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Executive summary

The European Green Deal and the 2030 Climate Target Plan aim to reduce GHG
emissions by at least 55% in 2030, relative to 1990, and achieve climate neutrality in
2050. All sectors should contribute to this target, including maritime transport. Ships in the
scope of the EU MRV emitted about 140 Mt CO; in 2018 and 2019. One of the reasons for
these emissions is the reliance of maritime transport on fossil fuels. Over 99% of marine
fuels used globally were either petroleum-based or natural gas-based in 2018, and the
situation in the EU is similar.

The low uptake of renewable and low-carbon fuels by ships calling at EU ports
complicates reaching the ambition of the European Green Deal and, more in general,
makes it more difficult to achieve the temperature goal of the Paris Agreement. In
addition, ships at berth in EU ports emit significant quantities of air pollutants because of
the use of fossil fuels at berth.

These problems have five drivers:

1. the regulatory framework determines the fuel choice of new ships. Uncertainty
about the changes to the regulatory framework may result in more dual-fuel
engines being installed, and while this would improve the versatility of the fleet, it
would probably also mean that the most cost-effective renewable and low-carbon
fuels will seldomly be used on these ships;

2. Most renewable and low-carbon fuels which are suitable for use onboard ships
have a low technical maturity. In most cases, the bunkering infrastructure and in
some cases the energy conversion on board are immature. This constitutes a high
risk for first movers;

3. The production costs of renewable and low-carbon fuels are two to fifteen times
more expensive than conventional fuels, depending on the type of fuel and the
production pathway. In addition, some fuels require dedicated bunkering
infrastructure and modifications to ships, which increase the costs of using these
fuels. The cost difference per tonne of CO, reduced (equal to the carbon price
required to make the fuels cost-competitive) currently ranges from around EUR
150 to several thousand euros;

4. Some renewable and low-carbon fuels are so-called drop-in fuels, meaning that
they can be used in existing ships without modifications to the fuel sytem or
engine. These fuels can be used occasionally by existing ships. Other fuels,
however, require significant changes to ships and dedicated bunkering
infrastructure. These fuels include methanol, ammonia and hydrogen, which are
amongst the most cost-effective e-fuels. For these fuels, there is an
interdependency between supply and demand: the costs of the bunkering
infrastructure are only surmountable when there is sufficient demand for these
fuels, and conversely, demand will only increase when there is a reliable supply of
fuels;

5. Ships have a significant degree of freedom in choosing the place of bunkering. In
many cases, they can bunker anywhere along the route they are sailing.

A problem tree is shown in Figure ES1.
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Lack of predictability of the regulatory
framework and high risk of investment
choices (high risk of stranded assets)

Low maturity of new renewable and low- A low uptake of renewable and
carbon fuels/technologies with high risk for low-carbon fuels and power by
first movers ’ . ;

ships calling at EU ports in
navigation

Higher costs of renewable and low-carbon
fuels compared to fossil fuels (also due to
insufficient economies of scale)

A low uptake of zero-pollution

High interdependency with supply and fuels and power by ships at berth
distribution (chicken-and-egg problem) in EU ports

Possibility of bunkering outside EU or the
replacement of demand for RLFs from other
sectors (risk of carbon leakage)

Figure ES1 Problem tree

In the absence of policy action, the problems are unlikely to diminish. Although there are
voluntary initiatives to gain experience with renewable and low-carbon fuels, they are
unlikely to result in a significant uptake of these fuels because shipping companies using
these fuels on a large scale would jeopardize their competitiveness. Existing or future EU
policies may provide an incentive for reducing CO, emissions from shipping, but that
incentive is unlikely to become sufficiently large to overcome the price gap between fossil
and renewable fuels and compensate for the risk of using alternative fuels. Member State
policies are mainly targeted at R&D and pilot projects. While the Initial IMO Strategy on
Reduction of GHG Emissions from Ships explicitly recognises that the global introduction
of alternative fuels and/or energy sources is necessary, the consideration of global
policies is in the initial stage.

Hence, in order to address the problems, European policy action is required. Because of
the possibility of bunkering outside the EU, the policy should target fuels used on voyages
to and/or from EU ports, rather than fuels sold in the EU. Also, because the lack of
demand for renewable and low-carbon fuels is the main problem, the policy should aim
demand for fuels rather than supply. Based on these considerations, this study has
identified the following policies:

Table ES1 Policy options

m In navigation and at berth In addition at berth

1 - Prescriptive approach on Minimum shares of specific fuel The use of on-shore power supply
the choice of technology types (established ex-ante) would will be mandated for the most
be established and would increase polluting ships in ports, unless they
over time. can prove the use of equally

performant alternative.

2 - Goal-based approach on A maximum limit on the GHG As above
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m In navigation and at berth In addition at berth

technology

3 - Goal-based approach on
technology and reward
mechanisms for overachievers

content of energy used by ships in
navigation (e.g. CO2eqg/MJ or kWh)
would be established and will be
made more stringent over time.

The maximum limit on the GHG As above
content of the energy used by ships
in navigation would be combined
with the possibility to pool
compliance with other ships /
operators, either on a voluntary

basis or through transferrable
credits. Also, when establishing the
shipdbs performanc
yearly target, higher weight will be
attributed to zero-emission
technologies.

There are differences between the options in fuel choice and in administrative tasks, as

summarised in Table ES2.

Table ES2 Impact of policy options on fuel choice

I

1 - Prescriptive approach on the choice of Ships are incentivised to use the cheapest compliant

technology

drop-in fuel. These are bio-diesel (HVO or FAME) for
ships sailing on liquid fuels and liquefied biogas for
ships sailing on LNG.

2 - Goal-based approach on technology Ships are incentivised to use the most cost-effective

drop-in fuel. These are bio-diesel (HVO or FAME) for
ships sailing on liquid fuels and liquefied biogas for
ships sailing on LNG.

3 - Goal-based approach on technology and Pools of ships are incentivised to use the most-cost-
reward mechanisms for overachievers effective fuels. These are liquefied biogas, biodiesel,

bio-methanol, and bio-ethanol. E-fuels are currently less
cost-effective. However, if bonuses are given for e-fuels
e-ammonia and e-hydrogen could become attractive.

In order to address the reliance of shipping on fossil fuels, the European Commission
launched the FuelEU Maritime initiative with the aim to create clear pathway for the
demand of renewable and low-carbon fuels and power in maritime transport.
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1. Introduction

The European Green Deal and the 2030 Climate Target Plan aim to reduce GHG
emissions by at least 55% in 2030, relative to 1990, and achieve climate neutrality in
2050. All sectors should contribute to this target, including maritime transport. Ships in the
scope of the EU MRV emitted about 140 Mt CO; in 2018 and 2019. One of the reasons for
these emissions is the reliance of maritime transport on fossil fuels. Over 99% of marine
fuels used globally were either petroleum-based or natural gas-based in 2018, and the
situation in the EU is similar.

In order to address the reliance of shipping on fossil fuels, the European Commission
launched the FuelEU Maritime initiative with the aim to create clear pathway for the
demand of renewable and low-carbon fuels and power in maritime transport.

The wider context of this initiative is the Paris Agreement, which aims to hold the
temperature increase well below 2°C above pre-industrial levels while pursuing efforts to
limit it to 1.5°C. To that end, the Paris Agreement aims to reach global peaking of
emissions as soon as possible, let them decline rapidly after the peak in order to achieve
a balance between anthropogenic emissions by sources and removals by sinks of
greenhouse gases in the second half of this century.

Following the adoption of the Paris Agreement, the IMO adopted the Initial IMO Strategy
on Reduction of GHG Emissions from Ships, which aims, amongst others, at a reduction
of global greenhouse gas emissions from shipping by at least 50% in 2050 compared to
2008, and recognises that 6t he gl obahergyi ntr odu
sources for international shippingd is necessart

This report presents a study supporting the European Commission& Impact Assessment
of the FuelEU Maritime Initiative.

. Aim of the study

In line with the Better Regulation Guidelines, this study aims to provide a robust evidence
base in support of the Commission® Impact Assessment of the FuelEU Maritime Initiative.
In particular, the study:

1 Analyses the current pattern of fuels and power used in maritime transport and in
ports; the current regulatory framework relevant for fuel demand; and the
European maritime sectors;

1 Analyses the problems and their main drivers as well as the likely development of
the problem and the drivers in the absence of regulation;

i Lays out policy options to address the problems and meet the policy objectives;
and

i Assesses and presents the impacts of the options.

The study comprises a report on the Stakeholder Consultation and a number of case
studies, both as deliverables and as an input to the study.

11
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. Outline of the report

Chapter 2 describes the current state of play with regards to fuels and power used in the
maritime sector; the regulatory context; and the European maritime sector. Chapter 3
analyses the problem, develops a problem tree and assesses how the problem will evolve
in the absence of EU action. Chapter 4 presents the policy options. Chapter 5 assesses
the impacts resulting from the different policy options.

In Annex | the sources used are indicated. Annexes Il to VII accompany Chapter 5 on the
assessment of impacts. Annex VIII contains the case studies. Annex IX contains the
stakeholder consultation report.

12
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2. Current state of play

In 2018, ship traffic to or from ports of the European Economic Area (including the UK)
was responsible for more than 142 million tonnes of CO. emissions (EU Monitoring,
Reporting and Verification (MRV) data - Ships in the scope of the MRV Regulation). This
represents around 11% of all EU transport CO; emissions and 3-4% of total EU CO;
emissions.

