ACHIEVING ENERGY
AND ECOLOGICAL
TRANSITION FOR
CRUISE SHIPS
IN MARSEILLE
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2. WHY IS SHIPPING CLAIMED TO BE HIGHLY POLLUTING?		

EMBA

In 1996, the City of Marseille, Marseille Provence and the Marseille Port Authority
came together to found the Marseille Provence Cruise Club. Since then, a genuine
ecosystem has been developed with the active participation of the MPCT (Marseille
Provence Cruise Terminal), Marseille Provence Airport and the Chantier Naval de
Marseille, with support from the Aix-Marseille Provence Metropolitan Authority, the
Conseil Départemental 13 and the Provence-Alpes-Côte d’Azur Regional Council.
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Today, the Club has 50 public and private-sector members, all stakeholders in the
development of the cruise sector in Marseille.
Marseille is one of the world’s leading cruise ports, being in the world’s top 20 - top 10
in terms of transit passengers, no. 4 in the Mediterranean and the largest in France.
Its work is a mission in the general interest: to coordinate the development of the
cruise market in the region. To this end, its actions cover four main areas:
• encouraging and promoting the implementation of energy transition in the cruise
sector in coordination with public and private-sector stakeholders on regional and
national levels;
• promoting Marseille Provence as a cruise port and destination among cruise
operators and international source markets, and developing turnaround traffic;
• enhancing customer experience and local information channels and better
controlling passenger traffic flows;
• strengthening economic intelligence and client base knowledge.
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2018
Of the 82 ships calling at the Port of Marseille, 34 (41%)
were fitted with scrubbers, meaning:
• 65% of port calls were “scrubberized” (329/508 total port
calls)
• These port calls represented 77% of total cruise passenger numbers (turnaround + transit)
2019
Of the 76 ships calling, 33 (43%) are either fitted with
scrubbers or LNG-powered, meaning:
• 66% of port calls will be “scrubberized” or by LNG vessels
(351/534 total port calls)
• These port calls represent 80% of total cruise passenger
numbers (turnaround + transit)
• 7% of port calls will be by LNG-powered ships, the AIDA
Nova and Costa Smeralda
Source: CMA CGM
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Shipping consumes around 370M tonnes of high-sulphur
fuel oil (HiSFO) annually, a figure that should be viewed
against the 4bn tonnes of crude oil extracted on the planet
each year.
Overall, shipping is reckoned to be responsible for approximately 2 to 3% of the world’s CO2 emissions. With regard
to air pollution more generally, it accounts for 10% of the
world’s sulphur dioxide (SOx) emissions and around 20%
of nitrogen dioxide (NOx) emissions, both noxious air pollutants. The latter figure can be explained by the fact that
land vehicles have catalytic converters, which are yet to be
fitted to ships (selective catalytic reduction -or SCR- systems). These systems, which play a vital part in ensuring air
quality, will be compulsory for all new ships built from 1st
January 2021 onwards, but with no obligation to retrofit to
existing vessels. This represents a big step forwards in reducing harmful emissions into the atmosphere, in particular nitrogen-based compounds. The first ships to be equipped with these systems already call at the port of Marseille.

4

S

ES

MAR

ITIM

The same date will mark the establishment of the first
NECA (NOx Emission Control Area) in the Baltic, a decisive
move in a programme to reduce NOx emissions by 80%.

With 513 port calls in 2018, the cruise industry represents
around 15% of the 3700 port calls made annually at the
Port of Marseille-Fos’ Eastern Harbour, while ferries (regular Corsica and North African services), at 1650 port calls,
represent half. The remaining 35% is made up of ro-ro (rollon, roll-off, similar to ferries) vessels and smaller-sized
container ships.
Globally, the number of port calls at the Eastern Harbour
has fallen from its 2006 peak to a frequency of around ten
per day.
A noticeable reduction in emissions has also been achieved
since 2015 with the requirement to burn 0.1% fuel at berth,
the wide-scale fitting of scrubbers, set to continue in 2019,
and the introduction of the first LNG-powered ships by the
Carnival Group.
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2. WHY IS SHIPPING CLAIMED
TO BE HIGHLY POLLUTING?
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• Ninety percent of the world’s trade is carried
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• The cruise sector accounts for approximately 0.6% of world shipping.
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• Of this total, only 480 were ocean and river cruise ships, according to the CLIA, of which 330 were ocean-going. Continuing growth over the next decade or so should see the world’s cruise fleet increase to 450 ocean-going ships by 2030.
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The average port call for a cruise ship at Marseille lasts
around 10 hours, with manoeuvres on approach and leaving
the port normally taking less than an hour.
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• In 2018, there were around 50,000 merchant ships on the world’s seas (>500T UMS), 100,000 if support vessels
are included.
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Other issues, which often receive less media coverage, are
also carefully managed, including the discharge of waste
into the sea, waste recycling and waste disposal in port, the
latter being strictly controlled by port authorities.
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Generally speaking, cruise ships are modern vessels featuring the latest technology, with the overwhelming majority
powered by diesel-electric engines. It should be noted that
this type of engine is much more environmentally friendly
than standard diesel engines used in other ships. It could
even be argued that these engines are the most environmentally friendly of all, since they include leading edge technologies from the world’s most innovative shipyards. They are
advanced laboratories for testing the latest solutions, in particular for the emission of pollutants into the atmosphere.
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Shipping emits less greenhouse gases than any other
mode of transport by volume of goods or number of
passengers carried (5 times less C02 than road transport and 13 times less than air). It is the only method
for moving massive cargoes -350,000 tonnes of bulk
liquid cargo, 250,000 of bulk dry cargo, 140,000 tonnes
of containerized manufactured goods- in one movement between two points on the globe that do not have a
land connection. This is to be compared with the largest
freight trains (maximum load 15,000 tonnes in the US or
Australia, 3000 tonnes in Europe) road trucks (maximum
load 40 tonnes in the US, 28 tonnes in Europe/France)
and, lastly, the private car, which can carry a maximum
load of around 450 kg.
It is therefore the most economical in terms of energy
consumption by tonne carried (for example, a ship burns
10 times less fuel than a truck per tonne of goods carried). The growth in vessel size increases this ration each
day in favour of shipping.

