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Abstract 

Cold ironing is the process of providing shorepower to cover the energy demands of ships calling at 

ports. This technological solution can eliminate the emissions of auxiliary engines at berth, resulting 

in a global reduction of emissions if the grid powering the ships is an environmentally friendly energy 

source. This paper conducts a literature review of recent academic work in the field and presents the 

status of this technology worldwide and the current barriers for its further implementation. The use 

of cold ironing is mandatory in Californian ports for ship operators and as a result terminal and ship 

operators were required to invest in this technology. In Europe, all ports will be required to have cold 

ironing provision by the end of 2025. Other regulations that target local emissions such as Emission 

Control Areas can have a significant impact on whether cold ironing is used in the future as a potential 

compliance solution. This paper constructs a quantitative framework for the examination of the 

technology considering all stakeholders. The role of regulation is shown to be critical for the further 

adoption of this technology. Illustrative case studies are presented that consider the perspective of 

ship operators of various ship types, and terminal operators that opt to invest in shorepower facilities. 

The results of the case studies show that for medium and high fuel price scenarios there is economic 

motivation for ship operators to use cold ironing. For the port, the cost per abated ton of pollutants is 

much lower than current estimates of the external costs of pollutants. Therefore, shorepower may be 

a viable emissions reduction option for the maritime sector, provided that regulatory bodies assist the 

further adoption of the technology from ship operators and ports. The methodology can be useful to 

port and ship operators in examining the benefits of using cold ironing as an emissions reduction 

action. 

  



 

1. Introduction 
Maritime shipping is considered the most fuel-efficient mode of transport in ton-miles terms, and 

moves about 90 % of the global trade (UNCTAD, 2017). The third GHG study (IMO, 2014) estimates 

that shipping accounts for approximately 2.2% of the global anthropogenic CO2 emissions, 

representing a 0.5% decrease from the second GHG study estimates (IMO, 2009). However, the 

sector has seen increasing pressure, through new regulations, to improve its environmental 

performance, particularly in light of its contribution to harmful pollutant emissions on human health.   

Maritime transport accounts for 5% to 8% of the global SOx emissions (Eyring et al., 2005), 

and approximately 15% for NOx (Corbett et al., 2007), while PM emissions from shipping near 

coastlines and ports have been linked to fatalities attributed to respiratory health issues. The IMO is 

regulating the maximum sulphur limits in fuel through the revised MARPOL Annex VI, which also 

designated sulphur emission control areas (SECA) where tighter limits apply. Current SECAs include 

the Baltic Sea, the North Sea, the North American emission control area (ECA) that extends 200NM 

from the US and Canadian coasts, and the US Caribbean ECA. The latter two ECAs have also set 

restrictions on PM and NOx emissions. The first results of the SECAs on emissions reduction show 

significant improvements. In relevant literature, there has been no recent update on the share of 

maritime transport in SOx emissions, and the latest reliable estimate is in the aforementioned study 

of Eyring et al., back in 2005. On a more recent publication, Zis and Psaraftis (2018) used data from 

the Organization for Co-operation and Development (OECD) on its member countries and estimated 

that SOx emissions from all transportation modes accounted for 3.5% in 2015. Considering that road 

transport accounted for 0.48%, the share of maritime transport in SOx emissions has been drastically 

reduced since 2005.  

In addition to the introduction of SECAs, as of January 2010 the European Union (EU) set a 

sulphur limit of 0.1% for ships at-berth in EU ports with stays longer than 2 hours, as well as when 

sailing on inland waterways (European Commission, 2005). The European Commission has 

promoted the further provision of shorepower to its member states via an official recommendation 

(European Commission, 2006). Port authorities around the world have launched initiatives that 

promote use of low-sulphur fuel in their proximity, with the port of Singapore being a notable 

example under the Green Ship and Green Port programmes offering monetary incentives for clean 

practices that reduce CO2 and SOx emissions. Finally, the ports of Los Angeles and of Long Beach 

have introduced voluntary speed reduction programmes (VSRP) in their proximity in return for a 

reduction of port fees, and are moving towards making the use of shorepower for ocean going ships 

compulsory.  

With regards to regulations targeting sulphur emissions, ship owners can comply by either 

switching to ultra-low sulphur fuels such as Marine Gas Oil (MGO) or investing in scrubber systems 

that treat the exhaust gases to remove SOx and PM emissions thus allowing the use of Heavy Fuel Oil 

(HFO). Similarly, to cope with regulations on emissions at ports a ship can either use cleaner fuel or 

be retrofitted to receive shorepower if the port has cold ironing facilities. Therefore, to address 

environmental regulation the shipowners have to pay to acquire abatement technology, or increase 

their operating costs by using cleaner but pricier fuel. Which option is more cost-effective for the 

shipowner depends on various factors, including ship type, ship size, regulations affecting the waters 

in which the ship sails, and ports of call. At the same time, the decision of a port to invest in 

technologies that allow the provision of shorepower depends on several factors spanning from 

emissions reduction policies, and the penetration rate of the technology in the calling ships. 

 

This paper discusses the feasibility of cold ironing (CI) investments from the perspective of 

shipowners, terminal operators, and regulatory bodies when considering the scope of environmental 



improvement that this technological solution can provide. The first section of this paper presents a 

concise literature review of relevant research in port emissions and use of CI. The subsequent section 

presents the methodology used for the assessment of an investment in such systems from all 

stakeholders, and expands on previous models to estimate the new environmental balance following 

the installation of a CI berth at a port. The third section considers the perspective of ship operators 

that retrofit ships of different types and the net present value (NPV) of their investments. A similar 

analysis is conducted from the perspective of a terminal operator that can choose to invest in a 

shorepower facility, and then decide the pricing strategy for the provision of electricity to the ships. 

The paper concludes with a discussion on the importance of the regulations on such technologies, the 

attained cost of reducing a ton of pollutant compared to other technologies, and the potential 

implications of internalizing external costs attributed to ship activity at ports. 

 
2. Literature review  
The majority of academic research on the environmental impacts of shipping has focused on the 

overall contribution of the sector, and on ways to mitigate emissions predominantly via slow 

steaming. However, effects near ports have not been extensively researched, with the majority of 

studies being technical reports of port authorities focusing on a very broad level of environmental 

concerns. 