Overview of maritime fuel use

The energy demand of maritime shipping is currently almost entirely covered by the use of
fossil bunker fuels. Four major fuel types can thereby be distinguished:

1. Marine residual fuels (HFO);

2. Marine distillate fuels (MGO);

3. Liquefied Natural Gas (LNG); and
4. Methanol.

In 2018, the world fleet was powered for 66% by Heavy Fuel Oil (HFO), 30% distillates
(MGO), 3% LNG and 0.04% methanol. A detailed overview is provided in Table 2.1.

Table 2.1 Energy use by fuel type for the world fleet (GJ)

Fleet sector 2012 2013 2014 2015 2016 2017 2018

International 7800 7600 7500 7100 7500 7700 7600
shipping
LNG 300 300 300 300 300 400 400
MGO 900 900 1000 1600 1600 1600 1500
METHANOL 0 0 0 0 4 5 5
Total 9000 8800 8800 9000 9400 9600 9600
Domestic HFO 1500 1500 1400 1200 1300 1400 1400
navigation
LNG 0 0 0 0 0 0 0
MGO 1300 1500 1600 1900 1900 2100 2100
METHANOL 0 0 0 1 1 1 1
Total 2900 3000 3100 3200 3300 3600 3600
Fishing HFO 0 0 0 0 0 0 0
LNG 0 0 0 0 0 0 0
MGO 500 500 500 500 500 500 500

METHANOL 0 0 0 0 0 0 0

13
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Total 500 500 500 500 600 500 500
Total HFO 9300 9100 8900 8300 8800 9100 9000
LNG 300 300 300 300 300 400 400
MGO 2700 2900 3100 4000 4000 4200 4100
METHANOL 0 0 0 1 5 6 6
Total 12400 12300 12400 12700 13300 13700 13700

Source: Fourth IMO GHG Study.

In the global fleet, distillates were predominantly used in auxiliary engines and main
engines of smaller ships. Main engines of large ships ran on HFO. Most of LNG was used
by LNG and gas carriers, and methanol was used by one RoPax and a few chemical
tankers (IMO 2020).

Although there has been an increase in the amounts of LNG and methanol used,
petroleum-based fuels remain dominant at about 96% between 2012 and 2018.

From 2018 onwards, commercial cargo and passenger ships larger than 5000 GT calling
at EEA (including UK) ports have to report their fuel use emissions under the MRV
Regulation.! In 2018, these ships had a similar pattern of fuel use as globally. According
to the 2019 Annual Report on CO2 Emissions from Maritime Transport,? over 72% of the
fuel consumed in 2018 was HFO, 24% MGO and other distillates and 3% LNG.

The shares of LNG (3%) and HFO (70%) used by ships in the scope of the EU MRV
Regulation resemble the global shares of these fuels. This reflects the fact that the fleet in
Europe resembles the world fleet (SWD(2020) 82 final) and that two thirds of the
emissions are on inbound and outbound voyages, while it is likely that the emissions on
intra-EEA voyages are also partly from ships that engaged in international voyages, as for
example container ships often call on multiple EU ports and tramp ships may be chartered
to pick up cargo in a port near the port of discharge.

2.1.1. Location of emissions

Ships in the scope of the MRV Regulation emitted 6% (8 million tonnes) of their CO2 at
berth and the remainder at sea in 2018 (SWD(2020) 82 final). Assuming that most of
these emissions are from Marine Gas Oil (MGO) (in ports, ships use their auxiliary
engines which often run on MGO and a sulphur limit of 0.10% m/m applies), and applying
the emission factors used in the Fourth IMO Greenhouse Gas Study, estimates of other
emissions at berth are shown in Table 2.2.

1 Regulation (EU) 2015/757.

2 SWD(2020) 82 final.
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Table 2.2 Estimates of emissions at berth in 2018 (tonnes)

|
|

Carbon dioxide (CO2) 8 000 000

Methane (CHa) 120
Nitrous oxide (N20) 450
Sulphur Oxides (SOXx) 3400
Nitrogen oxides (NOXx) 140 000
Carbon monoxide (CO) 6 500
Non methane volatile organic compounds 6 000
(NMVOC)

Particulate matter (PM) 2200
Fine particulate matter (PM  25) 2 100
Black carbon (BC) 950

The emissions of NOx amounted to about 2% of emissions reported by EU28 under the
National Emission Ceilings Directive (EEA 2020). Note that the geographical scope of the
data in Table 2.2 is the EEA rather than the EU28. Emissions of PM,5, SOx and NMVOC
amounted to 0.2%, 0.2% and 0.1% respectively.

2.1.2. Detailed information on the use of alternative and
renewable fuels

Renewable and/or alternative fuels are used in trials, pilots and small-scale projects.

Table 2.3 presents an overview of recent initiatives of the use of biofuels in maritime
shipping.

15
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Table 2.3 Recent initiatives of the use of non-fossil fuels in maritime shipping

Fuel type Fuel type properties Trials at least since| Ship types Estimates of fuel
share

Biofuels Drop-in fuels:
generally no tank or
engine modifications
required.

HVO, hydrogenated
fats, FAME

Methanol Currently often of
fossil origin, but can
be made sustainably

Hydrogen Requires tank and
engine modifications

Ammonia Requires tank and
engine modifications

2009

2015

2019

2020

Navyships The Port of Rotterdam Port of Rotterdam 2020
Cargo ships reports that0.5%- 2% CE Delft and Technopol20)18
Dredgers of fuels sold were

Cruise ships biofuels or a biofuel

Research vessels mixture in 2019This

would amount to
more than 100
kilotons
RoPax 160 kilotons in 2018
Chemical tankers

Trials, amongst others zero
on a ferry:

Hyseas

And on aresearch

vessel: Maranda

Engine trials: Wartsila zero
four-stroke engine

tested in Norway;

MAN two-stroke

engine tested in

Denmark.

Fourth IMO GHG Study

https://www.hyseas3.eu/
https://projectsites.vtt.fi/sites/maranda/

https://www.wartsila.com/media/news/3606-2020world-s-
first-full-scaleammoniaenginetest---animportant-step-
towards-carbonfree-shipping2737809
https://shippingwatch.com/suppliers/article12336077.ece

3 https://www.portofrotterdam.com/en/nexaad-pressreleases/20t8emandin-rotterdambunkerport-moresustainable
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The most widely used type of renewable fuels used in shipping is biofuel, of which there
appears to be a quantity sold which is comparable to methanol, i.e. much less than a
percent of global fuel used. In addition, methanol from fossil sources is used by some
ships. Several fuel types are undergoing trials at ship-scale, such as hydrogen (both in
internal combustion engines and fuel cells) and ammonia.

1.1.1.10PS Infrastructure Characterization.

According to the European Alternative Fuels Observatory European Alternative Fuels
Observatory, there are currently 34 high-voltage OPS installations in maritime ports in
Europe, of which 9 are in comprehensive TEN-T ports and 15 in core TEN-T ports. Most
installations (21) are intended for ferries, RoORo and RoPax vessels. The maximum power
output of the installations ranges from 0.5 to 10 MW. In addition, there are 30 low-voltage
OPS installations in maritime ports, also mainly (17) for ferries and RoPax vessels. Their
maximum power output ranges from 50 kW to 4 MW.

Current policies affecting fuel choice in maritime
transport

As shown in Section 2.1, the share of renewable fuels in shipping is still limited. Several
policies are in place that have an impact on fuel choice. In the next paragraphs we
discuss the main initiatives.

2.2.1. EU Framework: Alternative Fuels Infrastructure Directive
and Renewable Energy Directive

Existing EU policy measures to support alternative fuels currently focus on the supply and
deployment of necessary infrastructure.

Relevance of the AFID

The Directive on Alternative Fuels Infrastructure (AFID) was adopted on 29 September
2014 (2014/94/EU) and requires Member States to develop national policy frameworks for
the market development of alternative fuels and their infrastructure. In addition, the
Directive foresees the use of common technical specifications for recharging and
refuelling stations in order to improve harmonisation and the single market and also
include provisions on appropriate consumer information on alternative fuels both on
vehicle compatibility as well as on price differences. The AFID prescribes development of
an infrastructure for electricity for vehicles, CNG (compressed natural gas), LNG for
vehicles, maritime vessels and inland shipping vessels. There is a strong link with the
TEN-T core network: for both maritime and inland shipping it requires coverage of
maritime ports with mobile or fix installations to enable the circulation on TEN-T Core
Network. For vehicles LNG refuelling infrastructure is required at least every 400 km on
TEN-T Core Network. For hydrogen refuelling infrastructure is recommended every 300
km on the TEN-T network. The infrastructure for alternative fuels has to be put in place by
2025.4

4 https://www.fuelcellbuses.eu/wiki/policy-framework/eu-directive-alternative-fuels-infrastructure.
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The Directive also requires that Onshore Power Supply® shall be installed as a priority in
ports of the TEN-T Core Network by the end of 2025 unless there is no demand for OPS
and the costs are disproportionate to the benefits, including the environmental benefits
(Article 4.5).

As the infrastructure in ports is crucial for an uptake of renewable fuels, the AFID and any
revisions of it will play a crucial role in the further developments of renewable fuels as
means to decarbonisation maritime shipping.

