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Remarks: 

This report is provided by DW-ShipConsult GmbH, Schwentinental, GERMANY on behalf of the 

Hamburg Port Authority, Hamburg, GERMANY. This report was generated within the GREEN CRUISE 
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1 Summary 
Due to a changing environmental awareness and increasing ship call numbers in port cities emissions 

from cruise terminals and cruise ships at berth became an intensely discussed topic. Port authorities 

as well as cruise ship operators are interested in solutions to reduce prominent emissions from cruise 

operations such as greenhouse gases, air pollutants or noise. However, the field of possible mitigation 

technologies is diverse and it is not always clear which is the best measure to take. 

The report on hand is the outcome of a literature study of international best practice cases and already 

in ports applied emission mitigation measures. The main emission sources at a typical cruise terminal 

with a cruise ship at berth are identified and described in detail at the example of Hamburg City’s 

newest cruise center, the Cruise Center Steinwerder. Based on recent publications and interviews, the 

study evaluates mitigation measures for the regarded emission sources (cruise ship at berth, terminal 

building, cargo handling equipment and passenger/delivery traffic), gives examples of already 

implemented measures and shows two best practice cases of cruise ships with successfully installed 

mitigation concepts.  

The study illustrates that there already exists a variety of functioning, well-developed mitigation 

measures for all terminal emission sources on the market. Each measure shows advantages or 

disadvantages in its ecological reduction potential, price and technical feasibility. Therefore, the 

recommendation is that adequate mitigation strategies need to be analysed individually for each 

terminal location and need to be brought in line with site-specific and financial parameters. In general, 

there is no “one fit all”-solution for all emission types. 

Nevertheless, the study shows that an increase of energy efficiency and electrification on the terminal 

site as well as smart traffic routeing procedures have the potential to reduce at least air emissions 

significantly. The electrification of terminal equipment can have a reducing impact for noise emissions 

as well. Also, optimized HVAC systems and heating strategies show high potential for reduction of 

energy consumption.  

As the cruise ship at berth is by far the largest emission source on the terminal, a decrease of its 

hoteling emissions can reduce the impact of a cruise terminal on the environment significantly. The 

installation of onshore power supply facilities is cost-intensive, but shows the greatest ecological 

effects, both for air emissions and noise. The use of alternative fuels like LNG or the installation of 

exhaust gas treatments on the vessel side can have a significant positive impact for air emissions as 

well, but are dependent on the environmental engagement of the cruise ship company.   
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2 Introduction 
Air and noise pollution in and from ports has become an increasing problem. The situation is especially 

severe where ports are located either close to or even in city centres such as in the City of Hamburg. 

The NOx threshold level of the EU Directive on ambient air quality is not meet in most of European 

cities and residential noise conflicts prolong the development of urgently needed infrastructure 

projects significantly.  

The City of Hamburg has become an attractive port for cruise vessels with about 800,000 passengers 

and 200 ship calls in season 2017 (Bürgerschaft der Freien und Hansestadt Hamburg 2017). The three 

cruise terminal locations are illustrated in Figure 1. To stabilize the pollution level despite the 

increasing growth, the Hamburg Port Authority (HPA) actively develops mitigation concepts to reduce 

the emissions of air pollutants and noise near the cruise terminals. First mitigation measures could 

already be implemented, for example with the installation of the onshore power supply station at the 

Cruise Terminal Altona, with the LNG Hybrid Barge at the Cruise Terminal HafenCity and the LNG truck 

fuelling possibility at the Cruise Terminal Steinwerder. 

Within the GREEN CRUISE PORT (GCP) Interreg project, the HPA investigates now on ‘Emission sources 

and possible mitigation measures of cruise terminals’, including also the emissions of cruise ships at 

berth. GCP is a project in the EU Interreg Baltic Sea Region Programme 2014-2020. In GCP, port 

authorities from around the Baltic Sea and the neighbouring North Sea are working together with other 

cruise stakeholders to make cruise shipping more innovative, more sustainable and better connected. 

GCP concentrates on the reduction of cruise vessel emissions in harbours and sustainable adaptation 

of cruise port infrastructure to the requirements of the latest technical developments in the cruise 

shipping sector.  

This study gives a general overview about the different emissions sources of air pollutants, GHG and 

noise that occur during typical terminal operation and at a cruise ship at berth. The emission sources 

are illustrated exemplarily at the Cruise Center Steinwerder, one of three cruise terminals of the City 

of Hamburg. The report describes measures to reduce emissions (including cost indications for these) 

and refers to international best practice cases. It summarizes the current state of art and state of 

scientific knowledge. The study will contain conclusions that may be used by all GCP project partners 

and the Baltic Sea area.  

The study is split in two parts. The second part with the title 'Noise sources of cruise terminals and 

measures of reduction' is also conducted by DW-ShipConsult. It focuses on noise, investigates in detail 

the possible noise sources at a cruise terminal area, evaluates the significance of impact and provides 

recommendations for potential mitigation measures. 
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Figure 1: Cruise terminals in the Port of Hamburg. From left to right: cruise terminals Altona, Steinwerder and HafenCity.  
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3 Emission types 

3.1 Air pollutants 
“Air pollution in and from ports is a serious problem […]. This is more of a problem where ports are 

located either close to or even in city centers such as in Antwerp, Amsterdam and Hamburg. Annually, 

air pollution causes over 420,000 premature deaths throughout the European Union. Of these, 50,000 

premature deaths are attributed to shipping in European waters. Moreover, air pollution diminishes 

biodiversity, contributes to climate change, harms nature and damages buildings and monuments.” 

(NABU 2015). 

Air pollution comes from many different pollutants. From the complex and continuously discussed list 

of different air pollutants, this study focuses on sulphur dioxide (SO2), nitrogen oxides (NOx) and 

particulate matter (PM). 

3.1.1 Nitrogen oxides 

In context of air pollutant emissions, the term of NOx summarizes both nitrogen monoxide (NO) and 

nitrogen dioxide (NO2). NO is colorless, while NO2 is russet, but both are highly poisonous. NOx is a 

solely product of an endotherm reaction. 

NOx mainly contributes to the eutrophication of the sea. Especially in the Baltic Sea, the effects of 

eutrophication are probably the “single greatest threat to this area” (HELCOM, 2010). Similarly to 

sulphur emissions, NOx causes acid depositions. It contributes to ground ozone and particulate matter 

formation and may cause respiratory, cerebrovascular and cardiopulmonary diseases (Baltic Ports 

Organization, 2017). 

Exhaust NOx emerges mainly at high combustion temperatures in engines. Above a temperature 

threshold of about 1,300 °C, the increase of NOx emissions grows rapidly (Clean Air Technology Center 

1999). Thus, lowering the combustion temperature could reduce the exhaust NOx emissions. Beside 

combustion temperature, decreasing combustion time plays an important role in lowering NOx 

emissions (NABU 2015). 

NOx emissions of ships are regulated by MARPOL Annex VI, which effects the emission levels of 

installed engines. Different stages of emission reduction (Tier I-III) have been developed, depending 

on the area of operation and the year of ship construction. Currently, the Tier II emission limit is 

effective for engines installed on a ship constructed after 1 January 2011. The most stringent limit (Tier 

III) applies to ships that operate in so called NOx Emission Control Areas (NECA), like the North 

American Emission Control Area, and are constructed after 1 January 2016. The Baltic Sea and North 

Sea are designated to be a NECA from 2021 onwards. Tier III limits reduce NOx exhaust by 80% in 

comparison to the present emission level (Tier II) (World Maritime News 2016). 

In  large cruise cities like the City of Barcelona, NOx emissions from cruise ships can contribute up to 

14% of overall shipping NOx emissions (Vila 2017). In the City of Hamburg, NOx emissions from cruise 

ships represent only 3% of total NOx emissions from shipping (Behörde für Umwelt und Energie 2017). 
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NOx emission from on road traffic is regulated by the EURO standards. The EURO 6d standard limits 

NOx emission from diesel fuelled cars to 80 mg/km. The EURO VI standard for trucks and busses (> 3.5 

t) sets the limit to 400 mg/kWh. For off-road machinery, the actual class VI of the 2004/26/EG policy 

limits NOx emission to 400 mg/kWh. 

3.1.2 Sulphur oxides 

Sulphur oxides (SOx) group the two main oxides of sulphur emerging from combustion processes (SO2 

and SO3), which are colourless, poisonous gases. SO2 is physically well soluble in water, where it forms 

sulphurous acid.  

The impact of SO2 is widespread and not only of ecological nature. Emitted sulphur dioxide reacts with 

water molecules, which produces acid rain. It is harmful to plant and aquatic animals, but also affects 

buildings and infrastructure. As a precursor for PM it may cause respiratory, cerebrovascular and 

cardiopulmonary diseases (Baltic Ports Organization 2017).  

Beside other minor sources SOx emerges from burning sulphur-containing fuel and is directly related 

to the respective sulphur amount in the fuel. The pollutant can be transported over very long distances 

by the wind and even remote coastal and hinterland regions can be polluted by emissions from 

shipping and port activities (NABU 2015). It is well known that high amounts of SOx emissions occur 

from international ship operations: “In 2005, in the seas surrounding Europe (the Baltic Sea, the North 

Sea, the North-Eastern part of the Atlantic, the Mediterranean and the Black Sea), sulphur dioxide 

(SO2) emissions from international shipping were estimated at 1.7 Mio. tonnes a year” (Transport & 

Environment 2017). 

Sulphur content in fuel (by weight) is regulated by IMO (MARPOL Annex VI). Since 1 January 2015, 

sulphur content in sulphur emission control areas (SECA) and EU-ports are restricted to 0.1%. At open 

sea, more slack regulations of 3.5% sulphur in fuels apply. However, even the stricter regulations in 

ports and SECAs still allow 100 times higher sulphur content of ship fuel in comparison to on-road 

traffic fuel (according to DIN EN 590). 

Since 2008 non-maritime diesel fuel in the EU is considered as sulphur free, with 0.001% by weight of 

sulphur remaining in the fuel (DIN EN 590). Thus, emissions from those diesel engines are regarded as 

sulphur free.  

3.1.3 Particulate matter 

Aerosol particles in the atmosphere, also known as particulate matter (PM), consist of microscopic 

solid or liquid material. They are subdivided by their size: PM10, PM2.5 and PM0.1. “These particles have 

a diameter of less than 10 µm, 2.5 µm and 0.1 µm, respectively”. “There is a natural concentration of 

PM in the atmosphere that consists of marine salt or pollen, but it is enhanced by various human 

activities such as burning of fuels or handling of goods. The combustion of diesel and heavy fuel oil 

leads to a high amount of particulate matter emissions. PM also develops when certain pollutants meet 

other substances.” (NABU 2015). 

PM emissions can have harmful effects on human health, such as respiratory, cerebrovascular and 

cardiopulmonary diseases. The impact increases with decreasing particle size. Smaller particles are 
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able to penetrate into sensible regions of the lungs and have carcinogenic impact (Umwelt Bundesamt 

2017) (Baltic Ports Organization 2017) (NABU 2015). 

The level of particle emissions strongly depends on the sulphur content of the respective fuel. 

According to IMO (2009), PM10 emissions from heavy fuel oil (HFO) add up to 6.7 kg per tonne of 

burned fuel while emissions from marine diesel oil (MDO) only amount to 1.1 kg per tonne. Particle 

emissions also originate from other fuel impurities which are often detected in high amounts in HFO. 

Contrary to HFO distillate oils (MDO/MGO) contain significantly less impurity. A study of BMVI (2014) 

presents particle emission quantities for HFO of 1.5 g/kWh. According to this study, particle emissions 

from MDO with 0.5% sulphur content are 65-80% lower than from HFO. Particle emissions from MGO 

with 0.1% sulphur content are 90% lower than from HFO.  

Currently, there are no regulations which directly regulate the PM emissions from shipping. Due to 

particle emissions being strongly related to the sulphur content in fuels, those emissions are indirectly 

affected by the MARPOL Annex VI regulations (see chapter 3.1.2). However, these regulations solely 

address the sulphur emissions and therefore an effective trigger for the shipping industry to implement 

exhaust gas treatment for particle emissions is still missing. 

PM emission from on road traffic is regulated by the EURO standards. The EURO 6d standard limits PM 

emission from diesel fuelled cars to 4.5 mg/km. The EURO VI standard for trucks and busses (> 3.5 t) 

sets the limit to 10 mg/kWh. For off-road machinery, the actual class VI of the 2004/26/EG policy limits 

PM emission to 25 mg/kWh. 

3.2 Greenhouse gases 
Out of the group of greenhouse gases, which consists beside others of water vapour, carbon dioxide, 

methane, nitrous oxide and ozone, as well as chlorofluorocarbons and hydrofluorocarbons, this study 

focuses solely on carbon dioxide (CO2). It is a colourless gas, which naturally appears by a small amount 

in the atmosphere. It is an important part of the natural carbon cycle, determining life on earth.  

As one of the main greenhouse gases, CO2 contributes directly to global warming and climate change. 

This global effect must be considered as an irreversible change if CO2 continues to accumulate 

unabated in the atmosphere (International Maritime Organization 2014). 

CO2 emerges from every burning process of fuels with carbon content, for example in diesel engines 

or heat sources of boilers. Mitigation measures, which can reduce CO2emissions from fuel with a given 

amount of carbon are in sight, like carbon capture and storage technology, but still not feasible. 