For example, a ship loaded with 30,000 tonnes of goods
is equivalent to 1600 trucks. Consequently, where sea
transport can be used instead of road, there is a considerable saving of fuel and a reduction in emissions of
greenhouse -and therefore polluting- gases.
It should be noted, however, that this mass ratio precludes the exploring and adopting of the same alternative propulsion solutions used in road transport, mainly
due to the power outputs involved…
When the same reasoning is applied to passenger transport, energy consumption per passenger on board a
cruise ship is much lower than each passenger’s normal
consumption in their daily lives on land. Likewise, transporting tourists travelling to the region by sea avoids
additional congestion on the roads and air routes.

Across the shipping industry, this phenomenon is summed up by the saying:
Bigger more sustainable!!!

5
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The notorious saying “one cruise ship equals a million
cars” is based on a SOx-only comparison between a mega-sized ship at full speed burning the lowest grade of
heavy fuel oil available and the latest Euro 6-compliant
cars. Even taking these two extreme cases, the calculations are far-fetched. The oft-quoted figure of 30,000
cars, based on theoretical calculations also for SOx
emissions, is itself debatable given the more widespread
compliance with the 0.1% limit at berth and 1.5% for
manoeuvring, added to the increased use of scrubbers,
which are now being fitted to the majority of cruise ships
using the Eastern Harbour.
A study in Norway has shown that connecting ferries to
shore power facilities when berthed represents a saving
of 1400 tonnes of fuel each year, the equivalent of the
yearly consumption of 1300 cars.
It is clear at this point in the document that the fate of the
shipping and refining industries are closely intertwined
and that, without wishing to scaremonger, the prices of
all refined products used for transport will be severely
impacted by the global sulphur cap being introduced in
2020. This is the only certainty, such are the questions
that remain regarding the investment needed at the refinery level (e.g. Total Antwerp’s coking unit, part of a €1bn
refurbishment project), the options open to refiners and
the future tightening of regulations, with new SECAs due
to be introduced.

This residual fuel oil contains nitrogen and very high
concentrations of sulphur, from 0.1 to 3.5% sulphur depending on the operational zone, compared with 0.001%
for diesel used in cars. On combustion, the fuel produces
very high levels of NOx and SOx gases and PPM10 particulates.
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With regard to gas emissions, a merchant vessel
NT
three different operational phases:
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It should be noted that these ships use 10% of power to
run their generators when berthed, that is to say up to
2 tonnes of desulphured fuel every hour for the largest
cruise ships.
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To be able to fully understand the issue of merchant shipping pollution, a few basic technical points need to be
explained.
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Without wanting to go into the details of the cracking process (the thermal breakdown of crude oil into different
compounds), the quantity of refined products extracted
depends partly on the refining expertise but, above all,
on the type of crude oil used. Therefore, the quantity of
distilled products is, to a great extent, a decision governed by technical constraints, bearing in mind that crude
oils producing less residual oil, and therefore HFO, are
becoming rarer and more expensive…
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When crude oil is refined in a distillation column, various
products are separated according to their boiling points,
starting with the higher-value, more volatile products
(VOCs), such as butane and propane gases, gasoline
and kerosene etc., all the way down to heavier products
containing more residues and pollutants. The fuel used
to power most ships, heavy fuel oil or HFO, is the last to
be extracted and the heaviest, containing the most impurities and harmful compounds.
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The largest container ships and cruise ships burn up to
300 tonnes of fuel each day at full speed. Depending on
the ship’s category, fuel represents between 20 and 60%
of operating costs, investment included.
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What is heavy fuel oil?

Heavy fuel oil remains in general use today since it costs
much less than marine gas oil (MGO), US$400 per tonne
on average in 2018 as against US$600 per tonne for MGO.
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The problem of air pollution is due to commercial shipping’s use of a fuel known for its noxious properties: heavy fuel oil.
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Full sea speed: When the ship is at sea, its speed and
engine speed are constant. In this case, combustion of
the fuel in the engine is complete and optimal. With a
recently-built vessel with a properly-tuned, problem-free
engine, the smoke emitted is white or light grey.
Manoeuvring on arrival at, or leaving, port: During this
transitional phase, engine speed varies constantly in accordance with the instructions received from the bridge.
Consequently, the air/fuel mixture (15kgs air to 1kg
fuel) is irregular and fuel combustion is incomplete. It’s
during this phase that large plumes of dark, soot-laden
smoke are seen. When the main engines are started on
a ship with a standard propulsion set-up (engine directly
connected to the propeller shaft), this phenomenon is
pronounced and at Marseille lasts between a half and one
hour, the time for the ship to complete its manoeuvres.
For ships that use electric propulsion powered by generators, this critical phase does not apply.
At berth: When the ship is berthed, the main engines
that provide propulsion are immediately stopped once
manoeuvres are completed and will only be started again

