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Summary

We have studied the possibility to introduce biobased fuels as marine fuels. A
business model in which low carbon marine freight is offered to shippers is analysed.
The model is in many ways similar to existing schemes in the energy sector (“green
electricity”, biogas and district heating). A fundamental principle of the model is
that the cost increase in transportation when biobased fuels are used can be
transferred to the end consumer.

Technical aspects, fuel supply issues, economic implications, and freight market
aspects are all considered from a perspective of using liquid biobased fuel on ships.
We find that both HVO and FAME/RME are suitable options to blend in fossil marine
fuels. HVO comes with no special restrictions during operations, while the use of
FAME/RME may need more close monitoring of fuel supply systems on board.
However, price and availability are issues in large scale introduction on the market.
Another option that is technically feasible is the replacement of LNG with liquefied
biogas (LBG). From a sustainability perspective the use of palm oil as a source for
HVO can be problematic due to unsustainable farming practices.

Several tests on biofuel use in marine engines have already been carried out. No
technical issues are pointed out as the reasons for their short trial periods. We
assume that the financial disadvantages have been the crucial aspects in these trials.
There is also a recent example of a marine shipping service offering low carbon
tonne miles to cargo owners.

In a continuation of this work, a project with real life tests is aimed for. In a
workshop we therefore gathered stakeholders that have key roles in the proposed
business model. A number of shippers that joined the workshop showed an interest
in trying this model in cooperation with ship owners that provide their transports.
Ship owners with bulk goods are less served by the suggested model, and alternative
financial solutions are most likely needed in this segment.
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Sammanfattning

Vi har studerat mojligheten att infora biobaserade branslen som marina branslen. En
affarsmodell dar sjofart med laga koldioxidutslapp erbjuds transportkdpare
analyseras. Modellen dr pa manga sitt lik befintliga modeller inom energisektorn
("gron el", biogas och fjarrvarme). En grundldaggande princip for modellen ar att
kostnadsokningen for transporter nar biobaserade branslen anviands kan overforas
till slutkonsumenten.

Tekniska aspekter, problem med bréansleforsorjning, ekonomiska konsekvenser och
marknadsaspekter studeras for att beskriva mojligheten att anvidnda flytande
biobaserat bransle pa fartyg. Bdde HVO och FAME/RME ar lampliga alternativ att
blanda i fossila marina branslen. HVO har inga speciella begransningar under
driften, medan anvindningen av FAME/RME kan behova en utokad 6vervakning av
brianslesystemen ombord. Pris och tillgdnglighet dr dock problem om biobranslet
skulle borja anvandas i stor skala pd marknaden. Ett annat alternativ som ar tekniskt
lattillgdngligt ar att ersdtta LNG med flytande biogas (LBG). Ur ett héllbarhets-
perspektiv kan anviandningen av palmolja som kalla till HVO vara problematisk pa
grund av ohallbara odlingsmetoder.

Flera tester ddr biobrénsle anvints i marina motorer har redan genomforts. Inga
tekniska problem papekas som orsakerna till att forsoksperioderna ar korta. Vi antar
att de ekonomiska nackdelarna har varit de avgorande aspekterna i dessa forsok. Det
finns ocksa ett aktuellt exempel pa en sjotransporttjanst som erbjuder transporter
med 1ag fossilanvandning till lastdgare.

En ténkt fortsdttning pa detta arbete ar ett projekt med verkliga tester. Pa en
workshop samlade vi dérfor intressenter som har nyckelroller i den foreslagna
affarsmodellen. Ett antal transportkopare som deltog visade intresse for att prova
modellen i samarbete med redare. Den féreslagna modellen bedoms passa battre for
transporter av RoRo-gods och containertransporter. For redare med bulkvaror
behover en alternativ modell tas fram.
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1. Low carbon marine freight services

This study considers the potential driving force of end consumers. We assume that
there are consumers willing to pay more for their goods if they know they have been
transported with a low carbon footprint.