 

2.1 Environmental impacts of shipping near ports 

Davarzani et al. (2016) conduct a literature review on greening ports and identify research areas for 

further investigation. They note that the focus on emissions from ships and port equipment is 

relatively new with a significant increase in publication numbers during the last decade. Slow 

steaming has been examined and shown to be a cost effective measure that simultaneously reduces 

carbon emissions (Golias et al., 2010). The reduction of sailing speed in the full journey also results 

in a small reduction of emissions in the proximity of the port (Zis et al., 2015). Johnson and Styhre 

(2015) consider environmental benefits from reducing port waiting times that would allow reduced 

sailing speeds at sea. More recently, there has been a resurface of sailing speed optimization problems 

particularly given the requirement of ships to switch to low-sulphur fuel that is more expensive. The 

research question of reducing sailing time within regulated waters has been formulated by Fagerholt 

and Psaraftis (2015) as an optimization problem dubbed the ECA refraction problem. Zis et al. (2015) 

propose a formulation for the speed optimization problem that considers ECA and speed restrictions 

near ports, which for the first time considers the abated pollutants in the port proximity.  

 

2.2 Port emissions inventories 

A limited number of studies specifically focuses on emissions in ports and their surrounding regions. 

These are either estimating emissions using bottom-up approaches based on fuel consumption 

estimations for ship activity at ports, or studies that are considering emissions concentrations from 

shipping using monitoring stations at ports and dispersion modelling. Saxe and Larsen (2004) 

modelled emissions of NOx and PM from three Danish ports using a meteorological air quality model. 

Deniz et al. (2010) used a bottom-up approach for various emissions species from ship calls in ten 

terminals in Turkey, considering main and auxiliary engines. They assume a universal load factor for 

auxiliary engines at 75% which is very high to represent all hoteling activities, and a 40% load for 

main engines during near-port cruise which again depends heavily on the specific ships visiting the 

ports, and the geographical layout of the port. 

 Ng et al. (2013) used AIS data to compile an emissions inventory for exhaust emissions of Ocean-

Going Vessels (OGV) in Hong Kong, and found that containerships were the top polluters. Tichavska 

and Tovar (2015) used a bottom-up methodology to estimate emissions from cruise and ferry 



operations in the Las Palmas using AIS data. They also proposed feasibility studies for various 

operational and technological measures that can reduce emissions from ships at ports.  Dragovic et 

al. (2015) focus on near-port emissions from cruise ships, and their externalities with a case study on 

the cruise ports of Dubrovnik and Kotor. Of particular interest is their comparison of benefits of 

emissions reduction strategies (including scrubbers and CI), with the commercial benefits of using 

the same budget for the extension of berthing space. A common attribute of the aforementioned 

studies is that these are limited to the estimation of the arising emissions from near-port activity. 

Cullinane et al. (2016) are using a bottom-up methodology to estimate emission at berth from 

containerships in the three largest ports in Taiwan. Their study is amongst the few that consider 

emissions reduction actions and quantifies their potential.  

Outside the academic realm, various port authorities are reporting their emissions inventories 

on an annual basis. In the USA, a number of larger ports have developed inventories to comply with 

the State Implementation Plan (SIP) that was administered by the Environmental Protection Agency 

(EPA). The EPA itself is producing a national emissions inventory which includes an estimation on 

port-related emissions. In Europe, the European Sea Ports Organization (ESPO) that represents port 

authorities from 23 Member states of the European Union and Norway, has written a green guide to 

help its members achieve excellence in environmental management. The green guide encourages the 

creation and maintenance of all port-related emissions (ESPO, 2012) but does not require it. 

 

2.3 Provision of cold ironing as an emissions reduction option 

The potential of emissions reduction actions that ports can utilize has been considered for VSRP and 

CI, assuming partial to full participation (Zis et al., 2014). CI or Alternative Maritime Power (AMP) 

defines the procedure of providing electrical power to a ship at berth to meet the ship’s energy 

demands while the ship’s main and auxiliary engines are switched off. Military ships relied on 

electrical power from the shore for many years (Paul and Haddadian, 2005). The use of electricity in 

transport has been mainly associated with the benefits through electric vehicles that result in 

emissions generation at the source of the energy production facilities and not at the location of vehicle 

activity. Similar benefits can be observed in the maritime sector at ports where the ships are powered 

by the grid. 

 

 2.3.1   Historical overview of cold ironing 

The term cold ironing is attributed to the practice of cooling down of the iron coal-fired engines while 

the ship was tied to the port in the past. Ships can use CI either from ship to ship (military applications) 

or from shore to ship with only the latter having environmental benefits. The benefits are 

predominantly local as the ships’ funnels do not release pollutants in port. On the contrary, the energy 

demand of the ship is met by the power plant (or other sort of power) that provides current to the port. 

As a result, with the use of CI locally there are reduced ship emissions (at berth only the ship boilers 

will be working and still emitting). Globally, it will depend on the origin of the energy providing the 

shorepower (with increased emissions locally near the power supplier). The environmental trade-offs 

arising from CI have been examined in a series of conceptual case studies for ports with very different 

characteristics (visiting ships, size, type) in various parts of the world (Zis et al., 2014). Tseng and 

Pilcher (2015) consider the potential of shore power in the port of Kaohsiung and estimate the 

environmental benefits that would bring for different numbers of ships using the technology. They 

also provide qualitative insights based on interviews with port operators.  On the technological side 

of CI, Sciberras et al. (2015) examine the effects of such systems on the electrical network (how other 

consumers powered by the grid are affected) and the quality of the delivered power to the ship. 

Prousalidis et al. (2014) considered combining CI with smart grids, and suggested performing a cost 

benefit analysis of CI as an emissions reduction technology on a case by case basis. Innes and Monios 



(2018) consider the economic feasibility of CI installations at smaller or medium size ports, and 

examine the offshore supply vessel port of Aberdeen. They calculate annual emission savings and 

find that under certain assumptions the external cost benefits would have a payback period of seven 

years without any other subsidies.  

 

2.3.2 Motivation for shorepower 

The use of AMP has been promoted in California with a regulation colloquially known as “At-Berth 

Regulation” that seeks to reduce emissions from auxiliary engines during hoteling. The main option 

is through the use of CI, or alternative technologies that result in the same reduction of NOx and PM 

emissions (70% currently, up to 80% by 2020). A similar motivation for CI had been in place in 

European ports, where since 2005 ships staying at EU ports for more than 2 hours, would be required 

to use ultra-low sulphur fuel or achieve similar reductions via alternative technologies including AMP 

as an option. Aside from these regulations, the use of CI could also have financial incentives in times 

of high fuel prices considering that power from the grid is sold at a lower price than fuel.  