when the ship gets under way. The only engine kept running is the generator needed to provide electrical power
on board ship, the power output and fuel consumption of
which are significantly less than the main engines (10% of
the installed capacity on average).
In addition, since 2015, ships calling at European ports for
more than two hours have been required to use marine
fuel with a sulphur content not exceeding 0.1% (see details of the regulations in chapter 4.1 below).
Power output for the largest ships at berth ranges from
1 to 12MW. This figure increases five-fold when the ships
are at their normal cruising speed of between 15 and 18
knots and two to three-fold during manoeuvres in normal
sea conditions.
As an example, a ferry plying the Corsica route only generates 2MW of power at berth against 40MW required
to reach a speed of 24 knots. For mega-sized container ships the ratio is even greater, with less than 2MW
at berth, despite the power needed for the many reefer
containers on board, and an installed capacity of up to
90MW. As an illustration of the decline in cruise ships’
fuel consumption, the SS France generated 120 MW for
propulsion alone, giving it a speed of 31 knots…
Lastly, it is generally accepted that the power output of
three road-going tractor units is equal to 1MW.

With this change in fuel type, the shipping industry is facing a huge technological and financial challenge, already labelled by some experts as identical to the one that
saw coal-generated steam replaced by the all-powerful
diesel engine that persists today. And what to do with
the millions of tonnes of HFO, the only emission-neutral solution for which would be to inject it back into the
spent oilfields –or will we see it being used once again
in cement works and power stations in cash-strapped
countries where environmental considerations take second place?
Photo credit: Camille MOIRENC
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Shipping is subject to strict international regulations with additional regulations applying in specific geographical areas.
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The regulations are set by the International Maritime Organization (IMO), which has drawn up numerous rules and
conventions among which the MARPOL Convention on the prevention of pollution from ships. In contrast to the
influence its wields on the European scene, France is faced with a situation in which complex, supranational decisions are being taken, one in which its point of view is just one among many others.

Annex VI to the MARPOL Convention introduces requirements to regulate air pollution caused by ships. Revised in
2010, it sets limits on the sulphur content of marine fuels.
These provisions concerning sulphur content were incorporated into European law under Directive 2012/33/EU
dated 21st November, 2012, modifying Directive 1999/32/
EC as regards the sulphur content of marine fuels.
Order no. 2015-1736 dated 24th December, 2015, transposed this directive into the French Environmental Code
(see Art. L.218-1 and 2, Art. L.218-15-I and L.218-20),
which sets out the requirements for ships sailing in
waters under French sovereignty or jurisdiction and the
threshold values for sulphur content in marine fuels,
pursuant to both the MARPOL Convention and to the
European Directive. Thus, when operating outside a SOx
emission control area (SECA), ships are required to use
fuels with a sulphur content not exceeding 3.5% m/m,
up to and including 31st December, 2019, and not exceeding 0.5% m/m with effect from 1st January, 2020.
When operating within a SECA, they must use fuels with
a sulphur content not exceeding 0.1%.
At present, SECAs exist in the English Channel and North
and Baltic Seas in Europe, the American East and West
Coasts and in the seas around China and South Korea.

8

In Chinese ports and in Singapore, ships are obliged
either to use a fuel with a maximum sulphur content of
0.5% or to have closed-loop scrubbers fitted. The 0.5%
rule, which has been in force since 1st October, 2018,
was extended to the entire Chinese 12-mile limit on 1st
January, 2019.
For passenger ships operating regular services to or
from ports in an EU member state, the sulphur content
of fuels used outside SECAs must not exceed 1.5% m/m,
up to and including 31st December, 2019, and 0.5% with
effect from 1st January, 2020, for all vessel categories.
Ships at berth for more than two consecutive hours (per
published schedules) are required to use marine fuels
with a sulphur content not exceeding 0.1% m/m. This
does not apply to ships that stop all engines and use
shore-side power points when berthed.

Order no. 2015-1736 dated 24th December, 2015, transposing Directive 2012/33/EU dated 21st November, 2012,
modifying Directive 1999/32/EC as regards the sulphur
content of marine fuels – JORF dated 26/12/2015
So we can see that, in European ports, ships already
use a fuel with a sulphur content not exceeding 0.1% to
power their generators during port calls. The extension
of SECAs to the Mediterranean, with the requirement

Source: Research Gate

to use this fuel on a permanent basis, would have an
immediate effect in reducing air pollution. And it would
have a major financial impact for shipowners in the form
of a 50-100% rise in fuel costs.

of nitrogen dioxide in the air by 5 micrograms per m3
on the current average of 29 to 50 micrograms/m³; for
fine particles, the reduction would be 0.2 micrograms on
current pollution figures of 23 to 34 micrograms/ m³.

Lastly, governments or port authorities can impose
stricter regulations locally than those decided upon collectively by the IMO.