Instead, the ecological reduction potential can be found in the reduction of fuel consumption, which 

can for example be realized by increasing efficiency of energy generation. Another way to reduce CO2 

emissions is depicted by fuels with increased energy-to-carbon ratio like LNG or methanol. Many 

measures, aimed to reduce the air pollution in ports, also reduce CO2 emissions and vice versa. 

International shipping operations were estimated to have contributed about 3.1% of annual global CO2 

emissions for the period 2007-2012, according to IMO (2014). Although international shipping is the 

most energy efficient mode of mass transport, a global approach to improve its emission control is 

needed as sea transport will continue growing apace with world trade. “In 2011, IMO adopted 
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mandatory technical and operational energy efficiency measures which are expected to significantly 

reduce the amount of CO2 emissions from international shipping. These mandatory measures (Energy 

Efficiency Design Index/Ship Energy Efficiency Management Plan) entered into force on 1 January 2013 

[(MEPC.203(62))].” (IMO 2018)  

“The EU MRV (Monitoring, Reporting, Verification) regulation entered into force on 1 July 2015 and it 

requires ship owners and operators to annually monitor, report and verify CO2 emissions for vessels 

larger than 5,000 gross tonnage (GT) calling at any EU port […]. Data collection takes place on a per 

voyage basis and starts 1 January 2018 [(EU-RL 2016/1927, EU-RL 2015/757)]” (DNV GL 2017). 

Similarly, the IMO has adopted a global approach for a mandatory fuel consumption data collection 

system, requiring ships of 5,000 GT and above to start collecting and reporting data to an IMO database 

from 2019 (MEPC 70(18)).  

CO2 emission of new built cars and pickups are regulated by EG Nr. 443/2009 and EG Nr. 510/2011. 

The limit of average fleet emission per carmaker is gradually reduced from 120 g/km in 2015 to 95 

g/km in 2020. By now, no CO2 regulations for trucks, busses or off-road machinery exist. 

3.3 Noise 
Beside air pollutants and greenhouse gases, noise is a highly discussed issue when it comes to cargo 

handling and shipping operations in port areas. In comparison to gaseous, transparent and mostly 

odourless emissions, like the aforementioned emission types, noise can be directly noticed and sensed 

by residents of port surrounding neighbourhoods. This contributes to increased public awareness of 

noise impacts from terminal activities. 

Noise can be described in a quantitative way, but, to assess the effect of noise on human beings, it is 

essential to also consider the qualitative properties of a noise emission. For example, the quantitative 

descriptions of the sound pressure level, the parameter for the level of sound, determine the spatial 

range of influence of a noise emission source. The qualitative description of noise refers to the sound 

character, which determines the impact on the hearing experience. A tonal sound character has a more 

disturbing effect on the human hearing experience in comparison to a broadband sound character. 

Broadband noise can be blended out more easily by human beings, who tend to regard this kind of 

disturbance as background noise. Furthermore, noise can be subdivided in impulsive and continuous 

noise. An example for impulsive noise is the clashing of containers onto a pier. A typical continuous 

noise emerges from engine exhaust and ventilation systems on board of the ship. 

Regulations concerning noise in ports are compiled in Figure 2. Important rules for noise on board are 

the IMO MSC 337 and the comfort classes, distributed by the classification societies. For example, the 

MSC 337 limits the levels on open recreation areas to 75 dB(A) and on look-out posts to 70 dB(A). The 

comfort class of DNV (2014) provides levels of open deck recreation areas to 65 dB(A) (highest comfort 

rating number). The German regulation “TA Laerm” provides noise immission limits, depending on day- 

or night-time and surrounding building areas. For example, in mixed-used areas sound pressure levels 

of 60 dB(A) at day (6 a.m. to 10 p.m.) and 45 dB(A) at night are allowed. 
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Figure 2: Rules and regulations on noise in ports. 
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4 Emission sources 
Air pollutant, GHG and noise emissions from a cruise terminal typically arise from pier and cargo 

handling equipment, cruise ships at berth, road traffic (passenger/cargo delivery) and HVAC systems 

of terminal buildings. A generalized spatial distribution of the main emission sources, which are 

described in detail in the following subchapters, is shown in Figure 3. 

 

Figure 3: Emission sources of a typical cruise terminal location (orange: terminal building). 

This study describes the typical emission sources exemplarily at one of Hamburg City’s cruise terminals, 

the Cruise Centre Steinwerder (see Figure 4). The Steinwerder terminal is Hamburg’s most modern 

cruise terminal and it can accommodate cruise ships of the latest generation with a length of up to 330 

m and a draught of up to 13 m. Operations have started in June 2015. The two separate terminal 

buildings have capacities to handle more than 8,000 passengers per ship visit. The terminal building 

area adds up to 9,000 m² (Cruise Gate Hamburg 2017).  
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Figure 4: Picture of the Cruise Center Steinwerder in the Port of Hamburg. 

 

4.1 Cargo handling and pier equipment 
At a cruise terminal cargo and luggage handling is usually conducted by forklifts and mobile cranes. 

They operate in close collaboration: The forklifts carry cargo from the terminal building or supply trucks 

to the quayside, where mobile cranes take over for transfer to the ships’ hatchways. The amount of 

handled goods can have an impact on the needed forklifts and mobile cranes. 

 

Figure 5: Cargo handling at the Cruise Terminal Altona in Hamburg with the “AIDAsol” at berth. 

In the Port of Hamburg two to three forklifts and two mobile cranes are usually used for cargo and 

luggage handling during a typical cruise ship turnaround (typically, one set works at the front and one 

set at the aft of the ship). CO2 emissions from forklifts at the cruise terminals in Hamburg can be 
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estimated as follows: It is assumed that the diesel consumption is 4 l/h for one forklift  and two forklifts 

run about 10 h per ship call (Howe 2017) (López 2017). According to Valsecchi (2009), CO2 emissions 

are 2.67 kg CO2 per litre of diesel. Estimating 200 cruise ship calls in the City of Hamburg, the total CO2 

emissions of forklifts sum up to 42.7 t per year.  

To complete the pier emission sources, two pickups with mounted winches generally take the ships’ 

ropes to attach the vessel at the quayside (front and aft ropes) during berthing and departure 

procedures (López 2017). 

The CHE noise sources are almost the same as the air pollutant noise sources: mobile cranes and 

forklifts as well as alarm noises of the gangway. A detailed description of these sources can be looked 

up in the study of LAIRM Consult GmbH (2013) and especially in HPA’s GCP study (DW-ShipConsult 

2017). The aforementioned study mentions source levels (sound power) of 100 dB(A) for diesel-fuelled 

forklifts and 107 dB(A) for mobile cranes. The alarm of the gangway was described as audible but not 

dominant. The study points towards another significant noise source: impulsive noise from containers 

clashing onto the ground. Noise immission from these events supersede the average sound levels 

momentarily by 15 – 20 dB.  

Due to the close distance to residential areas cargo operations at the cruise terminals Altona and 

HafenCity are only permitted from 6 a.m. to 22 p.m. to protect the near neighbourhood from harmful 

noise emissions (see Figure 1). The Cruise Terminal Steinwerder is not affected by this regulation as it 

is situated in the port area and as close to the city (López 2017). 

4.2 Terminal building / HVAC 
The heating, ventilation and air conditioning system (HVAC) is one of the major energy users of a cruise 

terminal. Typically, inlets and outlets are placed on the rooftop and typically, HVAC systems are electric 

driven. Common heating energy sources are oil, gas, district heating or electricity. In the context of this 

study only local emissions are considered. Thus, it is assumed that electricity consumption and district 

heating do not correlate with local emissions as they are shifted regionally. The Ports of Stockholm use 

district heating, district cooling and geothermal energy as part of their HVAC systems (Rudeberg and 

Solerud 2017).  

The HVAC system of the Cruise Terminal Steinwerder does not run continuously throughout the year. 

It is only operated during days of cruise ship calls. It takes about two hours to reach the desired air 

temperature in the terminal building. The desired air temperature is set at 21 °C all over the year (López 

2017). The HVAC system is based on gas-fuelled heating.  
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Figure 6: Exemplary energy consumption per year of a cruise terminal and a cruise ship at berth. 

Figure 6 exemplarily compares the yearly energy consumption of a cruise terminal (heating, warm 

water generation) with a cruise ship at berth displayed at the location of the Nynäshamn terminal. The 

Nynäshamn terminal is a combined ferry and cruise terminal. According to Solerud (2017), heating and 

warm water generation required 568 MWh and cooling required 63 MWh in 2016. The energy 

consumption of the cruise ships at berth resulted from assumed 50 calls per year with a power 

consumption of 8 MW and an average berthing time of 12h. The figure shows that the cruise ships at 

berth consume approximately eight times as much energy per year as the cruise terminal itself. 

Therefore, it can be concluded that the impact on air pollutants and CO2 of cruise ships at berth is 

dominant. 

Noise from terminal building operation can arise from passenger handling (footfall noise, slamming 

doors, etc.), heating, ventilation and air conditioning systems. The German regulation “TA Laerm” 

provides noise immission limits, depending on day- or night-time and surrounding building areas. For 

example, in mixed-used areas sound pressure levels of 60 dB(A) at day (6 a.m. to 10 p.m.) and 45 dB(A) 

at night are allowed. Buildings are designed not to exceed these levels. Accordingly, the building permit 

of the Cruise Terminal Altona assumed sound power levels of 85 dB(A) for each HVAC device 

(Sprinkenhof 2018). In immission measurements on terminal rooftops no significant noise from 

terminal building sources was detectable (DW-ShipConsult 2017). 

4.3 Road traffic 
Emissions from road traffic arise from passenger arrival and departure and from cargo supply. Various 

goods are transported to and from the cruise ship by means of trucks, i.e. provision for the cruise ship 

passengers, spare parts or technical equipment for shows on board. In dependency of the amount of 

ordered goods roughly four to five trucks are needed to supply a typical cruise vessel (López 2017). 

Additionally, tank trucks may supply the vessel with urea solution for on-board SCR installations or for 

LNG fuelling at berth. 
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In food supply operations, the cold chain is not allowed to be interrupted. Therefore, cooling 

aggregates are installed on food supply trucks (reefers). This type of truck is generally used to provide 

food supply for cruise ships. The diesel-fuelled cooling unit has a fuel consumption of about 20% of the 

propulsion engine while emitting 29 times of particulate matter and 6 times of NOx. The reason for 

these uncontrolled emissions is a lack of regulation: The cooling unit is not affected by on-road driving 

engine regulations (Kempkens 2015). According to López (2017), at the Cruise Terminal Steinwerder in 

Hamburg roughly 50% of supply trucks operate with cooling aggregates. According to Barnitt (2009), 

one reefer at high load emits approximately 0.123 kg NOx, 18 kg CO2 and 0.018 kg PM per hour. This 

sums up to approximately 246 kg NOx, 36 t CO2 and 36 kg PM per year (200 cruise calls with 10 h 

operating time). A sound power level of 97 dB(A) can be assumed (LAIRM CONSULT GmbH 2013). 

The Cruise Centre Steinwerder has a total capacity of 8,000 passengers and 1,500 parking lots (Cruise 

Gate Hamburg 2017). Estimations of air pollutant and greenhouse gas emission numbers from ship 

operation and road traffic at the Cruise Terminal Steinwerder were calculated by LAIRM Consult GmbH 

(2014) and are shown in Figure 7. The study assumed 50 calls of cruise ships with a capacity of 4,500 

passengers and 315 calls of cruise ships with a capacity of 2,200 passengers per year. The ships’ share 

is by far the most significant source of air pollutants and CO2 being two magnitudes of ten higher. 

 

Figure 7: Additional emissions (estimated) from terminal operation of Cruise Center Steinwerder (LAIRM Consult GmbH 
2014). 

Noise emissions for light and heavy vehicle traffic on the parking and pier areas for the Cruise Centre 

Steinwerder were considered by LAIRM Consult GmbH (2013). With one cruise ship call per day, the 

study concludes that additional noise will exceed the background levels by less than 3 dB(A). Noise 

emission of on road traffic is typically estimated with the RLS-90 method. DW-ShipConsult (2017) 
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showed that noise from passenger traffic (cars, taxis and busses) has a significant impact on noise 

immission in neighbouring areas. 

4.4 Cruise ship at berth 
Cruise ships are known for their high energy consumption at berth. This high demand results from 

hoteling (electricity, heating, ventilation and air conditioning) high numbers of people on board (i.e. 

passengers and crew), creating a necessity of significant power generation.  

Today, up-to-date cruise ships are generally equipped with diesel-electric propulsion systems. Diesel-

driven generators supply electric power for the electric propulsion and the hoteling demand. Cruise 

ships of older generations are still equipped with pure diesel propulsion with gearbox driven 

propellers. These ships use diesel fuelled generator engines for electric power production. Both 

modern and former vessel generations use 4-stroke engines for electric power generation.  

According to GL (2008), the most significant emission sources for air pollutants, GHG and noise of 

cruise ships at berth are 

• Diesel generator sets for power generation (medium speed engines) 

• Auxiliary boilers for heat generation 

• Ventilation systems (only noise). 

 

Further emissions may emerge from incinerators, if its use is not prohibited by the port authority. In 

the Port of Hamburg, the use of on-board incinerators is prohibited (GL 2008). There, cruise ships 

spend approximately 10-12 hours at berth (Müller-BBM 2007). Only about 5% of cruise ships stay 

overnight (López 2017). 

Air pollutant and GHG emissions from cruise ships usually occur in great heights at funnel outlets of 

40-60 m. Due to the high position of the emission sources major parts of air pollutants spread directly 

into the atmosphere. Therefore, measurable additional air pollutant emissions occur only up to 500 m 

around the cruise ship (LAIRM Consult GmbH 2013). 