The business model under study is based on that ship owners partly replace the fossil
fuel on board with biofuels or other low fossil carbon technology. Shippers can then
be offered a low carbon marine freight service, in proportion to the transport work
that can be produced by the non-fossil energy on board. The shippers have to pay an
extra price premium that later can be transferred to the end customers of their
goods. The aim of the study is to investigate technical, practical, financial, and
market aspects related to such a business model. The perspectives of shippers and
cargo owners, ship owners or ship operators, and fuel suppliers are all considered.

About 80% of worldwide trade by volume and 70% of its value is carried out by ships
(UNCTAD, 2017). Marine freight is often a more favourable option from a climate
perspective than land based transport, with low emissions of CO; per unit transport
work. However, in a procurement process, shippers seldom prioritise high
performance in environmental and climate concern before freight service price
(Lammgard and Andersson, 2014). A combined cause for this, and consequence of,
has resulted in that no low carbon sea transport service has historically been
marketed. Hence, ships run on fossil fuels and the climate impact is only related to
improvements in design and operation of the vessel, factors rarely known to the
cargo owner or his/her transport purchaser. Shippers who aim at reducing the carbon
footprint from their supply chain therefore have a low potential for decarbonisation
of ship transport.

Environmental impact from shipping is often less regulated than land-based
businesses. Regulations on emissions to air from international shipping directly or
indirectly cover emissions of nitrogen oxides (NOx), sulphur dioxide (SO,), particles,
and carbon dioxide (CO;). Compared to European standards for land based transport
the regulations allow higher emissions of NOx per unit work from marine engines
and higher contents of sulphur is permitted in marine fuels. Particle emissions are
only indirectly regulated via the sulphur content in fuel. Emissions of CO, are
regulated since 2014 via the Energy Efficiency Design Index (EEDI), which requires
ship owners to prove that new ships are designed to emit less CO, per distance sailed
compared to a reference level. The EEDI is part of the international convention of
prevention of pollution from ships, MARPOL (International Maritime Organisation,
2011). The reference line of EEDI considers the size of the ship (dead weight tonne)
and distinguishes between different ship types. Further, the requirements in the
regulation become more demanding in three steps over time.

Although ambitions on CO; reduction from the sector have increased, there has long
been a lack of driving force to transform shipping to a low carbon transport mode.
There has not been a regulatory push and, with a high price premium on biofuels or
low carbon propulsion technology, no pull from shippers. The EEDI regulation will
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not necessarily result in significant reductions of CO, emissions from ships in
operation. After several years of negotiation and diplomatic pressure by among
others the EU states, the IMO recently agreed to create an initial strategy for the
reduction of CO; emissions from ships. At a Marine Environmental Protection
Committee (MEPC) meeting in April 2018, it was agreed that shipping shall peak its
total CO, emissions as soon as possible in order to reduce them by 50% in 2050,
compared to levels in 2008 (IMO, 2018). International shipping is not included in the
Paris agreement.

The continuation of this pre-study is a suggested pilot project where the business
model is tested in real life conditions. Cooperation with industrial partners has been
secured during this pre-study, clarifying how different segments of shipping, e.g.
RoRo, RoPax, Tanker, and Container, could fit the business model.

Any low carbon energy source is a potential alternative to the fossil fuel used on
board; however this study focuses on liquid biofuels in particular. Many types of
biofuels can be used in marine engines without any installation work on board. If
they are used as drop-in fuels in smaller portions, no changes of lubricants or
bearings are needed. Further, liquid biofuels are available on the fuel market. By
these arguments, the liquid biofuels are considered as low hanging fruits for a
project like this compared to installations for wind propulsion or electric power
trains.

Although shipping has a truly international character, our study takes Sweden as a
starting point when investigating potentials to start a project, and next look to the
European level. No efforts are therefore made to map the international differences
on the fuel and bunker markets.
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2. Technical and practical aspects

Technical and practical aspects of replacing fossil fuels with fuels of bio-based origin
include combustion issues, and issues relating to the bunkering process, and existing
standards. Different production processes and raw material results in different types
and qualities of biofuels, which also needs special consideration.

