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Abstract. Maritime Transport is one of the sources of atmospheric pollution, contributing with gaseous emissions mainly
caused by marine engines and fossil fuel combustion, and characterized by the production of substances such as COz2,
CO, NOx, SOx and PMx, harmful to the environment and human health. Cold Ironing, also known as Alternative
Maritime Power (AMP) or Shoreside Supply, is one of the most relatively recent technologies designed to reduce
emissions in the maritime industry: it consists in a three-parts system to connect shore-side located power sources,
especially with renewable energies and smart grids, to on-board systems able to receive and store electricity, through
intermediate connection devices that allow electricity to flow from the port into ships. This technology has been proved
to bring financial and environmental benefits, considering also the rise in fuel costs; however, it is still facing some
challenges in getting widespread worldwide, mainly due to retrofitting and upgrade costs. It will also require more
specific policies and regulations involving stakeholders of different technical and geographical nature. Scientific research
is however promising under all these aspects, as it is demonstrating significant reductions in terms of emissions and
externalities.

INTRODUCTION

Cold Ironing (CI) is a relatively recent technology in maritime transport, and consists in connecting ships to
quays in order to supply electricity from the inland network in port. This way, all the onboard facilities that require
electricity can be powered up through the inland network, and onboard engines can be switched off leading to a
consequent reduction in emissions [1]. This can reach significant levels of relevance if considering large vessels
such as tankers and cruise ships, the latter being compared to seaborne small towns. Since the abatement of
emissions is achieved by switching onboard engines off, this is heavily influenced by several factors such as type of
engine and RPMs, type of fuel in combustion, and even by the type of inland power sources, because if the port
electricity network is powered by green energies (photovoltaic, wind etc.) rather than fossil, and optimized via a
smart-grid system, this will have a positive impact on a large scale too in terms of emissions. It has been
demonstrated that Cold Ironing can reduce local emissions up to 70% for CO,, to 60% for SO and up to 60% for
NOx in a container terminal port [2]. The application of Cold Ironing requires installing specific technical devices in
ports, and to make sure that ship and inland electrical systems have compatible characteristics; inland electricity
must also be sufficient and of good quality, so to avoid the risk of network overloads: this leads to associated costs
that might be challenging too small ports or in developing economies, which might also face a problem of electricity
availability.

BACKGROUND AND STATE OF ART

The impact on atmosphere from maritime transport is mainly caused by polluting emissions from onboard
engines, due to the production of chemical substances such as GHG and CAC like CO2, NOX or PMx, which are
harmful to the environment or to human health: Greenhouse Gases and CO2 in particular contribute to the
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phenomenon of Greenhouse Effect, and CAC can cause or aggravate respiratory problems and diseases.
International organizations like IMO dedicate much effort in order to tackle this problem, developing international
treaties like the International Convention for the Prevention of Pollution from Ships (MARPOL 73/78) and
promoting policies that often get translated into official regulations, setting thresholds and restrictions for maritime
emissions worldwide. European Directives for example set the maximum sulfur content in marine fuels for berthed
ships to 0.1% [3]. Since Cold Ironing is a relatively recent technology, the amount of available dedicated literature
and enforced regulations is relatively scarce, focusing more on the financial impacts rather than environmental
benefits; this is particularly true for the topic of interaction between Cold Ironing and Smart-Grids powered by
renewables. Since the financial aspect is very important for shipping companies and port authorities, the application
of Cold Ironing could be incentivized through the implementation of financial benefits to those stakeholders that
move towards this technology, by tax reductions for reduced emission for example or with monetary environmental
“tokens” to be spent for port or ship upgrades; this could be an alternative modern approach instead of the more
traditional system of fines and penalties to uncompliant stakeholders (or they could be used simultaneously). In
terms of costs, the annual net costs or benefits for Cold Ironing technologies sustained by a port authority can be
calculated with mathematical functions that consider the number and type of vessels relying on Cold Ironing, the
price of electricity per kWh bought from the network (if not self-produced) and sold to the ship (only the amount
related to Cold Ironing), and any financial incentives to the port and to ships [4]. Despite its recent development,
Cold Ironing is however becoming more widespread and dedicated research will surely be appreciated in this sense.
Currently, Cold Ironing is mostly spread in North America and Europe, but also in Asia and Oceania, as shown in
FIGURE 1 [5].