With regards to OPS, the fact that it is not required in case there is no demand for OPS or
the cost are too high, also shows the dependency on strong demand policy measures.
The stakeholder consultation shows that ports are reluctant to invest when there is
uncertainty about future demand. Any policy measures increasing the demand for OPS
will benefit the development of OPS in ports.

The ongoing revision of the AFID is relevant for FuelEU Maritime, both with regards to the
types of fuels supplied in ports and to the provision of OPS.

Renewable Energy Directive (2018/2001)

Within the European policy framework growth should come from advanced biofuels and
renewable fuels of non-biological origin. If we look at the definition of advanced biofuel in
the RED II, the Directive provides the following definition for advanced biofuels: biofuels
that are produced from the feedstock listed in Part A of Annex IX (lignocellulosic energy
crops, waste and residues). This is the same definition that is also used for the sub target
of advanced biofuels of at least 0.2% in 2022, at least 1% in 2025 and at least 3.5% in
2030. Biofuels produced from feedstocks from Part A of Annex IX are also allowed to
count twice towards the target.

Based on the stakeholder consultation for the review of the Renewable Energy Directive,
conducted from 17 November 2020 to 09 February 2021, there seems to be no
widespread agreement as to the extent to which biofuels based on food and feed crops
should be able to contribute towards the decarbonisation of shipping and how fuels from
low indirect land use change (ILUC) crops should be treated in other policy initiatives.

On the other hand, the European Renewable Energy Directive Il (and I) requires that any
obligations or financial support for biofuels are compliant with sustainability criteria set out
in the Renewable Energy Directive (RED II), even if these fuels are not counted towards
targets of the RED II. The sustainability criteria of the RED Il cover GHG savings, land
use, biodiversity and forest carbon stocks. Later on, we will further discuss the
sustainability framework, after discussing the more general provisions of the RED II.

Option to use renewable fuels in maritime shipping under the RED

With respect to renewable fuels in maritime shipping the RED allows Member States to
count those fuels towards their RES-T target of reaching at least 14% renewable energy
in final energy consumption in transport by 2030. Renewable energy in transport could
consist of biofuel, renewable fuels of non-biological origin (RFNBO) and may include
recycled carbon fuels. At all times the sustainability requirements should be met. Article
27 describes the calculation rules with regard to the minimum shares of renewable energy
in the transport sector. The article states:

(a) for the calculation of the denominator, that is the energy content of road- and rail-
transport fuels supplied for consumption or use on the market, petrol, diesel, natural gas,

SThe term used in the Alternat isviedeFueellesc tirnifcriatsyt rsuucptpu
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biofuels, biogas, renewable liquid and gaseous transport fuels of non-biological origin,
recycled carbon fuels and electricity supplied to the road and rail transport sectors, shall
be taken into account;

(b) for the calculation of the numerator, that is the amount of energy from renewable
sources consumed in the transport sector for the purposes of the first subparagraph of
Article 25(1), the energy content of all types of energy from renewable sources supplied to
all transport sectors, including renewable electricity supplied to the road and rail transport
sectors, shall be taken into account. Member States may also take into account recycled
carbone fuel s. 0

Renewable fuels in the maritime sector can be taken into account in the numerator, but
are not included in the denominator. This implies renewable fuels in the maritime and
aviation sector can opt in to contribute the 14% transport target and will make it easier to
meet the target, because the scope of the numerator is broader compared to the
denominator.

According to Article 27, the fuels applied in maritime shipping are however not counted
towards the denominator, but only towards the numerator to calculate the contribution to
the target.

So far, the REDI have not resulted in a significant contribution of maritime shipping in the
numerator. The impact assessment of the RED |l observed an additional challenge in the
maritime sector (compared with other transport modalities) given the split incentives
between ship owners and operators, which does not stimulate the deployment of
renewable fuels. The IA mentioned the need to introduce dedicated measures for the
maritime sector in the form of a specific incorporation obligation for advanced renewable
fuels.” The final recast of the RED does not include such specific incorporation obligation.
Overall, the RED does not oblige Member States to account for the use renewable fuels in
shipping, but fuels supplied in maritime shipping (and aviation) shall be considered 1.2
times their energy content (except for fuels produced from food and feed crops) when
demonstrating compliance with the target for renewable energy in the transport sector.
This provision is meant to boost the uptake of renewable energy in these sectors. Biofuels
produced from feedstocks listed in Part A and Part B are allowed to count double towards
the target. This has implications for the impact of the 20% extra counting when used in
aviation and maritime: in this way less fuel volumes are required to meet the target and
might impact the GHG emission reduction in practice.

The Netherlands have opted-in maritime fuels in the RED and have witnessed a sharp
increase in the supply of biofuels to shipping.®

Although not specifically focussing on maritime shipping the RED Il also includes some
other provisions which could interact with policies especially targeted at maritime shipping.
These provisions only apply to fuels counted towards the targets (Article 3 and Article 25)
and include:

1 the cap on food and feed crops of 1% above MS level in 2020 or max. 7%;

6  Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018
on the promotion of the use of energy from renewable sources.

7 Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the
promotion of the use of energy from renewable sources

8 Regeling van de Staatssecretaris van Infrastructuur en Waterstaat van 14 december 2020, nr.
IENW/BSK-2020/239573, tot wijziging van de Regeling energie vervoer in verband met het wijzigen
van de uitslag tot verbruik van vloeibare biobrandstof aan zeeschepen eerldigging van
exploitatiereductieeenheden over het kalenderjaar 20@tps://zoek.officielebekendmakingen.nl/stcrt
202065200.html
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i the cap on high ILUC biofuels at MS level in 2019 and decreasing from 2023-2030
to 0%;

1 the cap on biofuels produced from feedstocks listed in Part B Annex IX of 1.7%,
which includes for example used cooking oil (UCO). Member States might modify
this cap based on the availability of the feedstock. Part B Annex IX biofuels can
count twice;

1 the sub target for advanced biofuels produced from feedstocks from Part A of
Annex IX, which includes lignocellulosic energy crops, waste and residues. The
contribution should be at least 0.2% in 2022, at least 1% in 2025 and at least 3.5%
in 2030 (shares are after double counting which is allowed for these feedstocks).

National implementation at MS level of RED and FQD

IA RED stated that national measures alone will be not be sufficient to reach the EU 2030
target.e A binding measure at EU level was mentioned as more likely to achieve
economies of scale for sustainable alternative fuels. The REFIT evaluation concluded that
the 10% target set by the RED was very effective. For the RED |, most member states
have chosen to impose an obligation on fuel suppliers in order to meet the target.
Germany has introduced in 2015 a GHG emission reduction obligation on fuel suppliers,
stemming from the FQD target and Sweden has done the same in 2018. Germany and
Sweden thus solely depend on GHG reduction targets. In 6 other Member States ((HR,
CZ, MT, RO, SK, SL) do use a combined approach steering both a volumes uptake and
GHG reduction. In the Netherlands, fuel suppliers comply with the 6% FQD target via the
RED annual energy obligation. In 2020 this obligation is 16.4% which is higher than the
10% RED target: due to the high share of double counting biofuels actual volumes will be
lower. This might be problematic in the light of the realisation of the FQD target and
national agreements on actual volumes of biofuels might not be met when applying a 10%
target.

The case of Germany

While most EU Member States are implementing RES-T obligations by a volume based
system (in line with the RED), Germany uses a GHG reduction system to oblige fuel
suppliers to meet the obligations for the fuels they put on the market, which is comparable
to the FQD methodology, accompanied by high penalties for non-compliance. The
reduction was fixed at 3.5% in 2015, 4% in 2017 and was elevated to 6% in 2020, hereby
following the requirement of the FQD. But while the FQD requirements for EU Member
States remain (for now) at 6% after 2020, the provisions stemming from the RED Il were
being sharpened. Hence, German fuel suppliers need to fulfil the national obligations
based on a GHG reduction quota but they will also need to comply with the RED Il
requirements.

The divergent German system has sparked trans-border trade of feedstocks to places of
the highest relative profit. In Germany it has led to a decrease of crop-based biofuel
consumption (GHG saving of 65%) and an increase in consumption (and prices) of waste
and residual based biofuels (like UCO) that have GHG savings of almost 90%. There was
a movement of less performing biofuels in terms of GHG reduction potential to countries
using the volume-based RED approach (Dusser, 2019).

® COMMISSION STAFF WORKING DOCUMENTMPACT ASSESSMENT Accompanying the
document Proposal for a Directive of the European Parliament and of the Council on the promotion of
the use of energy from renewable sources (recast). SWD/2016/0418X(188/0382 (COD) https://eur
lex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A52016SC0418
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Conclusions on how policies could interfere

The opt-in for renewable energy in maritime shipping under the RED implies that
renewable energy used in maritime shipping affects the targets for other transport modes.
The more renewable fuels are used in shipping, the fewer will be used on road transport.
because maritime transport emissions are not in the EUs NDC, this could impact the
commitments of the EU under the Paris Agreement.

2.2.2. IMO Framework: Initial IMO Strategy on Reduction of
GHG Emissions from Ships

In 2018, the Marine Environment Protection Committee (MEPC) adopted the Initial IMO

Strategy on Reduction of GHG Emissions from Ships MEPC.304(72) which has the vision

to 6reduc[e] GHG emissions from international
to phase them out as soon as possiblein t hi s centuryo.

