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Abstract

The first cases of successful implementation ofl c@ning can be
found in Alaska about twenty years ago. In thaec#se energy cost
was lower than in Europe where cold ironing haslokeeloped
only in the latest years at few ports.



The present paper investigates the innovative gsocecold ironing
at European level. Firstly, its recent developmeriurope is
documented as well as the main concern of its spareding
legislation. Then, the adoption of this initiativg the “green ports”
concept is discussed. Secondly, the technicaldyarrsuch as lack of
standardization of electricity parameters are noewetil. And given
that port electrical infrastructure needed onshepeesents a huge
investment that not all ports are financially alolelo, the financial
problematic is treated explicitly taking into acodthe cost of
energy at ports (directly provided by electric calstor converted)
against the energy cost onboard. Finally, conchssare drawn
covering the main barriers confronted by this tetbgy and the
future premises of cold ironing at European pootsstdering the
social and environmental benefits in terms of aat aoise pollution.

Keywords: cold ironing, energy cost, technology barrierydpean ports,
environmental

1. Introduction

Cold ironing is a process enabling a ship to tdfrit® engines
while berthed and to plug into an onshore powercaurhe ship’s
power load is transferred to the shore-side powpply without a
disruption of onboard services. This process allemgrgency
equipment, refrigeration, cooling, heating, liglgtimnd other
equipment to receive continuous electrical poweitanthe ship
loads or unloads its cargo. Cold Ironing is alsown as Shore
Connection, On Shore Power Supply, Alternative Kag Power
Supply (AMP).

Cold ironing has been adopted in some ports arthmevorld as
a measure belonging to the “Green Ports” concdps doncept
refers to a set of several measures aimed to ahkigstainability at
ports, considering that a port not only meetstadlénvironmental



standards in its daily operations, but also hasg-term plan for
continuously improving its environmental performanc

Auxiliary engines run by ships in ports generatexS{00x, CO2
and particle discharge as well as noise and vidmafihese
pollutants cause negative health and environmé@nizdct on the
surrounding communities. Independent studies hawned that cold
ironing generates many environmental and sociattitsnby
reducing emissions from vessels docked in port#,mn be
considered a relevant part of “green ports”.

Cold ironing can be considered a technological vation as it is
a relatively new technology providing electricityrlarge sea-going
vessels and since there is only a limited amoumntfofmation
available, this concept requires a full investigatiMoreover, it can
be defined as a ‘not yet a successful inititatimeterms of
innovation. This is due to its recent developmariurope linked
with a recent legislation, as well as the receneag of the “green
ports” concept in many EU ports. Therefore, cotohing has been
implemented only in few European ports, even ieotbort cities are
currently planning to install shore power supplgteyns. In the next
paragraphs there is a detailed explanation of émesgjs of this
innovation, its development in the EU, its currpragress and trend,
and the lessons to be learned.

The background of this innovation is examined,udaig the
reasons for launching it, and its development sinemty years ago.
The current system of cold ironing in Europe wikkh be
summarised, followed by an analysis of the devekpnprocess,
including its impact and spread across the maritiaesport sector
at international level. The penultimate sectiothid paper provides
the lessons that may be learned from the analy$igsoinnovative
case. In the final part there is a section inclgdhre discussion and
the last section draw some general conclusions.

2. Background and Development



Cold ironing is a shipping industry term that ficetme into use when all
ships were equipped with coal-fired engines. Wheghia tied up at port
there was no necessity to continue to feed thedire the iron engines
would literally cool down, eventually going commdst cold. From here
derives the term "cold ironing".

Historically, ships were not submitted to emissioontrols and
regulation and diesel engines were their main soaf@ower. However, in
the last 10 to 15 years the growing attention t&tasoability at ports and
protection of marine environment began to increasportance. Then,
several studies demonstrated the contribution gfssto the total global
emissions. Ships produce 2% of CO2, 10 to15% obust oxides (NOXx)
and 6% of sulphur oxides (SOx) (ABB Marine, 201Burther research
indicates that 60,000 cardio-pulmonary mortalittee due to particulate
matter from ship emissions (Corbett et al. 2007).

As a consequence, hew environmental regulationg wet-up by the
International Maritime Organization (IMO) at a gidbevel. In 2004, the
MARPOL Convention (73/78) has placed limits on $ulp oxide
(requiring use of <4.5% sulphur fuel by 2010, atsdtarget is to reduce
world maritime sulphur output to <0.5% by 2020) amittogen oxide
emissions from ship exhaust and prohibited deliieeeaissions of ozone-
depleting substances. In 2005, EU Directive 200G3has limited the
amount of sulphur to 0.1% in all marine fuel usdulevat berth for more
than 2 hours in European ports, since 2010. In 2006@éw environmental
EU recommendation came into: it is the EU Recomragod
2006/339/EG, destined to member countries to premshore-side
electricity facilities. The EC recommendation alsalled for the
development of harmonized international standamtspaovided guidance
on costs and benefits of connecting ships to thetrétity grid.

