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Abstract

Abstract (English): A Roadmap for Sail Freight Transport

Growth in global maritime transport drives increased emissions of CO2 and air pollutants (NOy, SO,
and particulate matters. The use of sails for freight transport is a possible answer for this
unsustainable situation in the long run, which the SAIL Project INTERREG-NSR has assessed. With a
growing cost of fuels and stricter emission thresholds, it becomes economically feasible to build and
run wind propulsion ships. Freight lines between small ports or the transport of niche products will be
attractive, first, but wind propulsion as an auxiliary power for more classical lines is a possible scenario
in the near future. To convince actors, such as bankers, insurers and logisticians, clusters of
researchers, users, harbors, designers and manufacturers, one needs to establish collective rules and
transparency. This will lift barriers and create opportunities to demonstrate the economic and technical
viability of sail transport. However in the near term, public support and incentive measures are
needed.

Résumé (Frangais) : Feuille de route pour le transport maritime de marchandises a la voile

La croissance du transport maritime fait croitre sur le long terme les émissions de CO2 et les
pollutions de I'air (NO,, SO, particules...). L'utilisation de voiles pour le fret est une réponse possible,
ce qu’a étudié le projet SAIL Interreg-Mer du Nord. Pour un prix croissant du pétrole et des limites plus
strictes des émissions, il est possible de rentabiliser le transport a la voile, d’abord pour des lignes de
fret reliant des ports de petite dimension ou le transport de produits de niches, mais aussi
prochainement comme propulsion auxiliaire sur des lignes plus classiques. Pour convaincre les
acteurs concernés comme les banquiers, les assureurs, les affréteurs, des consortiums de
chercheurs, d'usagers et de constructeurs il faudra établir une transparence et des régles collectives.
Cela permettra de lever les barrieres et créera des opportunités pour démontrer la viabilité de ces
techniques. Cependant, dans un premier temps un soutien public ou des mécanismes d’incitation
seront nécessaires.

Abstrakt (Deutsch): Eine Roadmap fiir den Frachtsegeltransport

Der Wachstum im internationalen Transportsektor fiihrt langfristig zu erhéhten von CO2, NOX, SO2
und Partikeln. Im Interreg SAIL Projekt wurde die Nutzung von Segeln — als Zusatzantrieb — im
maritimen Glitertransport als Manahme zur Emissionsreduktion analysiert. Mit steigenden Olpreisen
und strikteren Grenzwerten fir Emissionen, werden der Bau und der Betrieb von Schiffen mit
Windantrieb 6konomisch attraktiv. Anfangs wird es den Transport von Nischenprodukten und Uber
kurze Distanz transportierte Produkte betreffen. aber Segel bieten sich als Zusatzantrieb auch auf
langen klassischen Handelsrouten an. Um alle Akteure im Transportsektor — von Schiffsbauern und —
designern, Eigentiimern und Nutzern von Schiffen und Hafenbehdrden lber Wissenschaftler bis hin
zu Banken und Versicherungen — von Frachtschiffen mit Windantrieb zu tGberzeugen, sind
allgemeingtiltige Regeln und Transparenz in Bezug auf Segelantriebe von Néten. Dies wird
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Moglichkeiten schaffen, die 6konomische und technische Machbarkeit von wind-unterstitztem
Frachttransport zu belegen. Aktuell sind allerdingst 6ffentliche Unterstiitzung und FérdermafRnahmen
von Noten um einen ersten Impuls zu geben.

Abstract (Nederlands): Een Roadmap voor Zeilende vrachtvaart

De groei van de mondiale scheepvaart zorgt voor verhoogde uitstoot van CO2 en
luchtverontreinigende stoffen (NOx, SO2 en fijnstof. De conclusie van SAIL project INTERREG-NSR is
dat het gebruik van zeilen voor goederenvervoer een mogelijk antwoord voor deze onhoudbare
situatie op de lange termijn. Met stijgende kosten van brandstoffen en strengere emissie-drempels,
wordt het economisch haalbaar om deels wind aangedreven schepen te bouwen en in te zetten. Als
eerste zullen vracht routes tussen kleine havens of het vervoer van nicheproducten aantrekkelijk zijn,
maar de wind voortstuwing als een extra kracht voor meer klassieke vaarroutes is een mogelijk
scenario in de nabije toekomst. Om partijen, zoals banken, verzekeraars en logistieke medewerkers,
clusters van onderzoekers, gebruikers, havens, ontwerpers en fabrikanten te overtuigen, moet men
collectieve regels en transparantie onderling vast stellen. Dit zal barrieres opheffen en mogelijkheden
creéren om de economische en technische haalbaarheid van zeilend vrachtvervoer aan te tonen. Tot
die tijd zijn publieke steun en stimuleringsmaatregelen nodig
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Keynote address

By Ralph E. H. Sims

The world’s shipping fleet carries around 80% of all internationally traded goods (8.7 billion tons a
year) and accounts for nearly 10% of the total annual greenhouse gas emissions arising from the
global transport sector. In addition, the emissions of black carbon from the inefficient combustion of
marine and diesel fuels are causing growing concerns, both by impacting on local air quality when a
ship is in or near port, and even when out on the sea since black carbon also impacts on climate
change.

Compared with road and rail, boats can transport freight (and passengers) at relatively low GHG
emissions (~10-40 g CO,/ton-km), and it has been projected that this could be reduced by 20-30% in
the next few decades, as outlined in the Transport Chapter of the IPCC 5" Assessment Report —
Mitigation (2014).

However, an eventual transition completely away from fossil fuels by all sectors is required if we will
have any chance of constraining the global temperature rise to below 2°C, the target level agreed
internationally (though even then, we will need to learn to become more resilient to extreme climate
events and to adapt, for example, by building higher sea walls). Reducing fossil fuel dependency is
particularly challenging for the transport section and especially for aviation and shipping. However, the
propulsion of ships and smaller craft through the application of renewable energy sources, such as the
wind or solar power, is making steady but significant progress. We know rapid technical advances are
possible, (as demonstrated by the high-tech yacht designs of the America’s Cup competition), and, in
this regard, the research efforts by those working on the “SAILS INTERREG” project are to be
commended and should be further encouraged.

Ralph E. H. Sims is Professor of Sustainable Energy and Director of the Centre for Energy Research
http://fenergy.massey.ac.nz/ in Massey University (Palmerston North, New Zealand). He has been
Coordinating Lead Author (CLA) of the Transport chapter of the last IPCC report (AR5-WG3), and
Member of the Scientific and Technical Advisory Panel (STAP) of the Global Environment Facility
(GEF) in Washington D.C.

See http://energy.massey.ac.nz/ and http:/lwww.thegef.org/qef/STAP
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1. Introduction to the roadmap

Maritime Transport is a key element of globalization. At once, it is a major source of pollution, and the
most efficient transcontinental way of transporting goods.

The past decades have seen a tremendous growth in emissions from transport, in particular
passenger cars and road freight.

Direct GHG emissions by transport mode

Indirect emissions from production of fuels, vehicle manufacturing, infrastructure construction

in Mt are excluded, except electricity generation for rail mode
8000000 —
7000000 —
6000000 — Misc (pipeline, HFC, indirect N,0)
e
5000000 — ¥ Route

4000000 — Electric. for Rail
3000000 — ﬁ_
2000000 — W Aviation
Jdnmmmm,
1000000 M International and Coastal Shipping

|

M Domestic Waterborne

1970 1990 2010

Figure 1. Direct GHG emissions by transport mode (IPCC 2014)

Shipping is not the worst culprit, but it cannot be exempted from a world effort against pollution and
greenhouse gas emissions. Without more efforts, this sector may become a dominant emissions
source in transport. The International Maritime Organization (IMO) reckons that emissions of the
sector are now close to 1 billion tons of greenhouse gas emissions (GHG) a year, a little more than
Germany.

“Shipping has a great potential for growth to meet the demand of the world economy but shipping has
also, a great potential to significantly reduce GHG emissions, while achieving further growth of
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maritime transport,” said recently Koji Sekimizu, secretary-general of IMO. His organization, led by
countries with large fleets’, is clear that growth will take priority over emissions reductions’.

The IMO has made some indirect steps to limit emissions, the main one being energy efficiency
design standards for new ships. It also requires all operating ships to have energy efficiency
management plans, but sets no minimum standard for the content of these. In all, these measures aim
at a 40% decrease in emissions per ton transported. But as ships often operate for 30 years or more,
fuel consumption of the existing fleet will continue to be a major contributor to emissions. And these
gains will also be balance by enormous growth in transcontinental transports.

An analysis of stakeholders in shipping (for example IPCC 2014) shows that many actors would not
by themselves correct these trends to a global increase of emissions in a large scale.

In these evolutions, two United Nations institutions will have an impact on shipping. The IMO and the
UN Framework Convention on Climate Change (UNFCCC) run on different principles and governance.

