and the 

climate and are mainly emitted by port equipment diesel engines: sulphur dioxides (SO2), 

nitrogen oxides (NOx) and particulate matter (PM) with the subgroups PM10, PM2.5 and UFP 

(Ultrafine Particles, <0.1 μm), and Black Carbon (BC).  

Sulphur oxides are mainly concentrated in peri-urban areas and coastal areas due to 

emissions from ships and port activities. Directive 2008/50/EC of the European Parliament and 

of the Council establishes an assessment of ambient concentrations of sulphur dioxide, which 

specifies an upper assessment limit of 60% of the 24-hour limit value of 75 µg/m3 , which must 

not be exceeded more than 3 times in any calendar year. 

Oxides of nitrogen - NOx - are produced by the combustion of fuels in marine engines, 

construction machinery, locomotives and lorries. The Air Quality Directive 2008/50/EC sets a 

Europe-wide limit of 140 µg/m3 of NO2 per hour, which must not be exceeded more than 18 

times in any calendar year, and an annual limit of 32 µg/m3.  

Particulate Matter (PM) is very small particles which, depending on their size, are classified 

as PM10, PM2.5 or PM0.1. These are the products with a diameter of less than 10 μm, as well 

as 2.5 μm, the smallest group of less than 0.1 μm, also called Ultra Fine Particles (UFP). The 

smaller the particles, the more severely they affect human health. According to the EU Air 

Quality Directive, PM10 particulate matter is limited to an average value of 40 µg/m3 (per 

year) and the daily average value of 50 µg/m3 cannot be exceeded for more than 35 days per 

year. There is also a limit value for particulate matter 2.5 of 17 μg/m3/year.  

Black carbon (BC) is formed when fossil fuels, biofuels or biomass do not burn. It is the main 

component of unnatural and naturally occurring soot. It belongs to the PM2.5 group. It also 

influences cloud formation and precipitation. 

Climate change resilience. The main international instruments regulating climate change are 

the United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto 

Protocol. The UNFCCC sets the overall objective of stabilising atmospheric concentrations of 

GHGs at a level that is free from dangerous anthropogenic effects.  The Kyoto Protocol is the 

first step towards achieving this goal. It sets GHG emission reduction targets for many 

industrialised countries (Environment Agency, 2019). Port and terminal facilities are 

vulnerable to the direct and indirect impacts of climate change. Terminals can select or replace 

cargo handling, storage, transport equipment, what minimise the greenhouse gases 

emissions. The main greenhouse gases are: 
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•  Carbon dioxide; 

• Methane; Carbon dioxide; Carbon monoxide; Methane; 

• Methane; Methane; Ozone; 

• Nitrous oxide; 

Carbon dioxide, methane and nitrogen are being emitted in much greater quantities, 

amplifying the greenhouse effect and increasing temperatures (Ritchie, 2017). 

Countries that have ratified the UNFCCC and the Kyoto Protocol have committed to provide 

an annual analysis of their emissions to the European Commission and the UNFCCC 

Secretariat. GHG emissions are reported in CO2 equivalent, as different greenhouse gases are 

assessed according to their global warming potential (determined on a gas-by-gas basis).  

Pollution sources during loading can be direct and indirect at container and Ro-Ro terminals. 

Direct pollution is related to the handling activities in the port, while indirect pollution is from 

the construction and repair of ships, other vehicles, handling equipment, road construction 

and repair, etc. The direct sources of pollution affecting the environment are car and truck 

traffic transporting goods to/from the port; rail traffic; ship traffic; and handling equipment 

(Wilmsmeier & Spengler 2017). They are controlled and operated by port authorities, terminal 

operators and ship owners.  

Indirect sources include electricity and heat used for port handling operations and buildings 

(locomotives, workers' private cars, trucks). Emissions from energy production and 

consumption can be identified and assessed on a lifecycle basis, as some fuels produce a 

higher proportion of emissions during combustion and others during production. Lighting and 

refrigerators are exceptions as energy is consumed over time. The energy produced by 

internal combustion plants (diesel engines) emits GHGs, the energy consumption depends on 

the equipment used. GHG emissions are also caused by electricity consumption and lighting 

in buildings. The highest emissions in marine terminals are caused by energy consumption 

during the transport and loading of cargo. Energy consumption is linked to greenhouse gas 

emissions.  

Emissions from handling equipment have a negative impact on air quality, climate change and 

human health NOx pollutants have been identified as the main pollutant. This accounts for 

46.67% of the total emissions from handling equipment. Forklift trucks emit about 46.67% of 

NOx, harbour tugs about 62.8%, crane about 62.26%, side loaders 56.71% and RTG cranes 

about 50.33%. SOx and particulates are the least emitted pollutants from handling equipment. 

CO emissions are highest in forklift trucks and lowest in harbour tugs (Zhang, 2017). 

Buildings, warehouses and handling equipment also use energy and contribute to GHG 

emissions. Energy is also consumed (Wilmsmeier & Spengler 2017): 

• Electricity - during loading, in terminals, warehouses, offices; 

• Thermal energy - in terminals, warehouses, offices; 

• Diesel, LPG or electricity for auxiliary equipment; 

• Energy for refrigeration, loss of refrigerants. 
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Over the last three years, European ports have identified energy consumption as the second 

most important environmental priority, also in relation to air quality. In order to improve 

energy efficiency and reduce energy consumption, as well as to improve and mitigate 

environmental pollution and the health consequences for the surrounding urban community, 

it is necessary to regulate emissions. Possible measures to reduce emissions: 

• Replace conventional energy sources with wind energy, solar energy and various forms of 

water energy (e.g. wave and tidal energy); 

• Electrification of vehicles, use of alternative fuels (i.e. liquefied petroleum gas, biofuels, 

methanol, hydrogen and low-sulphur fuels), and the introduction of "start-stop" technology 

for diesel engines. 