2.1 Available fuels

Marine fuels are pre-dominantly heavy fuel oils (HFO), a residual product from
refineries, from a global perspective. However, in specific areas the use of marine
gasoil (MGO) is more common due to legislations on the sulphur content of marine
fuels. The Baltic Sea and the North Sea and the English Channel are such areas.
Marine gasoil is also sometimes used in smaller marine engines such as marine
auxiliary engines and engines on smaller vessels. Another fuel that is supplied for
the northern European market is so called low sulphur fuel oil (LSFO). This fuel is
low in sulphur but can apart from that be similar to a heavy fuel oil.

The biofuel alternatives selected for further study are hydro-treated vegetable oil
(HVO), fatty acid methyl esters (FAME) and liquefied biogas (LBG). These are all
functionally comparable to the fossil derived alternative. During discussions with
the engine manufacturer Wartsild on the use of non-processed crude biofuels for the
marine market, it was made clear that it was not recommended to blend these oils
with traditional fuels without engine modifications (Wartsild, 2018). There are
examples of low grade biobased fuel qualities that could replace the heavy fuel oils
(HFO) traditionally used for marine propulsion. However, this study focuses mainly
on replacement of marine gas oil, and to a certain extent liquefied natural gas (LNG).
This is done since alternatives to those products exist in larger volumes on the fuel
market. The business model will not make a distinction between the renewable
energy carriers as such, and the three selected fuels presented below are merely to be
considered as plausible first step options. Blended fuels are often referred to as drop-
in fuels. Literature on the matter mainly refers to blends with HVO as drop-in fuel,
while biodiesel is the term used for FAME.

HVO is produced from a multitude of renewable sources and although the name
implies a vegetable origin; this is not always the case. An abundant source in
international production is palm seed oil accompanied with sustainability issues
during production. Other sources of HVO placed on the Swedish market are crude
pine oil and residuals from slaughter houses. HVO is considered a high quality non
fossil fuel that can be used as drop-in fuel in minor quotas, or fully replace the fossil
diesel fuel.

FAME produced in Sweden is exclusively made from rapeseed oil and is called RME
for rapeseed methyl ester (Energimyndigheten, 2017). The European fuel quality
directive regulates diesel oil to contain a maximum of 7% FAME; however member
states may permit the placing on the market of diesel with FAME content greater
than 7 % (The European Parliament and the Council of the Euopean Union, 2009).
This limit has also been the basis for the update of the ISO standard for marine fuels
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that was published in 2017. Small ports may not be able to supply ships with the
bunker quality demanded and might on occasions be required to supply road diesel
as bunker to ships. In order to follow standards for marine fuel, it was important that
also these standards allowed up to 7% of FAME (CIMAC, 2017).

The biogas that is produced and used in Sweden is to 98% originating from residuals
and disposed material, primarily sewage sludge and domestic and industrial food
residues (Energimyndigheten, 2017). Sweden has one facility producing LBG from
biogas (Energimyndigheten, 2017).

2.2 Bunker storage and bunkering issues

Fuel tank layout on board differs from one ship to another. Some ships can store
multiple qualities while others do not have this possibility. Using a fuel with a drop-
in of bio-based origin does not require a consideration of the tank layout on board.
There might be cases where a ship owner wants to keep biofuel in 100% grade in a
separate tank on board. For example, one scenario could be that fuel for one
auxiliary engine will be replaced by biofuel. In these cases the tank arrangement on
board can propose challenges for fuel storage. For such situations, there are no
solutions with general applicability.

While HVO and LBG are adequate replacement fuels in all aspects related to
combustion and bunker storage, FAME is sometimes accompanied with issues of
oxidation stability. When FAME blended fuel is used on board, the recommendations
are to avoid storing for more than 6 months due to the potential oxidisation and
condensation at biofuel storage and the risk of microorganism growth. An oxidised
fuel may compromise fuel properties and engine performance. The storage time on
board can be crucial for ships with long time periods between bunkering, typically a
situation for ocean-going vessels. Some ships will also have dedicated tanks for
lifeboats and emergency generators for which refilling are done more seldom than in
other tanks. In large, however, the recommendations when using FAME blends up to
7% are similar to those applicable when using MGO (CIMAC, 2013; CIMAC 2017). At
use of HVO or LBG, no extra precaution is needed compared to traditional fuels.