The IMO in particular is based on full equality (“no favorable treatment”) between member countries.
The UNFCCC has been based, in the contrary, on the distinction between rich and developing
countries, the “common but differentiated responsibility”. In both cases anyway, there is a lack of
updated and precise data, on which any serious action could be based.

Beyond IMO and the UNFCCC, countries or groups of countries impact also a lot on shipping, in
particular the US and the EU. They notably regulate the pollution of vessels.

A growing interest on renewable energy solutions for shipping

After IMO'’s third study on greenhouse gas emissions from ships (20143), several reports were
released in 2015 that help put the potential contribution of wind assisted propulsion on the agenda.

A major step was achieved with the publication of a technology brief by IRENA* recognising that “the
contribution of renewables to the energy mix of the shipping sector, however, is limited in the near and
medium terms—even under optimistic scenarios. Nevertheless, developers are increasingly enhancing
ship designs and proof-of-concept pilots demonstrating major savings in some applications”. IRENA
also points the growing emissions of GhG and local pollutants of this sector and states that, “the
transition from fossil fuels to clean energy for shipping needs to be planned carefully” (Mofor et al.,
2015).The technology brief summarises the current status and applications of renewable energy
solutions for shipping, along with the barriers and opportunities for further deployment.

! Leading flag states include Panama, Liberia, the Marshall Islands, Hong Kong and Singapore, according to 2013
UN data. Other major members are Norway, Cyprus, Greece, the USA.

? http://www.rtcc.org/2014/10/17/global-shipping-emissions-set-to-rise-

unchecked/#sthash.SiTGrVoi.dpuf

* Third IMO GHG Study 2014, visit:
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Documents/ThirdGreenhous
e Gas Study/GHG3 Executive Summary and Report.pdf

4 http://www.irena.org/DocumentDownloads/Publications/IRENA Tech Brief RE for%20Shipping 2015.pdf
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For quick-win solutions, support should focus on small ships (less than 10 000 dead weight tonnes),

which are more prevalent worldwide, transporting less of the total cargo but emitting more of the
greenhouse gases per unit of cargo and distance travelled, compared to larger ships.

UK ship classification society Lloyd’'s Register released a report on barriers to wind assisted

propulsion building on a number of trials and study with clients, concluding that operators could still
see significant cost savings within relatively short payback periods. “Wind-assisted propulsion is one of
the few technologies potentially offering double-digit fuel savings today,” the report said, adding:
“Lloyd’s Register is committed to working closely with technology providers and stakeholders across
the supply chain, to overcome these challenges and make wind-assisted propulsion a reality.”

The EU DG ENV+CLIMA also commissioned during the Summer 2015 a study to analyse the market
potentials and market barriers for wind propulsion technologies for ships.

For Mr Gavin Allwright, Secretary of IWSA?®: “The number one barrier that we see is a lack of
demonstration vessels on the water proving the technology and challenging the problem of perception
that the report outlines. That then ties in with the problem of cost — most senior industry figures would
need three points of reference before making a major investment.”

In the meantime, a first step of a staged approach to reduce GHG emissions from shipping is the
adopted EU Regulation (EU) 2015/757 on monitoring, reporting and verification (MRV) of CO2
emission from shipping was adopted in April 2015°. But beyond these short term measures, additional
action will be needed to de-carbonise maritime transport

Current agenda in the run up to COP21

On a political level, there is an acceleration to discuss low carbon shipping at the IMO level in the run
up to COP21 (Paris) and post 2020 Intended Nationally Determined Contributions (iNDC)". In
particular, one could note the speech of Foreign Affairs minister Tony de Brum of the Republic of the
Marshall Islands (RMI) at the last Marine Environment Protection Committee (MEPC) of the
International Maritime Organization (IMO). The tiny South Pacific nation is using its position as the
world's third largest shipping registry to call on the IMO to set a new global target for reducing
greenhouse gas (GHG) emissions from international shipping, a growing sector currently left out of
international climate negotiations.

"We are the first country in the Pacific to set a transport efficiency target for ourselves — a 20 percent
cut in the use of fossil fuels for domestic transport by 2020, and we are exploring other ways to green
our international registry,” said de Brum.

> The International Windship Association (IWSA) was formed in 2014. See http://wind-ship.org/
6 (http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015R0757&from=EN)
" The s@IL project has sent a letter to some parties in order to key Parties of UNFCCC promoting inclusion of
L llli;i
The Interreg IVB ew
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“But the actions of one or a small group of registries alone will not be enough. Ships these days can
jump easily from flag to flag to avoid tougher standards. Cleaning up this global industry requires a
global approach. With a strong wind blowing in the climate action sails en route to Paris, the IMO must
move to set a sector-wide international shipping emissions target now.”

Enhancing climate technology action through the existing UNFCCC and IMO processes.

Technology is a key component on the road from Lima COP20 to Paris COP21%, however, there is
little interaction between Technology Mechanism and Finance Mechanism (de Coninck and Sagar
2015)°

The Technology Executive Committee is the policy arm of Technology Mechanism. It is notably known
for undertaking work on technology needs assessments (TNAs) but also organised a workshop in Oct
2014 to strengthen national systems of innovation. The Climate Technology Centre and Network is the
implementation arm of Technology Mechanism and consists of the Climate Technology Centre (hosted
by UNEP) and the Climate Technology Network'® . In addition to the UN process, the growing network
of World Bank sponsored Climate Innovation Centres and regional and national policies form part of
the global infrastructure to better address the technology challenge. However, an agenda on pathways
for a low carbon shipping agenda is non-existent. It is of particular importance for remoted islands
where the cost of energy for transport represents an important part of the GDP.

At the IMO level, IMO’s Marine Environment Protection Committee (MEPC) started an Ad Hoc Expert
Working Group on Facilitation of Transfer of Technology for Ships (AHEWG-TT) within the Promotion
of Technical Co-operation and Transfer of Technology relating to the Improvement of Energy
Efficiency of Ships.

For now, implementation is limited to the so-called GIoMEEP project, which aims at helping “to
transform the Global Maritime Transport Industry towards a Low Carbon Future through Improved
Energy Efficiency”. Funding is secured since July 27" 2015, with International Maritime Organisation
(IMO) the Global Environment Facility (GEF) and the United Nations Development Programme
(UNDP) allocating US$2.0 million of the total US$13.8 to a two-year global maritime energy efficiency
partnership project, which aims to support increased uptake and implementation of energy-efficiency
measures for shipping.

The project is part of the IMO’s work to help ensure implementation of its mandatory technical and
operational energy-efficiency measures (MARPOL) which entered into force on 1 January 2013. This

® Parties are not yet clear on how the issue of technology will feature in the new agreement and to what extent
the existing Technology Mechanism might be strengthened as part of a negotiated package.
° Heleen de Coninck & Ambuj Sagar (2015) Making sense of policy for climate technology development and
transfer, Climate Policy, 15:1, 1-11, DOI: 10.1080/14693062.2014.953909
10

http://www.ctc-n.org/
" Ten IMO Member States have signed up to the GIoOMEEP project as lead pilot countries: Argentina, China,
Georgia, India, Jamaica, Malaysia, Morocco, Panama, Philippines and South Africa.
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makes certain regulations mandatory — the Energy Efficiency Design Index (EEDI) for certain new
ships, and the Ship Energy Efficiency Management Plan (SEEMP) for all ships. The project would help
in catalysing an innovative public-private sector partnership within the project framework, through a
new Global Industry Alliance (GIA) for maritime energy efficiency.

Future IMO measures will focus on the development of Market Based Measures for international
shipping. Regarding the slow progress in the establishment of MRV standards, this process is likely to
take many years up to a decade. This also accounts for the establishment of a GHG standard, which
seems even further on the IMO policy making horizon.

Towards Regional clusters: EU paving the way?

The International Windship Association (IWSA)12 is currently seeking funding to develop both a virtual
and physical wind propulsion cluster for the EU and the potential links with other centres of excellence
around the world. This cluster development would significantly help facilitate and incubate
technologies and projects. It would enable testing radical and long term solutions.

The case for a radical change in propulsion

International Maritime Bunkers, if unchecked, will represent a large share of greenhouse gas
emissions. In the short term, much gain is possible mainly from energy efficiency measures and the
switch to gas from diesel in large liners.

But what happens in the long run? Absent some more radical change, and with the growth modelled in
the long term, the share of maritime fuels in emissions goes up, even if over 50% of these come from
natural gas.

In the next figure the emissions in three of the long term scenarios of IPCC are presented with the total
fossil and industrial emissions, in regard to the transport emissions.