Typical noise emissions on a cruise ship spread from the funnel and ventilation in- and outlets. They 

arise from engines (power supply) and fans (engine room ventilation, air conditioning). Typical diesel 

generator sets produce exhaust noise with high intensity in a broad frequency range. The most 

pronounced sound occurs at ignition frequency which is the number of firing cylinders per second.  

Many of the noise sources are highly attenuated. Additional sources are entertainment and public 

address on board (via the PA-system) and the ships horn. In general, cruise ships are already relatively 

quiet due to strict requirements on deck for the wellbeing of passengers (noise level <65 dB(A) on open 

recreation areas, according to Comfort Class (DNV 2014)). In the study of DW-ShipConsult (2017) it 

was shown, that the overall sound power levels of three (modern) cruise ships do not exceed 100 

dB(A), which is comparable to literature values of forklifts and even half as loud as a mobile crane. 

Obviously, there is state-of-the-art technology available. In principle there are technical measures 

available to attenuate exhaust noise on a cruise ship very efficiently so that it is not audible on deck. 

However, complexity of the exhaust system design increases with demands for lower radiated noise 
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levels. The most important factors that need to be balanced with acoustic requirements are space 

requirements in the funnel, back-pressure, stability (especially important for slender ships) and costs. 

The needed amount of required attenuation depends on the minimum distance between exhaust pipe 

opening and receiver point. Typically, source power level attenuation of approximately 30 dB is 

required to meet noise requirements for comfort on open deck passenger spaces. 

Diesel generators 

There exists a general correlation of NOx and PM in the combustion process of diesel generators: “NOx 

and PM changes are typically inversely related due to their formation as a function of engine 

temperature and fuel to air ratio. An efficient or lean burn engine is typically hotter and creates more 

NOx and less PM, and an inefficient engine or rich fuel/air mixture, which is typically cooler, reduces 

NOx but increases PM” (Anderson, et al. 2015). 

The hoteling power demand of cruise ships in correlation to ship length is exemplified in Figure 8.The 

hoteling power demand is defined as the amount of electric power which is needed from shore-side 

when using OPS (Sanes, Casals-Torrens and la Castells 2016). 

 

Figure 8: Hoteling demand of cruise ships in correlation to ship length (Sanes, Casals-Torrens and la Castells 2016). 

 

The electric power demand at berth in the northern part of Germany can be estimated as 3.2 kW per 

passenger, related to the nominal maximum number of passengers (GL 2008). This estimation can be 

regarded as rather conservative. Representatively, Figure 9 shows the portions of power demand of a 

2,000 passenger cruise ship at berth in winter.  

© Sanes, Casals-Torrens and la Castells 
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Figure 9: Portions of power demand of a modern cruise ship (2,000 passengers) at berth in winter (100% = 6.4 MW) (GL 
2008). 

Thus, estimated emissions from MDO fueled engines, which arise from a cruise ship as described in 

Figure 9, amount up to about 680 kg NOx, 140 kg SOx and 60 kg PM for 10 h at berth (according to 

emission factors compiled by Müller-BBM (2007)). Assuming the CO2 emission factor of MDO equals 

HFO, about 16 t of CO2 emissions are estimated (emission factor taken from Basener et al. (2016)). 

Auxiliary boilers 

Heat consumption from air conditioning and tank heating is covered by boiler operation. An exhaust 

boiler is powered by the thermal energy of the exhaust gas stream. At sea, usually the main exhaust 

boiler provides sufficient amounts of steam. At berth and during port manoeuvring, the main exhaust 

does not contain enough heat energy; therefore, diesel-driven auxiliary boilers are necessary. Usually, 

two auxiliary boilers are installed to provide a redundant system. The energy requirements for steam 

production at berth can be estimated as 2.2 kW per passenger, related to the nominal maximum 

number of passengers (GL 2008). Thus, estimated emissions from HFO fueled auxiliary boilers, which 

arise due to a 2000 passenger cruise ship as described above, amount up to 44 kg NOx, 44 kg SOx and 

7 kg PM for 10 h at berth (according to emission factors compiled by Müller-BBM (2007)). Assuming 

the CO2 emission factor of MDO equals HFO, about 11 t of CO2 emissions are estimated (emission factor 

taken from Basener et al. (2016)). 

4.5 Other vessels 
Further air pollutant, GHG and noise emissions from beyond the quayside may arise from harbour 

cruise boats that may visit cruise ships during a port stay. During a typical tourist port tour by boat, 

tourists take the chance to get a close look at an ocean-going cruise ship. At the Cruise Terminal 

Steinwerder, about 70 tourist boats may visit a cruise ship during a sunny summer day. About 80 

harbour cruise boats operate in the Port of Hamburg, some of them being up to 90 years old (Helmke 

2006). The engine power of a typical harbour cruise boat (estimated to roughly 300 kW) amounts up 

to 5% of the diesel generator power of a typical cruise ship at berth (6.4 MW, see above). However, as 

each boat stays for only about 15 min in vicinity of the cruise terminal, each boat contributes about 

0.1% of the energy consumption of a cruise ship at berth during a cruise ship call (10 h at berth). Thus, 

during a cruise ship call all harbour cruise boats contribute about 7% of energy consumption of a cruise 

ship. 
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Figure 10: Bunker barge (left) and harbor cruise boats at the Cruise Terminal Steinwerder. 

Additionally, bunker barges and barges for disposal handling can be relevant air pollution and noise 

sources. LAIRM Consult GmbH (2013) approximated a sound power level of 100 dB(A) for a river barge 

at bunker operation. DW-ShipConsult (2017) showed that noise emission from bunker operation is 

characterized by high tonality (squeaking). 

  

© DW-ShipConsult, Matthias Fischer 
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5 Mitigation measures 
There exists a variety of emission mitigation measures on scope and scale that can be applied for a 

cruise terminal location. The mitigation measures presented in this chapter relate to the described 

emission sources of the previous chapter 4. Due to the different nature of noise emission, mitigation 

measures for noise are presented separately. 

5.1 Cargo handling and pier equipment 

5.1.1 Electrification and use of alternative fuels 

The allowed threshold limits for air pollutants for non-road mobile machinery are already strict (see 

Directive 97/68/EC). Nevertheless, the use of electrified equipment can further benefit air pollution, 

but especially benefit the reduction of GHG and noise pollution. Almost all mobile machinery (e.g. 

forklifts) can be equipped with electric drives and its electrification leads to zero emissions, at least 

locally at the terminal area. However, from a regional perspective the production of emissions is 

shifted to power plants, if no renewable energy sources are used. 

Electric forklifts are available from lift capacities of roughly 1.5 t to 9 t. Most electric forklifts operate 

in the 1.5 t to 3 t range (Gaines, Elgowainy and Wang 2008). Battery charging is a key challenge of 

electric forklifts. The terminal needs to be fitted with adequate electricity supply to enable efficient 

forklift charging. According to López (2017), the electric forklifts at the Cruise Terminal Steinwerder 

operate about 10 h per day, if a cruise ship is at berth. During this time they are well able to operate 

without interim charging of the battery. Charging is conducted overnight, which is sufficient in time to 

fully recharge. Due to the absence of exhaust gas emissions electric forklifts are - in contrast to diesel-

driven forklifts - allowed to operate in confined spaces. They can be used indoor and outdoor, which 

is a key advantage in luggage handling.  

Capital costs of electric forklifts are estimated to exceed diesel forklifts by about 30% 

(Staplerberater.de 2018). Operational costs of electric forklifts equal those of diesel forklifts or are 

even lower if manpower savings for refuelling are included (Howe 2017). 

Hybrid, fuel-cell powered forklifts can reduce the charging requirements of purely electric driven 

devices. Usually, the hybrid system consists of a fuel cell that powers the electric driving, including 

brake energy recovery and intermediate energy storage. Depending on the fuel (typically gas) used, 

these hybrid forklifts are able to reduce its air pollutant and GHG emissions to nearly zero. They can 

be refuelled in less than 5 minutes (Gaines, Elgowainy and Wang 2008). However, the use of fuel-cell 

powered forklifts creates a need for safe fuel storage.  

In addition to wholly electric machinery, forklifts and cranes can be fuelled with liquefied petroleum 

gas (LPG), propane gas or natural gas solely. The advantage of this is not only that it causes fewer air-

polluting and GHG emissions, but that it is also quieter than diesel-fuelled equipment (NABU 2015). 

The electrification of cargo handling equipment reduces the noise emissions due to the absence of 

combustion processes. Linde forklifts with a load rating of 3.5 t have sound levels at the drivers’ ear of 
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77 dB(A) when combustion-driven (diesel, LPG or CNG powered) and 50 dB(A) when electric driven 

(Linde 2017, 1) (Linde 2017, 2). 

Automatized and electrified luggage handling has the potential to further reduce emissions at the 

cruise terminal, for example by reducing the number of forklifts needed for cargo handling. Literature 

in this field is still scarce, but knowledge of airport luggage handling procedures may be transferred to 

cruise terminal operations. 

5.1.2 Staff training 

Each person can contribute and make a change with actions and new ideas. Thus, to raise awareness 

for environmental issues, like air quality and noise, it is recommended to conduct staff training among 

all the people working on a terminal. Similar trainings are already conducted on board of cruise ships, 

as it is for example the case at Costa Cruises: “Crew members receive training focused on raising 

awareness of the potential environmental impact of on-board practices” (Paloti 2017). 

Training crane and forklift drivers in how to operate fuel-efficiently can contribute to fuel savings as a 

short-term and low-threshold measure. The Port of Trelleborg conducts “eco-driving training” for 

“personnel who operates heavy machinery” and could achieve a reduction in fuel consumption of 

approximately 0.4 l per hour (Swiftly Green 2015). The EUROGATE Container Terminal in Bremerhaven 

conducted feasibility studies for eco-driving. In test drives for straddle carriers, savings of 7% were 

achieved (Swiftly Green 2015).  

Especially switching off forklifts, trucks and cranes not in use can decrease the fuel consumption 

significantly. An alternative to staff training can be the implementation of auto idle locks, which switch 

off the engine after 3 or 5 minutes automatically. In conjunction with speed reduction and other 

measures, the implementation of auto idle locks resulted in an annual decrease of 5-10% in fuel 

consumption at the Port of Trelleborg (Swiftly Green 2015). 

Driver training can also reduce noise emissions from cargo handling and pier operations. Slower driving 

and foresighted acceleration/ braking reduce the typical roaring noise of forklifts. Further potential lies 

in the training of cautious lifting and lowering of cargo boxes to reduce the noise production from 

clashing boxes. 

5.1.3 Noise attenuation for luggage boxes 

On cruise terminals the transport of luggage from the pier onto the cruise ship is carried out with 

luggage boxes for cranes. Often the impact of these boxes, containers or other equipment which are 

lowered down to the floor cannot be decreased. The impact energy would be decreased by decreasing 

the velocity of the items being bumped to the floor. Due to workflow requirements and available cargo 

handling times, this is typically not feasible. 

There are principally two methods available to reduce radiated airborne noise: 

1. Reduction of excitation force in the frequency range of structural response. This is possible by 

elastic feet to prolong impact time  
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2. Reduction of structural response by application of additional damping, for example 

constrained layer damping.  

Elastic support feet can be installed at the bottom of these items. These can be made of simple natural 

rubber, soft material of shore hardness of 50° or less is preferred. These bump rubbers increase the 

timespan, in which the energy of the item is released, thus decreasing the maximum forces. This 

enables significant noise reduction potential. The theoretical background is for example shown by 

Elmer, Betke & Neumann (2007): that the maximum impact force is halved the impact duration is 

quadrupled at constant impact energy. Thus, the maximum radiated sound pressure is lowered by 3 

dB. The impact timespan decreases with softer bump rubber materials. Therefore, even higher impulse 

noise attenuation can be achieved. 

Damping material is widely used in many applications to reduce undesired radiation from plate 

structures. This material is found in cars as well as in ships or household appliances like washing 

machines. This material is either glued on top of a plate (of the luggage box) or placed between this 

plate and an additional this plate. The latter version provides higher structural damping and provides 

mechanical protection of the damping layer. Therefore, the constrained version is recommended for 

luggage boxes. For items with initially very low damping the constrained layer damping can reduce up 

to 10 dB of radiated noise. 

Both technologies are very simple to install and naturally come along with only minor capital costs. No 

operating and maintenance costs apply. 

5.1.4 Summary and discussion 

It was shown that electrification can lead locally to zero emissions (air pollution and GHG) at the 

terminal area.  

At cruise terminals, electric forklifts are well able to replace conventional ones. If adequate battery 

charging systems are at hand, no downfall arises from refuelling, compared to diesel refuelling. Due to 

overnight charging, costs of refuelling even drop. One major advantage is the possibility to operate 

indoor and outdoor. Noise can be reduced by factors higher than 10 (reductions > 20 dB). 

Hybrid (mostly fuel-cell powered) technologies reduce charging time of batteries. In dependence of 

the additional fuel (typically gas/ LNG) emissions can be reduced to close zero. Hybrid and gas 

powering can be implemented in forklifts, mobile cranes and any other machinery with self-propulsion. 

Automatized luggage handling is already widely spread in airport operations and can be transferred to 

cruise terminal operation. 

On-board as well as onshore staff training is able and needed to raise awareness for environmental 

issues. 