While certain regulations target specifically the emissions during hoteling, it does not follow 

that AMP will be used more widely. In Californian ports the local regulation stipulates that terminal 

operators are required to be able to provide shorepower; in the EU this is not the case. The EU 

regulation on at-berth emissions is targeting only SO2 emissions, the reduction of which is also the 

objective of SECAs. Therefore, a ship can switch to MGO   (at berth or within the SECA), or 

alternatively use scrubber systems to comply with the regulation (Zis and Psaraftis, 2017). The latter, 

requires a significant investment that can exceed $6 million per ship but offers compliance. The 

scrubber solution reduces PM emissions as well, but has a limited effect on NOx. A paradox is evident; 

between 2005 and 2015 (the sulphur limit was 1% within SECA, 0.1% at berth) a ship calling at EU 

ports would have a higher incentive to invest in CI as it would replace the use of ultra-low sulphur 

fuel at the port. In other ports, the economic benefit of CI would be compared with the lower value 

of HFO. After 2015, due to the requirement to use MGO also at the sea (within SECA) the operator 

may be better off investing in a universal solution.  

The emissions savings from ships relying on AMP to power their hoteling activities can be 

distinguished into local savings that the port enjoys and global savings (or additional emissions) if 

the at-source emissions are accounted for. Overall, the highest emissions reduction potential would 

be present for ports with relatively longer berth durations. Looking at specific pollutants, it can be 

expected that SO2 emissions reductions can be expected for non-EU and non-SECA ports where the 

baseline (relying on auxiliary engines) SO2 emissions would be significant due to the higher sulphur 

content.  
 

2.3.3 Current status of cold ironing worldwide 

In this section a compilation of ports around the world that currently provide or have decided to invest 

in shorepower is presented. In California, six ports are affected by the at-berth regulation; the ports 

of Los Angeles (POLA), Long Beach (POLB), Oakland, San Diego, San Francisco, and Hueneme 

(CARB, 2017). In Europe, one of the first implementations of CI was launched in Sweden. The Port 

of Gothenburg has two passenger and Roll-on/Roll-off (Ro-Ro) ferry terminals equipped with electric 

connections for CI. Ships at the terminals have assigned locations and run on regular scheduled routes. 

Ships were operated by a Ro-Ro operator which currently offers eight voyages per week between 

Gothenburg and Immingham, UK, and six voyages per week between Gothenburg and Ghent, 

Belgium. Shore-power is supplied by local surplus wind generated power and is therefore advertised 

as substituting fuel for renewable energy sources (RES). It should be noted that ferries have a low 

hoteling power demand: the ships receive shorepower only for lighting and ventilation purposes. In 

addition, ferries have no cargo-moving machinery and have little dockside activities. Therefore, the 



Gothenburg electrification process is much simpler than OGVs that are the target in Californian ports. 

The port authority estimates a reduction of 80 metric tons NOx, 60 metric tons SOx and 2 metric tons 

PM per year for the six weekly ships calling and using the installation. Terminal operators at 

Gothenburg claim that the power connection and disconnection is a process that takes less than 10 

minutes to complete. However it should be noted that this is at an optimal setting with no 

complications. In reality, the total connection and disconnection time may be much higher due to the 

coordination that is required between ship and port crews, with times around 1 and 1.5 hour being 

more realistic as suggested by CARB. Whether a ship will actually receive shorepower may also be 

affected by berth availability, equipment failure, and other events that may actually limit the total 

time of using the AMP facility. The port of Antwerp has provision for seven onshore power 

connection points at one terminal, for barges. In Hamburg, LNG barges are deployed that provide 

power to ships at berth, effectively substituting MGO with LNG. Table 1 provides a list of known 

ports with shorepower provision capabilities. It is noteworthy that the power requirements span from 

relatively small tugs, up to large cruiseships and containerships across different ports. It can be 

observed that most installations are dedicated to either Ro-Ro, container, or cruiseships, with very 

limited installations for bulkers or tankers. This may be attributed to the fact that the former ship 

types tend to visit the same port multiple times, whereas the former may be running on the spot 

market, and thus show higher variability in their port calls. For these reasons, the case studies in this 

paper will involve only Ro-Ro, cruise and containerships. 

 

 



Table 1: Existing and planned cold ironing facilities in ports. Source: author’s compilation and IAPH (2017) 

Europe North America Asia Oceania 

Antwerp (container, barges) 
Belgium 

Halifax (cruise) 

Canada 

Baku (container) 

planned 
Azerbaijan Auckland 

(cruise) 

planned 

New 

Zealand Zeebrugge (Ro-Ro) Montreal (cruise) 
Shangai (cruise) 

China Helsinki (Ro-Ro) 

Finland 

 

Vancouver (container, cruise) 

Kemi (Ro-Ro) Prince Rupert (container) Qingdao (container)   

Kotka (Ro-Ro) 
Los Angeles   

(Ocean Going Vessels/ OGV) 

U.S.A. 

  

V.O.Chidambaranar 

(bulk) 
India 

 

Oulu (Ro-Ro) 
Long Beach (OGV) Tokyo (cargo ships and 

ferries) 
Japan 

Oakland (container) 

Le Havre 
France 

San Francisco (OGV) Busan 

S. Korea 
Marseille (ferries) San Diego (reefer ships) Incheon 

Lübeck (Ro-Ro) 

Germany 

Seatlle (cruise) Ulsan 

Hamburg  (Cruise) 

 power by LNG barges 
Juneau (cruise) Yeosu Gqangyang 

Amsterdam (river boats) 
Netherlands 

Pittsburg (bulk) 

Taipei Taiwan Rotterdam (barges)   

  

  

 

Oslo (Ro-Pax) 
Norway 

Bergen (supply vessels)  

Goteborg (Ro-Ro) 

Sweden 

 

Helsingborg (ferry) 

Piteå  

Stockholm (Ro-Pax) 

Milford Haven (tugs) UK 



At the current electricity price levels, on-shore electricity is reportedly less expensive than the 

electricity generation on-board. Finally, a reverse procedure where a ship may provide power to the 

grid can in theory occur should fuel prices allow it. Powerships (essentially floating powerplants) are 

also able to provide power to the grid, and a small number has been built to assist countries facing 

power shortages, with power outputs as much as 125MW per ship (Ataergin, 2015).  

 

2.3.4 Challenges and opportunities regarding AMP 

Compared to VSRP, slow steaming, or the use of low-sulphur fuel, the provision of CI for all ships 

can prove more challenging due to the barriers in the implementation of AMP and the required 

investments for ship owners and ports. The main barrier to the wider use of AMP has been the lack 

of compatibility between the ship and the grid as there is no uniform voltage and frequency around 

the world. The lack of standardisation in primary distribution voltage led to a variation from 440 volts 

to 11kilovolts whereas some ships use 220 volts at 50 or 60 Hz, and others rely on 110 volt current 

(Arduino et al., 2011). The load requirements also vary among different ship types and different sizes. 