3. State of the Art

From a technical and operational viewpoint, colthing is a complex
technological system made by the following elemenHectrical
infrastructure at ports (engineered and integraystems are required to fit
all types of ports); electrical infrastructure ohips (retrofits or new



builds); connection and control solutions to enspeesonnel safety and
seamless power transfer. In particular, a complat®ard system solution
should include all power equipment necessary toneonthe ship to a
shore-side power point; all control equipment nsagsto secure seamless
automated power transfer of the ship load fromathieoard power plant to
the shore-side source and back. Furthermore, itegriated system needs
to comply to new international standards includiktigh Voltage Shore
Connection (HVSC) by IEC, ISO and IEEE, IEC 6009®5editionl
IEC/ISO PAS.

Considering economic and financial aspects, imgdrtant to underline
that cold ironing is most effective and convenifemtthose vessels that call
frequently at the same port and operate on dedicatgtes, and for those
that consume huge amounts of power and emit higtdeof air pollutants
when berthed. Typical vessel typologies includeride, cruise ships,
containerships, LNG carriers and tankers.

Several ports around the world have already impleateshore-to-ship
power including: Antwerp, Gothenburg, Libeck, Zegge, and Oulu in
Europe; Los Angeles, Long Beach, Juneau, VancoandrSeattle in the
rest of the world. If considering the case of timnish port of Oulu, with a
ship consuming 2000 kW, 7hrs each day, it has besdaulated the
following estimated annual cost savings with Shoomnection versus on-
board electric power production (Fig. 1).

Other cities are currently planning to install shpower supply
systems at their ports, such as Barcelona, BreBgsgn,
Copenhagen, Marseille, Civitavecchia, Rotterdarac¢i8tolm and
Venice.

Among the most successful cases, there are the &fdrbs
Angeles and Long Beach where cold ironing is addeynent of the
Clean Air Action Plan (CAAP) adopted by the two fgsasince 2005.
As explained in a CAAP fact sheet, the plan ingisahat “all major
container cargo and cruise ship terminals at thiss poould be
equipped with shore-side electricity within fiveten years so that
vessels can shut down their diesel-powered engvhde at berth.”
Under this program, a shipping company has agmeetilize shore
power at the port for at least five years as phitsdease agreement.
The port of Los Angeles has added an incentiverpragand will



provide up to $810,000 to defray the cost of addimgre-power to a
ship.
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Fig. 1: Annual operational cost savings using ciotching at Oulu.

Source: ABB Marine, 2010.

The main benefits generated by the applicatioroldf zoning are
social and environmental. Firstly, if this innovatitechnology is
implemented properly, it can contribute to air giyamprovement.
The use of cold ironing could lead to a significesduction in CO2
emissions, most notably in Japan, UK, and Italyll(B@10). Indeed
cold ironing system, due to the higher efficienog & the “limiting
emissions facilities” in lower plants, permits tove more than 30%
of CO2 emissions and more than 95% of nitrogen eryand
particulate. It has been demonstrated that, indL@shof stop of a
cruise ship, its emissions drop from 72.2 to 56rines of CO2, from
1.47 to 0.04 tonnes of nitrogen oxide, and fron81d0.04 tonnes
of sulphur oxide. This system also allows to redugise pollution.
Other positive impacts are better onboard comfaiitenin port,
green profiling for ship owners and customers, aisd reduced
lifecycle cost by reduced fuel consumption and ri@snance cost.



4. Analysig/Discussion

The first case of successful implementation of aading can be
found in Alaska about twenty years ago. The suckessis mainly
due to an economic factor: the cost of energyolmrast to the price
of fuel, quite consistent worldwide, the price tdatricity can vary a
lot accordingly to local circumstances. In Alaska energy cost is
lower than in Europe due to the huge availabilitgmergy. It
amounts about to USD 0.05 per kilowatt-hour (S2640). Also in
California the energy cost is lower than in Eurogpyal to USD
0.11 per kW-hr (Sisson and Mc Bride 2010).

Therefore, the cost of electric energy represeifiitst barrier to
the spread of cold ironing in Europe. However, d¢adding could
represent a cheaper solution in certain casesnpeoed with vessels
switching to marine distillate (MDO) while in paas required by
many local regulations (MDO burns cleaner than leurfilkel, but it
is about twice expensive). If a vessel calling adifornia is charged
at the commercial rate of USD 0.11 per kW-hr, thiefdr a 24-hour
call drawing 1,600 kW will be USD 4,200, less theaif the price of
burning MDO onboard (Sisson and Mc Bride 2010).