[ 2.3 Facilities on operation and ongoing projects ]
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FIGURE 1. Cold Ironing Worldwide (by March 2017) [5].

GENERAL TECHNICAL ASPECTS

The main benefit in terms of emission reduction comes from switching off onboard engines, thus reducing or
eliminating combustion plumes. Emissions for moored vessels can be estimated with equations that consider
variables such as the Specific Oil Consumption, the fraction of engine nominal power in use, nominal power of
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auxiliary engines and the duration of hoteling at berth [6]. A typical Cold Ironing system is made of three sections:
the onshore electricity supply system, the connection system between ship and quay, and an onboard system to
receive electricity. On board and in-land electricity must present consistent characteristics: this aspect has particular
importance for international ports, as electricity standards and devices are different across the globe. Off-shore
electricity can be obtained from the main inland electricity network (national grids), but also from local autonomous
grids powered by renewable sources such as photovoltaic and wind farms, or LNG power plants, providing
additional environmental benefits: it has been demonstrated that integrated systems of Cold Ironing and
Cogeneration Power Plants can lead to the prevention of 110 tonnes of NOy, over 2 tonnes of PM; and over than 4
tonnes of SOy per year; best setups can even abate emissions by 98.58% for NOy, 79,06% for PM,o, and 100% for
SOy [7]. [8]. Figure 2 schematizes the Shore-Side Power (SSP) system to connect ships with port quays [9]. Smart
grids and onboard managed and optimized thanks to Artificial Intelligence and computer algorithms [10].
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FIGURE 2. In-land network connected to berthed ships via Cold Ironing [9].

CASE STUDIES

Two Case Studies will be now described as an example of how Cold Ironing can applied to existing ports
bringing environmental benefits. In the first study [11], researchers have performed data analysis on ship emissions
at berth during year 2013, applying two different methods to estimate them: a statistical approach and another
recommended ship movement methodology when data is available. Total emissions were calculated as a sum of
single contribution from hoteling, maneuvering and cruising for each individual ship, considering technical
parameters like the time spent at the port and average fuel consumption of the auxiliary machinery. The findings are
shown in Table 1 below. Finally, given the unit costs per ton of emission, total costs were calculated and its
comparison with total fuel costs showed the first to be higher than the latter. Another calculation returned the
amount of necessary electricity from renewable energies in order to turn off auxiliary machinery and rely on the
shore-side grid, demonstrating that this would allow to save $23M a year in externalities. The costs to build the
necessary infrastructure to upgrade the port haven’t been calculated, however given the expensiveness of this
technology, authors suggest to rely on credit systems like subsidies.
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TABLE 1. Estimated emissions by ship type for the Iskenderun Port in 2013 [11].

Ship Type Total Emissions (t)
NOx PM CO vOoC SOx CO2

Bulk Carrier 331 8 13 10 292 17,258
Container 24 1 1 1 21 1,249
General Cargo 485 12 19 15 428 25,287
Oil & Chemical Tanker 22 1 1 1 19 1,126
Multipurpose Dry Cargo 321 8 13 10 283 16,725
Total 1,183 30 47 37 1,043 61,645

The other study [12] examined the implications of Cold Ironing for ships during their hoteling maneuvers,
underlining the substantial economic convenience of Smart Grids and Cold Iron if compared to high and rising fuel
prices. However, since emission regulations and restrictions affect the entire journey of a ship, stakeholders can
often prefer investing in full-round technology like scrubbers rather than shore-side systems, despite the significant
environmental benefits of a ship berthed with Cold Ironing. Currently, only a low number of existing ports is already
employing this technology and similarly, there aren’t enough retrofitted ships to make a significant difference, with
a low penetration rate. In future, new ports and ships might be equipped with shore-side systems so that their spread
may become mainstream and more economically convenient and accepted. This can be achieved also thanks to
coordinated policies and management transport systems [13, 14] that involve all the main stakeholders within
transport industry [15, 16, 17, 18]. Figure 3 shows the different penetration rates (r« in %) for Medium Fuel Price
(left) and 25% penetration for Low, Medium and High Fuel Prices (right).