Also, the significant retrofit costs on the ship side would only make sense for a ship that has 

considerable years of service left, and this may therefore exclude older ships. Khersonsky et al (2007) 

note two important difficulties in the further expansion of CI. The first is the additional cost of 

retrofitting existing ships to be AMP-ready. The second considers the limited space in ports to house 

the shore-side systems. Another factor that needs addressing and has not been done so in the literature 

is the issue of berth availability. Berth availability is shown to be a key factor in the competitiveness 

of a port (Yeo et al., 2008). Considering that in the beginning only a few berths will be able to provide 

shorepower, it is of outmost importance that when a retrofitted ship calls at the port, the respective 

CI-ready berth is free. Therefore, the berth scheduling of the terminal operator will have to change to 

ensure that retrofitted ships are served by the CI-ready berths, without this affecting the total time 

spent at the port (waiting for a berth that can result in a delayed departure of the ship). A final 

challenge is suggested by Innes and Monios (2018) who note that in the case of smaller ports, 

numerous small berths may require CI installations that will increase the costs due to additional units 

and longer cables required. However, there are opportunities that may help further expansion of the 

use of CI in the near future. Legislation and new regulations may also influence the expanded use of 

AMP across ports. CI could be a preferable alternative for ship owners due to the higher cost of the 

ultra-low sulphur fuel, if at-berth emissions are the only ones regulated. Given the worldwide trend 

to increase RES, CI can also reduce the environmental impact of ports also on a global scale too. The 

EU has set targets through its directives so that by 2020, 20% of energy production in a member state 

is provided by RES, and it is expected that the percentage will increase in the future. CI can therefore 

be expected to bring higher emissions savings in the global balance in the future. The adoption of CI 

from ports around the world can also lead to a domino effect where more port operators are influenced 

and follow the examples of successful implementations. Tseng and Pilcher (2015) focused on Taiwan 

as an example and according to the results of their interviews, some port operators consider CI as the 

future and that this is an international trend they should follow.  

  
2.3.5 The chicken vs egg conjecture 
The main barrier for the further implementation of CI solutions in ports and ships is the associated 

high installation costs. From the perspective of the port, such an investment may lead to reduced 

emissions in the port area and thus a cleaner air quality, and an improved perception from the public. 

However, if there are not enough ships calling at the port that are capable of receiving shorepower, 

the benefits of installing AMP berths will be limited and alternative green investments may be 

preferable (e.g. renew handling equipment, offering incentives for speed reduction,  use of clean fuel, 

or rewarding clean trucks at the gates of the port). From the ship operator’s perspective, retrofitting 



the ship will improve their public perception, but the main driver will be the reduced operating costs 

from using electrical power instead of high-price low sulphur fuel. Therefore, in order to justify their 

investments, ship operators would want to use AMP facilities as much as possible. If only a small 

number of the ports of call are providing shorepower, then the ship operator may prefer alternative 

green options (for example installing scrubber systems that also work during cruise, consider wind 

energy options etc.). Depending on ship and terminal type, this matching may be more easy (for 

example for Ro-Ro ships that only sail between 2 or a few more ports), or very difficult (for example 

large containerships that visit more than 15 ports in their schedule, or tankers in the spot market). The 

previous can be considered as a chicken-egg dilemma, whereby ports will not invest until there are 

enough number of ships able of using AMP facilities, and ship operators will not retrofit until there 

are enough ports able of providing shorepower. One way to break this potentially infinite loop, would 

be to enforce the use of CI (as in the case of California), or at least require all ports to have some 

(limited) capability of providing shorepower (as in Europe by 31st December 2025 through Directive 

2014/94/EU). In the next section, a methodology to assess the economic and environmental feasibility 

of CI will be presented, and subsequently applied from the perspective of both the port and ship 

owner, for a small number of illustrative case studies. At this point it should be noted that from the 

port side, the decision maker is assumed to be the terminal operator. This could very well vary from 

port to port depending on the management and ownership model that a particular port follows. The 

different port management models have an effect on the efficiency and the competitiveness of the 

port (Tongzon and Heng, 2005).  In case of a fully privatized port (e.g. in the United Kingdom), the 

owner of the port will have to invest in CI. For publicly owned ports, the port authority may invest in 

CI, or have the terminal operator invest as part of the contractual agreement between the two. Also, 

it may be that a port authority has leased different terminals to different operators and the decision to 

invest in CI would depend on each operator. It can be seen that who pays from the port side can be 

an important question, but is beyond the scope of this paper that examines the potential for the further 

adoption of CI around the world.  Therefore, in the ensuing analysis, we consider that the terminal 

operator is the decision maker, be it the port authority or a private sector company running operating 

the terminal. 

 
3 Quantifying the impacts of cold ironing  
This section presents the fuel consumption at berth estimation for different ships and ports. 

Subsequently, the resulting emissions can be estimated at the port and compared with the emission 

savings from CI including the generated emissions at the source providing the shorepower. Finally, 

typical values for the external costs are provided for comparison purposes.  

 

3.1 Fuel consumption at berth  

A hoteling ship requires energy to cover demands of emergency equipment, refrigeration, cooling, 

pumps, heating, lighting and any other equipment running while the ship loads or unloads cargo 

and/or passengers. The fuel consumption FCB,k (tons) at berth (B) of a ship k  relying on auxiliary 

engines for energy can be estimated through equation 1 as in Zis et al. (2014).  

 

𝐹𝐶𝐵,𝑘(𝑡𝑜𝑛) = ∑ 10−6 ∙ (𝑆𝐹𝑂𝐶𝑖,𝐵,𝑘 ∙ 𝐸𝐿𝑖,𝐵,𝑘 ∙ 𝐸𝑃𝑖,𝑘) ∙ 𝑡𝐵,𝑘 𝑖∈{𝑎,𝑏} , for each engine 𝑖 ∈ {𝑎, 𝑏}             (1) 

 

Where SFOC(g/kWh) is the specific fuel oil consumption, EL(%) the fractional load of the nominal 

power EP(kW) of the auxiliary engines (α) and boilers (b), and tB,k is the duration of the ship at berth. 

For ships that are AMP-ready, the auxiliary engines may be switched off during berth and 

only the auxiliary boilers are operating (𝑖 ∈ {𝑏}). The boilers keep fuel temperatures and the main 

engines’ cylinders warm to avoid damage from low temperature contractions (Zis et al., 2015). Thus, 



in the proximity of the port, these auxiliary boilers are the only source of pollution. To identify the 

exact energy requirements to be provided through AMP, an activity based assumption may be used. 