Ships are normally supplied with fuel from bunker ships or barges. It is expected that
the existing infrastructure can be used for small scale introduction of biofuel in
marine fuel although experiences of bunkering biofuel in Swedish shipping are from
bunker supply with trucks. An example is the blended fuel used by the passenger and
commuter vessels in the Gothenburg archipelago that uses road diesel with 5% rape
seed methyl ester (RME), delivered and mixed in the truck before bunkering
(Kallekarrs akeri, 2018). Also governmentally owned Swedish road ferries are
supplied biofuel, a pure HVO fuel, by truck.

2.3 Engine operational issues

Since April 2017, the ISO standard on marine fuels admits drop-in of biobased liquid
fuels that are functionally equivalent to petroleum derived refined marine fuels (ISO,
2017; CIMAC, 2017). Up to 7% drop-in of FAMEs is in accordance with the standard.
HVO is considered equal to petroleum derived fuel and there is for that reason no
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limit on drop-in percentage of HVO. HVO is however a low density product and
might therefore require engine manufacturers’ approval before use if used in high
blends or pure (Energimyndigheten, 2016). Confirmed by the research department at
Wartsila, there are no negative effects related to using HVO in marine engines,
regardless of ratio between marine distillate oil and the HVO (Wartsild, 2018).

Specifications related to oxidation stability have been included in European EN
14214 and American ASTM D6751 biodiesel (FAME/RME) standards in order to avoid
diesel engine performance and maintenance problems from oxidative degradation of
biodiesel, particularly in the engine fuel system (Pullen and Saeed, 2012). According
to the Wartsild research department, tests on marine engines show stable results at
blends up to 10% FAME as long as the production has fulfilled the standard EN14214
(Wartsila, 2018). Another risk that is linked to the use of FAME blends is related to
its high solvency compared to conventional marine diesel oils; they can wash out
deposits from the fuel supply lining and thereby cause an increase in fuel filter
clogging (CIMAC, 2017).

Further the viscosity of vegetable oils is highly temperature dependent. Under
certain conditions, a polymerization can form insoluble polymers, which can clog
fuel lines, filters and pumps. As an example, oil in a too cold environment may form
wax and in too high temperatures the fuel may polymerize (Wartsild, 2007).

The International Council on Combustion Engines (CIMAC) recommends the
following procedures when using FAME-blends (CIMAC 2013):

e All marine distillate oil tanks should have an effective drainage arrangement
and be kept clean, kept away from heat sources and other sources that will
encourage water accumulation. Regular draining of the fuel tanks at least
twice daily as recommended for conventional marine distillate fuels.

e Monitor the fuel storage tanks for water content and microbial
contamination. This is also recommended for conventional marine distillate
fuels.

e Modern high pressure common rail (HPCR) fuel injection systems may
exacerbate the issue of water in the fuel due to heating and cooling effects on
the fuel releasing the water from the recycled fuel.

e Monitor fuel filter condition for any increased rate of clogging by checking
for increased back pressure or any increase in the automated back-flushing
cycles. Due to its greater solvency, biodiesel can dislodge fuel debris and
other contaminants that have accumulated over time, in the storage tanks
and through to the engine’s fuel injection system.

e B100 biodiesel (100% FAME/RME) generally has a higher wax forming
temperature than conventional diesel. In blends of B7 or less this should not
be a problem as the cold weather parameters of the diesel fuel controlled in
the specification should dominate. It is a good idea to take appropriate
measures if B100 and/or biodiesel blends are exposed to outside conditions
before entering storage on the ship. Measures that could be considered
include; keeping the fuel temperature at least 10° C above the pour point and
locating the fuel in storage tanks away from potential cold ambient
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Summary of workshop - Low carbon marine freight
2017-04-11 at IVL Swedish Environmental Research Institute, Gothenburg

Will 2018 be the turning point?