Cold Ironing different penetration (Medium Fuel Price) Cold Ironing 25% penetration (different Fuel Prices)
25 25
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10
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FIGURE 3. In-land network connected to berthed ships via Cold Ironing [12].

DISCUSSION

Cold Ironing is an interesting and recent technology that is already proving its efficacy, both in terms of
sustainability and financial convenience that is related to all transport systems [19, 20, 21]. It is an example of
multidisciplinary approach, as its applications involve many fields of science and engineering, such as civil
engineering and construction, electronics, Artificial Intelligence, environmental chemistry and so on [22, 23]. The
availability of recent literature is not very generous, with many studies focusing on the financial aspects rather than
environment and sustainability (although them being strictly related). A further progress in Cold Ironing might
involve Artificial Intelligence and software algorithms, applied for example in smart grids to automatically
understand the electricity demand and therefore adjust the supply rate. Another application could be done to
Autonomous Vessels (considering the spread of autonomous vehicles) [24, 25, 26], which are unmanned ships
operated by computers in autonomy, ideally leading to higher efficiency with better routing and optimized in-port
maneuvers, meaning better fuel consumption, reduced emissions and reduced costs as well. Smart grids can be either

060013-4



thought on-shore or off-shore, with electrical grids installed on vessels relying perhaps on renewable energy, mostly
photovoltaic with solar panels, but wind is also coming back under the spotlight recently, after centuries of being
abandoned as a propulsion source. To date, renewable energies can perhaps find easier application on shore, creating
sustainable autonomous power plants and electricity grids to power up vessels through Cold Ironing, but also any
other vehicle or machinery inside the port [27, 28, 29, 30]. It must be noted that shore-side and on-board systems
must present the same characteristics for electricity, since standards may vary worldwide [31, 32]. Cold Ironing
technology is currently relatively expensive; thus, some effort will be required also in terms of regulations and
funding, speaking i.e., about well calibrated policies with reward and penalty systems, like for example assigning
credits to virtuous stakeholders or setting high charges for those who don’t comply; Information Technology today
is able to help with the calibration of this multi-parameter models [33, 34, 35], but it must be remembered that not
all ports and stakeholders are currently financially able to upgrade their fleet and infrastructure to chase the
environmental transition for a greener future [36, 37, 38].

CONCLUSIONS

Cold Ironing, also known as Alternative Maritime Power (AMP) and shore-side power supply, is a
relatively recent technology that consists in electrically connecting receptive ships to properly equipped ports, via
dedicated technology that allows transferring electricity from the shore side to vessels. Although the financial and
environmental benefits obtained through Cold Ironing systems have already been proven, these systems still struggle
to become mainstream, and remain confined to a relatively low number of ports and vessels in the world. One of the
main reasons is that, although CI allows to save on the costs of fuel burned by ships during mooring, shipping
companies still prefer to invest in all-round solutions that affect the entire voyage of the ship, like scrubbers. Port
Authorities, on the other side, couldn’t be financially ready to upgrade their infrastructures, as these systems are still
somewhat expensive; perhaps with them becoming of common use, their costs would lower down significantly.
Recent research studies show however how significant are the environmental and financial benefits coming from
their application, with heavily reduced emission levels of CO,, NOyx, SOx and PMy and cost savings, especially if
integrated with dedicated renewable energy plants. The deployment of sustainable strategies and cold ironing in
ports together with the implementation of urban and transport planning aimed at decarbonisation can mitigate
environmental impacts, e.g. by favouring the use of alternative forms of mobility or innovative non-combustion
engines [39,40,41,42,43] .Stakeholders could be attracted to Cold Ironing by subsidies and credit systems, but also
pushed towards them with stricter regulations and higher charges. Future research might be directed in order to
make these systems more efficient through Artificial Intelligence, more affordable and thus more widespread
worldwide.
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