Driving training (forklift, mobile crane, etc.) enables the staff to reduce emissions without further 

technology improvements. Switching off idling machines and auto idle locks can decrease fuel 

consumption. Driving training can also focus on noise (cargo handling, acceleration/breaking) and thus 

reduce correspondent emission. 
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Luggage boxes can be fitted with rubber bumps and constrained layer damping, which enables noise 

reductions of up to 10 dB. 

5.2 Terminal building  

5.2.1 HVAC optimization 

According to Rosone (2016), HVAC operation can easily be optimized by regular maintenance. 

Changing clogged air filters is a basic measure to prevent steady increase in HVAC energy consumption. 

Besides, adjusting the desired air temperature closer to the ambient air temperature will save 

significant amounts of energy consumption. According to Rosone (2016), a change of the HVAC system 

in summer from 25.6 °C to 23.9 °C increases the energy consumption by 18% and a change from 25.6 

°C to 22.2 °C increases the energy consumption by 39%. Analogous correlations may apply for 

wintertime. In this context, it is worth remembering that for example the HVAC system of the Cruise 

Terminal Steinwerder is set to 21°C all over the year. 

A change of the heating system from conventional (fossil) to district heating can reduce the air 

pollutant and GHG emissions significantly. For example, the Port of Trelleborg has considerably 

reduced its use of fossil fuels by this measure (Swiftly Green 2015). According to Rudeberg (2017) and 

Solerud (2017), the Ports of Stockholm totally omit traditional oil burning for heating operations. 

District heating is one of their measures to supply 80-90% of the total heat consumption by non-fossil 

heating. “The proportion of renewable or reused fuel is 89[%]” for district heating. Since 2005, the 

CO2
eq-emissions decreased from 5,500 tons to 0.66 tons, “mainly because of the switch from fossil oil 

to district heating”. Additionally, district cooling is used. “The district cooling is mainly produced from 

sea water but also from excess cooling from the production of district heating”. To supply the cruise 

terminal the Ports of Stockholm use geothermal heating. 

As emissions decrease with heating or cooling demand, highly insulated buildings help to reduce local 

air pollutants. If terminal buildings are built energy efficiently, they save energy and thereby reduce 

harmful air pollutants. A very energy-efficient form is a passive house that does not use energy at all.  

5.2.2 Increase of vehicle emission standards 

Another measure to reduce emissions from road traffic related to terminal operations is a ban on 

polluting terminal equipment. For example, only trucks with EURO V or EURO VI standard could be 

allowed on the terminal area. Besides, also cargo handling equipment can be updated to meet the 

higher EURO standards. A switch from EURO I to EURO VI of two typical forklifts at a cruise terminal, 

operating 10 h per day and 200 days per year, would result in emission reductions of 180 kg PM and 

2.3 t NOx. One possible way to achieve this measure would be the replacement of machinery with low 

Euro norm standards. Retrofitting diesel particle filters (DPF), selective catalytic reduction systems 

(SCR) or alternative drive technologies would be another way to go (NABU 2015). On-road traffic fuel 

is already strongly regulated and cleaned from pollutants. However, by use of particle filters, diesel 

exhaust could be further clarified. A DPF installation on the type of forklift, which operates at the Cruise 

Terminal Hamburg, is illustrated in Figure 11. Particulate filters show a significant cleaning efficiency: 

according to GenCat (2017) and Majewski (2011), diesel particulate filters are “capable of reducing 
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© EHC Teknik GmbH 

 

particulate matter (PM) from the exhaust of a diesel engine by more than 90%”. For forklifts of 3 – 5 t 

load rate, retrofit costs range from roughly 3000 EUR to 7000 EUR, with maintenance costs of zero to 

1.5 EUR per operating hour (depending on filter type) (EHC 2018) (Johnson Matthey 2018). Nowadays 

the retrofit option is still not common due to non-existing regulations. 

 

Figure 11: DPF installation on forklift. 

5.2.3 Noise barrier 

In case the emission levels of noise emitting equipment on the pier and at the terminal area cannot be 

attenuated sufficiently, noise barriers are an option to reduce at least immission impact at selected 

locations. They impede sound radiation from source to receiver, as they block the direct propagation 

of sound. The area behind the barrier is called acoustic shadow, where levels are decreased. They can 

be fitted with noise damping material to reduce reflection at the barrier. Typically, such noise barriers 

are installed beside highways or railways. Noise barriers are more effective in the upper frequency 

range than in the lower one. In dependence of frequency, practical maximum noise reductions of 25 

dB can be achieved. 

 

Figure 12: Schematic diagram of a noise barrier. 
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The placement of noise barriers is case dependant. Typically, the terminal building itself acts as a noise 

barrier to the pier area, such as at the cruise terminal Steinwerder. It has to be determined, if noise 

propagation sideways the terminal building needs to be attenuated by a barrier. 

A parking lot for noisy machinery, such as cooling aggregates of supply trucks, can be installed below 

the roof of the terminal and surrounded by noise barriers. This would baffle much of the cooling 

aggregate’s noise from residential areas in the vicinity. 

5.2.4 Summary and discussion 

HVAC maintenance and cleaning is a basic step towards energy consumption reduction. Adjusting the 

indoor temperature closer to the ambient has a significant impact on energy consumption (up to about 

40%). 

Alternative energy supply to HVAC systems show potential to reduce air pollution and GHG emission 

towards near zero. Actual options are district heating and cooling, renewable biofuels and geothermal 

heating. 

Energy efficient building shells like passive houses with high insulation reduce heating and cooling 

requirements.  

Although ports are typically not in charge to regulate on-road passenger traffic at the terminal area by 

emission classes, they are well able to specify requirements for cargo handling and pier equipment. 

The highest EURO class VI appears appropriate to meet expectations on air pollutant emission 

reductions. SCR and DPF refits enable existing machinery to comply with this class. 

Noise barriers enable noise reductions of up to 25 dB. Typically, the terminal building itself already acts 

as a noise barrier. Further installations have to be evaluated for each individual case. Parking lots for 

noisy machinery, surrounded by noise barriers, are a promising option to reduce noise from supply 

traffic. 

5.3 Road traffic 

5.3.1 Implementation of smart traffic logistic concepts 

A reduction of passenger traffic emissions can be achieved through the reduction of traffic by the 

implementation of smart traffic strategies. Mainly air pollutants and GHG would be affected. The 

impact on noise emission was estimated by DW-ShipConsult (2017) for an exemplary, simplified case 

at the cruise terminal Steinwerder to result up to a decrease of 2 dB. However, for a more detailed 

analysis further research would be required. The use of buses or trains generally allows fewer 

emissions per passenger as the use of passenger cars. Naturally, the implementation of a bus station 

would be less cost intensive and more flexible than a train station. As part of a park-and-ride system a 

bus link can provide an adequate transit from external parking lots, thus reducing the local emissions 

at the terminal. Furthermore, direct links from the central station and airport to the cruise terminal in 

combination with financial incentives for passengers can reduce the car traffic volume at the terminal. 

Such an option can be implemented by smart links, aligning the departure and arrival times of the 

traffic partners (ESPO 2016). The offer of automated luggage handling from airport or central station 
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to cruise ship can act as a further incentive for cruise passengers to use public transport. The Port of 

Savona serves as an example: Its cruise terminal is directly connected to the train station by private 

bus (ESPO n.d.).  

If coupled with the use of alternative fuels or electrification of public transport, air pollutant and GHG 

emissions from passenger transport can be further reduced significantly. Public buses operating at the 

terminal areas of the Ports of Stockholm are powered by renewable energy fuels (Rudeberg and 

Solerud 2017). 

Cost estimations and quantified emission reduction potentials in literature are scarce. This may come 

due to the limited potential for generalisation, as this measure is still quite innovative. 

5.3.2 Implementation of alternative cooling units 

Emissions from cooling units of food supply trucks can be reduced by using alternative engine 

concepts, like the ‘Dearman Transport Refrigeration Unit’. It is powered by liquefied (cryogenic), pure 

nitrogen, which simultaneously drives a piston engine without any combustion process and provides 

coldness to the cooling circle. The resulting exhaust, which is pure nitrogen (N), is not considered as 

air pollutant or greenhouse gas. Locally, zero GHG, NOx and PM are emitted. Emissions are shifted 

regionally to the liquefying plants and depend on the power mix used for production. Also noise 

emission benefits are gained, as cooling operations “will meet the 60 dB(A) limit under the PIEK 

standard” compared to noise emissions of diesel powered refrigeration units of over 80 dB(A) 

(Dearman Technology Centre 2017). 

 

Figure 13: Schematic drawing of truck with cryogenic cooling unit (Cooling Post 2014). 

Supply operations of cruise ships usually come along with waiting times for the supplying food trucks 

and long operation times for cooling units. When using conventionally (diesel) driven cooling units, air 
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pollutant, GHG as well as noise emissions can be reduced by connecting the cooling units to stationary 

electricity supply. Thus, the combustion engine of the cooling unit can be turned off. An additional 

(refrigerated) storage house for short term storage at the terminal are would be another possibility to 

reduce waiting times and thus emissions from supply trucks (example: Port Everglades). 

5.3.3 Summary and discussion 

A shift of passenger traffic from private cars to public transport reduces the traffic volume and thus 

emissions from traffic at the terminal. Smart traffic links from traffic nodes like airports or central 

stations to the cruise terminal offer incentives for passengers not to arrive by car. If powered by 

alternative fuels or electrification, emission from public transport can be further reduced. 

Alternative cooling technologies of reefers, like cryogenic cooling units, enable significant air pollutant, 

GHG and noise emission reductions down to near zero. Cryogenic cooling units omit combustion 

processes; instead they operate with deep cooled, pure nitrogen emitting no environmentally harmful 

exhaust.  

Reefers in waiting position can be connected to and powered by the electricity grid. This reduces air 

pollutant and GHG emissions at the terminal to zero and decreases noise emission. 

5.4 Associated other vessels 
Basically, the same mitigation measures, as described for cruise ships at berth (see chapter 5.6), are 

likely to be applicable to smaller associated vessels like bunker barges or harbour cruise boats, too. 

Noteworthy technologies are exhaust gas treatment systems, engine intern measures and alternative 

fuels. 

In addition, the usage of alternative fuels can reduce CO2 emissions from port vessels. Since February 

2017, the whole HPA fleet (31 vessels) is powered by GtL-fuel. In a preceding study it was shown that 

by the use of GtL-fuel emission reductions of 49% PM and 10% NOx could be achieved (BUE 2017). The 

example of GtL-fuelled patrol vessels can be transferred to many vessels operating in cruise ports, such 

as tugs, bunker barges, sludge disposal vessels or harbour cruise boats. 

5.5 Increase of energy efficiency of onshore applications 
For stationary onshore applications, an increase of energy efficiency typically comes along with 

decreased electricity consumption. Contrary to cruise ships, where electricity is produced on board by 

the diesel generators, no local emissions arise when using electricity at the terminal. However, 

emissions do not vanish but are rather shifted regionally to power plants (coal, nuclear, wind, 

photovoltaic, etc.). Thus, the following measures do not contribute towards local but regional emission 

reductions. They are listed for the sake of completeness and are not regarded for comparison and 

recommendation in later chapters. 

5.5.1 Efficient and intelligent lighting 

Many strategies towards energy efficiency rely on energy efficient lighting. LED driven lighting can 

reduce energy consumption by 60% in comparison to neon tubes, while expanding the expectable 

lifespan by up to five times. Furthermore, LED driven lighting can endure significantly higher operation 
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cycles (TEC-Institut für Technische Innovationen GmbH & Co. KG 2014). Another study  shows a lifespan 

increase of LED tubes by up to 2.5 times compared to compact fluorescent tubes (neon tubes) and cost 

reductions of 34% on a 15 years span (Horgan and Dwan 2014). Furthermore, LED technology is more 

environmentally friendly than neon tubes as it does not contain any mercury. This technology could 

be easily refitted in cruise terminals, as only light bulbs or tubes need to be exchanged. 

Energy of lighting can be further reduced by implementing intelligent lighting control systems, like at 

the Ports of Stockholm. By recognizing passengers or cars, it automatically adjusts the extent of lighting 

in certain areas (Rudeberg and Solerud 2017). According to Solerud (2017) from Ports of Stockholm, 

“the installations of LED-lighting and modern control systems have decreased the energy consumption 

for lighting in our port areas by 50% from 2 Mio. kWh to 1 Mio. kWh”. Intelligent light systems 

contributed 70% and LED lighting contributed 30% towards this achievement. 

5.5.2 Improvements of energy efficiency classes 

Generally, improved energy efficiency reduces air pollutants and GHG and - as a positive effect - even 

costs. When less energy is needed, less fuel is burnt and fewer emissions are emitted. One way to 

increase the energy efficiency is by implementing a consistent strategy for energy efficiency class 

improvement. The energy efficiency of equipment can be compared by its respective energy class. A 

consequential strategy for energy efficiency improvement is the use of electric equipment with high 

energy classes like energy class A (or higher, depending on scale). For example, the Port of Setúbal and 

Sesimbra in Portugal takes this measure, beside others, to reduce its electricity consumption (ESPO 

2013). 