• Terminal lighting is usually the third largest energy consumer in the terminal, so dynamic 

lighting system technology, rooftop solar panels, small wind turbines, etc. can be installed 

(Sdoukopoulos et al, 2019) 

The main source of information for estimating the emissions of fuel-burning equipment is the 

amount of fuel consumed. The GHG emissions of electrically powered handling equipment are 

secondary, or indirect. As electricity generation is mostly based on fossil fuels, it cannot be 

assumed that replacing the equipment with electrically powered equipment would reduce 

GHG emissions to zero. To estimate emissions, the amount of electricity consumed during 

loading or charging of power cells is used. Charging of power cells results in energy losses in 

the loading process. The energy used by the charger must also be taken into account. The 

power transfer losses should be calculated by comparing the energy received from the source 

with the energy used by the charger. Loading equipment includes cranes, container and 

general-purpose loaders, tractors, etc. Other equipment whose fuel consumption needs to be 

estimated is not used directly for handling but is used in terminals (Žukauskaitė, 2019). 

In 2018, was presented a plan to the Board to begin developing a regulation to minimize 

emissions and public health impacts from cargo handling equipment (United Nations 

Economic Commission for Europe, 2015). Handling equipment used to load and unload 

containers accounted for approximately 70% of the port's total NOx emissions. Container 

handling is energy-intensive, so handling equipment is often considered to be one of the 

largest sources of air pollution from terminal operations as well as the largest source of 

emissions to the public, as their emissions drift into residential areas. Emissions of carbon 

monoxide (CO), nitrogen oxides (NOx), volatile organic compounds (VOCs), and sulphur 

dioxide (SO2) damage the lungs, heart, brain, skin and other organs; this increases the risk of 

disease and disability, affecting almost the entire human body system. (Shamil, 2019). 

Noise. Airborne noise can be a problem in populated areas close to ports. The loading and 

unloading of containers and ro-ro terminals is noisy, as are the engines, fans and other 

ancillary systems onboard. Especially in the case of ro-ro terminals, as they tend to be 

deployed close to the city. Noise from ship operations in port like any other noise source, can 

have an impact on the health of people living and working in ports. Exposure to noise includes 

sleep disturbances, effects on the cardiovascular system, damage to work and learning 
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performance, and hearing problems (Styhre & Winnes, 2019). In port areas, noise from ships 

is usually dealt with by local legislation, which sets maximum noise levels at different times of 

the day. If problems arise, physical shields and noise barriers are often installed (Styhre & 

Winnes, 2019).  

Ro-Ro and Ro-Pax ships carry out the transport of many vehicles. Ramps must be used in order 

to transport these vehicles to the ship. The ramps are made of concrete and metal. Thus, the 

ramps were major sources of noise in the port due to the sound made during the loading of 

vehicles onboard. Cars and trucks are an important source of noise at the terminal during 

cargo transport. Engine speed, exhaust systems, alarm systems and tyres are the main sources 

of machine noise. Machines carrying freight usually use diesel engines. Noise is 

understandably caused by fast driving or high speeds of trucks and goods transport.  The use 

or maintenance of old vehicles in ports also increases noise pollution.  In densely populated 

areas, many lorries make several trips to and from the port to load and unload cargo. Tugs or 

other trucks are used extensively in the service of Ro-Ro and container ships, which in densely 

populated areas close to ports leads to high noise pollution also due to the large fleet of trucks 

and the sound emitted by their tyres. The increase in truck traffic in ports has led to the 

importance of asphalting the roads (port roads and the roads around them). Studies have 

shown that if asphalt pavements are not properly selected, noise will increase to some extent. 

Engine speed, exhaust systems, alarm systems and tyres are the main sources of vehicles 

noise. Trucks carrying freight usually use diesel engines. Noise is understandably caused by 

fast driving or high speeds of trucks and goods transport. The use or maintenance of old 

vehicles in ports also increases noise pollution. In densely populated areas, many lorries make 

several trips to and from the port to load and unload cargo. Lorries or other trucks are used 

extensively in the service of Ro-Ro and container ships, which in densely populated areas close 

to ports leads to high noise pollution also due to the large fleet of trucks and the sound emitted 

by their tyres. The increase in truck traffic in ports has led to the importance of asphalting the 

roads (port roads and the roads around them).  Studies have shown that if asphalt pavements 

are not properly selected, noise will increase to some extent.   

To travel by Ro-Pax, people from remote areas come by car. The arrival of large numbers of 

cars can lead to congested traffic.  Cars are waiting to board the boat.  In addition, these cars 

may make tyre noises or play loud music. These things can cause noise nuisance to the 

surrounding population.  In some ports, railways are one of the important means of transport 

used to transport goods.  Railways can transport goods from one place to another. In some 

ports, railways can transport containers, even bulk cargoes brought in by bulk carriers.  The 

problem in such ports is the noise generated by wagons.  The noise is caused by the movement 

of the wagon or by the stopping of the wagons when they are coupled.  Ports with rail links 

face particular noise problems associated with rail operations. Noise can be generated during 

handling operations inside terminals. When a forklift truck comes into contact with other 

containers or when other containers are placed. The movement or storage of containers from 

ship to port or from port to ship and elsewhere in the port can be described as a necessary life 

cycle of ports. Container terminals operate 24 hours a day without interruption. When 
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containers are stored in port, they are moved by forklift trucks, cranes and storage yards. This 

sound noise is particularly acute at night, and creates major problems. 

Not only the noise, but also a light from port activities and port-related traffic can be very 

disturbing for people living in nearby ports, and sometimes even pose a health risk. Noise and 

light are the main pollutants caused by container and ro-ro terminal activities.  

The layout of ports and terminals, with elements such as green areas and intelligently located 

service buildings, can help protect residential areas from such noise and light. EIAs usually 

require noise contours, including the scheduling of noise activities so that they take place 

during the time of day that has the least impact on the population. 

Some technological measures that reduce noise at source: 

•  cargo ramps can be designed with noise attenuating coatings;  

• machinery can be 'decoupled' from the hull by shock absorbing brackets;  

• new ship designs can aim for a more central positioning of the engine in the centre of the 

ship; 

• to connect the ship to the shore power grid; 

• using noise barriers 

• speed limits and traffic plans in ports and around ports 

• placing container slowly, renovate vehicles (electric cars), operate vehicles appropriate 

engine revs and maintenance, fix the exhaust noise with silencers; 

• reducing night activities in port. 