• In Nice, the estimated reductions would be 8 micrograms/m³ (on an average of 23 to 48 micrograms/m³) for
nitrogen dioxide and 0.4 micrograms/m³ (on an average
of 22 to 33 micrograms/m³).

France, supported by Spain, Morocco, Monaco and Italy,
has initiated a move at the IMO to treat the Mediterranean as a SECA. Several factors, whether schedule-related, with the applying of the 0.5% threshold in 2020, or
geopolitical, with political instability in Southern Mediterranean countries, have added both complexity and
doubts as to its succeeding. The disparity in the way the
issue is being treated, between ports in Northern France
and those in the west or Mediterranean, is regarded as
unjust by the many port zone residents’ associations
that have sprung up over the years. In 2018, Barcelona
submitted an official request to the IMO backing up the
ongoing case.
In January, 2019, the French government took a decisive
step towards the establishment of the ECA (area with
low sulphur dioxide and nitrogen dioxide emission thresholds) by publishing a study undertaken over the entire
Mediterranean, a pre-requisite for its creation.

• In Toulon, the figures are similar to those for Marseille
(-5 micrograms/m³ on an average of 25 to 42 micrograms/m³ for nitrogen dioxide, -0.2 micrograms/m³ on
an average of 24 to 28 micrograms/m³ for fine particles).
“The greatest impact will be in coastal areas even though,
at certain times of the day, it will also be felt inland. The
entire Mediterranean coast will benefit from the measure, even if France is not the main beneficiary country,”
points out Hervé Brulé from the Maritime Affairs Department at the Ministry of the Environment. The cities of
Barcelona in Spain and Genoa in Italy for example would
also see a significant positive impact.
With regard to the implications for health, the study estimates 1730 premature deaths could be prevented each
year in the Mediterranean, of which 30 in France.

The study involved logging all the ship movements in
the Mediterranenan over the year 2015 to calculate the
emissions produced and predict the impact the ECA’s
implementation would have on them. The figures for the
region’s ports were as follows:

On the financial side, potential health savings could reach
between €8.1bn and €14bn each year across the impacted countries (between €43M and €93M in France). This
compares with a cost evaluated at €1.4bn and €2.6bn a
year. “Admittedly, the cost will be borne by the shipping
industry and the gain will be collective,” says Brulé.

• In Marseille, the ECA would reduce the concentration

Shipowners, for their part, are amenable to sulphur
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dioxide reductions but not nitrogen dioxide.
Jean-Marc Roué, chairman of Armateurs de France, the
French shipping and transport professional body, says,
“Shipping companies are ready to take all measures
required to ensure compliance. But we need an accommodating timetable [in several stages] for implementing
the nitrogen dioxide and fine particle reductions,” since
no solutions have yet been found. Environmental protection and public health watchdog groups want to see the
0.1% sulphur limit implemented as quickly as possible
and across the board.
Furthermore, in another decisive move, member
countries decided at a historic meeting in April, 2018, to
a 50% reduction in greenhouse gas emissions by 2050!
Another efficient regulatory step was the introduction of
the EEDI (Energy Efficiency Design Index) in 2013, which
imposes strict requirements designed to encourage the
fitting of more energy-efficient and less polluting equipment and engines to new ships. The EEDI is expressed in
grams of carbon dioxide (CO2) per ship’s capacity-mile
according to ship type and size (the smaller the EEDI, the
less energy the ship uses in its operation).
The CO2 reduction level (grams of CO2 per tonne mile) for
the first phase is set at 10% and will be tightened every
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five years to incite shipbuilders to continually improve
the technologies used. The gradual reduction has been
set until 2025 and will continue until a 30% reduction is
achieved for ship types, the baseline being the average
efficiency for ships built between 2000 and 2010.
This measure is accompanied by the Ship Energy Efficiency Management Plan (SEEMP), an operational measure designed to provide an approach for managing a
vessel’s energy efficiency over its entire operational life.
The next step in the regulatory process will be at the
beginning of the new decade, with the establishment of
the first NOx emission control area, or NECA, which will
see an 80% reduction in NOx emissions compared with
today’s figures. From 1st January, 2021, only LNG-powered ships or those specially equipped will be allowed to
operate in the North Sea and Baltic Sea zones.
It should be remembered that the first regulations enacted in 2008 imposed a maximum sulphur content of 4.5%
at a time when HFO could have a sulphur content of up to
7%. This shows the progress made over a single decade
by an industry that is often vilified, but which has been
forced to submit to the most far-reaching catalogue of
regulatory changes in order to reduce its environmental
impact.
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4.2 / Scrubbers and SCR (selective catalytic reduction)
Scrubber systems
Scrubbers are large filters fitted to exit to ships’ funnels that filter exhaust gases, using sea water spray to
remove up to 90% of SOx and fine particles. They can be
either permanently attached to the ship or mobile, in the
latter case being lowered onto the funnels when the ship
is berthed like giant extractor hoods.
These devices are heavy, voluminous and expensive and
cannot be fitted to every ship. They also have the drawback of using huge quantities of seawater, between 1000
à 3000 m3/hr. depending on the power of the engine they
are designed to filter gases from.
Moreover, not all pollutants can be filtered out in this
way, notably PM5 - 2.5 particles and NOx.