5.5.3 Sustainable terminal building and installation of renewable energies 

Wherever energy from fossil fuels is replaced by energy from renewable sources, emissions are 

reduced by about 100%. The power consumption of the electrified equipment and the terminal 

building itself can be (at least partly) covered by renewable energy power production on the terminal 

side. Photovoltaic installations can be an option of electric power generation on non-occupied areas 

such as terminal rooftops. However, economic feasibility of photovoltaic installations is case 

dependant. Beside others, one important factor is solar irradiation per year. Investment costs for 

photovoltaic installations have been dropping significantly for the last 10 years, as illustrated in Figure 

14 for small scale photovoltaic rooftop installations. 
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Figure 14: Price development for photovoltaic rooftop installations (<10kWp) (Photovoltaik.org 2017) 

The Port of Los Angeles installed over 1 MW of solar power on its areas (PIANC 2014). The Ports of 

Stockholm installed photovoltaic systems of about 550 kW maximum power output with a 

photovoltaic cell surface area of about 5,400 m², generating 510 MWh/year (Ports of Stockholm 2017). 

However, it needs to be mentioned that both examples not only refer to cruise terminals but the whole 

port area. The rooftop area of Cruise Terminal Steinwerder encompasses approximately 17,500 m² 

(building: 12,600 m², canopied parking spaces: 4,900 m²). Assuming similar environmental 

circumstances, the example of photovoltaic installations in the Port of Stockholm can be scaled by 

surface area to fit the terminal Steinwerder. This rough estimation results to 1,650 MWh/year, 

neglecting geographical and meteorological differences. Furthermore, whether a photovoltaic 

installation pays off is strongly dependant on the actual electricity rate. 

To further reduce air pollutant and GHG emissions, wind turbine installations on the terminal area 

might be a future solution. However, no example could be found for wind turbine installations on top 

of cruise terminal roofs yet. Detailed studies need to be conducted to further estimate the technical 

and financial feasibility. 

 

Figure 15: Wind turbines and photovoltaic installations on a rooftop (DETAIL 2010). 

© Photovoltaik 
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An example of a combined wind turbine and photovoltaic installation on a rooftop is shown in Figure 

15. The office building, located in Mainz, is equipped with 16 wind turbines on its roof, which produce 

roughly 132 MWh per year. Additionally, the photovoltaic installation of 350 m² produces about 45 

MWh per year (DETAIL 2010). 

Lastly, if the installation of own renewable energy technique is not feasible, terminal operators can 

buy green energy from an energy provider to equilibrate their own consumption. 

5.5.4 Summary and discussion 

Energy efficient lighting by LED technology reduces energy consumption by up to 60%, increases the 

device lifespan by up to 2.5 times and cuts energy costs by around 30%. Additionally, it does not 

contain any environmentally harmful materials. 

Intelligent lighting control systems, which automatically adjust light intensity according to passenger 

volumes, were shown to reduce energy consumption by around 35%. 

Energy efficient devices require less energy thus reducing any fuel consumption. Energy classes are a 

convenient scale to evaluate existing devices and the need for newbuilds. 

Photovoltaic installations enable terminal operator to (at least partly) cover their energy consumption 

by renewable energy, thus reducing the air pollution and GHG footprint by up to 100%. Typical flat 

terminal rooftops depict optimum platforms for photovoltaic installations and enable large quantities 

of electricity production. Recently, investment costs have been dropping steadily and halved in the last 

8 years.  

Wind turbine installations on terminal rooftops are still dreams of the future and need to be further 

evaluated. 

Alternatively, terminal operators can buy green energy from an energy provider to equilibrate their 

own consumption. 

5.6 Cruise ship at berth 
Currently, two options are available to meet the power demand at berth: the use of on-board 

generator engines or of external power supply from shore side. Exhaust emissions of generator engines 

can be tackled on the fuel-side by using alternative, more environmental-friendly fuels like LNG or low-

sulphur fuels. To reduce emissions from combustion of standard marine fuel (HFO/ MDO/ MGO), 

exhaust gas treatment options like SCR or scrubber systems are contemplable. 

It is noteworthy to mention that the provided cost estimations are not related especially to cruise ships 

but to ocean going vessels in general. 

5.6.1 Use of onshore power supply 

Onshore Power Supply (OPS, also called “Cold Ironing” or “Shore Power”) describes the technique of 

electricity supply for a ship at berth. This way, the generator engines can be switched off for the 

duration of time it remains there, leading to nearly zero emission at the respective location.  From a 
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regional perspective the emission release is shifted to stationary power plants, if no renewable 

energies are used for power supply. 

 

Figure 16: Functional principle of onshore power supply (Hamburg Port Authority 2017) 

At least in European countries, converter stations onshore are needed to convert the European shore 

frequency of 10 kV/50 Hz to the more common international frequency of 11 kV/60 Hz which is 

typically used on-board cruise ships. Suitable shore power equipment is not only needed at the port 

side but also on-board of the cruise ship. 

The emission reduction potential of OPS is exemplary shown for one cruise terminal in Hamburg 

(Figure 17). The Hamburg Port Authority installed an OPS station for cruise ships at the Cruise Centre 

Altona which is in operation since October 2016. The facility can supply cruise ships of max. 12 MVA 

power and 11 kV/60 Hz or 6.6 kV/60 Hz. In 2016 and 2017, the station supplied 10 vessel calls and thus 

reduced 0.1 t SOx, 0.02 t PM10, 3.2 t NOx and 187 t CO2. During a typical port stay of 12 h at berth, OPS 

can save 71% of SOx and PM10 t, 89% of NOx and 71% of CO2 emissions (in comparison to the use of 

MDO/MGO) (HPA 2018). In 2016 at the Port of Vancouver, 54 shore power connections to cruise ships 

were established, which resulted to 689 tonnes of fuel savings and 2,776 MWh of shore power 

electricity consumption (Olszewski 2017). Thus, by scaling up the emission reductions presented for 

Hamburg, reductions of 0.54 t SOx, 0.11 t PM10, 17.3 t NOx and 1010 t CO2 were achieved. 

 

Figure 17: Stationary OPS station at the Cruise Center Altona in the Port of Hamburg. 

An alternative less costly solution to stationary shore power facilities can be a mobile block-type 

thermal power station based on a floating barge. The Hummel, a floating 7.5 MW LNG power plant, 

© HPA, Christian Bruch © HPA, Anika Beiersdorf 
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started operations at the Cruise Centre HafenCity in May 2015 (Figure 18). The LNG hybrid barge, 

designed and built by Becker Marine Systems and built jointly with AIDA cruise line, is equipped with 

five generators that supply low-emission electricity to cruise ships. The use of LNG instead of 

MDO/MGO results in emission reductions of the barge of 99% SOx, PM10 and 80% NOx as well as 20% 

of CO2 (DNV GL 2015) (Becker Marine Systems 2018). However, due to potential risk of methane slip, 

the assumed effects of GHG reduction are close zero. 

 

Figure 18: LNG hybrid barge at the Cruise Centre HafenCity in the Port of Hamburg. 

Even when using onshore power supply, cruise ships generally need to run auxiliary boilers to sustain 

sufficient heat production. Therefore, the hoteling emissions of cruise ships cannot be reduced to zero 

by OPS technology. However, the emerging technology of low-NOx burners in maritime applications 

promises theoretical reductions of 40-85% of NOx (relative to uncontrolled burners) (Anderson, et al. 

2015). 

According to SLR Consulting Australia Pty Ltd (2016), “shore based power, as an alternative to on-ship 

power, would result in a noise reduction of up to 10 dB(A)”. 

Cost estimations for construction of onshore power supply facilities vary from 5 Mio. EUR to 20 Mio. 

EUR per berthing site (Uniconsult 2014). The Starcrest Consulting Group (2012) summarised the typical 

costs to provide shore power at a berthing site in North America to roughly $1 - $15 Mio. The costs for 

cruise vessel shore power installation (service for two berthing sites) at the Port of Vancouver in 2009 

summed up to C $9 Mio. (Olszewski 2017). The Port of Oslo estimated costs of 12 Mio. EUR to build up 

shore installations for simultaneous power supply of two cruise ships at berth (Port of Oslo 2015). 

According to the HPA (2017), the construction costs of the Onshore Power Supply station at the Cruise 

Centre Altona was 10 Mio. EUR and 2 Mio. EUR at the Cruise Centre HafenCity.  

For on-board installations and shipside infrastructure, capital costs range from $400,000 - $2 Mio. per 

ship, depending on the ship type and size. It was observed that costs have been coming down due to 

more refits and standardized designs (Starcrest Consulting Group, LLC 2012). 

The barriers for port authorities relate to high costs from electricity prices and grid investments. The 

ports face total electricity charges that include taxes, levies and charges related to the promotion of 

© Becker Marine Systems 
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renewable energy. The investment costs for establishing OPS are very dependent on the grid 

connection cost which varies with existing available grid capacity. Grid charges are structured in a 

variety of ways with fixed and variable elements, based on capacity and electricity consumption. 

Several ports face a high total electricity charge, largely driven by high grid tariffs and tax levels in (DNV 

GL 2017).  

The illustrated cost estimation examples imply that high up-front capital costs are necessary to 

implement OPS in a cruise terminal. There need to be a relative high number of OPS ready ship calls 

and an attractive price model that the shipping companies invest and use the offered external energy 

facilities. The offer of diverse OPS facilities in ports will increase the number of OPS ready cruise 

vessels, and vice versa (“chicken and egg problem”). The development of an attractive price model is 

dependent of national electricity costs, fuel price and number of OPS ship calls. Port authorities offer 

environmental incentives in the port fees, like Environmental Ship Index or Green Award, to promote 

the investment in these clean technologies. More effective would be the introduction of an OPS 

utilization regulation at European level, like the “At-Berth Regulation” in Californian Ports, to secure 

the utilization and to minimise port financial risks (California Air Resources Board 2018). Detailed 

business cases for five partner ports of the Green Cruise Port project have recently been studied by 

DNV GL (2017). 

5.6.2 Engine-internal measures 

Beside the options mentioned in the subsequent paragraphs, engine-internal measures are available. 

Exhaust gas recirculation (EGR), Miller-Cycle or water injection are only a selection to mention. Instead 

of cost-intensive secondary measures like exhaust gas treatment, these options provide possibilities 

to reduce NOx where it emerges (Yfantis 2016). Many of those methods are well able to gain 

compliance with IMO TIER II, but it remains a great challenge to comply with IMO TIER III. However, as 

stated by MAN (2017), EGR is able to meet IMO TIER III. According to NRDC in 2012, capital costs of 

EGR can be estimated as $60 - $80 per kW of engine power with operational costs ranging from 4% to 

6% of fuel costs (Fung, et al. 2014). 

Engine-internal measures are prone to be implemented in new buildings, as replacements of engines 

in existing ships typically come along with very high costs (cut open of hull and superstructure).  

5.6.3 Exhaust gas treatment 

5.6.3.1 Installation of diesel particle filters (DPF) 

Diesel particulate filters are exhaust gas treatment systems that significantly reduce PM and black 

carbon (BC) emissions from diesel-fuelled vessels by up to 99.9%. Noise reductions of 25 – 30 dB can 

be achieved (SOLFIC 2018). DPFs typically use a porous ceramic or cordierite substrate or metallic filter 

to physically trap PM and remove it from the exhaust stream. DPFs can be coupled with closed 

crankcase ventilation or selective catalytic reduction (SCR, see chapter 5.6.3.2) for additional emission 

reductions. A prerequisite for the installation of such a filter is the use of fuel with a maximum sulphur 

content of 0.5% as the filters are blocked by sulphur depositions otherwise. Passive filters require 

operating temperatures high enough to initiate combustion of the collected soot and require periodic 

maintenance to clean out non-combustible materials such as ash. 



 

  

 

Page 37/66 

Up to now, DPFs are only implemented in yachts or research vessels as pilot projects as there is no 

IMO or EU regulation to install such filter units. Next to the costs for investment and maintenance, 

DPFs can increase the costs for fuel consumption. Particle filters for inland shipping vessels showed 

additional fuel consumptions of 1 - 5%. Investment costs range from 100 - 160 EUR/kW (engine power) 

(GL 2008). 

The treatment of a ships exhaust gas is also possible with onshore based installations. A system of 

exhaust gas aspiration was tested by the Port of Long Beach, operating both crane and barge based 

aspiration (JOC 2014).  

5.6.3.2 Installation of selective catalytic reduction systems (SCR) 

Removal of NOx from the exhaust gas is usually done via selective catalytic reduction (SCR). These 

systems are long-term proven with the first on-board installations dating back to 1989 (GL 2008). SCR 

systems convert NOx emissions into N2 (nitrogen gas) and water when a reductant such as ammonia 

or urea is added to the exhaust. The fumes need to have a certain temperature of approximately 270 

- 500°C (usually 320°C) for SCR to work properly (GL 2008). Particulate filters (see chapter 5.6.3.1) and 

SCR systems can be combined.  Technically, NOx reductions of up to 95% or more could be achieved. 

Currently, “the SCR technology is the most efficient method to reduce NOx emissions from ships 

(Chopra 2017). For a reduction of 90%, which is sufficient to comply with IMO TIER III standard, the 

injections of roughly 15 g/kWh (engine power) of urea is necessary (GL 2008). 

The life cycle of the SCR systems is strongly dependant of the sulphur content in the burnt fuel as it 

influences the filter functionality. For 1.5% sulphur content fuel, the converters need to be exchanged 

every five years. Soot blowers are usually used to clean SCR systems from deposits (GL 2008). 

Retrofitting can be relatively simple to conduct, as in some cases the SCR is able to replace the exhaust 

silencer. Typical noise reductions of the SCR are 8 – 10 dB (Fathom 2015). In these cases, additional 

space requirements are low (Schuster 2007). Refit projects could usually be finished within 1-3 weeks 

when docked (GL 2008). It is also possible to include a silencer in the SCR system (Wärtsilä 2017), thus 

enabling noise reductions of 35 dB (Fathom 2015). However, the issue is case dependent and needs to 

be evaluated for each specific ship design.  