 

In addition, shipyards and repair facilities are a source of noise in ports. Air pollutants are 

currently the most pressing issue that port authorities, shippers and regulators are trying to 

address through most of the existing policy instruments and port initiatives. Emissions are of 

various types, some affecting local air quality and others contributing to climate change. 

2.3.3. Port call optimisation 

There are several ways to reduce the fuel consumption of a ship and thus contribute to 

reducing air emissions. Ports, their vessel traffic services and port terminals, in cooperation 

with ships, play an important role in reducing the fuel consumption of a ship by optimising the 

arrival at a port of call. 

Optimising speed, draught and port dwell time reduces costs, adds to a cleaner environment 

and makes shipping more reliable and safer. Port call optimisation is not only about the 

connection between the ship and the port, but also aims to improve inland connectivity and 

ultimately the entire logistics chain (International Task Force on Port Call Optimisation, 2018). 

Port calls are a particularly important event and a potential bottleneck in the entire logistics 

chain. The benefits of 'just-in-time' arrivals make a significant contribution to reducing 

emissions. It could potentially be significant in terms of smart routing and sailing with lower 

fuel consumption. 
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Port operations have an impact on the operation of energy-efficient ships, as reduced speed 

at sea is closely linked to minimising the ship’s time in port. Arriving “just in time” can help to 

achieve this. The process can be made more efficient by eliminating waiting time in port by 

giving an early indication of a free berth. This facilitates speed optimisation at sea. Another 

important factor is that it would ensure a better cargo handling element to reduce the time 

ships spend in port.  

In addition, a long-standing problem for the shipping industry is complex and time-consuming 

reporting when entering and leaving ports. Ship operators, masters and agents still have to fill 

in paper documents and send them to various authorities, including port, maritime, safety, 

security, customs, border control and health authorities. This increases costs and delays and 

reduces the competitiveness of maritime transport. 

The IMO aims to harmonise the exchange of data required for port calls by the standardisation 

of electronic notices, which is being done through the IMO’s Compendium. The IMO 

Compendium is a tool for software developers that design the systems needed to support 

transmission, receipt, and response via electronic data exchange of information required for 

the arrival, stay, and departure of the ship, persons, and cargo to a port. By harmonizing the 

data elements required during a port call and by standardizing electronic messages, the IMO 

Compendium facilitates the exchange of information ship to shore and the interoperability of 

single windows, reducing the administrative burden for ships linked to formalities in ports 

(IMO Compendium, 2021). Business, which facilitates the exchange of ship-to-shore 

information to ensure interoperability between different vessels national single windows 

systems. EU rules aim to simplify and harmonise administrative procedures for maritime 

transport, by enabling a standard for electronic transmission of information and streamlining 

reporting formalities (EU, 2010b).  

Member States have set up their own National Single Windows linked to SafeSeaNet, e-

Customs and other electronic systems. The aim of the NSW is to simplify the administrative 

burden by providing a place where all maritime information is provided once per vessel at 

national or port level and made available to all relevant authorities. Certain parts will also be 

available through SafeSeaNet. 

2.4. Pollutions during dredging operations 

Dredging is common in most ports and waterways. The aim is to build new channels or flumes, 

port quays (capital dredging), remove sediment (maintenance dredging) or remove 

contaminated sediment (environmental dredging) to ensure safe navigation. In addition to the 

energy consumption and greenhouse gas emissions associated with dredging, dredging 

disturbs the bottom system, causes turbidity and releases dredged material (Becker et al., 

2015; Laboyrie et al., 2018).  Recent research also focuses on reducing impacts on the 

ecosystem, for example through careful timing of dredging and reuse of dredged materials 

(Laboyrie et al., 2018). 
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What to do with the excavated material depends on its properties. Clean sand can be used in 

the construction industry, for coastal reinforcement, landfill or land reclamation. Draining 

uncontaminated silt over several years produces clay (Van Eekelen and Bouw, 2020), which 

can be used, for example, to build dykes. Unpolluted clayey material containing sufficient 

organic matter can also be used. Slightly contaminated material can be placed in designated 

areas, e.g. away from offshore dredging sites. The biggest problem is heavily contaminated 

material that needs to be decontaminated or kept isolated from the environment before reuse 

or disposal.  

2.5. Industrial pollution in the seaport  

2.5.1. Ship garbage and waste 

Water transport systems inevitably generate waste as a result of their activities. This can 

include waste from ships (sewage, domestic waste, bilge water, engine lubricant water, ballast 

water), industrial plants, offices, warehouses, residential buildings and other facilities. Ports 

shall have waste reception facilities and shall normally arrange for the reception of such waste 

in such a way as to avoid undue hindrance to the operation of ships. Directive (EU) 2019/883 

of the European Parliament and of the Council on port reception facilities for ship-generated 

waste, adopted in 2019, amends Directive 2010/65/EU and repealing Directive 2000/59/EC. 

The European Commission amended the Directive on port reception facilities, in order to 

reduce marine pollution from ships, including fishing and recreational craft. The Directive also 

aims to protect the marine environment from the adverse effects of waste discharges from 

ships using ports in the Union, while ensuring the smooth operation of maritime traffic by 

improving the availability of appropriate port reception facilities and the reception of waste 

delivery to these facilities.  

Hazardous waste (as explicitly defined in EU Directive 2008/98/EC on waste) should be stored 

in a well-contained and well-controlled landfill. Waste storage and treatment are generally 

high costs and should be taken into account in the economic analysis of the port as well as in 

the port design. 

Port Reception Facilities. In order to effectively implement waste management plans in ports, 

it is essential that adequate port reception facilities (PRFs) are in place. These facilities usually 

receive and collect ship waste, including cargo residues, garbage, oily water and sewage 

generated by ship operations. In addition, PRFs often further process the waste by sorting, 

treating and recycling it, thus adding value to it. In some cases, new products can even be 

produced and placed on the market. The procedures in place must be designed to avoid 

unnecessarily prolonging the ship's stay in port. 