2 The International Windship Association (IWSA) “facilitates and promotes wind propulsion for commercial
shipping worldwide and brings together all parties in the development of a wind-ship sector to shape industry
and government attitudes and policies.”
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Figure 2. Long term transport emissions in 3 IPCC scenarios (E&E Consultant 2015)

The first scenario is a “no-policy” trend, and it is also implausible both for the extreme strains on the
fossil resource and also on the climate consequences. The other two (RCP 4.5 and RCP 2.6) involve
very radical measures and extreme technological content. Modelling shows these scenarios will
stabilize global temperatures at respectively +3°C and +2°C.

In the projections made for IPCC by the GCAM consortium of laboratories, including the University of
Maryland, we can see that by the end of the century, transport has —by far- the largest share of
emissions. While industry, electricity and buildings are nearly completely decarbonized by the end of
the century in these scenarios, transport represent over 80% of emissions in the “RCP 4.5” and even
more in the 2.6, a radical scenario where negative emissions are obtained through the combination of
massive biomass use and the capture and storage of emissions (CCS).

Now if we look inside the emissions of transport, international bunkers, both from aviation and from
maritime, represent a growing share of emissions. In the case of the reference case RCP 4.5, most
efficiency measures and fuel transfers are implemented, for example a massive use of natural gas,
efficiency in propulsion systems, hulls and in logistics. By the end of the century, there is even a large
share of cold ironing in harbors and use of renewable fuels in auxiliaries and some main propulsion for
small ships. But this “full house” of technology is not enough, as shown by the following graphs. They
represent global emissions from the transport sector in selected years to 2100, first in the RCP 4.5
scenario and then in the RCP 2.6 scenario as modeled from IPCC AR5 sources. "

B These projections were standardized to match climate projections of “radiative forcing”. RCP4.5 and RCP 2.6
lead roughly to temperature increases of 2°C and 3°C respectively in 2100.
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Figure 3.Transport Emissions in Scenario RCP 4.5/ IPCC AR5

In order to limit warming and keep the global carbon budget in the range prescribed by IPCC, on has
to strengthen radically the measures in all sectors. This leads to a very different profile for transport,
where in particular the electric transport for land freight and passengers become dominant in the
second half of the century. But International Maritime transport is not much affected by this trend, as
suggested by the next graph.
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The share of international maritime transport may even become dominant in the “2.6 scenario” by the
end of the century. This is because land transport is then entirely electric or using synthetic fuels from
hydrogen, when the maritime transport is still reliant on gas.

Share of International Maritime Bunkers in the "technology rich" scenarios

2005 2010 2020 2030 2050 2080 2100
RCP 4.5 9% 8% 9% 9% 9% 9% 9%
RCP 2.6 9% 8% 8% 9% 10% 20% 45%

E&E Consultant 2015

Figure 5, Proportion of International Marine Bunkers in advanced scenarios of IPCC

Of course, these projections are highly uncertain exercises, notably in terms of global growth. But they
integrate most of the progress as envisioned now, often considered as very strong measures. In the
case of maritime transport, they show that an even more radical vision is needed to attain the goals of
the international community.

Cutting the shipping sector's CO2 emissions in line with global climate change targets will need an
approach that goes beyond current regulations, according to the researchers from the Shipping in
Changing Climates Consortium at UCL and the Tyndall Centre, University of Manchester shows how
avoiding 1.5/2°C, whilst maintaining shipping’s present 2-3% share of total anthropogenic CO2,
requires at least a halving of its CO2 emissions by 2050,

In May 2015 this is the first time that the scale of the challenge has been presented directly at the IMO
and articulated in terms of trajectories for individual ship types. This new research illustrates how, with
the expected rise in demand, the current efficiency regulation will not be enough for the industry to
make a proportionate contribution to avoiding dangerous climate change.

CO2 trajectories for three ship types, container ships, dry bulk (e.g. coal) and wet bulk (e.g. oil) are
analyzed under constraints of avoiding both a 2°C temperature rise as well as a 1.5°C rise above pre-
industrial levels. The results show that the global fleet will need to be at least twice as efficient by 2030
compared with today under the 2°C target. This is significantly more stringent than currently debated
levels.

Of course, this does not mean that one solution such as the use of sail is the unique way to
decarbonize maritime transport. There are other options such as the use of synthetic natural gas and
liquid fuels, made without emissions from electricity and hydrogen. There is also the possibility of a
generalization of the use of biofuels. But these solutions are both costly in efficiency for long distance
vessels, and might compete with uses for the same fuels in other sectors, making it more costly.

14 http://www.tyndall.ac.uk/communication/news-archive/2015/navigating-climate-change-challenge-shipping
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2. Can Sail Technologies change the future?

SAIL propulsion is an interesting step towards sustainable shipping. Indeed, technologies for
propulsion have evolved a lot since sails, steam and diesel competed a century ago. This story is
detailed in [Gael Trouvé 2013] and in [ECEEE 2015]. A lot of material, collected during the SAIL
project, develops this topic.

The present stock of technology has two main features: (a) enabling technologies make maintenance
and operation of sails quite different from former practices; (b) numerical routing technologies optimize
the use of wind, limit risks and help regularity of schedules. Three categories stand out:

* First, new synthetic materials and improvements in all mechanical and wear resistance of all
parts of the ship is the first key enabling technology. Carbon masts or Mylar sails are
expensive but would last much longer than traditional materials. Such materials also have a
better predictability to wear and tear.

* Second, mechanization determines crew size. Sails mechanization (such as motorized
winches, sheets, halyards, furlers...) is now well established. These motorized adjustments
are now manageable from a single dashboard to drastically reduce the need for crewmen,
even in a traditional sail configuration.

* Third, the information systems allow constantly adapting the ship's itinerary to weather
conditions by weather routing. These innovations, sometimes inspired by the sport sailing
weather routing systems, combine meteorological advances with the modelling of the wind
ship, and reconstructions of historical patterns of winds. On-board route optimization solutions
can integrate wind patterns given on long periods by climate data with present short term
weather forecasts, in order to minimize travel times or fuel use.

One such example of detailed routing for a specific hybrid propulsion ship (the Ecoliner) in intra-
Europe and Trans-Atlantic destinations was performed by the research centre Marin for the SAIL
project. In this case, the ship travels from Edinburgh (UK) to Oostende (B), from Gibraltar to Skagen
(Denmark), and from Gibraltar to Trinidad."® One main result was that rare strong winds from the
favourable wind direction led to higher fuel savings than constant weak winds from the favourable wind
direction. This result states for wind hybrid propulsion vessels which have a defined time of arrival and
activate their engines in order to keep this time. In contrast for sail-only vessels, constant weak winds
from the favourable wind directions are positive.

Additionally, a simplified programme for estimations of reduced power consumption by the use of sails
was developed within the SAIL project. Example calculations on two intra-European routes performed
with this simplified programme are shown in Figure 6.

> Marin 2015, “Challenging Wind and Waves, Voyage Simulations and operational performance”, final report
volumes 1 and 2, Wageningen The Netherlands
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Figure 6. Example of gains calculated through routing techniques for journeys from Oostende
to St Petersburg and from Oostende via Denmark and the Shetland Islands to the Faroe
Islands.

Wind Propulsion Technologies

In addition to these innovations, the propulsion itself, consisting of the action of wind on a sail and the
reaction on the hull, is now widely different, either by the principles involved, or the ability of builders to
predict the performance and build in consequence the hull or the sail structures and principles. These
complex engingeering designs have to take into account the hybrid character of most of the proposals,
where traditional or electric engines have to be also used efficiently.

Technologies come with widely different credibility and history. At extremes, the traditional square rig
has millenary tradition; the Cousteau turbo-sail has not developed further than a prototype anchored in
the harbour of Caen (F), while tethered balloons carrying wind turbines above the ship are mere proof
of concept. In some cases, the retrofit is possible on existing hulls. The techniques are also more or
less versatile and manoeuvrable so as to be adapted to long distance trade routes or to more local
use. Finally, only a few of the proposals, in particular the kites, could be adapted to relatively large
ships with a benefit for propulsion.
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Sailing devices (Sailing rigs)

msail
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Figure 7: An organogram of the various wind propulsion technologies. Source: Yoshimura,
Yasuo, 2002, « A Prospect of Sail-Assisted Fishing Boats », Fisheries Science, 68(Supplement

2): 1815-1818

The main types of wind propulsion systems are presented below: traditional sails, wing-sails, Dynarig,
Flettner rotors and Cousteau turbo-sail, Towing kites. Four main practical options are presently:

» Existing traditional sails used in present cargo sailing vessels. Fairtransport BV
trading and shipping (NL) uses a three mast ship of 32 m to trade chocolate and rum
from the Antilles to Amsterdam. The Greenheart project aims at servicing places with
no harbour and small needs, such as islands in the Southern Seas or shores in
Africa. The “Undine of Hamburg” transports goods from the ports of Flensburg to Sylt

Island.