The energy from the grid should be enough to cover the energy output that the auxiliary engines 

would provide if operating and include any energy losses due to transmission and energy conversion, 

typically estimated at 8% and 2% respectively (Zis et al, 2014).  

 

3.2 Emissions modelling 

Bottom-up emissions methodologies are retrieving emissions generation by multiplying fuel 

consumption with appropriate emission factors. In the context of this paper, the total port emissions 

εB (tons of pollutant)  for each engine 𝑖 ∈ {𝑎, 𝑏} (auxiliary engines and boilers) on-board each ship 

𝑘 ∈ {𝑁} (N is the set of ships calling at the port) during their berth (B) activities considered. These 

are equal to the fuel consumption FCi,B,k (kg) of each engine i multiplied by an appropriate emission 

factor EFi,B,k (kg pollutant / kg fuel) as in equation 2.  

 

𝜀𝐵 = ∑ 𝐸𝐹𝑖,𝐵,𝑘 ∙ 𝐹𝐶𝑖,𝐵,𝑘𝑘∈{𝑁}                for each engine 𝑖 ∈ {𝑎, 𝑏}                   (2) 

 

For some pollutant types, emission factors are fixed and depend only on the type of fuel used 

(e.g. CO2, SO2), whereas other pollutants depend on the engine speed (e.g. NOx), or the EL at which 

the engine is running (e.g. PM and BC). Table 1 presents the emission factors used in this paper.  

 

Table 1. Summary of emission factors 

Pollutant EF (kg of pollutant/ kg of fuel) 

 HFO MGO 

CO2 3.021 3.082 

SO2 0.02*S (where S is the sulphur content) 

NOx 
Slow and medium speed High speed (auxiliaries) 

0.087 0.057 

BC 8 10-6·33.519·EL-0.754  

 

These emission factors require low-load corrections when operating at engine loads below 20% which 

are taken into consideration in the analysis. A more detailed discussion on emission factors can be 

found in the literature (IMO, 2014; Psaraftis and Kontovas, 2010; Lack and Corbett, 2012). 

Through the use of CI there are always local environmental benefits since the auxiliary 

engines of participating ships are turned off for a large part (or even throughout) of the berthing time 

(FCa,B,k=0). However, there are induced emissions at the source of energy generation that now powers 

to the ship at berth. While some ports are investing in small power units (or Renewable Energy 

Sources - RES) for their own needs, the majority would rely on the grid to meet the very high energy 

demands from hoteling ships. To quantify these emissions, it is vital to know the energy mixture 

powering the port, and the relevant grid emission. Grid emission factors are usually lower than marine 

fuel emission factors since part of that energy comes from RES, nuclear power or more eco-friendly 

fuel (such as LNG). However, there are cases where the energy may be provided by coal-burning 



power plants with a worse environmental performance (particularly when low-sulphur fuel could be 

used at the port). Even in this case locally there would be significant benefits from the use of AMP.  

The emission factors of the electricity grid are usually lower than the equivalent factors of 

fossil fuel used in internal combustion engines (particularly in comparison with marine engines using 

lower quality fuel than gasoline). There have been studies that compare the emissions from internal 

combustion vehicles and electric or hybrid cars in which the average grid emission factor per country 

is used. For example, Howey et al. (2011) assume a grid emission factor of 542g/kWh for the UK and 

use it to compare the environmental efficiency of electric vehicles with hybrid and conventional cars. 

The results depend heavily on the characteristics of the vehicles compared (aerodynamics, engine 

efficiency) and the country of study. A more recent estimate on the average grid emission factor in 

the UK for CO2 is 352g/kWh as seen in Table 2.  A typical SFOC (g/kWh) for an auxiliary engine is 

220 to 230 g/kWh which if multiplied with the CO2 emission factor for MGO results in a range of 

678 to 709 grams of CO2 per kWh. A coal power plant has a CO2 emissions factor of 940g/kWh, and 

the grid emission factor in countries (or States in the case of USA) with important indicative ports is 

shown in Table 2 (17). Table 2 is the product of a compilation of available sources on the emissions 

intensity, and energy mixture powering a grid. The numbers in Table 2 do not consider losses of 

energy during the transmission of power from the source to the user (in this context the port). The 

grid emission factors vary substantially each year, as the energy mixture is also changing. However, 

the correlation between a cleaner energy mixture (e.g. high on RES, Nuclear, low on coal) and the 

resulting grid emission factor is evident. 

 

Table 2. Energy mixture data per country and average grid emission factors (Data source: 

European Commission (2017), EPA(2017), Moro and Lonza (2017) ) 

Port Country Coal Fuel 

and 

LNG 

Nuclear RES 

(including 

Hydro) 

Others 

(including 

waste, 

imports) 

 EFgrid1 

 CO2 

(g/kWh) 

SO2 

(g/kWh) 

NOx 

(g/kWh) 

PM2.5 

(g/kWh) 

Los 

Angeles 

USA 

(California) 

0.4 61.1 8.6 23.4 6.5  251.1 0.045 0.091 0.002 

Virginia USA 

(Virginia) 

26.9 29.1 39 5 0  397.7 0.408 0.318 0.003 

Juneau USA 

(Alaska) 

31.7 32.5 27.6 8.1 0.1  478 0.726 0.318 NA 

Seattle USA 

(Washington) 

5.8 9.8 8.2 76.1 0.1  101.7 0.045 0.045 NA 

Felixstowe UK 4.3 40.1 15.3 10 0.9  388.8 0.3 0.7 0.049 

Gothenburg Sweden 0.3 0.5 43 54.3 1.8  10.5 0.0069 0.03  

Hamburg Germany 34.6 11.6 19.1 31.3 1.1  424.9 0.211 0.577 0.052 

Antwerp Belgium 6.2 27.3 47.2 18.8 0.5  207 0.125 0.397 0.059 

Sydney Australia 

(New South 

Wales) 

32.2 62 - 5.8 0  830 2.1 1.3 0.003 

Shanghai China (East) 58.6 4.7 2.1 34.6 0  837 4-7.3 2-3.7 NA 



 

 

 Technologically the efficiency of the grid is gradually improving over the years aided by the 

strict regulation to increase the participation of RES in the energy mixture. Further reductions to grid 

factors can be expected that with the growing introduction of RES in a country’s energy mixture, and 

thus greater environmental benefits through CI can be anticipated. In maritime transportation, and 

AMP in particular, the comparison can be made in terms of electric requirements at berth which 

would typically be the same for a given ship in a given port during the same time. This comparison 

is shown in Figure 1, for four pollutant species.  