The availability of PRF in ports is the responsibility of the Member States under the Directive 

2019/883 governing access to port reception facilities. This Directive applies to all ships 

(including fishing vessels and recreational craft but with the exception of any warship, naval 

auxiliary or other ship owned or operated by a State and used on government non-commercial 

service only), irrespective of their flag, calling at, or operating within, a port of an EU Member 



 

65 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the 

views only of the authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information 

contained therein” 

State, and to all ports of the EU Member States normally visited by these ships (Technical 

Guidance document, 2021) 

In order to promote responsible waste disposal, part of the cost of the facilities is included in 

the general indirect charge paid by each ship using the port, in addition to a direct charge 

which depends on the actual volume of waste disposed of. This should encourage regular 

waste disposal and balance waste emissions in all ports (EU, 2019a). How waste is treated 

after disposal in PRFs makes a big difference. These processes have different environmental 

impacts: 

• specific advanced treatment, such as incineration, sterilisation, biological treatment or 

energy recovery; 

• disposal in a port reception landfill; or 

• further processing for recycling or reuse. 

Some types of waste need to be handled and disposed of with particular care, such as expired 

pyrotechnics, batteries, used wires, ropes and tails and medical waste. 

It is important that the ship's captain has a proper plan for waste management onboard and 

has information on the specific reception points at each port of call during the voyage. To this 

end, ports publish a list of their PRFs on their websites and other public databases, including 

the maximum quantity of waste to be accepted, fees and contacts. When the waste is 

disposed of, a waste receipt shall be issued to the master of the ship. 

In terms of volume, oily waste (MARPOL Annex I) is the most important waste stream collected 

by the PRF (Euroshore, 2021). Depending on the volume of waste delivered at each port, 

several methods for treating these oily wastes can be developed, such as filtration, 

centrifugation, desiccation, flocculation or distillation. Further processing of these pre-treated 

materials into the resulting products would contribute to the circular economy. However, 

measures such as a harmonised EU end-of-waste status could be important if we are to benefit 

more from these initiatives (MARPOL Annex I, 2006). 

EU litter (MARPOL Annex V) is the second most important amount of ship waste collected. 

Often there is limited segregation of waste into different fractions onboard. It can also be 

difficult for ships to find sorted waste reception facilities ashore. The situation is therefore not 

fully in line with the environmental rules in force in European receiving countries (MARPOL 

Annex VI, 2006).  

For the handling of waste, cargo residue and wastewater in ports there are three possible 

types of Port Reception Facilities: 

• Fixed facilities (sewer connection); 

• Floating facilities (barge); 

• Mobile facilities (tank trucks). 
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In smaller ports, these functions are carried out only by tankers and/or barges to receive 

wastewater.  Their capacity is limited and often insufficient to handle the expected volume of 

waste water. Furthermore, in the case of mobile PRFs, the equipment for the discharge should 

be fully operational and well maintained to avoid spill accidents and pollution. Technical 

problems can lead to more serious consequences. Repeated connection and disconnection 

could increase the risk of accidents or damage to the vessel. In addition, unpleasant odours 

often have a negative impact on the environment and especially on cruise passengers. Limited 

discharge capacity results in longer service/deployment time. The constant provision of tank 

trucks and barges involves a high logistical effort. 

Solutions for improvement of discharge options in port can be three types (Table 3.10). 

Table 3. 10 
Solutions for better discharge options in ports 

Type No. Solutions Advantages 

Type 1 Installation of a fixed PRF — High discharge rate 
— Low vulnerability to failures 
— High capacity 

Type 2 Combination of all types of PRFs — High flexibility  
— Low vulnerability to failures 
— Highest discharge rate 

Type 3 Optimization of existing PRF Optimization of: 
— Pump capacity 
— Storage capacity 
— (dis)connection time 
— Higher number of barges & tank trucks in service 

Source:Helcom (2019) 

The examples of the ports of Tallinn, St Petersburg, Stockholm, Copenhagen show that both 

types of PRF (fixed and mobile) should be available to meet the needs of passenger vessels 

(Table X). Fixed, floating and mobile PRFs allow a flexible response in case of problems with 

individual PRFs. In this regard, based on the results of the 2016 CLIA exercise, the most 

effective ports are always those that can allow discharge through fixed PRFs at the marina. 

Good examples are the ports of Helsinki and Stockholm. However, due to the different port 

infrastructure conditions, the installation of fixed PRFs is not always possible. 

In case of technical problems, it would be recommended that the port could use alternative 

solutions and/or PRFs. In addition to tanks and barges, temporary storage could be an 

alternative to offset the impact of any problems. They would mitigate technical failures and 

reinforce port storage capacities for short periods. 

In order to reduce unloading times, each port should have at least a fixed PRF. Ideally, a 

combination of all types of PRFs allows a significant reduction in unloading times. Increasing 

unloading capacity is best achieved by a combination of barges and fixed facilities as long as 

the vessel can provide the necessary additional discharge hoses and pumps. 
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Whether a port accepts wastewater depends on the relevant discharge standard and the 

quality of the wastewater. This can cause problems if the discharge standard is exceeded. 

MARPOL does not provide a clear description of what waste water is, which creates problems 

for onshore treatment because there is no precise information on its composition and 

therefore on how exactly the discharge standards apply to it. This is partly because black 

water, as listed in MARPOL Annex IV, can be anything from pre-treated wastewater, to various 

unspecified grey water additives, to untreated and poorly stored wastewater. 

Urban municipal wastewater treatment plants are designed to receive mainly wastewater 

from households and are mainly equipped to reduce carbon and nutrients. They are not 

designed to treat wastewater mixed with petroleum products and other substances such as 

chlorine. Therefore, waste water discharged from ships into port is likely to be classified as 

industrial waste water rather than domestic waste water. This forces ports to find other, more 

costly solutions to treat such mixed waste water from ships. Increased treatment costs are 

likely to be reflected in port dues.  