According to MAN, typical costs for SCR range from 20 EUR to 15 EUR per kW including auxiliary 

equipment (decreasing costs per kW for increasing size) (Seidel 2017, 2018). According to NRDC, capital 

costs range from $40 - $135 per kW and operational costs range from 7 – 10% of fuel cost (Fung, et al. 

2014). These cost estimations are not specially related to cruise ships but to ocean going vessels in 

general. 

5.6.3.3 Installation of scrubber systems 

So-called scrubbers wash a ship’s exhaust gas in a subsequent treatment process to remove harmful 

particles and residues. As they lower the temperature of the exhaust fumes, they cannot be combined 

with a SCR system (see chapter 5.6.3.2) without further energy expenditure.  

Nowadays, scrubbers are the only exhaust gas cleaning technology to significantly reduce SOx 

emissions and are currently the only proven technology to allow the use of high sulphur content fuels, 
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while still being able to meet IMO regulations (Uniconsult 2014). Scrubbers can reduce sulphur exhaust 

emission by more than 90% which is sufficient to comply with SECA regulations (Entec 2005). PM 

emissions can be decreased by up to 80% and NOx emissions by less than 10% (GL 2008) (NABU, 2015, 

based on (COWI, 2012)). However, due to the additional power need for pumps and sodium hydroxide 

consumption, the engine load may increase by 1 - 2% of MCR (CIMAC 2008).  

 

Figure 19: Typical scrubber system, schematic view (www.cruiseind.com 2014). 

There are different scrubber types: wet scrubbers (for open-loop, closed-loop and hybrid operation) 

and dry scrubber systems. Wet scrubbers use the alkalinity of (sea) water to bind SOx and to cool down 

the exhaust gas. The amount of needed water increases with the sulphur content of the fuel and also 

with the exhaust flow rate and temperature (Walter 2012) . 

Open-loop wet scrubbers use seawater for cooling and scrubbing of exhaust gas. The processed 

seawater can be discharged back to sea after water treatment according to MEPC.184(59) while 

particulate matter of various chemical nature from the fuel remain in a form of sludge on board. 

Obviously, the advantage of this method is the unlimited source of fresh seawater and just few 

generation of sludge. Currently, there is uncertainty about the cumulative effects of scrubber water 

discharge. There is no uniform European standard, but in several ports and coastal areas the operation 

of open-loop system is already forbidden to protect the marine environment. Restrictions or even 

prohibitions of open-loop scrubbers may be predestined (Walter 2012). 

Closed-loop scrubbers use fresh water added with sodium hydroxide that is reprocessed on board in a 

closed water loop. The sodium hydroxide infusion maintains a certain alkalinity level. Like open-loop 

© Cruiseind 
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systems, sludge is produced and must be discharged on land. The sludge is classified as hazardous 

waste, similar to oil sludge disposal, and contains toxic substances such as heavy metals, metalloids, 

polycyclic aromatic hydrocarbons (PAHs), polychlorinated diphenyls (PCBs) and oil hydrocarbonates. 

Closed-loop systems require more installation space than open-loop systems due to increased system 

complexity. Closed-Loop Scrubbers are attractive for vessels that operate in areas where the discharge 

of wash water is forbidden (like on inland waterways) (Walter 2012). Besides, in seas with high amount 

of brackish water like the Baltic Sea the alkalinity of seawater can be too low for efficient open-loop 

scrubber operation. 

In dry scrubbers the exhaust gas is pushed through a reservoir of calcium hydroxide granulate, which 

reacts with the SOx of the exhaust gas to gypsum. This technology is widely used in onshore 

applications, but did not win recognition in maritime applications by now. 

Cost estimations for new installed scrubbers vary from 250 $/kW (engine power) (GL 2008) to 200 - 

400 EUR/kW (NABU 2015). At the beginning of 2017, the Carnival Corporation & plc completed the 

outfit of open-loop scrubbers in 60 cruise ships across its global fleet (MarineLog 2017). With a total 

investment of $400 Mio., the average investment per ship breaks down to roughly $7 Mio. A high-level 

cost estimation conducted by DNV GL (2014) estimates the total costs of $20 Mio. for the refit of a 

complete scrubber system for a 300 m cruise ship with four engines.  

Operating costs depend on engine load and operation time. A joint study from GL and MAN uses an 

average cost estimation of $5 per MWh for open- and closed-loop systems (GL/ MAN 2011). The NRDC 

estimated operational costs in 2012 of 1-3% of fuel costs, not including costs for maintenance and 

other consumables (Fung, et al. 2014). 

The main cost-related advantage of the installation of scrubber systems is the possibility of continuous 

use of comparably cheap HFO in SECA areas. This advantage stays as long relevant as the price 

difference of HFO and MGO is high and the discharge of wash water and sludge stays unregulated and 

cheap. 

According to a well-known producer of exhaust gas cleaning systems, scrubbers show very good noise 

reduction capabilities (average 27 dB) on the entire frequency spectrum. At lower frequencies (10 – 

30 Hz) reductions are about 10 – 22 dB, which is generally better than a typical silencer. However, 

noise reduction capabilities are reduced if an additional fan is installed: Noise reductions below 50 Hz 

are reduced to 8 – 12 dB. Above 80 Hz, the fan noise is dominating. Still, this is important because at 

low frequencies the noise reduction is difficult to achieve with a silencer. 

5.6.4 Use of alternative fuels 

5.6.4.1 Low sulphur fuels 

Most ocean-going vessels that operate outside SECAs use heavy fuel oil (HFO) with sulphur contents 

of about 3.5%. Marine gas oil (MGO) or marine diesel oil (MDO) are available with sulphur content of 

less than 0.1% and are usually applied to meet IMO regulations for SECAs (see chapter 3.1.2). The use 

of distilled fuels requires only minor changes in on-board fuel system, resulting in only low capital 
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investment for by the ship owner. By now, most of ship owners switched to distilled fuels like MGO to 

meet the 0.1% sulphur criteria (NABU 2015).  

MDO and MGO, both containing low sulphur amounts, as well as low sulphur heavy fuel oil are already 

relatively expensive. Fuel price for MGO (0.1% sulphur) at the Port of Rotterdam on 16 November 2017 

was around 52% higher than the high sulphur fuel IFO 380 (3.5% sulphur)1. An increase of price is 

expected with the expected increase in demand. In a future price scenario for 2020-2030, MGO might 

cost 160-220% of HFO on energy basis (Danish Maritime Authority 2012).  

5.6.4.2 Liquefied Natural Gas (LNG) 

Liquefied Natural Gas (LNG) is a fossil gas which is cooled down to -162°C to obtain liquid state. It is 

neither explosive nor flammable in its liquid state. It is considered to be the “cleanest fossil fuel 

available” by now (Uniconsult 2014). Particle emissions (PM10) get reduced by almost 100% compared 

to MGO, with the remaining parts being dominated by ultrafine and volatile particles. As LNG is sulphur 

free, SOx emissions vanish in the exhaust gas. NOx can be reduced up to 90% due to reduced peak 

temperatures in the combustion process (Danish Maritime Authority 2012). Due to the higher 

hydrogen-to-carbon ratio, CO2 can be reduced by up to 20% for conventional fossil LNG (CLEANSHIP 

2013). This is only half the truth, as modern gas exploitation (fracking technologies) comes along with 

highly discussed environmental impact. The use of LNG produces possible methane emissions due to 

the “methane slip” (20 times stronger greenhouse gas in comparison to CO2), hence reducing the 

positive greenhouse gas benefit again significantly (CLEANSHIP 2013). The ability to meet Tier III 

emission levels (see chapter 3.1.1) and SOx requirements (see chapter 3.1.2) in existing and future 

emission control areas without any exhaust gas treatment system is one of the biggest advantages of 

using LNG. 

Space requirements and fuel handling for on board storage still pose one of the main challenges for 

the use of LNG. LNG storage requires 2.5 to 4 times as much storage as conventional fuel oil storage, 

based on energy content (Bengtsson 2011). Dual-Fuel engines provide a possibility to run LNG beside 

conventional marine fuel and would open possibilities of direct LNG fuelling at berth while using 

conventional fuel at sea. Auxiliary boilers can also be fitted with LNG powering.  The AIDAprima is an 

example for being the first ship worldwide which is directly fuelled at berth by truck at every calling 

port. Figure 20 shows the fuelling operation by truck supply at the Cruise Centre Steinwerder in the 

Port of Hamburg. 

                                                           
1 Fuel prices (Rotterdam, 16.11.2017): IFO 380 (3.5%): 351.5 $/mt and MGO (0.1%): 535.0 $/mt  (BunkerIndex 
2017) 
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Figure 20: LNG fueling at berth by truck supply (AIDAprima at cruise terminal Steinwerder). 

Refitting an LNG or dual-fuel engine or boiler is highly cost demanding since substantial modifications 

of the whole system are necessary. Instead, this fuel option seems very attractive for newbuilds, as 

engine and space arrangements could be implemented from scratch (CLEANSHIP 2013). Additional 

investment costs of a typical dual-fuel engine for cruise ship generator sets, compared to a diesel 

engine of the same power rating, are estimated to about 65 EUR/kW (Seidel 2017, 2018). 

According to the Danish Maritime Authority (2012), the fuel price of LNG is relatively cheap, compared 

to HFO2. In future price scenarios for 2020 to 2030, LNG fuel prices on energy basis of 50 to 90% of 

HFO are estimated. These estimations are dependant of future LNG production, marked development 

and indexing the LNG fuel price to the oil price. 

Beside the challenges for ship owners and operators, ports need to provide LNG infrastructure and 

bunkering possibilities. Establishing such facilities is a widespread mission, as many ports in a cruise 

ship’s trade need to provide LNG to enable an economic shift to this technology. A study by the Danish 

Maritime Authority (2012) illustrates the cost scenarios for different LNG port sizes and concludes to 

costs of LNG distribution at 10 years payback of around 120-190 EUR/t of LNG. 

LNG can be in perspective replaced by Bio-LNG which could be produced by anaerobic digestion or 

gasification of biomass. Bio-LNG has the potential to significantly reduce CO2 emissions and is already 

being used for onshore applications (WPCI 2017). 

5.6.4.3 Methanol  

Methanol is a liquid fuel with a comparatively low heating value compared to diesel fuel. It is mostly 

produced from natural gas, but it can also be produced from biomass, waste or even CO2. According 

to Stena Line (2014), using methanol as a marine fuel will reduce SO2 emissions by 99%, NOx by 60%, 

PM10 by 95% and CO by 25%, compared to the use of bunker and marine fuels. Methanol meets the 

                                                           
2 Fuel prices (Vancouver, 20.02.2018): 386 $/t for HFO and 282 $/t for LNG (energy equivalent to HFO) (Ship & 
Bunker 2018); (Hamburg, February 2018): 542 $/t for LNG (estimation according to DNV GL (2018), including 
fuel transport from Rotterdam to Hamburg) and 368 $/t for HFO (Ship & Bunker 2018) 
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SECA and NECA emission requirements without any exhaust treatment. Prices of methanol are slightly 

higher than of HFO3. 

5.6.5 Increase of energy efficiency  

On-board power demand can be reduced by efficient energy management and can thus reduce air 

pollutant and GHG emissions. Energy efficient lighting systems, as described for cruise terminals in 

chapter 5.5.1, apply likewise for on-board applications. In 2015 Costa Cruises upgraded ten of its cruise 

ships with LED driven lighting to “enable a 60% reduction in the energy used to power each ship’s 

lighting” (Philips 2015).  

Energy efficiency improvements can be achieved especially for shipboard electrical systems. On ships, 

flow rate controls are realised typically by throttle controls and by-pass loops. In these systems, the 

pumps are running continuously at 100% load and the controls only reduce the flow rate (Räsänen and 

Schreiber 2012). If instead variable frequency technology (VFD) is used, throttle controls and by-pass 

loops can be omitted and the pumps can be operated at the desired load state. With VFD technology, 

on-board systems have the potential of efficiency improvements by up to 60% (Anderson, et al. 2015). 

5.6.6 Installation of exhaust silencers 

Possible silencer types for cruise ship installations are absorption silencers and resonator silencers. 

Absorption type silencers work by converting sound energy to heat. Resonator silencers work by 

reflecting the sound energy and thus eliminating certain frequencies. Other components in the exhaust 

line also contribute towards exhaust noise attenuation as shown above for SCR and scrubber systems.  

All listed components require thorough system design. For each design a reasonable combination must 

be selected with respect to technical and economic feasibility. Therefore, retrofits are in most cases 

very complicated. Anyway, there are possibilities available for retrofit in case of acoustic trouble. This 

is especially valuable for older ships which were designed with less strict requirements on radiated 

noise.  

Absorption silencers are divided in attenuation classes: Typical classes are EA 15, EA 25 and EA 35. The 

maximum sound attenuation of i.e. the EA 35 class yields about 40 dB at frequency ranges of 500 – 

1000 Hz. However, in most cases high noise levels from exhaust are radiated by low frequency tones. 

These can be very well treated by installation of an additional resonator silencer of branch-type design. 

If well designed, this silencer can yield additional 20 dB attenuation for selected frequencies. 

Due to the complex interaction with ship design, cost estimations of silencers are highly case 

dependent. However, a rough estimation of typical capital costs for each main exhaust silencer 

(absorption type) of a 300 m cruise ship with 4 generator sets amounts up to 80,000 EUR (ETB 2018). 