The Initial Strategy specifies four goals or levels of ambition, viz:

1. let the carbon intensity of the ship decline through more stringent design efficiency
requirements;

2. reduce the operational carbon intensity of shipping by 40% in 2030 relative to
2008;

Peak GHG emissions from international shipping as soon as possible; and

reduce them by at least 50% by 2050 compared to 2008 levels on a pathway
consistent with the Paris Agreement temperature goals.

The I nitial St r a tlobah ntrodudiidn eofsaltetnétieet fuel® ant/@ engrgy
sources for international shipping wild./l be inte

In order to meet the levels of ambition the Strategy lists a number of candidate measures,
on which negotiations are ongoing. The so-called short-term measures all aim at
improving the energy efficiency and will not result in an uptake of low- and zero-carbon
fuels, according to their impact assessment. These measures are currently in the final
stage of negotiation and could be agreed upon as soon as the MEPC can reconvene after
the COVID-19 pandemic.

Ashort-t er m measure that has been adopted is the
cooperation between the port and shipping sectors to contribute to reducing GHG

emissons from shipsd (MEPC. 323(74)), which i nvite
consideration and adoption by ports within thei
(preferably from renewabl e s o4binding anEW.initidfikei | e t h

to require the use of shore-side electricity could be considered an implementation of this
resolution, especially when the power is from renewable sources.

A second short-term measure has been agreed at MEPC 75, namely mandatory goal-
based technical and operational measures to reduce carbon intensity of international
shipping (MEPC 75/18/Add.1).

Al though the devel opment of 0tyguielises forlalityfpescy cl e (
of fuel sé i s al so amoterg sneasutesh rmenticnadnid thel mitiae s hor t
Strategy, consideration of this issue has not resulted in guidelines yet.

The so-called mid- and long-term candidate measures that are mentioned in the Initial
Strategy contain measures that will incentivise the use of low- and zero-carbon fuels,
although their current description is very general and their design will be subject to
negotiations:
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i implementation programme for the effective uptake of alternative low- and zero-
carbon fuels, including update of national actions plans to specifically consider
such fuels;

1 newl/innovative emission reduction mechanism(s), possibly including Market-based
Measures (MBMs), to incentivise GHG emission reduction; and

i pursue the development and provision of zero-carbon or fossil-free fuels to enable
the shipping sector to assess and consider decarbonisation in the second half of
the century.

2.2.3. Relevant non-GHG policies: Sulphur directive, MARPOL
Annex VI, ECA, Mediterranean ECA

Until recently, alternative fuels for maritime shipping have mainly been developed and
researched due to air pollution regulation, primarily SOx and PM.

MARPOL Annex VI Regulation 13 and Regulation 14 set requirements for the NOx and
the SOx emissions of seagoing ships.

Regulation 13 sets requirements for the NOx emissions from engines of new seagoing
vessels. These requirements have been tightened over the years, which is why a
distinction is made between Tier | to Tier lll ships. Tier | ships were built between 2000
and 2010; Tier Il between from 2011; and Tier Ill) only applies to the engines of ships that
operate in a NOx-Emission Control Areas (ECASs). Ships built after 2016 must meet Tier 1lI
requirements if they operate in the North American NOx-ECA. Ships built after 2021 must
also fulfil Tier Il requirements if they operate in the North and Baltic Sea NOx-ECA.
Should other waters, such as the Mediterranean Sea, also be designated as a NOx-ECA,
then new ships also operating in these waters would also have to meet Tier Il
requirements from the application year of the new NOx-ECA onwards.

The strictest Tier Il requirements can be met by either using conventional/alternative
bunker fuels in combination with end-of-pipe technologies, like for example Selective
Catalytic Reduction systems, or by using specific alternative fuels, like for example LNG,
(see Figure 2.1).

Ships built before 2000 do not have to meet a NOx standard and are colloquially refered
to as Tier 0 ships, although this designation is not made in MARPOL.
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Figure 2.1 NOx emissions depending engine type, alternative fuels compared to HFO.

Source: (DNVGL, 2018).

According to IMO Regulation 14 and EU Directive 2016/802, ships sailing outside a SOx-
ECA shall, since early 2020, only use fuel with a maximum sulphur content of 0.50% by
mass and ships sailing inside a SOx-ECA shall, since early 2015, only use fuel with a
maximum sulphur content of 0.10% by mass.

In addition, EU Directive 2016/802 requires ships at berth in Union ports not to use marine
fuels with a sulphur content exceeding 0.10 % by mass already since 2010.

To comply with Regulation 14 and EU Directive 2016/802, ships can either sail on the
compliant low sulphur fuels or they are allowed to take measures leading to equivalent
SOx emissions, such as a combination of high sulphur fuel and an exhaust gas cleaning
system, as long as the SOx emissions do not exceed the emissions of compliant fuels.

Overview of the current maritime sector

2.3.1. The size of the European shipping industry

Irrespective of the final alternative fuel choice and policy option chosen, the current
legislative initiative will certainly impact the (European) maritime sector. Therefore, it is
important to gain insight into the size of the industry, especially the number of companies,
their flags and the number of ships per company. Obtaining such data is a challenge, as
none of the public sources provides a detailed overview of such data. Below, information
from various sources is outlined further.

In their Statistical Publication, ISL published figures on the main ship-owning countries in
the EU. Table 2.4 presents an overview of the European Member States and the number
of vessels, number of 1000 DWT and number 1000 TEU that are controlled by companies
registered in their country. Figures on the number of vessels of <5000 GT were not
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published. It should be noted that the figures only include propelled seagoing vessels of
1,000 GT and above. This means that smaller seagoing vessels, as well as vessels
operating on the port area, are not included in the figures below.

Table 2.4 Overview of EU fleet by countries of control as of 1% January, 2019

Country of control (dwt-rank) 1000 dwt 1000 TEU Number of vessels

1 Greece 380,281 2,161 4,850
2 Germany 95,511 4,394 2,790
3 Italy 48,043 1,403 1,100
4 Denmark 45,745 2,446 927
5 Belgium 28,103 80 247
6 France 15,964 1,154 313
7 Netherlands 11,542 264 873
8 Sweden 6,462 11 293
9 Cyprus 5,209 55 153
10 Spain 3,204 10 194
11 Poland 2,549 8 110
12 Croatia 2,446 - 82
13 Finland 1,949 11 103
14 Ireland 1,734 10 98
15 Bulgaria 1,572 3 72
16 Portugal 1,213 7 42
17 Romania 898 16 85
18 Malta 828 - 46
19 Luxembourg 759 - 9
20 Estonia 388 15 82
21 Latvia 245 9 48
22 Lithuania 213 9 49
23 Austria 39 3 5
24 Slovenia 8 = 3

Total 654,905 12,069 12,574

SourceL { [ O0HAMdpOd W{KALLAY3I adldradirda IyR

The Euro-maritime website provides anoverview of the shipping companies per EU
country. It should be noted that the term shipping companies is defined rather broadly.
Besides companies owning vessels larger than 1,000 GT (as presented in the table
above), the list also includes tug operators, dredging companies and other shipping
companies. Figure 2.2 presents the main countries; no data were included for Hungary
and Luxembourg.
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Figure 2.2 Number of shipping companies per EU country (2020)

Source: https://www.euro-maritime.com/index.php/shipping-directory/shippingcompanies

2.3.2. The current position of shipping carriers calling EU ports

In order to assess the current and future competitive position of shipping carriers calling
EU ports, it is important to distinguish between several sub-segments as each segment
has a different competitive position and will be influenced differently by the legal initiative.
Therefore, we distinguish between intra-continental freight transport, intra-continental
container transport, short sea shipping, cruise vessels, ferries and vessels operating in or
near the port area.

For each of these segments, the current competitive position is described.

Intra-continental freight transport

Intra-continental freight transport refers to different types of cargo, i.e. coal transport
between South America and Europe, or oil transport between the Middle-East and
Europe. One of the main characteristics of this type of transport is that the goods have
Europe as a final destination. Under all conditions, the goods need to be delivered
somewhere in Europe. As the goods are often voluminous and the quantities shipped are

10 In this case only the origin or destination lies within the EU, while the other end of the journey lies
outside the EU.
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large, it is difficult to opt for a transport mode other than maritime transport. Not only is the
capacity on other modes limited, the alternative options are often too expensive to
compete with maritime transport. In addition, these commodities often do require
dedicated infrastructure in ports, which is not always available everywhere. Especially
hinterland pipeline connections can only be found in some European ports. The
commodities are therefore captive, meaning that they are not able to shift easily between
different ports. It also means that small price increases do not lead to different choices in
the logistical chain.

As a result, the market position of intra-continental freight transport is rather steady and
changes in the position result mainly from more general supply and demand of goods
shipped to Europe.

Intra-continental container transport

A second important category is intra-continental container transport, for example, from
China to Europe. Similarly in this market, Europe is often the final destination of the cargo.
However, compared to intra-continental freight transport, the container market is more
volatile and containers are easier to reroute. Many ports offer the possibility to load and
unload container vessels.

Although maritime shipping is often the cheapest option for transporting containers,
especially compared to air and rail transport, containers can be brought easier to a nearby
non-EU port (e.g. in North-Africa) where containers are then loaded on smaller vessels
that will distribute the containers to European ports. This would mean that larger container
vessels are less likely to call in European ports. One barrier for changing port of call might
be the fairway conditions® as not all ports can accommodate the largest of container
vessels. Whether or not this will actually happen depends on the cost impact the chosen
policy option will have on transport costs and freight rates.