Another common solution is that each port's specific waste management plans set standards 

for acceptance. That is, the samples taken determine whether the port's facilities are capable 

of treating the effluent adequately. These standards may vary from port to port.  

2.5.2. The ballast water 

The BWM Convention aims to reduce the introduction of pathogens and non-indigenous 

species into port waters and coastal ecosystems. It also establishes an inspection and 

enforcement regime.  The BWM Convention establishes a two-stage process for ballast water 

management. The BWM Convention and its Annex and Supplementary Guidelines integrate 

separate elements into the requirements for ballast water intake and discharge and special 

areas. Other responsibilities identified in the BWM Convention include those related to 

notification, information, research and development, cooperation, enforcement and 

compliance. 

From an environmental point of view, ballast water is a waste that deserves particular 

attention. If natural water is imported and discharged to another part of the world, it can 

introduce invasive species that can disrupt the local ecosystem. A temporary measure may be 

to replace ballast water in mid-ocean, but it is better to bring in treated water or to treat it 

while the ship is en route to its destination. The IMO Ballast Water Management Convention 

entered into force in 2017. It requires "all ships on international voyages to manage ballast 

water and sediments to a specific standard in accordance with a ship-specific ballast water 

management plan". 

Water pollution in the vicinity of the port can be caused by ballast water discharges, dredging, 

waste disposal and oil spills. Large ships have large volumes of water in their ballast tanks 

which are used to stabilise the ship. 
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When cargo is discharged, the ship pumps water to compensate for changes in the weight 

distribution of the cargo. When the cargo is loaded, the ballast water is discharged. 

Environmental problems associated with ballast water treatment arise when it is discharged 

in different locations (pumped out in one port, discharged in another port); this can lead to 

the unintentional invasion of non-native species. These micro-organisms can damage aquatic 

ecosystems and cause health problems (Mooney 2005). A similar problem can arise in the 

transport of non-indigenous species when the hull becomes fouled (Drake and Lodge 2007). 

The aquatic environment can also be negatively impacted when dredging is carried out to 

increase the depth of the harbour. 

Finally, waste generated onboard must be disposed of in a non-harmful way and ports are 

expected to be able to offer waste disposal solutions. Oil spills can occur anywhere on a ship's 

journey, including near a port, where they can have serious environmental consequences. 

2.5.3. Waste and soil 

Industrial pollution from port activities includes pollution of water bodies and soil. Important 

causes of pollution of water and soil around ports and waterways are (illegal) discharges, 

leaks, spills and accidents. For example, industrial and tank storage facilities in ports can 

become serious sources of pollution if they are not properly isolated from the surrounding 

water and soil. Even where containment measures are currently in place, they are often a 

legacy of the past.  

Prevention is the best strategy as remediation is usually quite expensive, if at all possible. 

Depending on the environmental risk it poses, contaminated soil can be isolated or otherwise 

immobilised. If the contaminated water is discharging into groundwater, attempts can be 

made to contain the contaminant plume. Oil spills on confined water, such as in a harbour 

basin, can be dealt with using oil booms, as oil floats on the surface and mixes poorly with the 

water. The port must have protocols and facilities in place to deal with this type of event. If an 

oil spill occurs offshore, it is much more difficult to clean up because wind and currents quickly 

disperse the oil slick. This can lead to ecological disasters.  

Soluble pollutants that enter surface waters disperse rapidly and become difficult to remove 

or contain. There may also be diffuse sources, such as leaching from old sources of soil 

contamination. One example is eutrophication due to leaching of fertilisers from former 

agricultural land. This can lead to harmful algal blooms, including in port water bodies. Regular 

recirculation of harbour water, such as flushing, is a remedy.  

A special type of pollutant is produced by anti-fouling measures on some ship hulls. Fouling is 

the formation of a layer of micro-organisms and larger species (e.g. mussels, rattlesnakes, 

seaweed) on the submerged part of the hull. It causes additional drag and affects the 

manoeuvrability of the vessel. In addition, vessels containing contaminated hulls spread 

organisms around the world, leading to problems with invasive species. In the 1960s and 

1970s, anti-fouling paints that are very harmful to the environment were used. Since then, 

more environmentally friendly alternatives have been developed. 
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3. Assessment of Pollutant Emission 

3.1. Emissions from Ships in Ports 

For the construction of emissions inventories, the vessel activities near and at the port that 

are of interest include the approach, manoeuvring, hoteling, and departure. These activities 

are shown in Fig. 3.5 along with the type of machinery that is operating during each phase 

(Zis, 2019) 

 
Fig. 3.5 The maritime operations of a vessel calling at a port and the machinery operating during activity phase 

Source: Zis (2019) 

Adding up all the steps and the fuel consumption of each vessel calling at the port will help 

calculate the environmental footprint of the port's maritime operations. 

The methodology for calculation of emissions from ships in ports is similar to that for ships at 

sea. A significant difference can be the data source for ship traffic information. In emission 

inventories for ships at sea the Automatic Identification System (AIS) signals are most often 

used. The AIS data that continuously are sent out by ships give information on parameters 

such as ship ID, position, and speed. The data can be used in combination with specific ship 

data and emission factors in order to calculate emissions. For a port area, it can be equally 

relevant to use the port call statistics from the studied port. The statistics are often detailed 

on times spent by each individual ship in different operational modes, which is crucial for 

accurate emission calculations 

For each ship call, engine emissions can be calculated as a product of emission factors, the 

utilized engine power, and time. For each engine and during each operational mode, formula 

(1) can be applied. 

E = EF x t x P (1) 
Where: 

E - emissions of a substance in the unit gram;  

EF - the emission factor for a substance in g/kWh;  

t - the time in hours; 

P - the estimated power utilization from the engine.  

The operational modes often comprise a combination of the following: “in fairway channel,” 

“at anchor,” “in port basin,” “manoeuvring to quayside,” and “at berth.”  