* More recent developments are wing-sails (rigid or soft sails with the shape of a plane
wing) or the Dynarigs. These are fully automated square rigs where sails are folded
parallel to the mast (Dykstra, 2013). The Maltese Falcon, a luxury yacht, uses fully
automated Dynarigs.

* The Flettner rotor creates a force by the rotation of a vertical cylinder and the friction
on air (Traut et al. 2013), while the Cousteau Turbo-Sail removes turbulence of a
wide vertical wing with the injection of air in holes on the side of a fixed vertical wing.
Enercon’s 12,800 tons ‘E-Ship 1’ is the most famous example of the use of Flettner
rotors. However, the economics are difficult to apprehend due to the lack of public
data. According to Lloyd's Register (2015), experts of Lloyd’s Register currently
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participate in five Flettner rotor projects. One such example is the Norsepower Rotor
Sail Solution, tried on a Roll-On Roll-Off cargo ship of 9700 DWT with the aim of a
20% share of wind in propulsion.

* Finally, other more exotic propulsion systems include the kite sails which were tested
on the MS Beluga and elsewhere. The commercial Skysails propulsion system have
had limited market uptakesuccess to date with their first product.

Mofor et al. (2015) published a section on performance and costs of WASP technologies and order of
magnitude of fuel savings. The report also proposes a summary of renewable energy applications and
their potential for shipping. The main conclusion of the technology brief is that “For quick-win solutions,
support should focus on small ships (less than 10 000 dead weight tonnes), which remain more
prevalent around the world, transporting less of the total cargo but emitting more greenhouse gasses
per unit of cargo and distance travelled, compared to larger ships”. The economic analysis suggests
that even smaller ships could be interesting economically.

These sail types are applicable in different situations and have different demands on the ship design
compared to no sails and among each other. Differences stem from diverging efficiencies of
propulsion in low or strong winds, but also notably the deck occupation, the hull resistance to flows,
the retrofit option or the combined operation of engine and sails.

Hull : The types differ in the maximum ship speed which can be reached with them and the efficiency
with respect to the apparent wind angle (angle between ship movement direction and wind). Also the
structural integrity of the ship’s hull and the stability of the ship need to be considered. For the optimal
yield of the sails, the vessels hull needs to be optimized for the sail type. Strong side forces act on
ships equipped with Bermuda sails or square rigs. In order to reduce leeway drift a deep keel or
submersible fins on both sides are needed when these sail types are installed. In contrast, Flettner
rotors are favourable on ships with a flat wide hull. For this criterion, kites are less interesting because
they cannot go against the wind.

Deck space: Masts are obstacles during the loading and unloading process. While kites can be
removed completely, masts commonly remain in their place. The presence of a sailing rig on the deck
of the ship complicates or restricts crane movements. The problem is less pronounced for bulk cargo,
such as coal or ores'®. Loading and unloading on Roll-on Roll-off (RoRo) carriers and tankers is not
affected by sailing superstructures. However, safety concerns may speak against sails on these two
ship types. RoRo carries should have a low healing angle while Bermuda sails or square rigs may
cause high healing angles. Flettner rotors are more appropriate for them.

Retrofit: One important advantage of the kite is that it could in theory be retrofitted to most types of
ships. This gives the kite an edge for implementation on the existing fleets, whose service life of
decades make renewal slow.

'®Bulk carriers are also favorable for sails with respect to ship speed because they travels with lower speeds (10
to 14 knots) in contrast to container vessels (20 knots).
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Auxiliary Power: Ship’s main engine is optimized for one loading range — such as between 70% and
80% of loading — in which fuel consumption per produced Joule of propulsion energy is minimized.
Sailing vessels have a variable need of propulsion energy which causes a traditional diesel direction
engine to often run outside of is optimal range causing increased fuel consumption. Hull shape and
engine layout can be optimised for sails of a certain type when a new ship is designed and built.
Therefore, retrofitted ships may not utilise wind power as efficient as new builds.

Here, small auxiliary propulsion devices, based notably on electric propulsion make sens, because
they are more adapted for variable regimes. These propulsion systems can minimize the
unpredictability of ETA and help in case of emergency. Such decentralized power systems, now in
wide use, make it possible to avoid altogether the installation of a large power system.

All these characteristics impact on performance, investment, operations and maintenance. In addition,
when designs are established, standards and insurance practice will depend on the risk history and
thus the initial design choices.

The prevailing winds above world oceans
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Figure 8 Prevailing winds above world oceans show the main trade winds
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3. Do Sails save money?

The calculation of economic gains has to rely on the comparison of similar situations, with or without
sails. Not so easy. An economic assessment of a wind-assisted ship must take account not only of fuel
costs but also other factors: operational requirements, such as cargo handling, routing, crewing, types
of cargo, maintenance policies, initial costs, and compare it to other competing technology. Thus
simplification is always in order because optimal routing or operational conditions may vary between
these configurations.

Figure 9 - The base of comparison

How much wind, how much fossil power? (doc CLAC/E&E 2015 for SAIL)
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Operating costs Crew costs

Repair & maintenance Management
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Fuel Harbour feas Loading-unloading time ETA
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Figure 10: Some of the parameters to integrate in the calculation (pictos from CLAC 2015 for
SAIL)

S

Y o EOE
L’Lﬁ:gﬂ;ﬁg‘i’; wﬂ provinsje fryslin &
. Gt R
European Union Programme ﬁ"%‘ provincie fryslan ® TR
W

* Xk
* *
* *

* 5k

The European Regional
Development Fund

www.nsrsail.eu

18



: msail
Roadmap for Sail Transport

One of many parameters to assess is the split between revenue earning period (loaded sailing days)
and non-revenue earning period (port days, ballast sailing days and off-hire days). Therefore the
profitability of a given route depends on a large extent on the time spent carrying cargo. Thus the aim
should be to choose routes which maximize the time spent by the ship to carry cargo and minimize the
non-revenue period notably the time spent in port (to reduce additional port related costs). Moreover, it
is estimated that the difference in freight rates for different cargo types would widen. Thus special
attention is needed when defining the cargo suitable for transport by wind assisted ships.

Route determination: As mentioned above, routing is one key field where technology brings significant
progress to the development of commercial sail shipping. This has to be factored in the simulations as
suggested by the figure below:
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Figure 11 Example of relative gains from sail shipping around Europe and the North Sea.
Calculated routes (in the given direction): Oostende — Denmark — Shetland Islands — Faroe
Islands; Rotterdam — St Petersburg; Bilbao — Lorient — Trondheim;
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The calculations by Lloyd’s Register

Lloyd’s Register published its report early in 2015. It is based on existing literature but also on eight
projects or experiments into which the Register is involved. All use wind propulsion, and most of them
are covered by non-disclosure agreements including the names of the organizations.

Based on expert advice, the report tests hypothesis of savings of 10%, 30% and 50% savings with
fuels prices of 200, 600 and 1000 $/t and the extra investment for sails of 1, 3 and 5 million $. Results
in years of payback time look obviously quite good for expensive fuel and large savings, but
surprisingly they are still in the green (under three years of payback time) for spending 1 M$ with 30 to
50 tons of fuel saved per day, and this for fuel from 600$.

This sensitivity analysis was based on seven actual projects being considered or developed by LR
customers. This suggests that in the case of cheap LNG developments, only high gains and low costs
of sails would make sense, but also that with mandatory low sulfur fuels, a large economic potential do
exist for sails.

The report concludes that “wind-assisted propulsion is one of the few technologies potentially offering
double digit fuel savings today”. Obviously though, a price of oil as low as 40$/bbl modifies
substantially this equation”ln the SAIL project, modelling the economic cases for routes and ship
come to similar trends and conclusions. Basically, it calculates “all things equal” the economic
consequences of the use of a proportion of sail instead of motor propulsion.

Fuel choice and price rises as the key determining factors'®

The global maritime regulatory landscape is moving towards stringent emissions control, sooner or
later, regionally or globally. To comply with these regulatory changes ship owners need to make a
choice among the various emission reduction techniques. Since these emission reduction techniques
differentiate themselves mainly on fuel costs, thus future fuel price development is an important input
needed for comparison of the “cost-effectiveness” of competing techniques.

Here we first give a brief description of the prominent marine fuels and their observed price
relationship with crude oil. Then we explore the different factors affecting crude oil price. Based on
this, we finally propose a first scenario of future price development of prominent marine fuels. Our
results suggest that marine fuel prices will increase significantly and the relative price differential
between the different grades will widen, thereby reducing the economic attractiveness of using
distillates for ship operation.

Pollution controls

In recent years, an increased awareness of both local and global environmental issues and the
growing realization of the actual impact of emissions from ships have resulted in an accelerated effort

v , This huge uncertainty is common to all such calculations. In any case, while the costs have lowered
substantially, many shipping company experts are still using a 500-600USD/ton rate for a 3 year average that is
informing their investment decision making.