5.6.7 Noise reduction of ventilation systems 

In port the on-board fans are commonly operated continuously during the full berthing period. 

Ventilation fans on board ships generate two different characteristics of continuous noise. The audible 

impression is determined by: 

                                                           
3 Fuel prices (20.02.2018): 390 $/t for HFO and 420 $/t for methanol (Marine Methanol 2018) 
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1. Broad band noise (marked by red shaded area). Perceived as annoying in short distance where 

common comfort class noise limits are exceeded. 

2. Tonal noise (marked by red circles). Perceived as annoying in larger distance. 

All measures for noise mitigation are categorized in primary and secondary measures. 

Primary measures to reduce noise levels at the source: 

- Thorough design with focus on low noise emissions (Taken into account during purchase). If 

possible, choose especially fans with low tonal noise radiation 

- Good inflow: Avoid obstacles on suction side, e.g. massive support structures of grids 

- Ensure correct working point of the fan: All components with influence on back pressure in the 

duct must be taken into account for calculation of flow resistance. 

Secondary measures to reduce noise transmission. The most important secondary measures for 

ventilation fans are: 

- Choose reasonable fan position which allows attenuation to outside 

- Silencers installed in ventilation ducts. A broad overview of noise reduction measured, 

including their effectivity, is summarized in (VDI 2001)  

o Splitter type silencers 

o Duct silencers  

- Treatment of fan rooms (if present) 

o Absorption on walls 

o Avoidance of direct noise transmission from the fan into the intake opening 

- Silencers installed on intake openings 

o Acoustic louvres 

o Acoustic screens 

o Mushroom caps cladded with absorption for ventilation intakes on top deck 

All noise reduction measures for fans are subject to trade-offs. Besides cost especially the space 

requirements are governing for the selection of silencers. A less critical parameter is back pressure 

which must be taken into account for very large silencers. 

Due to the impact on available space on board only a fraction of the listed secondary measures is 

applicable for trouble shooting. In most cases only silencers on intake openings can be fitted quickly 

during berthing periods. Other measures, for example exchange of fan units or integration of 

additional duct silencers, are more invasive and can be conducted during the stay in a shipyard. 

5.6.8 Summary and discussion 

By implementing OPS, emissions from diesel generators in cruise ships at berth can be reduced 

significantly. Overall reductions from the ships’ side are roughly 70 – 100% NOx, 50 – 70% PM, 30 – 

60% SOx, 40% CO2 and 10 dB of noise. For on-board heat and steam generation the auxiliary boilers 

still need to operate. Additional equipment and installations are needed on board and onshore, which 

come along with capital costs of 0.3 – 1.6 Mio. EUR on board and 5 – 20 Mio. EUR onshore. 
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Engine-internal measures are able to meet emission restrictions of IMO Tier III but face challenges 

concerning reductions beyond these regulations. Highly cost intensive refits make this option prone to 

new buildings. Capital costs for new buildings range from 50 – 65 EUR/kW engine power, with 

operational costs of up to 6% of fuel costs. 

Exhaust gas treatment enables the ship operator to filter the exhaust from pollutants and can typically 

be performed by SCR, Scrubber or DPF installations.  

DPF systems show very high PM reduction potentials of more than 99%. They are not compatible with 

high sulphur fuel and are not common on cruise or freight ships yet. Investment costs range from 100 

– 160 EUR/kW engine power, with increased fuel consumption of up to 5%. 

SCR systems show high NOx reduction potentials of more than 90%. Additional urea solution has to be 

provided and stored. Typical lifecycles of the converters are 5 years (1.5% sulphur in fuel). Due to its 

noise attenuation qualities the SCR can typically replace a silencer, which simplifies any refit. 

Investment costs range from 15 – 110 EUR/kW engine power, with operational costs of up to 10% of 

fuel costs. 

Scrubber systems show high reduction potentials for SOx of more than 90% and for PM of up to 80%. 

Noise reductions of up to 27 dB (average) and 12 dB (below 50 Hz) can be achieved. Currently, wet 

scrubbers in open-loop configuration are dominating. Spatial requirements are lower than with closed-

loop designs. Due to the accompanied sea water pollution, restrictions on open-loop systems are 

foreseeable which makes scrubber technology a rather short-term solution. With closed-loop wet 

scrubbers and dry scrubbers the necessity for additional agent supply and sludge disposal arises. The 

main advantage of scrubbers is the possibility to use HFO even in ports. Depending on ship design, a 

scrubber can replace the silencer. Investment costs range from 200 – 400 EUR/kW engine power and 

6 – 16 Mio. EUR for a complete cruise ship refit. Operating costs are about 4 EUR/MWh. 

Low sulphur fuels (MGO, MDO) enable ships to meet actual SOx emission regulations in EU ports 

without any further measures. Other emission types (except sulphur related PM) are not affected. Fuel 

costs are about 50% higher compared to HFO and tend to increase, which represents the major risk of 

this option. 

Methanol as a marine fuel can reduce SO2 emissions by 99%, NOx by 60%, PM10 by 95% and CO by 25%, 

compared to the use of bunker and marine fuels. However, this fuel is not in widespread use and the 

availability is low. 

LNG fuel enables ships to meet IMO Tier III and SOx restrictions in actual and future ECAs. Reduction 

potentials are up to 100% PM, 100% SOx, 90% NOx and 20% CO2. Regarding environmental issues, the 

origin of LNG (pitch points: fracking or bio-LNG) and the side-effect of methane slip have to be kept in 

mind. Increased storage space (up to 4 times) can be avoided by direct-fuelling at berth. Dual-fuel 

engines for oil and gas are available. Additional costs of dual-fuel engines, compared to diesel engines, 

are 65 EUR/kW. Refits are cost intensive which makes this option prone to new buildings. Fuel prices 

are cheap: Savings of up to 50% compared to HFO are estimated. For fuel supply, onshore 

infrastructure needs to be established. 
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5.7 Best practice cases for application of emission mitigation measures at 

berth 

5.7.1 AIDAprima 

 

Figure 21: AIDAprima (by Mussklprozz (Own work) [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via 
Wikimedia Commons). 

A multiple stage exhaust gas cleaning system (EGCS) is installed on the cruise vessel AIDAprima  (AIDA 

Cruises) which was developed based on intern research in the Carnival Group and which reduces PM, 

NOx and SOx emissions by 100% by means of SCR system and open-loop scrubber (AIDA Cruises 2016) 

(AIDA Cruises 2017). 

Besides, AIDAprima is the first cruise vessel in the world that has a dual fuel engine for LNG supply 

during port stays. At roughly 80% of the time at berth, direct LNG fuelling from supply trucks is 

conducted. The time at berth amounts up to 40% of overall operation time, thus LNG is used at about 

30% of total operation time. At AIDAprima, the change from MGO to LNG reduces PM and SOx by up 

to 100%, NOx up to 80% and CO2 up to 20%. Since May 2016, AIDAprima uses LNG in Hamburg, Le 

Havre, Rotterdam, Zeebrugge and Southampton. Additionally, it is fitted with two connectors for OPS. 

To minimise fuel consumption and thus emissions, the Energy Monitoring and Management System 

EMMA on board of AIDAprima provides comprehensive operational and technical information 

promoting the efficient running of the ship and its systems to optimize the propulsion of the ship, the 

hotel and auxiliary power supply, air conditioning per person as well as the overall fuel consumption.  

The electric motors on board of AIDAprima are classified in the IE3 Premium Efficiency energy 

efficiency class. The overall energy consumption is reduced by breaking energy recuperation of 

elevators, frequency-controlled engines and speed-controlled pumps and fans. A 30% reduction of 

lighting energy demand is achieved by LED technology and intelligent control of cabin lighting and air 

© Wikimedia Commons 
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conditioning. An intelligent heat distribution system operates with optimized waste heat recovery 

from machinery. The entire waste heat, including that given off by the engine coolant, is fed into a 

centralized waste heat distributing system and forwarded to the individual consumer parts that have 

the highest energy requirements at any given moment. The air recirculation and waste heat utilization 

system (HVAC control system) allows individual regulation and thus reduces the energy consumption 

of each cabin by up to 20%. 

5.7.2 Mein Schiff 3 

 

Figure 22: Mein Schiff 3 (by Pjotr Mahhonin (Own work) [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0)], via Wikimedia Commons) 

The exhaust gas cleaning system (AEP = Advanced Exhaust Gas Purification), installed on Mein Schiff 3 

(TUI Cruises), is a combination of a hybrid scrubber and a SCR unit. The combined exhaust gas 

treatment system can reduce SOx emissions by 99%, PM emissions by 60% and NOx emissions by 75%. 

The NOx reduction is sufficient to meet IMO TIER III-regulations (TUI Cruises 2016) (truicruises.com 

2017). The combined AEP system is not only used in ECAs but also “worldwide and around-the-clock” 

and hence over-accomplishes IMO threshold levels. The hybrid scrubber is operated in closed- loop 

mode when in sensitive sea areas, also when it is not legally forced (like for example the Baltic Sea). 

The cruise ship is prepared for OPS operation. This option will be used as soon as port-side supply is 

available in multiple ports. 

The overall energy consumption is reduced by 30% in comparison to similar cruise ships of the same 

class. Energy efficiency measures are: an extensive energy management system, an innovative lighting 

control system, maximised waste heat recovery, a highly efficient air conditioning system and a change 

from common lamps to energy saving lamps and LEDs. 

© Wikimedia Commons 
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5.8 Comparison of mitigation measures 
In the previous chapters, mitigation measures regarding air pollutant, GHG and noise emissions were 

listed, described, illustrated and discussed. It appears that the matter is complex and manifold. To give 

a summarized overview and enable well-grounded management decisions, the findings of the previous 

chapters are condensed in Table 1 and Table 2. On-board noise reduction technologies like exhaust 

silencers and noise reduction of ventilation systems are skipped as typically these are already installed 

on modern cruise ships. The overview does not claim to be an exhaustive list. Presented values are 

taken from previous chapters, where references are described. 
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Table 1: Mitigation measures, including indications for reduction potentials and costs. 

 Maximum reduction potential Costs  

  NOx SOx PM CO2 Noise (dB) Capital O&M Comments 

Cargo handling and pier equipment                 

Electrification and alternative fuels 100% 100% 100% 100% 20 30% inc to diesel   electric charging requirements 

Staff training 10% 10% 10% 10% n.d.   c.d. only training costs incur 

Attenuated luggage boxes         10 c.d. but very low   very simple installation 

         

Terminal building                 

HVAC optimization 40% 40% 40% 40% n.d. 0 to c.d. c.d. 
dependent on energy source for 
heating and cooling (higher 
reductions are possible) 

Increased emission standards 75%   90% n.d. n.d. c.d. c.d. 
newbuilts typically comply with 
actual emission standards 

Sustainable terminal building  c.d c.d c.d c.d n.d. c.d. c.d. 
reduces fuel consumption of HVAC 
system 

Noise barrier installation         25 c.d.   case dependent noise reduction 
         

Road traffic                 

Smart traffic logistics c.d. c.d. c.d. c.d. c.d. n.d. n.d. 
highly case dependent on traffic 
situation 

Alternative cooling units 100% 100% 100% 100% 20 n.d. n.d. costs incur at cruise ship supplier 

         

Associated other vessels 95% 100% 99% 25% c.d. (see cruise ship) (see cruise ship) 
combination of alternative fuels, 
DPF, SCR, etc. possible 
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Table 2: Mitigation measures for cruise ship application, including indications for reduction potential and costs. 

 Maximum reduction potential Costs  

  NOx SOx PM CO2 Noise (dB) Capital O&M Comments 

Onshore power supply 90% 70% 70% 70% 10 
2 - 12 Mio. EUR (on shore) 

c.d. high upfront capital costs 
0.4 - 2 Mio. EUR (on board) 

         

Engine internal measures c.d. c.d. c.d. c.d. n.d. $60 - $80 /kW 4 - 6% of fuel cost 
hard to meet regulations, 
comparably low reductions 

         

Exhaust gas treatment                 

DPF     99%   n.d. 100 - 160 EUR/kW 1 - 5% of fuel cost requires low sulphur fuel 

SCR 95%       8 - 10 dB 15 EUR - $135 /kW 7 - 10% of fuel cost 
established, additional urea 
storage demand 

Scrubber 10% 90% 80%   27 dB 
newbuilt: 200 - 400 EUR/kW 

$5 /MWh possible future restrictions 
refit: ca. 20 Mio. EUR 

         

Alternative fuels                 

Low sulphur fuels   95% high     low 
Fuel price: 160 - 220% 

of HFO 
  

LNG 90% 100% 99% 20%   65 EUR/kW (engine) 
Fuel price: 50 - 90% of 

HFO 

space requirements (up to 
4x), need for onshore 
infrastructure 

Methanol 60% 99% 95% 25%   n.d. 
Fuel price: 110% of 

HFO 

low experience, promising 
results from test 
implementations 

         

Increase of energy efficiency c.d. c.d. c.d. c.d. n.d. n.d. n.d. 
leads to lower fuel 
consumption on board 
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5.9 Recommendations for future cruise terminals 
There is already a variety of emission reduction measures and technologies at various cruise port 

locations worldwide in use. Each measure needs to be evaluated based on its ecological potential, 

development status, technical reliability and price and needs to fit to the respective characteristics of 

the single cruise terminal location. There is no universal solution. Site-intensive analyses need to be 

applied for every cruise terminal location and need to be brought in line with political and financial 

parameters. 