The fuel consumption during sailing in the proximity of the port (only main engines and 

auxiliary engines are active) is estimated by formula (2), while fuel consumption FCberth  of a 
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vessel at berth using auxiliary engines and boilers for its hoteling demands can be estimated 

using formula (3) (Zis, 2019) 

FCnearport(ton) = 10−6(SFOCmain x ELmain x EPmain +  SFOCbioler x BPboiler)x 
D

Vs

 (2) 

FCberth(ton) = 10−6(SFOCaux x ELaux x EPaux +  SFOCbioler x BPboiler)x tberth (3) 
Where 

SFOC (g/kWh) is the specific fuel oil consumption of the machinery; 

EL(%) is the engine load at which the machinery operates; 

EP (kW) is the nominal installed power of the machinery; 

BPboiler (kW) is the power demand of the boilers; 

D is the sailing distance from the port; 

Vs is the approach/departure speed of the vessel; 

tberth is the total time the vessel spends at berth. 

Assume the vessels with the following technical specifications in Table 3.11 and that the 

manoeuvrings takes place in the first/last 1 NM from the port lasting 1 h in total. The distance 

of interest D is within 20 NM of the port, and for each vessel, it is assumed that 60% of its 

capacity is loaded and unloaded at the port (to estimate the time at berth). Under these 

assumptions, and using formula 2 and formula 3, it is possible to estimate the total CO2 

emissions per call for each vessel.  

Table 3. 11 
Technical specifications of containerships and port call/berth information 

Vessel 
class 𝐄𝐏𝐦𝐚𝐢𝐧, 𝒌𝑾 𝐄𝐏𝐚𝐮𝐱, 𝒌𝑾 

𝐒𝐅𝐎𝐂𝐦𝐚𝐢𝐧 ,
𝒈

𝒌𝑾𝒉
 

𝒂𝒕 𝑽𝒔 
𝐒𝐅𝐎𝐂𝐚𝐮𝐱,

𝒈

𝒌𝑾𝒉
 

𝐄𝐋𝐦𝐚𝐢𝐧, % 
𝒂𝒕 𝑽𝒔 

𝐄𝐋𝐚𝐮𝐱, % 
𝒂𝒕 𝑽𝒔 

𝐁𝐏𝐛𝐨𝐢𝐥𝐞𝐫
𝒌𝑾

 

Panama 35600 7800 178 220 85 30 525 

ULCV 81000 22000 172 220 85 30 630 

 Port call berth information 

Vessel Vs 
Capacity, 

TEU 
Import/export 

traffic 
Assigned cranes 

Crane 
productivity 

TEU 
factor 

 

Panama 17 5000 
60 % 

5 
25 1.7 

 

ULCV 21 16000 10  

Source: Zis (2019) 

 

From the terminal operator's point of view, emissions will mainly depend on the number of 

cranes per vessel allocated to each terminal operator. In the example above, a larger vessel 

has been assigned twice the number of cranes. The vessel's container capacity was more than 

three times that of the smaller vessel.  

Another practice of ship operators is the gradual renewal of the fleet, with newbuildings 

becoming more fuel efficient. Their engines have a lower SFOC, which reduces the overall fuel 

consumption at each stage of operation. Improved ship designs will also reduce hydrodynamic 

drag, leading to lower ELs or required Eps (Zis, 2019). The practice of slow steaming has 

resurged in recent years due to reduced market conditions and relatively high fuel prices. This 

practice has been proven to reduce CO2 emissions, despite the fact that additional.  
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The main parameters determining emission factors are the fuel used and the engine speed. 

To give two examples: an HFO with high sulphur content has significantly higher emission 

factors for SO2 and particles than lighter fuel qualities; while NOX emissions depend on engine 

speed to a large extent with less emissions per unit energy from high-speed engines. The age 

of an engine can also significantly influence the emissions. Besides wear and tear of the 

engine, modern engines have lower NOX emissions than older ones due to environmental 

regulation. There has also been a long-lasting trend for energy efficient combustion which can 

be expected to be driven by mainly economic incentives. 

In order to determine engine speed and engine age, it is important to have access to ship-

specific information. There are several commercial services offering this information. It is also 

important to use a suitable algorithm for estimating installed auxiliary engine power. Normally 

such information is not provided in commercial databases but is of high importance to 

emission inventories in port areas (Styhre & Winnes, 2019).  

The utilization of power from the engines during the different operational modes is important 

information for the emission calculations. This information is often relatively uncertain and 

differs a lot between different ships. Generic values have been reported in a few studies, for 

example, Entec UK (2002). Table 3.12 presents typical values. 

Table 3. 12 

Estimated Power Utilization at different Operational Modes in the Port Area 

Engine In port basin Maneuvering At anchor/at Bearth 

Main engine 20% 20% 0% 

Auxiliary engine 40% 50% 40% 

% share of installed engine power 

Source: Styhre, Winnes (2019)  

As mentioned previously, the need for electricity for ships at berth differs a lot between 

different ship types. The most pronounced example is probably tankers. Tankers often use 

electricity from the auxiliary engines to run cargo pumps. Large tankers can however 

sometimes use steam from oil-fired boilers to run their cargo pumps. 

The main part of emissions in a port area can in general be attributed to auxiliary engines. The 

auxiliary engines are often used throughout the period spent in the port. Also boilers are often 

used during the full period spent in the port but cause less emissions than the auxiliary 

engines. Studies of ship emissions in four different ports suggest boilers account for 15% - 40% 

of GHG emissions in ports, while main engine emissions and auxiliary engine emissions 

account for between 5%-30% and 49%e76%, respectively (Styhre and Winnes, 2016). Main 

engine emissions in port areas depend to a large extent on the length of the fairway channel 

in the port traffic area, which varies significantly between ports. 

The calculation methods of emission reduction of different pollutants (SOx, NOx, and PM) 

resulting from using different strategies were described. It is assumed that different pollutants 

have the same importance or weight for health and environment. The emissions or emission 

reductions of different pollutants are added directly to obtain the total emission or total 
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emission reduction of different pollutants. As HSFO is used before improvement, the annual 

emission of a pollutant, e.g., SOx, is estimated by the following equation. 