8 This part stems mainly from the “SAIL briefing note”, Navin Jacob, Katell Jaouannet, Christophe Rynikiewicz
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by the international community to curb these harmful emissions. In the maritime industry, the
International Maritime Organization (IMO) is utilizing regulatory tools to ensure change. In the next
decade key environmental regulations for the maritime industry are coming into force to address
harmful emissions such as sulphur oxides (SOx), nitrous oxides (NOx), particulate matter (PM) and
greenhouse gases (in particular CO2).19 A summary of recent and future emission regulations in the
EU can be seen in Table 1. Currently, four ECAs exist: North Sea, Baltic Sea, North America and US
Caribbean.

Regulations  2010-2013 2014-2020
Sulphur = 2010 - Emission Control Area (ECA) = 2015 — ECA fuel oil sulphur limit of 0.1%
Oxides fuel oil sulphur limit of 1%
(SOy) = 2020 — Global fuel oil sulphur limit of 0.5%

= 2012 — Global fuel oil sulphur limit of (Subject to IMO review in 2018)

3.5%

Nitrous = 2011 — NOy Tier Il emission standards = 2016 — NOx Tier Il emission standards for
Oxides for new ships new ships (Subject to Marine Environment
(NOy) Protection Committee vote in 2014)
Green = 2013 — Enforcement of Energy = 2017 — Probable launch of Market Based
House Efficiency Design Index (EEDI) and Mechanisms (MBM'’s) for GHG reduction in
Gases Ship Energy Efficiency Management the European Union (EU)
(GHGs) Plan (SEEMP)

Table 1 - Recent and upcoming maritime emission regulations for sulphur, nitrogen and
greenhouse gas emissions in the EU Emission Control Area (ECA) .

Source: (Det Norske Veritas AS., 2012)

A number of solutions are currently available within the maritime industry which can significantly
reduce emission from ships. Several incentive mechanisms are currently under examination. IMO has
already enacted a mandatory Energy Efficiency Design Index (EEDI) for new-build ships. A brief
description of the most prominent emission reduction solutions is given below.

Renewable energy assisted ship propulsion technologies, as developed by the SAIL project, aim at
reducing ships emissions by reducing the ship’s reliance on fossil fuels and replacing it with energy
from renewable sources (wind or solar).

Exhaust gas after-treatment (EGAT) technologies aim at removing harmful emissions from ships
exhaust before it is released into the atmosphere. End of pipe techniques add costs.

Alternative clean-fuels are marine fuels that due to their chemical composition and combustion
characteristics produce fewer harmful emissions than traditional fuels. Liquid Natural Gas (LNG) burnt
in internal combustion engines has been one of the primary alternative solutions which have gained
significant attention followed by biofuels, both of them mainly due to the compatibility that they present

' (Det Norske Veritas As, 2012)
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with the current infrastructure and machinery. Other fuels e.g. Methanol and Hydrogen, and machinery
technolozgies such as fuel cells are envisaged or even tested in the case of a new Stena Ferry in
Finland.

For shipping companies, adoption of an emission reduction technique comes at a substantial
additional cost. For example, to meet the recently enforced SOx emission regulation within Emission
Control Areas (ECA) shipping companies have to choose between:

- One time big investment in exhaust gas cleaning equipment allowing ship operation on regular

high sulphur fuels

- Or sustained increase of operating expenses by switching to more costly low sulphur fuels.
This example demonstrates that the cost of compliance to future regulations will be significant for
shipping companies and thus “cost-effectiveness” will be a decisive factor in the choice for investment
between competing emission reduction technologies.

From a cost perspective, the two important distinguishing factors among the prominent emission
reduction techniques are the type of fuel used and the resulting impact of the technique on the ships
fuel consumption. Moreover, considering that fuel cost is the largest contributor to a ship’s running
costs," it can be inferred that future fuel price development will strongly influence the choice of
emission reduction technique widely adopted within the maritime industry. Marine fuel price
development has thus become a subject of interest for the shipping and refining industries.

Choosing maritime fuels

There are three major categories of marine fuel: distillate fuel, residual fuel, and a combination of the
two to create a fuel type usually called “intermediate” fuel oil (IFO). These categories are listed in
Table 2 with their grades and their colloquial industry names.

Fuel type Fuel grade Common/industry name

Distillate DMX, DMA, DMB, DMC Marine gas oil (MGO) and marine diesel oil
(MDO)

Intermediate RME/F-25, RMG/H-35 Marine diesel fuel or intermediate fuel oil (IFO180 and
IFO380)

Residual RMA,RMH, RMK, RML Fuel oil or residual fuel oil

Table 2 - Marine fuel types

Source: (U.S. Environmental Protection Agency, 2008)

MDO is typically used in small to medium sized marine vessels and is manufactured by combining
kerosene, light, and heavy gas oil fractions (DMC with 10% to 15% residual fuel) in contrast to IFO,
one of the most common fuels used in transoceanic ships, which is manufactured by combining
visbroken residue®?, Heavy Cycle Oil (HCO) and Light Cycle Oil (LCO).”> MDO has lower sulphur

?° (Raucci, Smith, Sabbio, & Argyros, 2013)
! (Mazraati, 2011)
> This refinery process increases viscosity of the oil through thermal processes.
3 (U.S. Environmental Protection Agency, 2008)
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content (1% sulphur content) in comparison to that of IFO (3.5% sulphur content). Thus, to comply
with emission regulations within ECA the use of IFO in ships needs additional exhaust gas cleaning
equipment. MDO are sold at a higher price than intermediates, and residual fuels are the least costly.
To estimate future prices of marine fuels it is necessary to understand their dependency to crude oil
prices.

Setting aside the short term impact of seasonal demand variations and refinery supply outages, the
price differential between crude oil and marine fuels depends until now mainly on operational costs of
the refining process and the profit margins charged by the refineries. Considering that operational
costs and profit margins for processing crude oil remains within a constant range24' it can be inferred
that the price differential between crude oil and marine fuels shall also remain within a constant range.
To verify this inference we compared the yearly average spot prices (in USD/ton) of North Sea crude
oil and that of IFO 180 and MDO prices quoted in Rotterdam from 1990 to 2013. This comparison
shows that IFO 180 trades at a discount of 20- 40% to crude oil and that MDO trades at a premium of
10-20% to crude oil depending on the year.”

It is important to mention here that the price dependencies discussed above remains true only until the
refining process remains the same. Any change to the latter will change the price dependencies. For
example the global marine fuel oil sulphur content limit transition from current level of 3.5% to 0.5% in
2020 will require refineries to invest in de-sulfurization plants and change in the refining process.
Maritime industry exgerts estimate that these changes will increase global marine fuel oil prices by an
additional 10-50 %.”

It is equally important to mention here that the sufficient availability of marine fuel with low sulphur in
the future is uncertain. This situation can be better understood with an example of the situation in
Europe where the refinery capacity to produce 0.1% sulphur marine fuels is small and is matched by
low demand.

However after the enforcement of the new 0.1% sulphur limit for marine fuels in 2015, and contrary to
pessimistic forecasts, the demand has been met smoothly by suppliers. At the same time, since
reconfiguring refineries to produce 0.1% sulphur marine fuel would be very costly, refineries are
reluctant to make investments even with better sales prospects or even an expected jump in demand.
This raises future supply concerns.”’ This supply situation will be mirrored when the global 0.5%
sulphur limit comes into force in 2020. The IMO is set to review the supply situation in 2018 and might
postpone the date of enforcement to 2022. In our analysis in this briefing note we have not considered
the impact of supply shortage on the prices of marine fuel.

Having recognized the price dependencies between crude oil and marine fuels, price projections for
crude oil can help in the estimation of future marine fuel with better degree of certainty.
Factors impacting crude oil prices

World oil prices move together as arbitrage activities of brokerage firms quickly exploit and eliminate
any excess price differentials.?® Therefore fluctuations in crude oil prices globally are quasi-
simultaneous. This in part explains why global crude oil prices are highly sensitive to a variety of
geopolitical and economic events. This sensitivity is demonstrated by sudden crude oil price surges or

** (U.S. Energy Information Administration, 1996)

** Calculated with data from IEA publication (International Energy Agency, 2013)

2 (Kalli, Karvonen, & Makkonen, 2009) (International Maritime Organisation, 2011) (Blikom, 2013)
(UK. Department of transport, 2009)

*¥ (U.S. Energy Information Administration, 2013)
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drops due to events such as the Arab oil embargo (1973-74), the Iranian revolution in the late 1970’s
and the recent global financial collapse. The probability of occurrence of such events and their impact
are nearly impossible to predict.29 Excluding the impact of such events, the long-term supply, demand
and prices of crude oil are influenced by five key factors.*

1. Global Demand for petroleum and other liquids.
Organization of the Petroleum Exporting Countries (OPEC) investment and production
decisions.