 
 

Figure 1: Balance of global emissions when using cold ironing, as a function of grid emission 

factors  

The error bars in the four plots depict the variation in energy demands for different ELa,b (a 

minimum of 10%, and an average/maximum that varies according to ship type). For all four plots it 

can be easily observed that the emissions balance is a line that for low EFi,grid values is positive and 

will become negative at less clean grids. The point where each line intersects the x-axis is essentially 

the point where the grid emissions factor considering conversion and transmission losses is equal to 

the emissions factor of the auxiliary engine. For the CO2 emissions balance, the performance of 3 

ports is also plotted on the x-axis to facilitate comparisons. 

 

3.3 Basic economics of cold ironing 

The use of CI requires significant capital investments from both the port authority, and the shipowner. 

The decision of a shipowner to use AMP during one or more of their port calls depends on several 

economic factors. Most importantly, the shipowner may have to retrofit the ship to be able to receive 

shorepower with significant capital required CR,k. An indicative cost for an OGV was reported at 

around $400000 (Arduino et al., 2011). The IMO (2017) provides some more recent estimations on 

(a) - CO2 (b) - SO2

(c) - NOx (d) - BC

Grid Emission Factor (g/kWh)

Gothenburg Hamburg Sydney



the implementation costs of CI for different ship types. These cost vary significantly as for example 

smaller ships of up to 5000 GT can require anywhere between $50000 and $350000, while larger 

ships greater than 100000 GT (containerships, crude oil tankers, large cruise ships) can require up to 

$750000. In general retrofitting a ship is more costly than installing AMP capability in a new-build. 

During each year, the economic balance ΔCAMP,k ($) of ship k calling Nc,k times at ports with CI 

capability (c) and receiving shorepower can be calculated using equation 3. 

 

𝛥𝐶𝐴𝑀𝑃,𝑘 =
𝐶𝑅,𝑘−𝑆𝑅,𝑘

(1+𝑟𝑘)𝑦
+ 𝑁𝑐,𝑘 ∙ (𝑡𝐿,𝐴𝑀𝑃,𝑘 ∙ 𝐶𝑡,𝑘 + 𝑃𝐴𝑀𝑃 ∙ 𝐸𝐴𝑀𝑃,𝑘 − 𝐹𝐶𝑎,𝐵,𝑘 ∙ 𝑃𝑓,𝑎 − 𝑅𝐴𝑀𝑃,𝑃,𝑘)          (3) 

 

Where SR,k is a potential subsidy provided by a port towards retrofit costs and the first term (fraction) 

is the present value of the initial retrofit costs y years after the retrofit assuming an interest rate rk. 

The term tL,AMP,k is the time lost during each call for plugging and unplugging the ship with a value 

of time Ct,k. Finally, RAMP,P,k is any incentive provided per call from the port authority P to the ship. 

From equation 3 it can be assumed that if the ship is already able to connect to shorepower (as some 

newly built ships are designed to be to be compliant with Californian regulation), the decision to use 

AMP or not at each call will depend on the price per kWh as sold by the port authority, any additional 

monetary incentive provided, the cost per ton of fuel at berth and the AMP-berth availability during 

each call. Monetary incentives during each CI ship call have not been introduced directly by port 

authorities, however a deduction in the price per kWh sold has been considered in some cases as a 

means to promote the use of AMP. In other ports (e.g. Marseille) a deduction in the port fees for ships 

using CI has been introduced. Finally, the port of Stockholm is providing a subsidy of up to 0.5 

million SEK (approximately $62000) towards the retrofit of Ro-Ro ships that call at the port, subject 

to a 3-year commitment of visiting the port of Stockholm.  

For the port authority, a typical cost for the installation of an AMP berth is estimated at $1.5 

to $2 million (as reported in the current IEC/ISO standard 80005), but this figure may change 

depending on the terminal type. For example, in their recent paper Innes and Monios (2018) suggested 

a cost of £6.6 m for 9 berths to power offshore supply vessels (that have less energy requirements at 

berth than large containerships or passenger ships) which is equivalent to $0.97 million. A recent 

implementation in  the port of Seattle for cruisehips costed $1.5 million. It should be noted that these 

costs will also slightly differ depending on the terminal layout and on how far apart are the different 

berths where ships stay at (different cable lengths required). To summarize, the annual costs borne 

by the port authority will therefore depend on: 

 the terminal type and layout 

 the number of berths NB able to provide shorepower,  

 the annual operating costs CAMP,O,P(including maintenance, staff costs)  

 the number n of ships k using AMP at their calls,  

 the price Pgrid per kWh sold by the grid,  

 the price PAMP,k per kWh sold to the calling ship k,  

 monetary incentives RAMP,k provided to a ship to influence a decision to use AMP and finally  

 potential subsidies SR,k provided to a ship towards retrofitting costs  

The previous are summarized as annual costs, assuming a discount rate of rP in equation 4. 

𝐶𝐴𝑀𝑃,𝑃 = 𝑁𝐵 ∙
𝐶𝐴𝑀𝑃,𝐼,𝑃+𝐶𝐴𝑀𝑃,𝑂,𝑃

(1+𝑟𝑃)𝑡 + ∑ (
𝑆𝑅,𝑘

(1+𝑟𝑃)𝑡 + 𝑅𝐴𝑀𝑃,𝑘 + 𝑃𝑔𝑟𝑖𝑑 ∙ 𝐸𝑔𝑟𝑖𝑑,𝑘 − 𝑃𝐴𝑀𝑃,𝑘 ∙ 𝐸𝐴𝑀𝑃,𝑘)𝑛
𝑘=1        (4) 

 

With the exception of California where AMP is heavily promoted and complemented by 

regulations that enforce OGVs to use it, it can be expected that a ship would only use AMP if it is 



financially beneficial. Therefore, it can be expected that the fuel price will be a key factor as to 

whether a ship relies on AMP, and particularly in ports bound by either ECAs or EU regulations 

(demanding pricier ultra-low sulphur fuel at-berth). The economics of CI has been a recurring theme 

in technical and academic literature with most studies emphasizing the importance of prices per kWh 

(Winkel et al., 2015; Fiadomor, 2009). To elaborate on the impacts of electricity prices, Figure 2 

compares the cost of electricity between using different marine fuel (we use half-year averages for 

fuel types MGO 0.1% sulphur, HFO 1% sulphur) and the industrial rate at different countries (these 

are reported in half-year averages in Eurostat and IEA).  