Two technologies have been approved (open or closed
loop) and are the subject of numerous studies. Economically-speaking, fitting scrubbers to vessels other than
the latest, high-value ships (cruise ships and ferries)
within any limited amount of time would appear unfeasible, given the investment of several million Euro required for each engine. And even in the best case scenario,
the world’s shipyards could only convert 200 to 300 ships
per year…
Nevertheless, with the introduction of the global sulphur
cap only 10 months away, just one of the major shipping
companies –MSC- has decided to convert all of its more
recent container ships.

It should be noted that ships fitted with scrubbers produce a smoke plume that has a high vapour content producing a characteristics white plume. They are allowed
to use 3.5% sulphur-content fuel, with strict norms
regarding emissions into the atmosphere. Of the two
technologies that have been approved to date, open and
closed loop, the open loop solution, in which sulphideladen seawater is discharged, has come under criticism
at many European ports due to the lack of studies on
the effects of these discharges in a confined port environment.
As a result, in the wake of Singapore, China has, in turn,
banned the use of open-loop scrubbers in its territorial
waters as from 1st January, 2019, ships fitted with hybrid
scrubbers being obliged to use the closed-loop system.
In California, open-loop scrubbers are prohibited within
24 nautical miles of the coast.
The Port of Marseille is working with the Carnival Group
with a view to bringing them into use and studying both

their efficiency with regard to treating air pollution and
the impact of discharges into the sea.
In this respect, a European directive will prohibit the use
of this method in its waters with effect from 2024. The
closed loop method avoids discharging into the sea, with
solid residue being discharged and processed in waste
treatment facilities or incinerated at very high temperature. This technology, however, is more complex at the
operational level.
Of the 82 ships calling at Marseille in 2018, 34 (41%)
are fitted with scrubbers, representing 65% “scrubberized” port calls (329/508) and 77% of the total number
of passengers (turnaround + transit).
Of the 76 ships calling in 2019, 33 (43%) are either fitted
with scrubbers or powered by LNG, representing 66%
“scrubberized”/LNG calls (351/534) and 80% of the total
number of passengers (turnaround + transit).

Source: Croll-Reynolds

SCR

Source: Andritz

This on-board technology is just an extension to the
shipping sector of the catalytic converters fitted to cars,
trucks and buses on land.
The principle used consists of transforming NOx into
dinitrogen and water through a reduction reaction using
injected ammonium as a catalyst, a process that has
long been used on land in coal utility boilers, industrial
boilers, and municipal solid waste boilers.
Although it represents an extra cost in the ship’s purchase price and operating budget, installing these two
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devices together in a new ship is technically feasible.
It’s a different matter when it comes to fit them to existing ships that do not have sufficient space in the engine
rooms to accommodate the bulky equipment.
Even though fitting ships with the devices will clearly be
a long, drawn-out process, it represents a significant
technological step forward that will bring merchant vessel pollution down to a level proportional to the shipping
industry’s actual consumption of fuel.

13

4.4 / Shore power (cold ironing)
Fixed outlet
It’s worth noting that the La Méridionale shipping company
will be fitting its flagship Piana with a new type of particle
filter during its next scheduled service at the Chantier Naval de Marseille, the mounts having been fitted in November, 2018 and the filters being put in place permanently in
March, 2019. These particle filters have the advantage of
combining sulphur removal with fine and ultra-fine particle
filtering. The filters were supplied by Adritz Group, with Solvay providing the chemical process. Testing is due to begin
in April, 2019.

This is undoubtedly the most efficient method for reducing the environmental impact when berthed, depending
however on the means used to generate the electricity.

The “La Méridionale“ shipping company pioneered the system in Marseille, and has already adapted three of its vessels (see attached). Three “Corsica Linea“ ships are also
due to be modified over the next few months, with aid provided by the Provence-Alpes-Côte d’Azur Regional Council.
The equipment is costly: the work needed to complete the
three-gantry “La Méridionale“ installation cost a total of
€5M, €3.5M for “La Méridionale“ (on-board) and €1.5M
for the Marseille port authority GPMM (shore-side). Subsidies were provided for the work by the French energy
management agency ADEME, the EU, the ProvenceAlpes-Côte d’Azur Regional Council and the French state.
The increase in oil prices since 2017 has made these projects even more economic sense. The extension of this
technology to cruise ships, however, raises several substantial -although not unsurmountable- technical and
financial difficulties:

Source: Wikipedia

• Power consumption varies between 2 and 15 MW depending on the vessel;
• Frequency on board these vessels is 60 hertz, whereas
the French grid supplies electricity at 50Hz.

To sum up, installing these two exhaust gas treatment systems represents a major advance in reducing air pollution.
With the coexistence of two options after 2020, either 0.5% fuel or scrubbers with 3.5% fuel, the question arises of
the need to assess each one’s overall impact on the atmosphere and on seawater.

Cruise operators are faced with two choices:

GPMM/La Méridionale

4.3 / Reducing speed, technological advances,
new engines

Over the past decade, the major engine suppliers have
made considerable progress in improving combustion
by injecting water into combustion chambers, which
reduces NOx emissions by up to 40% compared to older-generation engines. On large-bore engines, drastic reductions in fuel consumption are also achievable
through electronically-controlled common-rail injection
systems. This optimizing of the combustion chemistry
and quantity of fuel burnt has a significant positive impact on airborne emissions.
Since fuel consumption increases exponentially with a
vessel’s speed, reducing speed by just a few knots significantly lowers fuel consumption and, therefore, pollution. It also delivers economic benefits, which is why this
option has been used by cruise and regular shipping line
operators for many years.