Annual emission of a pollutant (tons/year) = HSFO emission coefficient (g/kWh) 
× marine main engine power (kW) × full-speed running time (h/year) × 10−6 

(3) 

 

Where emission coefficient represents the pollutant emitted (g) from a main diesel engine 

power (kW) multiplied by running hours (h), the value varies with the application of HSFO or 

VLSFO [47,48]. If the HFSO is replaced by VLSFO, the emission coefficient of SOx decreases 

from 13 g/kWh to 2 g/kWh. The emission coefficients of different pollutants of HSFO and 

VLSFO are shown in Table 3.13. To calculate the pollutant emission from VLSFO, the HSFO 

emission coefficient (g/kWh) in Equation (1) is changed to VLSFO emission coefficient (g/kWh). 

Table 3. 13 

Emission coefficients (g/kWh) of different pollutants emitted from burning HSFO or VLSFO 

Fuel Type SOx NOx PM COx 

HSFO (S<3,5 wt %) 13 12 1.5 630 

VLSFO (S<0.5 wt %) 2 8 0.25 630 

Source: Wu, Lin (2021) 

The main emissions from ships using fossil fuels are CO2, CO, SOx, NOx and particulates. The 

amount of CO2 and SOx generated depends on the mass of fuel burnt, while CO, NOx and 

particulates depend on the actual engine power used. The emission is calculated according to 

a formula whose components are the amount of fuel used, the actual engine power and the 

relative magnitude of the specific emissions. The emissions are therefore calculated according 

to the formulas in table (3.14) 

Table 3. 14 

Emissions calculation 

Indicators, values Formula No 

Carbon dioxide (CO2) emission 
FCnearport - total fuel consumption, t 

∆CO2 coefficient: for petroleum products (diesel, fuel oil) it ranges 
from 3.0 to 3.5, for LNG from 2.5 to 2.9 

CO2 = FCnearport x ∆CO2 (4) 

SOx- sulphur oxide emission 
∆SO𝑥  - sulphur oxides coefficient, which depends on the type of 
fuel: for petroleum products (in sulphur oxide control areas) it is 
between 0.001 and 0.35; LNG – 0. 

SOx = FCnearport x ∆SO𝑥  (5) 

CO - carbon monoxide 
∆CO - carbon monoxide coefficient depending on the type of engine 
Naverage - the average power output of the engine over the time 
interval (t) in minutes 
t – time interval 

CO = Naverage x ∆CO x 
t

60
 (5) 

NOx - the amount of nitrogen oxides 
∆NO𝑥   - nitrogen oxides coefficient depending on the type of engine 

NOx = Naverage x ∆NO𝑥   x 
t

60
 

(6) 

PM - Particulate emissions PM = Naverage x ∆PM x 
t

60
 (7) 
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∆PM – coefficient depend on the type of engine and fuel; for 
petroleum products it range below 10 g/kWh. 

Source: Paulauskas, V., Paulauskas, D. (2021) 

Reducing emissions from engines depends on the type and design of the engine, the type of 

fuel used and the engine's operating conditions (manoeuvrability). 

3.2. Energy consumption in ports 

Transportation of cargo through ports affects the environment and human health. First of all, 

this effect is related to air pollution, but the effect is also caused by noise and potential 

accidents of cargo spillage into the environment (Environmental Initiatives, 2010). However, 

the greatest pollution happens through the use of energy during transportation and handling 

of cargo. Transportation is responsible for more than 30% of the total energy consumption. 

Energy management and reduction of consumption in transport are the key challenges facing 

society with regard to climate change and security of energy supply. The use of energy is linked 

to the emission of greenhouse gases. In 2012, the standard EN 16258 “Methodology for 

calculating and declaring energy consumption and greenhouse gases in transport (freight and 

passenger services)” was approved. 

The standardized calculation methodology is useful for the industry, it facilitates evaluation of 

results, and allows controlling of the amount of energy consumed and the amount of GHG 

emissions from various transporting operations by the companies (Calculating GHG emissions, 

2012). The standard applies to all modes of transportation. The standard is intended for 

mobile sources of pollution, but by assessing energy consumption it is possible to calculate 

GHG emissions from stationary sources as well. 

The calculation methodology used for maritime transport in the EU is based on Regulation 

(EU) 2015/757 of the European Parliament and of the Council (Regulation of the European 

Parliament and of the Council, 2015). All methodologies evaluate energy consumption. All 

sources of energy can be divided into direct and indirect (Carbon Footprint for Ports, 2010). 

Direct sources are controlled and operated by port authorities, terminal operators or ship-

owners. These are vehicles, loading equipment, and other equipment (boilers, ovens) that 

belong to the ports. Indirect sources include electricity and heat purchased by ports and used 

for handling operations and operation of buildings. Indirect sources include energy used by 

trucks, rail locomotives and personal cars of employees. 

Energy consumption and emission definitions in accordance with EN 16258 (Konečný, 2016): 

• Well-to-Tank (energy processes): energy consumption is measured from the point of raw 

material extraction, starting with the source until energy reaches point of consumption. 

• Tank-to-Wheels (processes of transporting vehicles): energy consumption and emissions 

are measured during operation. All direct emissions are recorded. 

• Well-to-Wheels (vehicle and energy processes): it’s the direct and indirect emissions and 

energy consumption, starting with the raw material extraction to the final energy 

consumption point. 
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This definition of the cycle in question allows measuring emissions both during production and 

during operation, because some of the fuels generate higher emissions during production, yet 

others - during combustion. By choosing a cycle, it is possible to compare different vehicles 

and different operations.  

3.3. Conversion of energy into CO2 equivalent 

The EN 16258 standard (Schmied, 2012) shows ratios that allow the conversion of fuel 

consumption into CO2 equivalent. Energy consumption units are in MJs. In order to get a 

complete picture, you need to evaluate the whole logistics chain. The Well-to-Wheels (WTW) 

cycle utilizes ratios to measure energy losses throughout the supply chain. The WTW ratios 

are greater than the Tank-to-Wheels ratios (TTW). The energy is calculated according to the 

formulas (8) and (9). 