 
Figure 2: Cost of generating 1kWh of power using marine fuel vs buying 1kWh from the national grid 

 

 Both fuel types (MGO and HFO) follow similar trends, with a surprising drop in fuel prices 

after the second half of 2014. In contrast, the electricity prices are less volatile. From a cost 

perspective, CI would be more beneficial economically for ship operators calling at US ports, or 

Sweden rather than Germany. In recent years due to the unexpected drop in fuel prices (Zis and 

Psaraftis, 2017) the benefits of using CI are now lower, to the point that in some countries it may be 

cheaper to keep using MGO at berth. HFO with 1% sulphur content can be used in certain countries, 

but not in European ports, or in California, unless a scrubber is installed at the ship that can treat 

exhaust gases from auxiliary engines. Finally, the data in Figure 2 are not considering any 

transmission/conversion losses from the grid to the ship, therefore the actual costs for the ship 

operator using CI may be higher due to a slightly higher energy demand to cover for the 

aforementioned losses. The next section will present a set of illustrative case studies to facilitate 

discussion in understanding the future prospects of CI in the quest for environmentally friendly port 

operations. 

 
4 Analysis 

This section considers the perspective of a ship owner and a port operator that opt to invest in 

CI, for a few illustrative case studies. The net present value (NPV) is used to assess financially the 
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investment for each stakeholder. The analysis assumes three different fuel price scenarios (low, 

medium, high) based on recent fuel prices. Depending on ship type, a different investment period is 

considered for each case study. 

 

4.1 Ship operator retrofit 

This case study considers the perspective of different ship operators that invest in retrofitting the ship 

to receive shorepower. For each case, the NPV of the capital investment CAPEX ($) to retrofit the 

ship is used as an assessment tool. The NPV is calculated with the equation 5: 

 

𝑁𝑃𝑉 = 𝐶𝐴𝑃𝐸𝑋 + ∑
𝛥𝐶𝐴𝑀𝑃,𝑘

(1+𝑟𝑘)𝑡
𝑇
𝑡=0            (5) 

 

where 𝛥𝐶𝐴𝑀𝑃,𝑘 ($) is the annual cost or benefit of using CI at the port taken from equation 3, and T 

(years) is the remaining lifetime of the investment. 

 

4.1.1 Ro-Ro ship 

The case study assumes that the Ro-Ro ship is sailing two times a week (two roundtrips) between two 

ports A and B in Sweden and Belgium respectively, with average berth duration of 8 hours at each 

port and a sailing time of 34 hours. The port in Sweden can currently provide shorepower, and it is 

assumed that the ship will be connected at every stay. The cost benefit analysis is conducted for three 

different fuel price scenarios (low, medium, and high) and examining the impact of having the second 

port offering CI. The project’s investment period is assumed to be 10 years, after which the ship may 

be out of service due to the age of the ship. The electricity price per kWh was calculated based on 

data from Eurostat for industrial consumers, and using the average value of the examined countries. 

 

 
Figure 3: Economic evaluation of cold ironing retrofit on a small Ro-Ro ship 
 

The results show that for medium and high fuel prices investing in CI is economically beneficial for 

the ship, whereas for the very low fuel prices the energy cost savings are not enough to pay off the 

investment within the lifecycle assumed in this case. If the second port (Belgium) also introduces 

shorepower, these benefits are increased and the investment has a higher return. To further 

comprehend the impact of the price per kWh, a similar analysis is performed in Figure 3 assuming 

the same ship having a similar service but at different countries with one or both two ports providing 

shorepower  (using the same price per kWh at both ports in each scenario) for only the medium fuel 

price scenarios. Results show that, for the investment to be successful, it is critical that both ports 

have AMP capability, and that it is a better option for ships calling at ports with low sulphur 

rk (%)

Cold Ironing port of Sweden only Cold Ironing port of Sweden and Belgium

rk (%)



requirements. The AMP option is a much better option at times of high fuel prices. Due to the 

currently low number of ports that offer CI, from the ship operators perspective it may be better for 

such ship types in comparison to containerships that call into multiple terminals per year, and as a 

result will have less time using the AMP infrastructure. 
 

4.1.2 Cruise ship 

This case study concerns a large cruise ship capable of hosting approximately 2500 passengers. The 

ship is spending a large part of its annual season sailing between Alaska, Canada, California and 

Mexico where it is assumed to be able to connect to the ports of Vancouver, and Juneau. A smaller 

part of its journey (December – April) it cruises around Asia (Japan, South Korea, Taiwan, and China) 

and it is assumed to be able to receive power from the ports of Shanghai, Incheon, and Busan. The 

scheduled at berth hours of the cruise ship are 2115, of which 362 are scheduled at ports that can 

provide shorepower. Figure 4 illustrates the NPV profile for the cruise ship for the realistic case where 

the ship uses shorepower at all ports with current AMP capability, and the hypothetical case where 

all ports of call could provide this power. The NPV is calculated assuming a 20 year period the ship 

will be operating.  

 

 
Figure 4: Economic evaluation of cold ironing on a large cruiseship 
 

Similar to the previous case study it is evident that for high fuel prices the investment if more 

profitable, unlike for low fuel price scenarios. In addition, if all ports were able of providing 

shorepower the return of the investment would be much higher.  

 

4.1.3 Ultra large container vessel (ULCV) 

ULCVs are claimed of transporting a maximum of 21413 TEU (OOCL, 2018)  and were equipped 

with CI capabilities upon building. These ships are currently sailing in Asia-Europe routes, and 

typically spend (according to published schedules from liner companies) approximately 25% of their 

time at ports for loading and unloading operations. In this section the OOCL Hong Kong ship is used 

for a hypothetical case study. As of 2018, this ship is deployed on a 77-day roundtrip calling at 9 

different ports of which none can provide shorepower. Figure 5 presents the NPV profiles of an 

investment (assumed at an extra 1 million USD) for a different penetration rate of CI provision at the 

ports of call. For the cost of electricity, the analysis assumes a 0.12$/kWh rate in Asian ports, and a 

0.134$/kWh in the European ports of call (based on EU average). The assumption is that first the 

European ports (25% of calls onward) will provide first shorepower to this size of ships.  
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Figure 5: Economic evaluation of cold ironing on an ULCV, for different penetration rates of shorepower in ports of call and 

varying fuel price scenarios 
 

Figure 5 shows that for medium or high fuel price scenarios, investing in CI is beneficial for the new 

built ULCV, if 25% or more ports of call can provide this power. For higher penetration rates the 

return of the investment is much higher. However, this analysis assumes that the ship can always 

receive power if the port of call has the infrastructure. In reality, there may be issues with AMP-ready 

berth availability that may limit the actual usage of the technology for an individual ship. 