One other barrier can be found in cold ironingasfructure at
marine terminals. They require extra electricalazaty, conduits,
and the “plug” infrastructure that will accept poveables from a
vessel. A large container ship usually requires@amately 1,600
kilowatts (kW) of power while at berth, but the pawequirements
can differ substantially, depending on the sizthefvessel and the
number of refrigerated containers on board (SissmhMc Bride
2010). Port electrical infrastructure equippeddold ironing costs
more than a conventional terminal, and it represantinvestment
that not all ports are disposal or able to do. Aguige solution to
incentive ports to invest in this new technologulddoe the use of
emission reduction credits: they could help oftbet expense and
provide short term incentives.

Initially cold ironing for containerships at themnp of Los Angeles
was realised using a barge to deliver the powellgwnthe last



years new permanent shore-side power has beenThalttotal cost
of constructing the shore-side infrastructure, #nedcost of
retrofitting the vessels calling at the berth hbeen estimated for
LA ports by Sisson and Mc Bride in 2010. Theseaxgbsts will
differ considerably by location; their analysis s1$£5$1.5 million
per berth for the shore-side infrastructure (basedecent
documented costs for a cruise ship installatioBeattle). Assuming
a 30-year design life and applying a six per cet@rest rate, this
translates into a shore-side construction costvedgnt to
US$110,000 per year per berth. The vessels callitige berth will
also need to be equipped with the required eledtimérastructure.
Assuming that five vessels are required to proaidesekly trans-
Pacific service, at a cost of US$400,000 per vessd)S$ 2 million
for the fleet of five. With a 20-year vessel dedifmand six per cent
interest, this equates to an annual cost of US®0Dor vessel
modifications to a fleet of five vessels. Addingstto the shore-side
infrastructure cost, yields a total annual congiomccost per berth of
US$280,000.

A further barrier is represented by some techrpcalblems
concerning lack of standardisation. This conceompatibility of
electricity parameters: ships, built in differentdrnational yards,
have no uniform voltage and frequency requirem®&aine ships use
220 volts at 50 Hz, some at 60 Hz, others use bit8.\WPrimary
distribution voltage can vary from 440 volts tokKibvolts. Load
requirement varies from ship to ship — ranges feofew hundred
kW in case of car carriers to a dozen or more MWeaise of
passenger ships or reefer ships. Connectors atescaie not
internationally standardised, though work has pFsged in this
direction. There are other legal implications tésourcing primary
power source (Pawanexh 2009).

One further barrier may be found in the lack giséation and
regulations: the spread of cold ironing at the poftLos Angeles
and Long Beach is a consequence of a stricterddigis (in
comparison to Europe), including the MEPC 59/6/fjat proposal
from USA and Canada to IMO to designate an Emis€iontrol
Area (ECA) for specific portions of U.S. and Carsadcoastal
waters.



Finally, a possible barrier to the spread of cabthing systems
may derive from the adoption of innovative engiaed innovative
fueling systems such as the LNG propelled ships.

5. Lessonsto be Lear ned

Cold ironing can be evaluated as “not yet a su¢assto its
recent development in Europe and to its recensli&iipn
environmentally oriented. However, this technolbgg been
successfully implemented outside Europe, in Alaske California,
meaning that there is the possibility that colchingg would become
a practice concerning also European ports.

The presence of many barriers limits the spreamblaf ironing at
European ports. Barriers are mainly financial acahemics, related
to the energy cost and infrastructure cost at teatsi

Cold ironing could be implemented with succedsufopean
legislation will lead towards the compulsory adoptof new
standardized technologies as measures of Grees (Bodh as cold
ironing, LNG, etc.) in order to achieve emissioduetions at ports.

6. Summary and Conclusions

The analysis reveals that the new technology calbddl ironing
has been successfully implemented in Alaska andio@ah ports.
However, it could be not classified as a succeg&anope due to its
scarce implementation. Indeed there is still tresspnce of several
barriers such as the costs (energy cost and infidste cost), the
lack of standardisation for the equipment, andalk of European
legislation.

There are three main conclusions that may be dfesimthe
analysis and discussion of cold ironing, an inneatechnology
come into force about 20 years ago and still inpih@se of growth
and development worldwide.



First, it is clear the role played by legislationCalifornia in the
spread of this innovation, as its main ports haaentobliged to
adopt new measures such as cold ironing to redue@é noise
emissions at ports.

Second, another relevant element contributingéadievelopment
of cold ironing is the cost of electricity thatkurope is higher than
in Alaska and California. Also the cost of portratructure
represents a strong barrier to the adoption of colung.

Third, the current level of pollution in Europeositd incentive
the spread of Green Ports and cold ironing if acersng their
environmental benefits. If nothing will be done, pollutants emitted
from ships in the EU will exceed all combined lavased sources by
2020.
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