3. Economics of Non-OPEC petroleum liquid supply.

4. Economics of Other Liquid Fuel (OLF) production and reserves.

5. Environmental policies.

The interactions between these factors decide the point of market equilibrium between supply,
demand and prices. These factors are briefly explained below.

Global demand — There is a strong relationship between global demand for oil and economic growth.
Economic conditions are directly tied to activities such as manufacturing, power generation,
commercial and personal transportation. Transportation and manufacturing operations consume large
amounts of oil and in some countries oil remains an important fuel for power generation. When there is
a growth in economy, the combined oil consumption of these activities leads to a rise in oil demand
accompanied by a rise in oil prices. A decline in the economy will have the opposite effect. Current
and expected levels of economic growth are therefore important factors for estimating oil demand and
oil prices,.31 The energy intensity of major economies is also expected to change due to technical
progress and the move towards low carbon societies.

OPEC production and investment — Countries within the OPEC account still for nearly 40 percent of
the world's crude oil production. OPEC sets production targets for its member countries thus
exercising considerable influence on the state of crude oil supply in the world. By restricting crude oil
production OPEC can proportionally increase prices thereby ensuring sustained revenues for itself in
the long term. OPEC also maintains spare capacity which can be brought into use rapidly for short
durations allowing world market to respond to potential crises that reduce oil supplies.

Non-OPEC petroleum liquid supply - Non-OPEC production accounts for the balance amount of global
oil production. Its centres of production include North America (including shale gas production),
regions of the former Soviet Union, and the North Sea. Most of the production activities in non-OPEC
countries are carried out by investor-owned oil companies (IOCs) with a primary aim to increase
shareholder value and make investment decisions based on economic factors. Non-OPEC producers
typically produce at or near full capacity and so have little spare capacity.

Economics of other liquid fuel production - Other Liquid Fuels (OLF) consists of liquid fuels obtained
from non-petroleum processes or sources (ex. coal-to-liquids (CTL), gas-to-liquids (GTL), biofuels, and
kerogen). OLFs usually have higher production costs and their development depends on country
specific policies. Thus OLF production will be economical only in a favourable policy environment and

** For the purpose of this briefing note, it is assumed that no unexpected geopolitical or economic event will
occur till the year 2040.

P Us. Energy Information Administration, 2013)

hws. Energy Information Administration, 2013)
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when their production costs match or are inferior to crude oil prices. World production of OTLs in 2010
represented nearly 2 percent of total world liquids production.32

Environmental policies — An acknowledged result of the modelling of the impact of “ambitious” low
carbon policies (a target of -80% of GHG emissions in 2050 compared to 1990 usually labelled as
“factor 4”) is the reduce of the demand for oil therefore notably reducing the international oil price. The
price to the consumer would rise due to taxes and carbon penalty. Such results are well detailed in the
WETO-T scenarios published by the EU DG Research (2013).%

For the needs of the SAIL project, scenarios were developed. In order to project future crude oil prices
(and thus marine fuel prices), plausible assumptions have to be made about future development of the
above mentioned factors. The U.S. Energy Information Administration (EIA) published a “Reference”
scenario which analyses the impact of current political, economic and technological trends on crude oil
prices. % For this reason the roadmap has taken the assumptions and projections made by EIA in its
“Reference” scenario as the basis for calculations. The next section discusses some key assumptions
made by EIA for crude oil prices until 2040.

Crude oil price reference scenario

According to EIA projections, the world’s real gross domestic product will rise. The fastest rates of
growth are projected for the emerging, non-OECD regions whereas in the OECD regions, GDP grows
at a much slower rate owing to more mature economies and slow or declining population growth
trends. Other factors such as geopolitical tensions or shale oil developments can also influence the
trends, as we have seen recently with the actions of Saudi Arabia leading mid-2015 to a price of the
barrel as low as 40$/bbl.

Reflecting this economic growth projection, the world energy consumption will grow from 2013 to
2040. Non-OECD countries will account for much of the growth in energy consumption.

To meet this growing energy demand, among the different energy sources, renewable energy and
nuclear power will be the world’s fastest-growing energy sources. Among the different fossil fuels,
natural gas shall be the fastest growing fuel meanwhile coal use (driven by demand in China) will grow
faster than liquid fuel use at least until 2030 after which its growth will flatten. This change in the global
energy mix will negatively impact liquid fuel demand.

The key assumptions of EIA’s “Reference” scenario till 2040 are summarised below:

1. There will be a decline in the global Gross Domestic Product (GDP) growth rate.

2. The liquid fuel consumption per dollar of GDP will decline.

3. The OPEC will maintain a cohesive policy of limiting supply growth.

4. Non-OPEC liquid fuel production will grow rapidly until 2020 (mainly due to tight oil production)
after which the growth will be flat.

5. Most OLF production technologies are economical and world production of OTL will double by
2040.

2 (US. Energy Information Administration, 2013)
3 (European Commission, 2011)
3 (U.S. Energy Information Administration, 2013)

W ECE
The Interreg IVB vm?,i&a provinsje fryslan X

North Sea Region ggiisSSas, s X
European Union Programme ‘.%&2 g"’ provincie fryslan ® TR
)

* Xk
* *
* *

* gk

The European Regional

Development Fund www.nsrsail.eu

25



: msail
Roadmap for Sail Transport

Table 3 shows EIA’s projection of crude oil prices (in real dollars per unit) for its reference
scenario. As already mentioned, such trends have still to factor in the recent low in prices
(presently the price is as low as 300 $/ton)!

Year 2010 2015 2020 2025 2030 2035 2040

Brent
prices 81 96 106 117 130 145 163
$/bbl.

Brent
prices 594 703 777 858 953 1063 1195
$/ton

Table 3 - Brent crude oil prices 2010-2040

Source: (U.S. Energy Information Administration, 2013)

To obtain a yearly price of crude oil for the period 1990-2040, we used two sources: historical crude oil
prices published in International energy agency (IEA)’s “Energy prices and taxes, 1st Quarter 2013”
and price projections given in

Table 3.

- For the period 1990-2013, we used data extracted from the IEA’s publication.

- To estimate the missing crude oil price for 2014, annual growth rate of -8.06% was calculated
using available crude oil prices of 2013 and 2015.

- To estimate the yearly crude oil prices in the projection period 2015-2040, a growth rate of
2.13% was calculated by averaging individual five year period growth rates derived from crude
oil prices in

- Table 3.

Marine fuel prices projections

The crude oil price projections discussed in the above section can serve as basis for the marine fuels
(IFO and MDO) price calculations.

By averaging the yearly percent discount of IFO 180 price to North Sea crude oil price from 1990-
2013, we calculated a 27% percent discount of IFO compared to crude oil. For MDO the percent
premium is similarly calculated but only for the period 1990-2009 due to lack of available data points. It
suggests that MDO price is, on average 13% above crude oil prices. An additional 13% price increase
for IFO prices is assumed after 2020 to account for the impact of global marine fuel sulphur content
reduction from 3.5 to 0.5%.%°

The resulting IFO and MDO price developments until 2040 are shown in Figure 12.

%% (Kalli, Karvonen, & Makkonen, 2009) (International Maritime Organisation, 2011) (Blikom, 2013)

ECE
The Interreg IVB w&ﬁ provinsje fryslan 3

North Sea Region ggiisSSas, ) A
Eiiropean Unioh Programme ,fo‘%‘?“ provincie fryslin g, CONSULTANT
* K x
* *
* ok
P
The European Regional -
Development Fund www.nsrsail.eu

26



: msail
Roadmap for Sail Transport

1600
1400 /
1200 7
1000
e FO 180
800 - in
600 \ USD/ton
400 e MDO i)
200 A USD/ton
0
A NSNS A
NN O O —~—— A A onon
AN OO OO O OO
Aeniiian B B o I o B o I o B o\ I o I o\ B ol |

Figure 12 - Price hypothesis of prominent marine fuels till 2040

Base (U.S. Energy Information Administration, 2013) and (International Energy Agency, 2013)

Discussion

The result of the analysis conducted within this briefing note suggests that the global prices of marine
fuels will rise significantly. As a reality check for the plausibility of this analysis, Table 4 shows a
comparison of the fuel price estimates calculated in this briefing note and the fuel price range
estimates for 2020 and 2030 published by the International Maritime Organisation (IMO). Once again,
the present price low shows the huge uncertainty on the scenario, but also the plausibility of a
remaining price differentiation.