Short sea shipping

Short sea shipping (SSS) refers to short distance sea transport. This could either be from
one European port to another or to/from an European port to/from a port located in the
Baltic area (Russia), the Black Sea area (e.g. Georgia and Ukraine) and the
Mediterranean area (e.g. Morocco and Libya).»? SSS is in competition with other transport
modalities, such as road transport, rail transport and transport through pipes.= At the time
of the introduction of the SOx Emission Control Areas, several studies forecasted a
potential modal backshift from sea to land, due to the higher prices of MGO compared to
HFO. However, such transition did not materialized.

If the availability of the zero-carbon fuels is unreliable, the service quality of SSS will be
negatively impacted. |If fuel costs, and consequently, freight rates, increase

11 The fairway is the entrance to the actual port. In some cases, the fairway is shet@ndhdle in other
cases the fairway is long and depth is restricted. For example, the guaranteed fairway depth leading to
the port area of the port of Rotterdam is 23 to 24 metres, while the guaranteed fairway depth leading to
the port area of the porf Antwerp is 15 metres.

12 See definition used by Eurostat: https://ec.europa.eu/eurostat/statistics
explained/index.php/Glossary:Short_sea_shipping_(SSS)

13 DG MOVE, COWI (2015) analysis of trends in EU shipping and analysis and policy support to
improve the competitiveness of short sea shipping in the EU

14 Holgrem et al (2014). Modelling modal choice effects of regulation opslawhur marine fuels in
Northern Europe. Transportation Research Part D: Transport and Environment, ZBag@
Notteboom (2011). The impact of low sulphur fuel requirements in shipping on the competitiveness of
roro shipping in Northern Europe. WMU Journal of Maritime Affairs, 10(1)963
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simultaneously, a shift from sea to land may be expected. This is under the assumption
that no other specific policy measure for road transport will be taken, which is unlikely.
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Cruise shipping

A fourth important market is the cruising industry. In 2019, around 30 million people
worldwide undertook a cruise journey.® Most popular destinations are the Caribbean
(34.4%), followed by Europe (28.4%) and Asia (9.2%). Within Europe, the share of cruises
in the Mediterranean is higher than that of other cruises, particularly to Norway and the
Baltic Sea. Compared to earlier years, both the Caribbean and European destinations
have lost some of their market share to Asian destinations. In 2014, the market share of
Caribbean destinations was 37.3% and that of European destinations was 30%. Asian
destinations attracted 4.4.%.

Important trends in the cruising industry are related to experiences and achievements: of
the passengers. Cruise passengers prefer
areas, including historic cities and heritage sites, and where they can have unique
experiences.” In addition, the traditional cruise season is extending. Traditionally, the
peak time in the European cruise season was during summer, where passengers could
enjoy the warmer weather and touristic destinations. More recently, the winter season has
also become increasingly attractive, especially the Christmas period, with different lighting
festivals. As a result, the cruise product has broadened and become more popular.
Competition between regions does change, however the European market share (see
above) seems to be less affected than, for instance, the Caribbean market, as especially
the Mediterranean has a unique offer as cruising destination.

Ferries

The ferry market can compete, similar to short sea shipping, with other modes of
transport. Depending on the location of the ferry, the ferry line might compete with airlines.
For some ferry services, especially those between mainland Europe and Ireland / UK,
competition from airlines might be an issue as rather cheap flights are offered to those
destinations as well. In case of changes in the price of a ferry ticket, passengers might opt
for a flight instead of a ferry journey, which in turn might lead to changes in the
competitive position of ferry operators. In other European areas, ferries can be the only
way to access an island. Especially in Greece, a ferry is often the only option the traveller
has. As a result, a price increase will have a lesser impact on the ferry service as the
traveller needs to take the ferry in any case to reach the desired destination.

Vessels operating in or near a port

Vessels operating in or close to a port are, for example, tugs and tow boats, pilot vessels
and work boats. The majority of these vessels do have a direct link with the port in which
they are active and are therefore not in direct competition with their counterparts in other
(European) ports. However, their position might change when activities in their port
change. For instance, when fewer vessels do call in to port, there is less need of tug
boats, as the demand for their services drops. This category of vessels is linked to other
parts of the maritime industry. When changes occur in those parts, the vessels operating
in or near the port area can be affected as well.

15 CLIA (2020), 2020 State of the cruise industry and outlook

16 Achievementsair e seen as actions on someoneds bucket
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2.3.3. The current position of the European shipbuilding industry

The competitive position of the European shipbuilding industry has been under pressure
for several decades.® Following the second world war, European shipyards were the

leading yards in the world, but since the

market and have become important market players. Despite the fact that the European
orderbook measured in million CGT is moderate, the value of the ordered newbuilt ships
is high. By the end of 2019, the value of the European orderbook amounted to almost $80
US billion.»» Worldwide the value of the orderbook amounts to approximately $235 US
billion. The EU share equals 34% and chiefly originates from orders for passenger vessels
and other non-cargo carrying (ONCC) vessels. Such vessels are more complex to build.

As a result of increased competition and specialisation at East-Asian yards, European
yards also became more specialised. Nowadays, the main focus of European yards is on
highly specialised and complex vessels, such as vessels used in the offshore industry,
arctic shipping and dredging vessels. In addition, European yards still have a competitive
advantage in building cruise vessels, with several large yards located in Finland, France,
Germany and ltaly.

A recent study published by the European Commission shows that the economic
importance of the European shipbuilding industry, including repair activities, has
increased.» The gross value added (GVA) of the shipbuilding and repair industry
amounted to u 12.8 billion in 2009. I n

2017,

equals a 15.6% increase in GVA. The gross pr
2009 to U0 3.6 billion i n 20The/studyléoistowsdaptités!l s a

likely that the positive trend will continue. The profits and number of jobs in the sector for
new build vessels and floating structures are likely to increase. The same goes for yards
active in ship repair and ship maintenance.

2.3.4. The current position of the European marine equipment
industry

The initiative to accelerate the uptake of renewable and low-carbon maritime fuels mainly
impacts the engine manufacture and manufacture of propulsion systems (e.g. power
trains). Other parts of the marine equipment industry are not at all, or to a far lesser
extent, impacted. For example, the producers of radar equipment or ballast water
management system do not seem to be impacted by this initiative. Therefore, the analysis
focuses on engine manufacturers and manufacturers of propulsion systems (from now on
referred to engine manufacturers).

The production of engines is the largest sub-market within the overall marine equipment
industry. The total production value of the engine manufacturers in Europe is about 18%
of the total production value of the European marine equipment industry.>2 Measured in
number of enterprises, about 13% of all marine equipment suppliers are involved in the
production of engines.

8 See for example Ecorys (2009) 0St
I ndustryé and Ecorys and CE Del ft
sector.

dy o
2012

u
(
19 SeaEurope (2020) Annual report 2019.

20 European Commission (2020) The Blue Economy Report 2019.

21 BalanceTechnology (2014) Competitive position of European marine supply industry.
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The market for marine engines consists of only a few key players, who are mainly based
in Europe and North-America. The market for engines is structured as follows:

Y Low-speed marine diesel engines: major players are MAN, Wartsila, and
Mitsubishi Heavy Industries;

Y Medium-speed marine diesel engines: major players are Wartsila, MAN, and
Caterpillar and in 2017, they held a combined market share of 86%;

1 High-speed marine diesel engines: major payers are MTU, Deutz, MWM, SACM,
Pielstick, Ruston, and Paxman.

In China, marine diesel engines are mainly produced through patent licensing by MAN,
Watrtsila and MTU.2

The above overview shows that the current market is served by a limited number for
larger companies. As many marine equipment companies do not solely work for the
shipbuilding industry (e.g. engine manufacturers including Rolls Royce, MAN, Watrtsila all
serve other markets such as land transport, power stations, etc.), they have the ability to
make use of knowledge gathered in other industries and transfer this to the shipbuilding
industry.z For example, experiences with alternative fuels in land-based transport can be
transferred to the maritime sector as well. They are able to create spill-over effects. This
will strengthen their position on the engine market, also in the development of engines
suitable for alternative fuels. It seems unlikely that new players will enter the market as the
research and development effort to develop engines suitable for alternative fuels is high
and the capital needed to develop and produce such engines is high as well. In addition,
engine buyers have a strong preference for products of known market players and will not
easily switch to the product of a newcomer.

2.3.5. The current position of the fuel suppliers and bunkering
facilities

The last group of stakeholders that will be impacted by the legal initiative are the fuel
suppliers and bunker facilities. Current fuel suppliers are the refineries that actually
produce the fuels. Often these refineries are part of the global oil companies, such as
Shell, Total and BP. As the majority of marine fuels is still fossil fuel, these oil companies
and their refineries are the main suppliers. These companies extend the products offered
and are currently also producing biofuels. In addition, some of them are taking steps to
produce LNG.

There are 72 refineries located within the European Union (see Figure 2.3).2¢ Each refinery
produces a mix of fuels for different transport modes. Rough estimations show that about
5% of all fuels produced by these refineries is produced for the maritime sector. These 72
refineries have a joint capacity to produce 598.4 million tonnes per year. On average,
around 30 million tonnes is produced for the maritime sector. This amount is not only
consumed in Europe. Europe is producing more marine fuels than is required and as a
result, is a net exporting market for marine fuels.