 

4.1.4 Panamax containership 

This case study is focusing on a Panamax containership (5100 TEU capacity) that is deployed on a 

Trans-Pacific route that has been retrofitted to comply with the At-Berth Regulation in the Californian 

ports. The ship spends approximately 13% of its time at ports. The ensuing analysis considers three 

cases; for the first one, the ship is only using shorepower at Californian ports (to comply with 

regulation), the second considers that the ship is also using it in the Asian ports that can currently 

provide the power (S. Korea, Japan), and the final one is considering a scenario where all ports can 

provide shorepower. The retrofit cost for a containership of this size is considered at $0.5M and the 

remaining lifetime of the ship is taken as 20 years. The results are shown in Figure 6 for three fuel 

price scenarios. 

 
Figure 6: Economic evaluation of cold ironing for a Panamax ship, that is calling in California and is retrofitted 

 

The results show that this investment may have some minor economic benefits for high and medium 

fuel prices scenarios. In comparison with the previous ships examined, this particular ship spends a 

lower time of its service time at ports. Regardless, for medium and high fuel price scenarios there 
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would be a return of investment even if the ship is only using CI in California (where it is required 

by regulation). 
  
4.2 Port authority 

This case study considers the perspective of a port authority that seeks to maximize the emissions 

reductions of a specific pollutant from ship activity in its proximity. The case study considers a 

container terminal of a 1.3 million TEU annual throughput, with 1700 ship calls per year. A 2-week 

cycle is assumed for the terminal that has 3 discrete berths. An AMP berth is assumed to cost $2 

million to build. The analysis considers that the port authority can be either a: 

 “Neutral” port that sells the power at exactly the cost of purchasing power from the grid,  

 “Super Green” port that gives the power for free (as a measure to promote CI retrofits to visiting 

ships) 

 “Greedy” port that makes a profit on selling the power ensuring that the cost to the shipowner 

will be 10% lower than relying on fuel at port.  

The analysis considers four cases where the usage of the AMP berth varies from 2000 up to 8000 

hours per year, and assumes an average ship to estimate emissions savings in the port proximity. 

Figure 7 presents the economic evaluation of the installation of an AMP berth for different port 

behaviors as well as the cost per abated ton of CO2 for ports that are not making a profit on the kWh 

(including CO2 emissions at the source, here California). 

 
Figure 7: Economic analysis of AMP installation at a berth, and cost per (global) abated ton of pollutant from the port 

operator’s perspective 
 

It can be seen that for the Neutral port, essentially the return of investment is the reduced 

environmental emissions. A greedy port operator would enjoy additionally economic gains by selling 

the kWh at a higher rate than bought from the grid. Finally, the unrealistic scenario where the port 

pays for the power used by the ship, it is obvious that the cost per abated ton is increasing. Considering 

that CI is mainly advertised as a local emissions pollutant reduction measure, an additional analysis 

is conducted to estimate the ton per abated local savings for CO2 and NOx emissions. Local CO2 

emissions reduction could in theory be of interest if the port is included in Emissions Trading 

Schemes (ETS), while the cost of NOx emissions reduction can be compared with alternative green 

options. The results are shown in Figure 8. 
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Figure 8: Cost per (local) abated ton of pollutant for NOx and CO2 

 

From the results shown in Figure 8 we observe that the cost per abated ton is reduced with a higher 

usage of the AMP facility. For the neutral port, this cost can vary between $10 to $30 per ton of CO2, 

and between $540 and $1600 per ton of NOx. These numbers are promising when compared with 

estimations of external costs of transport. For comparison purposes, Table 3 provides average values 

in Europe based on the Handbook on external costs of transport in Europe (Ricardo-AEA, 2014) that 

vary depending on area. 

 

Table 3: External Costs of Emissions in Seas in EU. Source: Ricardo – AEA (2014) 

Pollutant Unit Values for Main pollutants in sea areas (€/ton) 

CO2 SO2 NOx PM2.5 

Baltic Sea 

90 

5250 4700 13800 

Black Sea 7950 4200 22550 

Mediterranean 6700 1850 18500 

North Sea 7600 5950 25800 

 

Therefore, from an environmental perspective CI can be a very good measure for port operators, if 

the penetration rate of AMP-ready ships visiting the port is high. A potential requirement for 

internalization of external costs of transport could improve further the economic prospects of CI as 

an emissions reduction option. 

 
5 Conclusion and further research  
This paper presented a methodology to assess the implications of providing shorepower to ships 

during their hoteling activities. Research in the field of CI has seen an increased interest in recent 

years following  the introduction of evermore environmental policies seeking to reduce 

emissions from maritime shipping. The methodological framework constructed in this work can be 

useful to ports and ship operators in deciding whether to invest in AMP applications. The analysis 

showed that some of the environmental regulation can have a positive impact on the further 

development of AMP as a technological solution. This is evident as when there are high fuel prices 

the cost of electricity from the grid tends to be significantly lower, and as a result provide lower 

operating costs when relying on CI. Therefore, low sulphur regulation near ports may have provided 

additional motivation to shipowners to invest in CI. However, when such regulation affects the whole 

journey of a ship (e.g. SECAs, the global sulphur CAP from 2020) this may result in ship operators 

investing in universal solutions such as scrubbers instead of CI. However, from a local air quality 
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perspective, a ship using CI is preferable to one having a scrubber or using MGO at berth. As stated 

in the paper, the major barrier to further implementation of shorepower in maritime shipping, is the 

lack of enough ports that have this technology, and the relatively low penetration rate of retrofitted 

ships. In time, newer ships may come ready with CI capability, and port authorities may start investing 

further due to regulation (as in the European Union from 2025).  

Perhaps a different approach to speed up adoption of shorepower, may come through new 

environmental regulations that can either target local pollutants (such as PM emissions, NOx, or 

Black Carbon), or through an increase in the fuel price due to a potential tax levy on bunker fuel, or 

the repercussions of the global sulphur cap on fuel availability. Additional research could consider a 

more refined economic evaluation of CI for the stakeholders considering various uncertainties that 

were not examined in this work. For example the impacts of berth availability during low penetration 

rates of ships and berths, or the optimal number of how many berths to convert in a given terminal. 

Interesting research questions in the domain of CI from a Management Science perspective may 

include the impact of a potential induction of the maritime sector in emissions trading systems (ETS) 

that the European Commission is contemplating, and the integration of berth scheduling problems in 

the presence of CI berths. This modelling framework can be used to assess the efficiency of this 

technology and compare it with other solutions.  
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