A number of ports have imposed speed limits on approach in order to reduce emissions.
In the cruise sector, this has given rise to reduced port
call times, with ships leaving from 5pm onwards and
arriving at 8-9am, and itineraries adapted to reduced
speeds.
Technological advances in hull design, innovative antifouling coatings and air lubrication systems have also
led to significant reduction in ships’ fuel consumption
–and therefore pollution. To date, 16 cruise ships have
been fitted with this new technology, which offers fuel
savings of between 10% and 15%.

The solution does away with all exhaust emissions from the
ship’s diesel generators, which are shut off as soon as the
ship is securely berthed. Its power requirements are then
met via a direct connection to the local electricity grid.
This system also avoids noise and vibration (from the diesel generators and ventilator fans) on the ship and in its
immediate vicinity.

• Direct connection to the grid, as with the ferries;
• A local solution, one that obviates the frequency conversion, consisting of a miniature power station on shore (or
on a barge or truck) fuelled by LNG or hydrogen.
The Marseille Fos Port Authority has launched a wideranging study to evaluate need for these systems, with
a view to gradually equipping its quays with shore power
outlets, with priority being given to ferries, dockyards and
cruise ships.

Mobile power station
This concept, loaded onto a barge or trailer, is gaining ground
all over the world, including locally in Ajaccio, Corsica, at the
instigation of local stakeholders and ferry companies.
A gas mobile power station provides enough power for a
ship at berth and has the additional advantage of being
highly flexible, since the equipment can be moved from
port to port. It also provides another, considerably advantage in that it can supply either 50 or 60Hz according to
requirements.

In conclusion, ports will need to invest heavily over the
coming years if they want to offer this type of service to
their users. It is the only way to ease relations between
the shipping industry and neighbouring communities on
land. However, it should be remembered that, at present,
too few vessels are equipped with the electrical installations required and fitting them represents an investment
of several million Euro per ship, depending on each ship’s
power requirements.

The ENGIE Group provides a very attractive solution in
the form of a 2MW unit powered by a fuel cell using pure
hydrogen, which has the advantage of emitting only water.
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4.5 / Sail hybrid propulsion
Sail technology is not intended as a direct replacement for the main propulsion method
but can be added to reduce fuel consumption.

tion, seen as one of the key solutions to achieving energy
transition and protecting the environment. Out of the 87
ships currently on order, 13 will be delivered with an LNG
power unit between now and 2026.
It will no doubt serve as the acceptable stepping stone towards totally carbon and emission-free transport, which
will surely come about in the not-too-distant future.
MSC, Carnival Group and its associated brands, Costa
Cruises and AIDA Cruises, Royal Caribbean Cruises and
NCL all have ordered LNG-powered vessels. However,

renewing the cruise fleets will be a very long and gradual
process: of the 50,000 ships currently plying the world’s
seas, fewer than a hundred use LNG as a fuel, excluding
LNG carriers (200); the cost of an LNG-powered ship is
a lot higher than that of a conventionally-powered ship,
10-20% depending on the engine’s capacity.
The only company in its sector -which accounts for
11,000 ships- to make the move to LNG is the Marseillebased shipping company CMA CGM, which has specified it to power nine 22,000-TEU (Twenty-foot Equivalent
Unit) container ships due to be delivered in 2020.

Source: Airbus/AirSeas

The system consists of an enormous kite, similar to a kiteboard kite, that is flown from the forward deck of a vessel,
pulling it along and reducing power demand on the vessel’s
engine and, therefore, fuel consumption.
Airbus intends fitting this type of system to its ro-ro vessels
that carry fuselage parts for its aircraft production lines.
The technology is still being tested and is currently only
fitted to a very small number of ships. It may prove of
interest as an auxiliary system, but does not appear to
be a viable long-term solution able to be deployed on a
large scale on all ships.

There are also a number of projects underway for small
luxury cruise ships or yachts fitted with masts and selffurling sails to provide propulsion assistance. The French
project Neoline to build small sail-powered cargo ships
is moving forward, with calls for tenders having been
made to the major European shipyards for the construction of the first prototypes.
Rotor sails providing propulsion assistance are also
being fitted to tanker vessels operated by the Danish
shipping company Maersk.

4.6 / Gas as a fuel
GNL
A genuine technological breakthrough in terms of environmental protection, the use of LNG (liquefied natural
gas) as a fuel instead of fuel oil is a long-term solution
to the problem of merchant vessel pollution both at sea
and at berth. Compared with the ships using heavy fuel
oil today, LNG provides:
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• Up to a 25% reduction in CO2 emissions;
• A 99% reduction in SOx (sulphur oxide) emissions;
• A 99% reduction in fine particle emissions;
• A 90% reduction in NOx (nitrogen oxide) emissions.