𝐸𝑇 = 𝐹 ∙ 𝑒𝑇      (8) 

𝐸𝑊 = 𝐹 ∙ 𝑒𝑤      (9) 

In the formula: 
𝐸𝑇 - energy consumption in TTW cycle, MJ; 
𝐸𝑊 - energy consumption in the WWT cycle, MJ; 
𝑒𝑇 - TTW process ratios, MJ; 
𝑒𝑤 - WTW process ratios, MJ; 
𝐹 – Energy consumption (fuel) (l, kg or MJ). 
 

GHGs are calculated in a similar way (formula (10) and (11) 
𝐺𝑇 = 𝐹 ∙ 𝑔𝑇      (10) 
𝐺𝑊 = 𝐹 ∙ 𝑔𝑤      (11) 

In the formula: 

G_T  -  TTW process CO2 emissions, CO2 equivalent (CO2e) 

G_W - WTW process CO2 emissions, CO2 equivalent (CO2e) 

g_T - TTW process GHG emission ratios are measured in kg CO2e 

g_w - WTW process GHG emission ratios are measured in kg CO2e 

F - Energy consumption (fuel) (l, kg or MJ). 

Depending on the energy production method, different ratios may vary in different countries. 

For example, in Sweden, when calculating the consumption of electricity during 

transportation of cargo by rail, the emissions factor is lower because electricity for railways 

there is produced in hydroelectric power stations. Often cargo must be refrigerated, requiring 

additional energy. Sometimes it is cooled by devices that use the fuel of the vehicle. Then 

emissions are calculated on the basis of the total fuel consumption. If a cooling process has a 

separate energy source, energy and GHG emissions are calculated separately. 

In the transportation of cargo, individual cargoes are transported at different distances and 

by different means of transportation. Handling equipment is also different. If emissions are to 

be measured for individual shipments, it is necessary to exclude them from the total energy 

and emissions flow. The process is called distribution. The weight of the cargo, the distance 

travelled (tkm) and the estimated amount of fuel per tkm of the product are evaluated. The 
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units of cargo for containers are TEU/km. The amount of fuel used can be calculated using 

formula (12). 

𝐹 = 𝑊 ∙ 𝐷 ∙ 𝐸      (12) 

In the formula: 

F – energy consumption, l, kg or KW; 

W – cargo weight, t or TEU; 

D -  cargo transporting distance km; 

E -  specific energy consumption l, kg or kWh) per tkm or TEU/km. 

Specific energy consumption is different for different modes of transportation and is provided 

in the standard and in the documents describing it (Schmied, 2012). Its size depends not only 

on whether the cargo is transported by truck, train or ship, but also what type and what kind 

of cargo is transported.  

An example of calculation. 5 tonnes of high volume goods shipped from Singapore to 

Hamburg. Type of vessel - Suez container ship. The length of the journey is 15,908 km. 

E kg/TEU is 0.0076. Fuel consumption F (kg) = W (TEU)∙D (km)∙0.0076 (kg/TEU) = 5t x 15,908 

km x 0.0076 kg/tkm=605 kg HFO (heavy fuel oil). 

3.4. Energy calculations for buildings, warehouses, and stevedoring equipment 

Not only vehicles create pollution during handling. Buildings, warehouses, stevedoring 

equipment also use energy and contribute to GHG emissions. Energy consumed: 

• electricity can be used during handling, in terminals, warehouses, offices; 

• thermal energy can be used in terminals, warehouses, offices; 

• use of diesel, liquefied petroleum gas or electricity for auxiliary equipment; 

• amount of energy needed for cooling, losses in cooling agents. 

In many cases, those are stationary sources of emissions that use energy. The amount of 

energy consumed, and at the same time emissions, can be estimated from the amount of fuel 

consumed, and if the centralized energy supply is used - using meter readings. 

Cargo handling equipment in many cases belongs to mobile pollution sources. Most of the 

mobile pollution sources are powered by engines that burn various fuels, usually diesel, also 

biofuels, and liquefied gases. Some stevedoring equipment uses electricity (Carbon Footprint 

for ports, 2010). Electricity-powered equipment usually uses batteries, otherwise their 

movement would be limited. An exception is the power source connection for ships at berth, 

using electricity from the quay. Many modern cranes can also use electricity. 

In order to assess the emissions from the equipment that burns fuels, the main source of 

information is the amount of fuel used. Electricity powered loading equipment produces 

secondary GHG emissions or indirect emissions. Most commonly electricity is produced using 

fossil fuels, so it cannot be argued that the replacement of fuel burning equipment with 

electrical one reduces greenhouse gas emissions to zero. Emissions are based on the amount 

of electricity consumed during cargo handling or used to recharge batteries. Energy is lost 

during charging of batteries, so for the purpose of correct estimation of emissions it is 
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necessary to evaluate that. Energy used by the charger must also be evaluated. Losses 

incurred while transferring electrical energy should be calculated by comparing the amount 

of energy received from the source with the energy consumed by the battery charger. 

Electricity is measured in kWh. 

Stevedoring equipment includes cranes, container loaders, stackers, tractors, etc. There is also 

other equipment, not used for direct handling of cargo but still operating in terminals, for 

which fuel consumption is to be estimated as well. For the calculation of equipment emissions, 

certain data must be collected which allows us to know the amount of fuel used. Equipment 

is described with the indication of: 

• name of equipment; 

• type; 

• manufacturing year; 

• manufacturer; 

• fuel used; 

• nominal power capacity (kW).  

Information is also provided for the operations of cargo handling equipment: number of hours 

worked per year, fuel consumption per year, quantity of handled cargo. Not all of the listed 

data is necessary for the calculation of emissions. However, such information can be useful 

when replacing equipment to reduce emissions. Emissions are calculated according to the 

formulas analogous to 10-11, i.e. by multiplying the amount of fuel consumed by the ratio 

expressed as the CO2 equivalent. 

In the assessment of the environmental impact of the entire freight transportation chain the 

evaluation scheme should include the delivery of cargo to and from the port. It is necessary to 

assess the pollution from trucks or train locomotives. The assessment is based on the amount 

of fuel consumed, the weight of the cargo and the distance travelled (Potential measures for 

air, 2011). 
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