Year 2020 2030

Our estimates of IFO 180 prices in $/bbl. 98.4 1215

Our estimates of IFO 180 prices in $/ton 634 784

IMO’s estimated IFO 180 price range in $/bbl. 78 to 140 109 to 171
IMO’s estimated IFO 180 price range in $/ton 500 to 900 700 to 1100

Table 4 - Comparison with IMO estimates of IFO 180 prices for 2020 and 2030

Source: (International Maritime Organisation, 2011)

Once again, the global price of oil can vary widely, but the important trend here is the comparison of oil
products. Our first analysis also suggests that the price differential between IFO and MDO will widen
further in the future. Since the fuel choice is generally driven by regulations, price and price differential
it can be inferred that an increase of price gap will reduce the economic attractiveness of the emission
reduction by switching ship operation to distillates. A clearer picture of cost-effectiveness of the
various emission reduction techniques can be obtained by utilizing the fuel price projections calculated
in this briefing note in a DCF analysis for each technique. Its results will be able to demonstrate in
concrete terms how adoption of WASP technology can be beneficial for shipping companies. In
addition, our result opens up the following topics for discussion:
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Alternative fuels - This price development of marine fuels also makes the development of alternative
fuels an option worth exploring. It expands the scope of interesting alternative fuels from
“Infrastructure and machinery compatible” LNG or biofuels, to less explored ideas such as Methanol
and Hydrogen.* In this first scenario, which we could describe as a “reference”, we also do not
envisage the rapid development of alternative fuels and their possible effect on crude oil price. Given
the trend for Liquid Natural Gas (LNG) use and public support for the associated infrastructure, this
limitation will need to be investigated. As mentioned earlier in the introduction, Natural Gas propulsion
is a major move by the marine community, but will not be enough in the long run to fight climate
change.

Slow Steaming — The triple benefit of increased fuel savings, lower environmental impact and
utilization of overcapacity in the shipping industry makes an interesting case for slow steaming. At
marine fuel price development suggested by our analysis, it might even balance out the negative
impact of slow steaming such as increased pipeline inventory costs and delays.37 In this scenario, the
difference of sailing speed between standard propulsion options and alternative (WASP, solar or
hybrid) propulsion option is reduced reinforcing the economic viability of alternative propulsion options.

Split incentives — There are basically two forms of contracts between owner-operators and charterers:
voyage charter and time charter. These contracts divide the responsibility for capital and running costs
(including fuel costs) between a ship-owner-operator and charterer. The result of this divided
responsibility for costs is that both parties could have diverging interests to minimize their share of
costs at different points in time®®. In the time charter, the ship owner invests the up-front capital to put
in energy-efficient technology, but the savings in fuel cost goes to the charterers: this is what is usually
called split-incentives.

In scenarios where marine fuel prices rise significantly, gains made from fuel-savings from energy-
efficient ships can be shared by charterers with ship owners in the form of “fuel-savings premium” in
addition to the charter rates. These incentives will encourage ship owners to invest in energy efficient
ships. The Save As You Sail (SAYS) financial model designed by the Sustainable Shipping Initiative
(SSI), is one of them. Such tools could help new technologies scale faster.*

Impact on modal share — The price development of marine fuels can also impact current equilibrium
between the different modes of transport (road, rail, sea and air transport). Maritime trade experts
estimate that the increased fuel price will reduce the competitiveness of sea transport and thus induce
a modal shift towards other means of transport. Experts also estimate that the impact in deep sea
shipping will be negligible but can be significant for Short Sea Shipping (SSS) within ECA’s.

The Eurogean Commission looked at several studies assessing the potential impacts on short sea
shipping4 . Given the large range in predictions, there is a clear level of uncertainty to what might
happen but studies agree on the fact that the introduction of the 2015 emission requirements will make
short sea shipping experience increased costs and competition from road, rail and deep sea shipping.
However, none of these reports assume that ships take measures to reduce fuel consumption or
switch to new propulsion systems, which are possible ways to improve competitiveness on some
markets

*® (Raucci, Smith, Sabbio, & Argyros, 2013)

%’ (A.P. Moller - Maersk Group, 2014), (Brink & Fréberg, 2013)
*® (Rehmatullaa, Smith, & Wrobel, 2013)

*® (Sustainable Shipping Initiative, 2014)

40 (European Commission, 2007)
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Estimating the gains of sails

Within the SAIL project, some European and one transatlantic shipping routes were analysed with
respect to possible fuel savings and emission reductions through wind propulsion techniques.

The programme compares voyage simulations based on ocean currents, wave and wind data (Grin et
al. 2005). First results indicate power savings between 15% and 35% at 11 knots speed. This example
shows preliminary calculations of relative gains on two different routes for one sail type. Routes with
constant wind angle and constant presence of wind are favourable for sail-only vessels, even if the
wind speed is low. These preliminary results within the SAIL project show that hybrid freight sailing
vessels with fixed minimum target speed need a minimum wind speed for effectively using wind
propulsion. Thus, one day of strong wind and two low wind days may be more favourable than three
days of low wind conditions. However, results and inferred recommendations depend on sail type and
target speed of the vessel. In the same way, fuel and emission reduction cannot be scaled linearly with
power savings, mainly because the propulsion is hybrid. If ship engines do not run on optimal loading
range the fuel consumption per Watt on the shaft increases. Engines of new built wind ships may be
may be adapted to fluctuating propulsion power needs while engines of retrofitted ships probably are
not adapted (e.g. fig 15 in CNSS (2014)). Additionally, not the whole energy generated is used for
propulsion but for other processes, such as lighting, cooling or heating. Therefore, exact conversions
from power to fuel savings can only be performed on individual ship and route level. Some emissions
linearly depend on fuel consumption, such as SO2 emissions. Other emissions, such as NOx
emissions, depend on the availability of air during the combustion process and on the combustion
temperature. Again, individual ships need to be considered here for detailed conversions. To get a
rough idea, one may assume a linear dependency and come to 15% to 35% of fuel savings and
emissions reductions. This range overlaps with detailed voyage simulations performed for the Ecoliner
by Dykstra Naval Architects (Dykstra, 2013).
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Figure 13 -two sample routes to illustrate relative gains.

Within the sail project, bulk carriers of a gross tonnage between 3,000 and 10,000 were considered to
be the first ships to be equipped with sails. Travel speed of these bulkers is around 12 knots which
seems to be a sensible target speed for sailing vessels. Ships travelling with 20 knots and more
cannot be propelled effectively by current sail systems. Based on AIS (Automated Identification
System‘”) data and a calculation approach presented in Aulinger et al. (2015) the emission reductions
by equipping all of these small bulkers with sails were estimated. Even in the best case of 35% power
reduction by sails, the overall reduction (compared to all ships of all size classes) of NOx, SO, and
CO, emissions in the North Sea region is below 0.1% (see

Species absolute reduction relative reduction
[tons]
minimu Maximum minimu maximu
m m m
Fuel 3,143 7,333 0.043 0.100
NOX 233,666 | 545,220 0.043 0.101
SO2 50,516 117,870 0.041 0.096
CO2 9,955,19 | 23,228,776 | 0.043 0.100
0

Table 5). This figure is mainly due to the limited market for this early niche of WASP. In particular, it is
still of limited value when compared for example to emission reductions through different fuel use and

* The AIS (Automated Identification System) is a vessel tracking system. Each vessel with a gross tonnage over
300 on international voyage is obliged to be equiped with an AIS transreceiver. Regionally, such as in EU
waters, also smaller vessels of certain types have to be equipped with AIS transreceivers. The AlS broadcasts a
vessel’s location, its course, size and further information to surrounding receivers.
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exhaust gas cleaning scenarios presented in Matthias et al. (2015). This estimate illustrates the limited
short term gains of Sail Shipping if pollution is the sole driver of the development.
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Species absolute reduction relative reduction
[tons]
minimu Maximum minimu maximu
m m m
Fuel 3,143 7,333 0.043 0.100
NOx 233,666 | 545,220 0.043 0.101
SO, 50,516 117,870 0.041 0.096
CO, 9,955,19 | 23,228,776 | 0.043 0.100
0

Table 5: Provisional estimates of fuel savings and emission reductions assuming 15% (=minimum) to
35% (=maximum) of propulsion power savings by sails and a linear relationship between power
production, fuel consumption and emissions. Bulk carries of a gross tonnage between 3,000 and
10,000 are considered to be equipped with wind propulsion devices. Ships of other sizes or types are
assumed to be unmodified. ‘Relative reduction’ refers to all shipping emissions in the North Sea
region.

Ships operational perspective

Future fuel price development is an important input needed for comparison of the “cost-effectiveness’
of competing techniques. Jacob, Jaouannet & Rynikiewicz (2013) described the prominent marine
fuels and their price relationship with crude oil. Their analysis on possible future trend of global prices
of marine fuels for 2030 — 2040 suggests that a price differential between IFO (“intermediate” fuel oil
IFO) and MDO (Marine Diesel QOil) will widen further in the future.