Photo credit: Aida Cruises
The Aida Nova, the first LNG-powered cruise ship, will call weekly at Marseille in 2019

Brittany Ferries has made the same choice for the Honfleur, its next ship being delivered this year and Mediterranean ferry companies including “Corsica Linea“ and
“La Méridionale“ are studying the option for future new
vessel orders.
In 2019, of the 94 cruise ships on order, 18 will be LNGpowered, representing 20% of the new ships under
construction for the cruise industry and 25% in terms
of capacity when the larger size of these new vessels is
taken into account.
However, even if the world’s shipping companies decided
(or were forced) today to order LNG-powered engines

for their new ships (which is far from being the case),
it would take several decades to completely replace the
world’s fleet with these more environmentally-friendly
ships.
Nevertheless, cruise companies have started to switch
to the fuel, with 13 LNG-powered ships dues to be delivered by 2026 out of 87 on order.
With the exception of shore power, this is the technology that has the greatest effect in reducing air pollution.
The only drawback is that there are currently no plans
for LNG bunker vessels at French ports, when the first
large cruise vessels are due to dock in Marseille in 2019.

For their ship orders over the next decade, cruise companies have overwhelmingly opted for this power solu-
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Hydrogen

4.8 / Mobile scrubbers

Using hydrogen as a fuel can be done in two ways:
• As a conventional combustible gas, it’s only conceivable use would be in rotary piston engines, which so
far have not been produced in the sizes and capacities
needed to power ships.
• In a fuel cell to produce electricity, a process in which
the only emissions are water, which could be an additional solution for the future, especially when the ship
is berthed.

The real obstacle to its development as a fuel is that
there are no logistics in place compatible with the shipping industry. Furthermore, the volumes required and
storage temperatures are real technological challenges
that will need to be overcome.
Marseille is interesting case in that it has huge quantities of unavoidable hydrogen from refining that is not
used for transport.

This solution, with scrubbers positioned using floating cranes, might seem attractive, but the increasing size of
cruise ships combined with the introduction of the 0.1% rule for ships at berth since 2015 means this project is
now considered a non-starter.

In Sweden, MAN CryoWork recently obtained preliminary
approval in principle for the fitting to a ferry of a hydrogen
engine using liquefied hydrogen stored at -253° Celsius. The
project will serve to test the cryogenic storage and operational use of this particularly explosive gas before contemplating any scaling up on a gradual and controlled basis.

Hydrogen clearly is the ultimate stage of virtuous electric mobility, with the only emissions being water. However, for this to be true, it must be produced using electricity from renewable, green energy sources.

4.9 / Using 0.1% MGO for port approach
This scheme, voluntarily applied at certain port such as Venice (Venice Blue Flag), undoubtedly contributes to
improving air quality within port zones. The scheme involves switching to a low-sulphur fuel on approach to ports,
as is done when entering a SECA.

Photo credit: Jérémy BIDON / www.ecologique-solidaire.gouv.fr/energy-observer-premier-navire-hydrogene-autonome

Photo credit: Camille MOIRENC

4.7 / New clean fuels
Methanol, also known as wood alcohol, and to a lesser degree ethanol, are solutions earmarked by several oil
tanker operators in response to increasingly strict regulations.

Methanol, also known as wood alcohol, and to a lesser
degree ethanol, are solutions earmarked by several oil
tanker operators in response to increasingly strict regulations.
Several engine manufacturers offer compatible units
using proven technologies that have been in use for
around a decade.
Methanol can be stored in its liquid phase, which has a
high flash point, and produces no sulphur-based emis-
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sions or particles, making it a safer, less-polluting fuel.
However, an environmental barrier remains to its largescale production, whether plant or synthetic-based, due
to the very high energy requirements.
As an example, numerous projects to transform flared
refinery methane into methanol have all failed, the economic model foundering each time of the energy issue.

While easy to implement for ships with electric power
provided by diesel generators, it is much less easily managed on vessels with one main engine and a direct-drive
propulsion system. In this case, considerable investment
needs to be made and the switch from a viscous fuel
requiring heating to high temperatures to a fuel that is
liquid at ambient temperatures is a tricky operation.
This switch, the cost of which remains reasonable for
shipowners, has the advantage of protecting local communities on land, even though it doesn’t solve the problem of pollution at sea.

Ferry companies in Marseille have begun a series of
tests, studies and measurements on their ships to decide on its merits. If these show a real improvement in
combustion quality, in particular on starting the main
engines, the measure will be implemented. However, it
should be pointed out that, although it brings a drastic
fall in SOx levels, the change of fuel has no significant
impact on NOx and little impact of fine particles such as
PM 2.5, invisible particles of around 0.3μm in diameter,
due to the physico-chemical properties of hydrocarbon
combustion.
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4.10 / Hybrid power

4.11 / Nuclear power

For certain categories of vessels, this is likely to be an attractive solution for electric eco-mobility, allowing ships to
manoeuvre and remain at berth while emitting zero emissions.

Until now a preserve of the military for use on aircraft carriers and submarines, nuclear energy does not produce
any airborne emissions, since it produces steam to power electric generators. The “fuel of the future” in the 70s
and 80s, it failed to find wider civilian use due to the obvious technological and geopolitical risks, which curtailed its
anticipated development.

The solution adopted by Chinese shipyards for 238-metre ro-ro vessels involves incorporating sufficient battery
power to enable manoeuvring and to power the ship during a port call without having to recharge.

All these particularly audacious and innovative examples,
even though they concern medium-sized vessels, show
that a new world is in the making. The shipping com-

panies operating in environmentally-sensitive zones
around the globe are heralding the world of tomorrow.