According to chapter 4, the cruise ship at berth is by far the major contributor of air pollution and GHG 

emission. For noise it is the other way round, as cruise ships already have highly effective noise 

attenuation systems installed to guarantee passenger comfort on open deck areas. 

Out of the variety of described measures in this study the most promising options were compiled for 

future emission reduced terminal design. Many of the onshore measures can be implemented in 

parallel and their reduction impacts add up to each other, as they concern different sectors. The 

following arrangement shows the most recommended measures at top. The recommendations were 

concluded from effectiveness of emission reduction and cost-efficiency. 

5.9.1 Onshore measures 

1) HVAC optimization like regular maintenance and temperature adjustments are able to cut energy 

consumption efficiently with only very low running costs. Alternative energy supply like district or 

geothermal heating should be considered when designing a new terminal. Highly insulated 

building shells further reduce the required energy supply. 

2) Noise attenuations for luggage boxes enable the reduction of impulsive noise emission. Elastic 

support feet and constraint layer damping can be installed easily. Typically, impulsive noise 

significantly supersedes continuous noise, which makes this option highly attractive. 

3) Smart traffic logistics are able to reduce the traffic volume at the terminal by the traffic mode 

towards public transport, thus reducing emissions arising from passenger arrival and departure. In 

combination with alternative fuels, emissions come down to near zero. Additionally, this measure 

appears to be most effective regarding noise reduction. 

4) Electrification of cargo handling and pier equipment (e.g. forklifts) is strongly proposed due to 

the resulting highly effective emission reduction at the terminal to near zero. Machinery newbuilds 

are prone to this measure.  

5) Alternative cooling units of reefers and supplying them from the grid when in waiting position 

enable significant emission reductions. However, investment costs for cooling units, carried by 

supply chain members, can be a pitfall for feasibility.  

6) Staff training should be conducted to achieve especially noise reduction. Almost no investment 

costs arise and no refits or accessions of machinery are required. 

7) Noise barriers are able to significantly reduce immission where emission levels cannot be further 

decreased. However, as the terminal building itself is already acting as a barrier, further 

installations need to be evaluated in detail. 
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8) Associated other vessels can be equipped with additional exhaust gas treatment, similar to cruise 

ships. Silencers for noise reduction, SCR and DPF installations in combination with high quality 

diesel fuel can bring emissions down to on-road standards. Further reduction can be achieved by 

alternative fuels (LNG, electrification). 

5.9.2 On-board measures 

1) Onshore Power Supply reduces all types of emissions significantly, as ships are enabled to switch 

off their diesel generators in the port independently of the fuel type used at sea. The diesel 

generators of cruise ships are the dominant emitters at cruise terminals. Combined with highly 

efficient, low-NOx burners of auxiliary boilers this option is recommended as the most effective 

emission reduction measure of a cruise ship at berth. 

2) LNG fuel shows very high emission reductions of air pollutions and minor reductions of GHG. It has 

the potential to become the general future ship fuel, being cheap and, if produced from 

renewables, has a low carbon footprint. If directly-fuelled at berth, safety and storage space 

requirements on-board are reduced significantly. 

3) Exhaust gas treatment would have to include at least SCR and scrubber systems to reduce the 

three air pollution types and noise. GHG cannot be reduced. Keeping in mind that due to future 

regulations scrubbers are a rather short-term solution, costs are relatively high. In combination 

with low sulphur fuels a DPF system can replace the scrubber, which also lowers investment costs. 

Combinations of exhaust gas treatment technologies can be technically difficult to implement. 

4) Engine-internal measures contribute towards emission reduction of air pollutants. They are not 

recommended as the sole measure to take, but can be implemented in addition to other measures 

to further reduce emissions. 

5) Low sulphur fuels enable emission reduction of only SOx and PM. High fuel costs, which tend to 

increase, and a lack of further emission reduction potential rules out a long-term solution. 

6) Noise reduction of ventilation systems and installations of silencers are already in widespread 

use on board cruise ships. They enable significant, and typically sufficient, noise reduction of tonal 

as well as broadband noise. 
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6 Research activities 
Beside the Green Cruise Port Project, of which this report is part of, the following initiatives and 

programs relate to the objective of this study. 

WPCI  (World Ports Climate Initiative) as part of the International Association of Ports and 

Harbors (IAPH) was formally launched in 2008. “Fifty-five of the world’s key ports […] have come 

together in a commitment to reduce their greenhouse gas emissions while continuing their role as 

transportation and economic centers” (WPCI 2017). Parts of the mission of WPCI are to “raise 

awareness in the port and maritime community of need for action” and to “initiate studies, strategies 

and actions to reduce GHG emissions and improve air quality” (WPCI 2017). 

EcoPorts is the “main environmental initiative of the European port sector”. Initiated in 1997, it 

is now fully integrated into the European Sea Ports Organization (ESPO). “The overarching principle of 

EcoPorts is to raise awareness on environmental protection through cooperation and sharing of 

knowledge between ports and improve environmental management”. The project provides a self-

diagnosis method (SDM) and the Port Environmental Review System (PERS) which enables member 

ports to assess its environmental footprint and to take adequate measures (EcoPorts 2017).    

NEPTUNES (Noise Exploration Program To Understand Noise Emitted by Seagoing ships) This 

project, started in 2017 and supported by several ports around the world, aims at “gaining insight with 

respect to the production of noise from sea-going vessels so that the occurrence and sources of 

nuisance can be better understood.” Beside others, main objectives are to discover “what type of 

vessel and source(s) of these vessels are the causes of the noise and nuisance perceived by residents”, 

to “advance the science of measuring and quantifying ship noise” and to find “ways to mitigate 

nuisance” (NEPTUNES 2017).  

Apice  (Common Mediterranean strategy and local practical Actions for the mitigation of Port, 

Industries and Cities Emissions): This project, being co-financed by the European Regional 

Development Fund, was conducted from 2010 to 2013. One of its general objectives was “to establish 

long-lasting measures and shared strategies to reduce air pollution in port cities”. Beside others, one 

of the specific objectives was to “facilitate and promote voluntary agreements between local 

administration, port authorities, ship owners and cargos’ handlers to reduce air pollution caused by on 

berth vessels” (APICE 2011).  

LNG in Baltic Sea Ports  Initiated by the Baltic Ports Organization, this project aims to “foster a 

harmonized approach towards LNG bunker filling infrastructure in the Baltic Sea area”. It was “co-

financed by the EU TEN-T Multi-Annual Programme” and ended on 31 December 2014. “The project’s 

idea is meant to deliver both credible know-how on LNG as a marine fuel and an answer to the IMO’s 

sulphur directive” (LNG in Baltic Sea Ports Projects 2017). 

Nereidas This project “aims to develop a standardization tool for the implementation of 

preventive and compensatory measures for environmental impacts related to transport and port 

activities.” Furthermore, solutions to minimize CO2 emissions and potential environmental impact of 
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new infrastructure are investigated. It is co-financed by the European Union (Trans-European 

Transport Network) (Nereidas 2017).  
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7 Conclusion 
This study was conducted within the Green Cruise Port project and is based on interviews and literature 

review about international best practice cases and emission mitigation measures applied in ports. It 

evaluates the typical emission sources of air pollutants, GHG and noise emissions of a cruise terminal 

(i.e. cruise ship at berth, terminal building, cargo handling equipment and passenger/delivery traffic, 

other vessels) and describes examples of possible mitigation measures.  

The analysis of emission sources reveals that the emissions of air pollutants (NOx, SOx and PM) and CO2 

of the cruise terminal itself are comparably low in contrast to the cruise ship at berth. 

Noise emissions from cruise ships are in general already very low due to noise restrictions on deck for 

the comfort of passengers. Exhaust gas noise attenuation is typically achieved by silencer installations 

in the exhaust duct and a variety of noise attenuation measures for ventilation systems. Hence, for the 

three regarded cruise ships of Part B of this Green Cruise Port project, which were relatively modern, 

additional noise mitigation measures appear to be of minor importance. Further research is required 

to conclude to the general necessity of additional noise mitigation on cruise ships at berth. However, 

it was concluded that cargo handling at the pier as well as passenger and supply traffic were the main 

contributors of noise. Especially impulsive noise was found to be detectable in immission 

measurements at or close to the terminal area. For a more detailed analysis the author would like to 

refer to (DW-ShipConsult 2017). 

The study shows that there are plenty of possible mitigation measures on the shore side of a cruise 

terminal with varying environmental potential. The impact of measures needs to be quantified for 

individual cases. Instead of competing against each other, the presented mitigation measures 

supplement each other. This is also reflected by cruise ports: Many ports apply different approaches 

towards emission reduction. Measures need to be assessed for each individual case as their impact is 

strongly case dependant. However, general recommendations were extracted for existent and future 

cruise terminals. HVAC optimization, smart traffic logistics and electrification of cargo handling and 

pier equipment were concluded to show the most effective emission reduction potential. 

Emissions of cargo handling and pier equipment can be reduced significantly by electrification. 

Electrified forklifts are able to reduce local air and noise emissions to zero, but cruise terminals need 

to provide charging facilities. Staff training creates environmental awareness and responsibility and 

thus can reduce air and noise emissions from cargo handling independently of fuel type or machinery. 

Noise attenuation for luggage boxes, including elastic support feet and constrained layer damping, is 

able to significantly reduce impulsive noise emission. 

Air pollutant emissions from a cruise terminal building can be reduced by increasing lighting efficiency 

which can be achieved by installation of LED technology or intelligent lighting systems. By installing 

devices with high energy efficiency classes, the electricity demand will be reduced. A switch of fuel 

supply for the Heating, Ventilation and Air Conditioning system (HVAC) reduces local emissions at the 

terminal. Possible alternatives to conventional oil heating are district, gas, electric or geothermal 

heating. Typical electric cooling can also be replaced by district cooling. Sustainable building options 

like photovoltaic systems and small wind turbines might be installed on the terminal rooftop for 
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emission free power generation. Additional noise barriers can be installed to lower noise propagation 

especially sideways the terminal building or to decrease noise immission from parking spaces. 

Cruise terminal related road traffic can be reduced by smart traffic strategies. Park-and-Ride systems 

or direct connections from central station and airport to the cruise terminal are able to reduce 

individual passenger traffic volume (thus emissions) at the terminal area. Air emissions from supply 

trucks can be reduced by regulating vehicles to high EURO emission standards and by implementing 

alternative cooling technology in food supply trucks, such as cryogenic cooling units. 

Air emissions from small cruise ship associated vessels like bunker barges or harbour cruise boats can 

be reduced by the same methods as described for cruise ships in general (exhaust gas cleaning and 

alternative fuels). A shift to biofuels can further reduce greenhouse gas emissions. 

For a cruise ship at berth, the amount of emissions in the exhaust gas serves as a comparative base, 

thus enabling a comparison of measures. The measures were compared by their emission reduction 

potential, capital and operational costs and availability of technology. 

As an outcome, onshore power supply can be recommended as the most promising option for emission 

reduction of cruise ships at berth. This measure shows high reduction potentials for air pollutants and 

greenhouse gas emissions combined with only moderate implementation costs on board. Due to the 

electricity supply from shore, generator sets can be turned off thus omitting all related emissions. Heat 

generation boilers and ventilation systems still need to be operated. The high up-front capital 

investment needed for portside infrastructure is regarded as major backdrop. 

LNG fuelled on-board power generation at berth or in general is the second promising solution. This 

option also shows significant reduction potential for air pollutants, but not for noise. LNG fuelling can 

be regarded as a long-term solution to meet existing and future regulations not only at berth. Strict 

safety regulations and increased storage space can be omitted if the ship is directly fuelled at berth. 

As backdrops appear the high implementation costs on the ships’ side (retrofit) and the lack of 

infrastructure for LNG supply in ports. 

Exhaust gas treatment systems combine different measures with different reduction potentials on air 

pollutants. Scrubbing the exhaust gas significantly reduces SOx emissions and parts of PM emissions, 

but comes along with high investment costs. SCR technology is well proven, requires only moderate 

investment costs and significantly reduces NOx. Diesel particle filters have the potential to significantly 

reduce PM and require only moderate investment costs. Feasible exhaust gas treatment technologies 

which reduce CO2 emissions are actually not available. In general, space requirements in the funnel 

casing are the challenge for refit projects. Combined systems including scrubber, SCR and DPF are able 

to compete with OPS and LNG technology regarding air pollutant reduction. However, GHG and noise 

will not be affected by such a system and costs are likely to exceed OPS and LNG. 

In comparison to heavy fuel oil, low sulphur fuels reduce SOx emissions and sulphur related PM 

emissions. Already, this measure is commonly used to meet regulations in sulphur emission control 

areas and EU ports. The major advantage of this measure is the only low capital investment required.   



 

  

 

Page 56/66 

Energy efficiency improvements influence the fuel consumption by decreasing the energy demand on 

board, thus reducing exhaust gas emissions. Promising options are installations of efficient lighting like 

LED technique or intelligent lighting systems, implementations of variable frequency technique in 

pumps, waste heat recovery, energy recuperation, intelligent HVAC and energy management systems. 

Exhaust silencers are able to significantly and in most cases sufficiently attenuate noise emissions from 

the diesel generators. Absorptions type silencers and resonator silencers are available, with sufficient 

experience at hand. A variety of noise attenuation measures are available for ventilation systems. 

These are divided in primary measures for noise reduction at the source and secondary measures for 

reduction of noise transmission. Besides cost especially the space requirements are governing the 

trade-offs for the selection of silencing measures. In modern cruise ships, the described noise 

attenuation measures are already in widespread use. 
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