Since the fuel choice is generally driven by regulations, price and differential with other blends, it can
be inferred that an increase of price gap will reduce the economic attractiveness of the emission
reduction by switching ship operation to distillates. This price development of marine fuels also makes
the development of alternative fuels an option worth exploring. It expands the scope of interesting
alternative fuels from “Infrastructure and machinery compatible” LNG or biofuels, to less explored
ideas such as Methanol and Hydrogen. All these developments may limit the relative gains of sails.

An economic assessment of a wind-assisted ship must take account not only of fuel costs but also
other factors: operational requirements, such as cargo handling, routing, crewing, types of cargo,
maintenance policies, first costs, and compare it to other competing technology. (Hoffmann et al 2012;
Eide et al. 2009). Wind assisted hybrid ship propulsion is one of the numerous solutions investigated
by the international community to reduce harmful emissions stemming from maritime transport.
Although each competing solution (cleaner fuels, exhaust gas treatment, renewable energy based
ship propulsion etc.) has its merits, focus is now on comparing the cost effectiveness of each solution
from a ships operational perspective.

The IRENA Technology Brief (Mofor et al, 2015) lists many different types of applications and designs
in various stages of development, tests and design. But insufficient data is published in most cases on
final costs and benefits. Very little comparative data on other costs of ship/industry operation
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externalities have been published that would be needed to produce real meaningful data to support a
comprehensive analysis.

In the SAIL project, Jacob & Jaouannet (2014) have developed a cash-flow model for medium-small
bulk ships (3000-10000 tons). It aims to compare the various solutions, especially the contrast
between scenarios with wind assisted propulsion to those without it. Jacob et al (2014) present the
methods and discuss the important cost and revenue sources related to ship operation and
assumptions made. The model requires data relating to size of the ship, cargo carrying capacity,
speed, fuel consumption characteristics, cost streams, revenue streams and capital financing
information. In the absence of actual figures or for confidentiality reasons, the model still relies in part
on approximate or default values.

To take into account actual loaded sailing days, one recommendation is to conduct a stakeholder
analysis to identify types of cargo and key stakeholders whose support will be necessary for the
success of wind assisted hybrid ship propulsion. One specific market to be investigated is the biomass
supply market, especially in the context of the objectives in the European Union in this respect.

For example, the case of a calculated economic balance of a medium size ship (3 000 tons)
transporting bulk freight, could bring fuel savings between 15% and 35% on well-chosen routes.
Preliminary model estimates suggest this would in turn bring cost benefits sufficient to balance those
of sail equipment and operations.

Modelling SAIL freight transport

The model had been built for the requirements of SAIL project for a small bulk ship and with
assumptions related to the dry bulk market. It has been designed to be flexible in order to
accommodate a wider range of assumptions which will be further discussed in the next sections.
Outputs of the model and their significance are summarized below:

Total Investment and investment breakdown allows an assessment of the total

investment required for a ship with a given technological solution and also their

relative proportions.

- Route assessment helps understand the breakdown of a chosen route and identify
the proportion of the route which contributes to the revenue of the ship.

- Cargo assessment indicates the proportion of time spent in transporting each type of
cargo and the contribution of each shipment to the revenue of the ship.

- Cost assessment helps understand the breakdown of the cost incurred for the

transportation of goods. A comparison of cost breakdown for different technological

solutions can illustrate the impact each solution has on the operation of the ship.
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- Average haulage cost signifies the break-even freight (in €/ton of cargo transported)
required by the ship to earn back its investment during its lifetime. This figure can be
calculated for various technological solutions and their comparison can show which
solution moves cargo for the lowest cost.

- Average freight earned (in €/ton of cargo transported) by the ship for the transport of
a given combination of cargo on a given route. A comparison of this value with the
break-even freight can help conclude if a given combination of chosen route and
cargo type will be profitable for the chosen technological solution.

- Scenario net present value (NPV) represents the present value of the combined
future earning of the ship for a chosen scenario. A positive NPV indicates that a
project will be profitable for the ship owner. Comparison of NPV calculated for the
different technological solutions can help establish a profitability ranking.

- Internal rate of return (IRR) is the discount rate at which the present value of all
future cash flow is equal to the initial investment or in other words the rate at which an
investment breaks even. This result will be helpful to in determining the investment
priority between two technological solutions which have the similar NPV’s.

- Payback period allows an estimation of time required to recover the investment in for
each scenario. The model also has the option to calculate the required increase in
freight rate that will be needed for a desired payback period.

In order to calculate these values the cash-flow model requires data relating to size of the ship, cargo
carrying capacity, speed, fuel consumption characteristics, cost streams, revenue streams and capital
financing information. In the absence of actual figures, the model uses default value for calculations. A
description of the default values and the assumptions behind their calculation are discussed in the
next section.

Ship characteristics and measurement assumptions

The deadweight (DWT) of the ship, (i.e. the safe cargo limit without the weight of the ship) forms the
basis on which all the default values in the model are calculated. In the absence of cargo carrying
capacity information the model takes the default DWT of 3000 tons. The DWT is used to estimate the
various ship characteristics and measurements which will be necessary inputs for the cost estimation
of the ship. In the paragraphs below we discuss these calculations further in detail.

Gross registered tonnage (GRT) is a measure of the total permanently enclosed capacity of the ship.
GRT calculation requires measurement of every open space in the ship and is considered a laborious
process. GRT was part of the old measurement system which has been replaced by a more simplified
Gross tonnage (GT) which is calculated from the total volume of all enclosed spaces, measured in
cubic metres, using a standard formula. *?

For some ship types with complex hull forms the GT and the GRT may be significantly different.
However, in the cash-flow model it is assumed that there is no difference between GT and GRT as

*2 (Stopford, 1997)
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bulk ships have simple construction. In this model, GT serves as the reference from which manning
costs and port charges of the ship are calculated. The relationship between these costs and the GT is
further discussed in the next section.

Compensated gross tonnage (CGT) was developed for purpose of measuring the level of shipbuilding
output. The CGT of a ship can be determined by the following equation:

CGT = A*GT®B

Where:
CGT - Compensated gross tonnage of the ship
A — Constant representing the influence of ship type
B — Constant representing the influence of ship size
GT - the gross tonnage of the vessel

Equation 1 - Relationship between GT and CGT

Source: (OECD Directorate for Science, Technology and Industry (STI), 2007)

The CGT value will be necessary to estimate the capital cost of building a ship and the relationship
between the two is discussed in the section 0.

Light-displacement (LDT) is defined as the weight of the vessel as built, including boiler water,
lubricating oil and the cooling system water and excluding cargo, fuel, water, ballast, stores,
passengers and crew. The relationship between LDT and DWT can be seen below. LDT measurement
is often used to define the price at which a ship is sold for scrapping to a scrap yard. The price of ship
scrapping will be further discussed in the section 0

Ship power and speed values are required in the model to estimate the investments required for
emission reduction equipment and for estimating the fuel consumption of a ship. The power required
for the ship depends upon the size of the ship, desired service speed and design of the hull. Design
speed requirements for a ship depend not only on the size of the ship but also on the type of cargo
traded by the ship. Figure 14 shows the design speed requirement contrast for comparable bulk and
tanker ships.
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These differences in speed and structural design impact the power requirement of a ship as illustrated
below.

9
8 /
7 / —
6
5 / /
= / / e Bulk ship nominal
S 4 / / continuous rating in MW
3 / Tanker nominal continuous
b / rating in MW
~
1
0 T T T T T !
5000 8000 10000 20000 30000 35000
DWT

Figure 15 - Nominal continuous rating comparison of bulk ships and oil tankers
Source: (MAN Diesel and Turbo SE, 2014), (MAN Diesel and Turbo SE, 2013)

In the cash-flow model, data from MAN Diesel and Turbo study of bulk carriers and oil tankers is taken
to estimate the engine power and design speed for a given ship DWT. The complete power-DWT
curve and speed-DWT curve for both types of ship (bulk and tanker) used in the business model is
illustrated in fig. 14.

For roll on roll off (RORO) ships the model also calculates the power and design speed using the
following equation.

P = 164,578*GT %%
V =2,34*p °%

Where:
P = Installed power in MW
GT = Gross tonnage
V = Design speed

Equation 2 - Power speed and size relationship for RORO ships

Source: (Trozzi, 2010), (ltalian ministry of infrastructure and transport, 2011)
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Traditionally, bulk ships contain several engines for different purposes. Main engines (M/E) are used
to turn the ship's propeller and move the ship through water whereas Auxiliary engines (A/E) provide
power for the ship's electrical systems. Since the contribution of A/E operation to ship’s fuel
consumption is significant the model also calculates the total installed A/E power on a ship. Fout!
Verwijzingsbron niet gevonden. depicts the observed relationship between the main engine size
and auxiliary engine size for different types of ship. The M/E power calculated using the assumptions
discussed abo