Photo credit: Ponant

The Italian shipping company Grimaldi has ordered a dozen of these vessels, with the first ones due to be delivered in 2020. The batteries can be recharged via the grid,
using generators or solar panels (600 m2 on board). The
diesel generators are being equipped with scrubbers.

Ponant, based in Marseille, has fitted its Explorer ships
with SCR technology. Its entire fleet runs on 0.1% lowsulphur fuel. It has also ordered an LNG-powered icebreaker, the Commandant Charcot, which will be one
of the most environmentally-friendly ships in the world
when launched.

Norway’s Hurtigruten has ordered a ship with similar
features, able to sail for 30 minutes to an hour on battery
power when in certain fjords. The ship is due to be completed in 2019.
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A study carried out on Marseille by the AtmoSud watchdog shows that shipping (not just the cruise sector)
allegedly accounts for 5% of all fine particle pollution
and up to 30% of NOx emissions. For the most part, fine
particle pollution is caused by industry (35%), road traffic
(29%) and domestic heating (13%). Given that it’s difficult to ascertain each business sector’s contribution to a
city’s pollution, more precise measurements are clearly
necessary in order to better understand the complex
chemical phenomena at play and linked to temperature,
winds, humidity and atmospheric pressure.
To this end, a campaign was launched in 2018, with
sensors being placed all along the port’s outer walls,
in order to draw up a detailed air quality map. This will
also enable a better understanding of the many complex
chemical phenomena present and provide an opportunity for discussion among local stakeholders via digital
platforms.
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A ship at berth uses between 500 and 2000 litres of fuel
per hour compared to around 7 for a car and 60 for a
truck. So it’s easy to see that a ship at birth uses the
equivalent of several hundred cars or several dozen
trucks or buses. The often-cited figure of 1 million is
totally fanciful. It is spurious to use a single compound,
in this case NOx, to discredit an entire industry, one that,
moreover, is making huge efforts to reduce its environmental footprint. This single phrase born of a calculated
marketing strategy that, even if its attention-grabbing
qualities cannot be denied, continues to infiltrate the collective unconsciousness, creating a widespread malaise
that does nothing to help conciliatory dialogue between
stakeholders. The growing involvement of NGOs in the
public debate also requires them to uphold a “pledge of
truth” with regard to the population.
Without disputing at all the issue of emissions at the
local level, we note that if thousands of people are on
board a passenger ship… they are not simultaneously
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at home or in their cars! Consequently, their energy
consumption (heating, air conditioning, lighting, mobility) on board ship is not “in addition to” but “instead of”
their likely consumption during the same time period on
land. The average power consumption for these is lower
on board ship than it would be on land. Likewise, where
waste is concerned, the drastic recycling procedures on
board ship mean 50% less waste is produced on ship
than on land.
Recently, many companies in Marseille have put in place
vital measures to combat air pollution, outside of any
local or international regulatory requirements:
• Automatic fitting of scrubbers on all ships delivered
within the past three years and their gradual retrofitting
to recent ships;
• Use of low-sulphur marine gas oil (LSMGO) when approaching the coast;
• Slower speeds in the fairways and low-power manoeuvring.
Lastly, the Marseille Fos Port Authority (GPMM), the Provence-Alpes-Côte d’Azur Regional Council, Bouchesdu-Rhône Departmental Council, Aix-Marseille Provence Metropolitan Authority, the state, EU and IMO have
initiated a series of measures aimed at drastically reducing pollution caused by shipping. A course has been
set to attain a target of zero-emission, the achieving of
which can only be envisaged over several years or even
decades through:

• France’s submission of an application to the International Maritime Organization in charge of regulating
international waters to create a SECA throughout the
entire Mediterranean, within which fuels used must have
a maximum sulphur content of 0.1%.
• The French state which, through its Maritime Affairs
Department inspectors, has greatly increased pollutionmonitoring efforts in ports and within territorial waters,
increasing both staff numbers and efficiency.
It is worth noting that, out the 816 million tonnes of CO2
generated by shipping in 2012 (2.1% of the total emissions produced by the transport sector), only 35 million
tonnes, or 4.3%, were produced by the cruise industry.
By 2017, this figure had been almost halved, at 19.3 million tonnes, compared with the 844 million tonnes from
civil aviation globally, 586 million tonnes generated by
the passenger sector.

latory measures will suffice to foster the emergence of
a clean shipping industry with the involvement of all the
stakeholders in a complex chain.
The great distance between shipping routes and populations has no doubt delayed global awareness of the
harmful and polluting aspect of shipping. Nobody today
can dispute the efforts being made by all the partners
in this vast ecosystem, operators, shipyards and engine
suppliers, but also the ports at which the ships call.
Marseille Fos port community, gathered around its
Grand Port Maritime, is capable of offering a wide range
of high-quality services to ships in this now-vital transition to more environmentally-friendly energy sources.
This transition, manifestly, is a precondition for maintaining port operations in an inhabited, urban zone but it
also heralds the advent of a new economy with the promise of jobs and new business opportunities based on
innovation and development.

It has become clear, over the course of these few pages,
that only a slew of technological, operational and regu-

• The state providing support to shipping companies for
LNG’s use as a fuel and to setting up the logistics for
LNG bunkering for a swifter replacement of FO-burning
ships with LNG-powered ships.
• The GPMM pursuing its carbon-free policy in line with
operators’ needs and specificities, in particular in providing shore power points.
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