22 https://lwww.researchandmarkets.com/research/rhflcv/global_marine?w=5.
23 CE Delft (2012), Green growth opportunities in the EU shipbuilding sector.

24 FuelsEurope (2020) Statistical report 2020.
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Figure 2.3 Number of refineries in Europe (2019)
Source: FuelsEurope (2020) Statistical report 2020.

The bunker facility market is organised in a different way. Where the number of fuel
suppliers is highly concentrated with several large global players, the market for bunker
facility companies is highly fragmented. Most companies only have a few vessels they can
use to deliver the fuel to the vessels. In some cases, a company owns a single vessel and
is only active in one port. Due to the small size of the bunker facility companies, their
investment potential is limited. Rough estimations show that initial investments for a
bunker vessel delivering fossil fuel are
investment costs for a vessel to deliver LNG as fuel are much higher. Estimations are that
the price is about four to five times the price of a traditional bunkering vessel.
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3. Problem definition

. Problem definition

Ships in the scope of the EU MRV emitted 142 Mt CO; in 2018 and 145 Mt in 2019
(EMSA, 2020).= These are cargo and passenger ships over 5000 GT on voyages to and
from EEA ports (including in 2018 and 2019 the UK), as well as at berth in an EEA port.
Taking into account that there are ships below 5000 GT as well as ship types that are not
in the scope of the EU MRV, it has been estimated that the emissions of ships sailing to
and from EEA ports are about 10% higher (EC 2020).

The total CO, emissions of the 28 EU Member States in 2018 amounted to 3598 Mt,
excluding international shipping but including international aviation (EEA Greenhouse Gas
Data Viewer). Hence, shipping emissions accounted for 3.8% of total emissions including
shipping in 2018.

The European Green Deal and the 2030 Climate Target Plan aim to reduce GHG
emissions by at least 55% in 2030, relative to 1990, and achieve climate neutrality in
2050. All sectors should contribute to this target, including maritime transport. Because
the scope for additional energy-efficiency improvements in shipping is limited, a transition
from fossil fuels to renewable and low-carbon fuels is required for maritime transport to
contribute to the goals of the Green deal.

Marginal abatement cost curves (MACC) of maritime transport indicate how the maritime
sector could reduce its emissions and what the associated costs are. We are not aware of
recently published MAC curves for the EU or EEA fleet, but two MACCs have been
published for the UK international fleet (i.e. ships calling at UK ports on international
voyages) and the world fleet. Both have been developed using different techno-economic
assessments of measures so they present a range of marginal abatement costs. The two
MACCs are presented in Table 3. and Figure 3.1, respectively. Table 3.1 shows that
energy-efficiency options are more cost-effective than renewable fuel options. In this
analysis, all options except for solar panels are more cost-effective than renewable fuels.
Figure 3.1 distinguishes between several groups of emission reduction technologies,
indicated by different colours. The grey data points indicate renewable fuels; the orange
and yellow data points energy-efficiency options and slow steaming, respectively.
Although the cost-effectiveness of individual options is different in both analyses, they
both indicate that, in general, energy-efficiency improvements and slow steaming are
cheaper than renewable fuels. The two analyses show that efficiency improvements in the
order of 20% - 30% are possible and are more cost-effective in reducing CO, emissions
than using renewable fuels.

The cost-effectiveness of using of renewable fuels is estimated to range from USD 260 i
420 per tonne of CO; in the global analysis and from GBP 100 i 220 per tonne of CO; in
the UK analysis. This report presents values of a similar order of magnitude in Section
3.1.3.

Table 3.1 Marginal Abatement Costs of technologies for the global fleet, 2030

Technology group MAC CO:2 abatement potential
(USD/tonne -CO3) %

Optimization water flow hull -119 1.64%
openings
Steam plant improvements -111 1.30%

25 The emissions in 2018 have been published in SWD(2020) 82 final. The emissions in 2019
have been retrieved from the database version 103, dated 24 November 2020.
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Technology group
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Figure 3.1 Marginal Abatement Cost Curve for UK International shipping, 2030

Source: UMAS, CE Delft, E4Tech and Frontier Economics, 2019
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First, if the instrument to address GHG emissions from shipping is a financial incentive, it
will not result in a transition to renewable fuels unless the projections are that the prices
will rise to several hundred euros per tonne of CO, in order to account for higher fuel
costs as well as the risks involved in switching to non-standard fuels. This means that
including shipping in the EU ETS will not result in a fuel transition in the coming decade,
because allowance prices have been between EUR 20 and 30 for most of 2020%° and are
projected to increase to EUR 32 1 65 when the EU Climate Target Plan is implemented.?’
(The fact that biofuels are sold to ships in the Port of Rotterdam can be explained by the

26 Ember Climate, https://embelimate.org/data/carbeprice-viewer/, accessed 26 November 2020.

27 SWD(2020) 176 final, table 10.
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opt-in of maritime fuels in the RED in The Netherlands, which apparently results in carbon
shadow prices in excess of the EU ETS prices).

Second, that a policy that results in the uptake of alternative fuels will result in an
efficiency improvement of ships, because it results in an increase in the average fuel price
and therefore makes energy-efficiency options more cost-effective. Moreover, as Hicks
(1932) pointed out, innovation is often aimed at reducing the input factor which has
increased in price.

As a consequence, the low uptake of renewable and low-carbon fuels and power by ships
calling at EU ports is a problem that needs to be addressed in order to achieve the goals
of the European Green Deal on top of addressing GHG emissions reduction coming from
technical or operational energy efficiency improvements. Because of the different
technical options to address this problem and because of the impact of emissions at berth
on air quality in port cities, the issue can be broken down in two problems:

1. A low uptake of renewable and low-carbon fuels and power by ships calling at EU
ports in navigation; and

2. A low uptake of zero-pollution fuels and power by ships at berth in EU ports.

These problems have five drivers:

1. Lack of predictability of the regulatory framework and high risk of investment
choices (high risk of stranded assets);

2. Low maturity of new renewable and low-carbon fuels/technologies with high risk
for first movers;

3. Higher costs of renewable and low-carbon fuels compared to fossil fuels (also due
to insufficient economies of scale);

4. High interdependency with supply and distribution (chicken-and-egg problem); and

5. Possibility of bunkering outside EU or the replacement of demand for RLFs from
other sectors (risk of carbon leakage).

A problem tree is shown in Figure 3.2.
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Figure 3.2 Problem tree

Each of these drivers is described in detail in the following sections.

3.1.1. Lack of predictability of the regulatory framework (long
lifetime of ships) and high risk of investment choices (high
risk of stranded assets)

The average ship in the scope of the EU MRV in 2018 was 11 years old which is relatively
young compared to the 20.5 years of the average ship globally (EC 2020). There are
significant differences between ship types, which passenger ships and RoPax vessels
being the oldest vessels, on average, in the EU.

Ships have a lifetime of several decades. Depending on the ship type the average
demolition age between 2005 and 2018 varies between 23 to 45 years (Table 3.2). Ships
may not operate their entire life in the same geographical area, as suggested by the
difference in the average age of the European and the global fleet.

Table 3.2 Average demolition age between 2005 and 2018

Bulkers 29
Chemical tankers 29
Combos 25
Containerships 26
Crude tankers 23
Cruise ships 45
Dredgers 39
Ferries 39
General cargo ship 36
LNG tanker 38
LPG tanker 30
Multi-Purpose Vessel 29
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Offshore vessel 35
QOil tanker 28
Other non-cargo ship 39
Pure car carriers 29
Product tanker 30
Reefers 31
Ro-Ro ship 31
Special tankers 33
Tugs 43

Source: CE Delft analysis of Clarkson Research Portal, 2020.

The long lifetime of ships means that fuel and design choices made now will have an
impact for several decades. Ships designed to sail on conventional fossil fuels may switch
to drop-in fuels like biofuels and biodiesel during their lifetime, but it is harder to switch to
methanol and even more expensive to switch to gaseous fuels like liquefied methane and
ammonia. This matters because ammonia is amongst the cheapest e-fuels, cheaper than
drop-in e-fuels.

When a ship owner decides to order a new ship which is able to run on an alternative fuel,
he should already consider which type of fuel and corresponding technology is most
suitable during the entire lifetime of the ship. The fuel and engine system of a ship are an
integral part of the design and are strongly linked to each other. While engines may be
renovated, it is very rare for engines to be replaced because in most cases this would
require cutting the ship open. A number of dual fuel engines are commercially available
which allow for some flexibility on the fuel, e.g. either liquid petroleum fuels or LNG, or
MGO/methanol. The design of the fuel system and bunker tanks depends on the fuel
type(s) which will be used on board. Petroleum-derived fuels can be stored under
atmospheric pressure and normal temperature in bunker tanks on board. Methanol can
also be stored under atmospheric pressure and normal temperature, but has a low energy
density compared to fossil fuels. This means that larger bunker tanks are required on
board or that more bunker operations need to be carried out compared to the use of fossil
fuels. In addition, measures need to be taken to avoid the build-up of an explosive
methanol-air mixture in the tank. Other alternative fuels such as liquefied natural gas,
hydrogen or ammonia need to be stored in liquid or compressed form under pressure
and/or at low temperature. Special cryogenic tanks are necessary to store these type of
fuels (CE Delft, 2020).