Background and result from pre-study — presentation by Sebastian and Hulda from
IVL

The Paris agreement included no limits or targets for international shipping, but
there is a clear trend from regulators to reduce CO, emissions. The IMO MEPC meets
this week to decide on possible targets to reduce CO, emissions. Shippers want to be
able to highlight the environmental credentials of their supply chains and have
shown interest to reduce dependence on fossil fuel in all parts of the supply chain.
Low carbon shipping solutions today include:

1. higher energy efficiency

2. alternative propulsion options

3. low carbon alternative fuels.

When looking into possibilities to use biofuel for shipping there are a number of
factors to consider, such as quality of fuel, practical issues on board, price compared
to MGO (2-4 times higher) and possible conflict with food supply and nature
conservation. During last year a pre-study was done together with Lighthouse
Swedish Maritime Competence Centre and University of Gothenburg on biofuels and
one of the results is the workshop today. The idea is to substitute a part of the
traditional fossil bunker with low carbon alternatives. Instead of reducing the
average CO; intensity per cargo unit transported (e.g. grams COy/tonne*km) the
entire CO; reduction will be allocated to a number of ’low fossil’ cargo units. The
number of low carbon units is proportional to the share of fossil energy substituted
by renewable energy. The low carbon cargo units could then be charged with a price
premium related to the cost of the selected renewable fuel. When using bio drop-in
fuels, this requires no retrofitting which is a low risk option, less complicated to
implement and retract. A number of calculation examples were showed, together
with the idea of a green supply chain for environmentally conscious customers.

Input from invited participants

Tryggve Moller from Terntank presented their strategy to lower NOx and CO,
emissions from their tanker operations. Currently Terntank develops
environmentally adapted supply chains with their clients and starts a biofuel project
to test a blend of marine gasoil with 10-20 % renewable content in existing vessels.
Tryggve argued that incentives are needed as this is an additional cost for shipping.
“If we all work together we will be able to reduce the environmental footprints in the
transport chains.”

Roger Strevens from Wallenius Wilhelmsen presented a ship owner’s views on
decarbonisation. The criterion that WW have for adoption of new solutions is that
there is a technical, operational, financial and commercial feasibility. The challenge
as WW sees it when it comes to biofuels is finding the right quantity and quality for
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deep sea shipping, problems with storage and that the usage of biofuels need more
experience. Roger called for more collaboration between all actors in order to
include bio-fuels in the shipping decarbonisation agenda.

Scott Hemphill from IKEA presented their strategy for sustainable transports. IKEA
transport purchasing is dedicated to tackle climate change. For the fiscal years 2017-
2019 IKEA aim to be recognized for true leadership in driving the sustainability
agenda in global transportation by society and IKEA’s supply chain stakeholders.
IKEA shared their 6 standpoints on alternative fuels and the plan for sustainability
beyond compliance for ocean transport.

Future project proposal by IVL

A project proposal prepared by IVL was shared with the group. The suggestion is to
include practical tests and evaluate experiences on a specific route or trade lane.
Several shippers and carriers present in the room expressed an interest in
participating in a case, however some technical issues on quality and quantity of
biofuel remains to be solved. The worries shared on technical issues could also be
recognized from the discussion when the fuel LNG was introduced in the shipping
industry 7-8 years ago. The fuel providers in the workshop stated that suitable
biofuel blends are already available.

It was also recognized that container carriers are needed to participate in the project
and are not present at the workshop. All cargo owners are welcome to assist with
contacts from carriers that could be potential project partners or participants in any
way.

Several cargo owners were interested in participating in the project. Some needed to
discuss further internally and some wanted to know more about the pricing and cost
model — what will the price premium be, also with the upcoming 2020 sulphur cap in
place.

The general sense from the discussions is that there is an opportunity to act now,
and there are possibilities for a successful case in many shipping sectors. There are
issues to be solved on the technical side, financial and also on availability. This is
something positive, as it shows there is a need for this project. IVL will continue to
develop the project proposal and communicate with all participants interested.
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