Which fuel and which technology is most suitable depends on several factors such as the
ship type itself, the operational profile of the vessel, the propulsion system, the power
demand and the fuel availability in the area where the ship will operate. A number of these
factors such as the ship type, the operational profile and the power demand will likely
have already been determined before the fuel type and technology have to be selected.
Other factors such as the region in which the ship will be operated and the fuel availability
in that region are not always known before the ship is built and in operation. However,
despite the fact that it is difficult to predict how the fuel production, the fuel availability and
new technologies will develop on the market in the coming decades, the decision on
which fuel types and technologies will be used on board during the complete lifetime of
the ship, has to be made before the ship is built.

Currently, internal combustion engines are installed on virtually all self-propelled vessels.
Almost all vessels currently use petroleum-derived fuels and this technology has been
well established for decades. This implies that if they want to use renewable or low-carbon
fuels, they either are restricted to drop-in fuels or have to modify their engines and/or tank
and piping.

In addition to the application of alternative fuels in internal combustion engines, research

and development is also being conducted into the use of fuel cells and batteries for the

propulsion of the ship. Fuel cells and batteries are not yet available in the power ranges
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typically required for ships; the largest fuel cells are currently a few megawatts, while ship
engines are typically tens of megawatts.

The costs of modifying the fuel system of a ship can be large. An example of a modified

ship is the Stena Germanica, a methanol fuelled ferry which operates between
Gothenburg (Sweden) and Kiel (Germany). It was the first ship in the world running on

methanol. The ferry was converted to run on methanol and modifications were done to the

bunkering line, tanks, pump room, pumps, piping and automation system. The existing

fuel tanks and part of the ballast tanks were converted into methanol tanks, enabling no

loss of commercial space for the ferry. Although the conversion from HFO to methanol is
relatively simple, the costs for the modificat
funded by the EU. (The newbuilding costs of this ship have not been disclosed; a new

RoPax vessel may cost biontdepenging oditheZsize, speed, and 3 0 mi |
accommodation (Bilen et al., 2018)%).

In sum, the regulatory framework determines the fuel choice of new ships. Uncertainty
about the changes to the regulatory framework may result in more dual-fuel engines being
installed, and while this would improve the versatility of the fleet, it would probably also
mean that the cheapest zero-carbon e-fuels, ammonia and hydrogen, cannot be used on
these ships.

3.1.2. Low maturity of new sustainable alternative
fuels/technologies with high risk for first movers?®

Low maturity of new sustainable alternative fuels/technologies with high risk for
first movers

The value chain of bunker fuels consists of roughly five stages: production, storage in
port, bunkering, storage and energy conversion on board ships, with transport/distribution
infrastructure linking these different stages. Each stage is highly technology dependent
and is still mainly aimed at conventional fossil bunker fuels. The introduction of an
alternative, non-drop-in fuel would require adaptation in practically all stages. The level of
maturity of the value chains of the new sustainable alternative bunker fuels thus plays an
important role in the uptake of the fuels by the sector, with first movers being exposed to
the potential risk of technical failure and/or availability shortfalls.

In the following, we will briefly describe the level of maturity of the value chains of the
following (potential) bunker fuel types:

1 hydrogen;

I methane;

28 Umran Bilen et al., 2018, Market Analysis, Deliverable 1.1 of the Project Holistic Optimisation
of Ship Design and Operation for Life Cycle,
https://ec.europa.eu/research/participants/documents/downloadPublic?documentlds=080166e
5b85b131d&appld=PPGMS).

2% This section is based on the following sources:
https://www.cedelft.eu/en/publications/2431/availability-and-costs-of-liquefied-bio-and-
synthetic-methane.
https://ceproject.cedelft.eu/projecten/7-
M92/Documents/CE_Delft_7M92_Greenhouse_gas_emission_reduction_targets_for_internatio
nal_shipping.Def.pdf.
https://ceproject.cedelft.eu/projecten/200249/Documents/Literatuur/2020_MKC-TNO-TU-
Delft_alt-fuels-for-shipping-final-report-310120.pdf.
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ammonia;
methanol;

ethanol;

= =4 =2 =4

diesel-like fuels.

The analysis of the supply chain is thereby split into the supply chain after the production
of the fuels and the production of the fuels as such. This is to account for the fact that a
fuel type can be produced in different ways (e.g. methanol as e-methanol or as
biomethanol), but once produced does only require one type of infrastructure in the rest of
the supply chain.

The maturity | evels of the fuelsd supply

Maturity level i supply chain of fuels after production
General aspects

The six (potential) bunker fuel types analysed can, in principle, either be used in internal
combustion engines or in fuel cells, since methane, ammonia, methanol, ethanol and
diesel are also hydrogen carriers.

Hydrogen, methane and ammonia are gaseous and methanol, ethanol, and diesel-like
fuels liquid at ambient temperature. Gaseous fuels need to be liquefied to be used in
internal combustion engines, whereas liquid fuels to be evaporated for use in fuel cells.

The energy density (in terms of MJ/litre) of the different alternative bunker fuels is lower
compared to conventional liquid bunker fuels. Hydrogen, methane and ammonia need to
be liquefied and/or compressed to reduce storage space on board ships.

Hydrogen

Due to its low energy density, hydrogen needs to be liquefied and/or compressed to be
stored as fuel on board ships. Compressed gaseous hydrogen requires more space than
liquid hydrogen, and both options require significantly more space per unit of energy
compared to conventional fuels. Storage of compressed hydrogen is an established
market ashore. The small number of ships (inland ferries) that have used hydrogen so far
used pressurized tanks, but concepts for (inland) shipping can still be considered under
development (e.g. NPROXX (n.d.)).* Liquefaction of hydrogen is an energy intensive
process, since hydrogen has a boiling point of -253°C which is even lower than the boiling
point of methane (-162°C). Liquefied hydrogen has to be stored in cryogenic tanks. There
is some experience with cryogenic storage of liquefied hydrogen, but it was so far
reserved for certain special applications, in high-tech areas such as space travel (Air
Ligquide, n.d.).»* A first hydrogen carrier is however currently being built as part of the
HySTRA demonstration project. The vacuum insulated storage tank has been installed
beginning 2020 and the ship is expected to be ready for testing in 2021.

At this stage, there are no hydrogen-fuelled internal combustion engines available for
ships and the technology readiness level of hydrogen marine internal combustion engines
can be considered the lowest compared to the other alternative fuels. Hydrogen is
however the prime candidate when it comes to fuel cells. Due to the high efficiency of fuel
cells, the storage space required for hydrogen onboard tanks might be less than for
comparable ships equipped with an ICE and thus might allow hydrogen to be applied to

30 https://www.nproxx.com/hydrogen-powered-heavy-duty-vehicles/shipping-maritime/.

31 https://energies.airliquide.com/resources-planet-hydrogen/how-hydrogen-stored.
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more ships, but the size of the fuel cells, might prevent fuel cells to be used by large
ships. And both the lifetime of fuel cells in non-stationary applications and the costs of the
fuel cells are still a major issue.

A few (demonstration) projects with hydrogen-fuelled ferries, cruise ships and workships
have been announced,® all of which applying fuel cells and some of which working with
liquid hydrogen onboard storage systems.

Hydrogen bunker facilities are not available yet and are still under development. A design
for a liquefied hydrogen bunker vessel has been developed (Wilhelmsen, 2019),* but an
actual vessel has not been built yet. Containerized pressure vessels which could be
loaded and unloaded in ports could also be an option, at least for smaller vessels. This is
considered a more advanced option.

Since carriage of liquid hydrogen by trucks is an established technology, truck-to-ship
bunkering is also considered (SWZ Marine, 2020).>* Here you could also build on the
experience gained from truck-to-ship LNG bunkering, but the volume of hydrogen that can
be bunkered with this technology is limited.

Methane

Renewable methane can highly rely on the existing technologies and infrastructure of
natural gas, which mainly consists of methane. Methane can be transported in both
gaseous and liquid form: it can be injected into the gas grid or, after liquefaction, be
transported by ships or trucks. Locations with favourable conditions for the production of
renewable methane (in terms of inputs) are not as a rule close to a gas grid, which might
make transport by ships or trucks necessary. Since methane-fuelled ships equipped with
an internal combustion engine require methane to be stored as a liquid anyway,
liquefaction of methane is an inevitable part of the supply chain. Liquefaction of methane,
which has a low boiling point (-162°C), is an energy intensive process and therefore
costly, but can be considered a fully mature process.

LNG bunkering infrastructure is technically mature and commercially available, although
still limited in capacity compared to traditional fuels.

LNG-fuelled ship systems and engines can be considered technically mature and are
commercially available. As of mid-September 2020, on a global basis, 584 LNG-capable
and 203 LNG-ready vessels were in the fleet and 368 LNG-capable and 52 LNG-ready
vessels had been ordered (Clarksons Research, 2020).

Ammonia

Ammonia is currently not used as marine bunker fuel at all. Fossil ammonia is however
transported by tankers as cargo. This means that there is knowledge about and
experience with the storage of ammonia both on board and ashore as well as with the
handling of ammonia.

82 HySEASIII,NORLEDOGs hydr ogeHa vfiuealblse dh yfderrorgye nUIf sited il m@ls cr L
construction support vessel.

83 https://www.wilhelmsen.com/media-news-and-events/press-releases/2019/new-design-makes-
liquefied-hydrogen-bunker-vessels-a-reality/.

34 https://www.swzmaritime.nl/news/2020/09/09/bunkering-facility-not-a-must-to-get-liquid-
hydrogen-on-board-a-ship/?gdpr=accept

35 LNG-capable ships are ships that can be LNG-fuelled. LNG-ready ships can relatively easily be
converted to LNG-capable ships.
Shipping Market Overview, September 2020.
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To reduce storage space, ammonia will have to be stored as liquid ammonia on board
ships. Ammonia has, compared to hydrogen, the advantage that its boiling point is
relatively high (around -33.40°C) which means that it can become liquid at relative low
pressure and does not require cryogenic storage. Pressurised storage tanks can be used
instead. Disadvantage is that tanks of fully-pressurised ships are extremely heavy. If
transported as cargo, large quantities of ammonia are therefore transported by fully-
refrigerated gas carriers.®* For the transport of hydrogen, its conversion to ammonia is
discussed in the literature.

Ammonia can cause severe skin burns and eye damage, is toxic if inhaled (ECHA, 2020)
and can be lethal to humans at 2,700 ppm when exposed for a duration of 10 minutes
(Vries, 2019) it is also very toxic to aquatic life (ECHA, 2020). The use of ammonia as
marine fuel thus requires careful management of these risks.

A marine internal combustion engine for ammonia is not available yet, but the
development of a two-stroke dual fuel ammonia engine is estimated to take two to three
years (MAN, 2018).* The actual development of the engine would however only be started
if a market for the engine developed (MAN, 2018). In addition, WartsilA announced
(Wartsila, 2020)=that in the first quarter of 2021, a consortium will commence a long-term,
full-scale laboratory test using ammonia as a fuel in a marine four-stroke combustion
engine. When ammonia is used in internal combustion engines, increased NOx emissions
might require the use of aftertreatment technologies.

Concept designs for ammonia-fuelled ships with an ammonia internal combustion engine
have been and are being developed=*and it has recently been announced that an offshore
vessel will be retrofitted with an ammonia fuel-cell as part of a demonstration project
(Equinor, 2020)~.

Methanol

Methanol is liquid at ambient temperature and is therefore associated with relative low
transportation and storage costs compared to hydrogen, methane, and ammonia. Its
energy density is also higher than for liquid ammonia and liquid hydrogen, but lower than
for liquid methane, ethanol and conventional liquid bunker fuels.

Currently, a small number of ships are operating on methanol worldwide (Methanol

Institute, 2020)* and methanol dual-fuel internal combustion engines can be considered a

proven technology.# It has also been demonstrated that a ship and its engines can be
retrofitted to operate on methanol. Met hanol 6s very | ow viscosity,
its corrosiveness towards certain metals have thereby to be accounted for.

8 https://www.wartsila.com/encyclopedia/term/gas-carrier-types.

37 Ship Operation Using LPG and Ammonia As Fuel on MAN B&W Dual Fuel ME-LGIP Engines:
Using low carbon ammonia fuel.

38 https://lwww.wartsila.com/media/news/30-06-2020-world-s-first-full-scale-ammonia-engine-test-
--an-important-step-towards-carbon-free-shipping-2737809.

39 https://www.ammoniaenergy.org/articles/ammonia-fueled-ships-entering-the-design-phase/.

40 https://www.fch.europa.eu/press-releases/major-project-convert-offshore-vessel-run-ammonia-
powered-fuel-cell.

41 https://www.methanol.org/marine-fuel/.

42 Spark ignited engines running 0onl00% methanol are also being tested:
https://greenmaritimemethanol.nl/green-maritime-methanol-consortium-starts-engine-test-
programme/.
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Methanol fuel cells have been tested on marine ships in a small number of projects (Pa-X-
ell project, METHAPU project) and the concept is used on a structural basis on a small
inland passenger ferry (MS Innogy) only.

There is hardly any methanol bunkering infrastructure available in ports and ships that are

currently methanol-fuelled are either methanol carriers using their cargo as fuel or ships

that make use of tank-to-s hi p bunkering. LIl oydés Register
different methanol bunkering guidelines (Methanol Institute, 2020a)* and since fossil

methanol is traded on a large scale worldwide, onshore storage and methanol handling

can be considered proven technologies/processes. According to the Methanol Institute

(2020b), fossil methanol is available in over a 100 ports today.

Ethanol

Compared to methanol, ethanol has a higher energy density and is less toxic. A 2-stroke

dual-fuel marine engine, which allows the use of ethanol is commercially available, but to

our knowledge there is currently no ethanol-fuelled ship in operation or has been ordered.

According to SSPA and LR EMEA (2016),“ the fossil ethanol price has consistently been

higher than the fossil methanol price. This might explain why the use of ethanol has been

less attractive and why ethanol has not been tested in demonstration projects on maritime

ships so far. The design of an ethanol-fuelled ship can however be expected to be similar

to a methanol-fuelled ship, due to the similarities in the properties of the two alcohols.

According to A.P. Mgller-Mbr s k and Lidteo(0d9)*MarReg k and LI oydods
(2019) , et hanol and met hanol is fully mixable
allow for fuel flexibility.

In road transportation, blends of bioethanol and gasoline are already common practice
and (bio)ethanol is transported by chemical tankers on a large scale. Onshore storage
and ethanol handling can therefore be considered proven technologies/processes.

Diesel-like fuels

There are different diesel-like alternative fuels, like for example e-diesel, biodiesel
(FAME), renewable diesel (HVO) or advanced liquid biofuels. These fuels can, to a certain
degree, be blended into the conventional liquid fossil bunker fuels or can fully replace
them.

FAME and HVO are miscible with marine distillate fuel (Oak Ridge National Laboratory, et
al., 2018).#HVO can replace MGO (DNV GL, 2018) and FAME can be blended into MGO
without adjustments to the engines. ISO 8217:2017 currently allows up to 7% of FAME to
be blended into marine distillate fuels. Straight vegetable oil (SVO) can substitute HFO
(DNV GL, 2018), but cannot, just as FAME, be produced as an advanced, second
generation biofuel.

Second generation liquid biofuels that are miscible with marine distillate fuels are
renewable diesel (advanced HVO), Fischer-Tropsch-diesel, upgraded pyrolysis oll
(hydrogenated pyrolysis oil) or upgraded bio-oil from hydrothermal liquefaction of
biomass.

43 https://www.methanol.org/marine-fuel/

44 https://eibip.eu/wp-content/uploads/2018/01/Study-on-the-use-of-ethyl-and-methyl-alcohol-as-
alternative-fuels.pdf.

45 https://www.maersk.com/news/articles/2019/10/24/alcohol-biomethane-and-ammonia-are-the-
best-positioned-fuels-to-reach-zero-net-emissions.

46 https://info.ornl.gov/sites/publications/files/Pub120597.pdf.
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These fuels thus have the advantage that, after production, they can use the existing
infrastructure in the rest of the supply chain or only require minor modifications to the
infrastructure.

Summary

Table 3.3 visually summarises the above analysis of the technology readiness levels of
the different supply chain stages of the (potential) bunker fuels.

Storage Bunkering infrastructure | Onboard energy
conversion

Fytogen —

Ammonia
Methane
Methanol
Ethanol

Diesel-like
fuels

Fully matured/commercially available at large scale

Fully matured/commercially available at small scale

Mature/available at very small scale

Maturing/could relatively easily be developed based on experience from other sectors
Immature/demonstration level

Immature/design level

The table shows that only for diesel-like fuels the infrastructure is fully mature in each of
the stages of the value chain. For hydrogen the infrastructure is the least developed for
each of the stages. The maturity of the bunkering infrastructure differs highly between the
fuels and is a major barrier to the uptake of the alternative fuels.

Maturity level T production

Regarding the production process, two main categories of alternative fuels can be
distinguished:

1. E-fuels, also referred to as Power-to-Gas (PtG)/Power-to-Liquid (PtL) fuels; and
2. Biofuels, liquid or gaseous fuels transport produced from biomass.

Either production pathway or both production pathways are relevant for the six potential
bunker fuel types considered here.

The e-fuel pathways have in common that hydrogen, produced by means of water
electrolysis using renewable electricity, is required. Independent of the specific fuel type,
the upscaling of the hydrogen production and the renewable electricity production are thus
key for a wider application of e-fuels.

Biofuels can be produced by means of very different biomass feedstocks and via different
conversion routes, depending on the specific biomass used. The bottleneck for a wider
application of biofuels are the disclosure of the sustainable feedstock potentials and the
advancement and upscaling of the production process of advanced biofuels. Some
biofuels (like for example bioethanol) are already used by other sectors (like road
transport) which means that the use in shipping might be less attractive due to competition
from other sectors.
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In the following, the production processes of the different fuel types are discussed in more
detail.

Hydrogen

Green or renewable hydrogen can be produced by means of water electrolysis, using
freshwater and renewable electricity as inputs. Two main types of electrolysis can be
distinguished: low-temperature and high-temperature electrolysis. Two well established
technologies for low-temperature electrolysis are Alkaline water electrolysis and Polymer
electrolyte membrane (PEM) electrolysis. High-temperature electrolysis (Solid oxide
electrolysis) is more efficient than low temperature electrolysis, but requires a constant
high-temperature supply, is significantly less dynamic in operation and less mature than
low-temperature electrolysis. To date, only about 2-4% of global hydrogen supply is
produced via electrolysis (IEA, 2019) (IRENA, 2018).

Ammonia

The synthesis of ammonia via the Haber-Bosch process is a well-established industrial
process and is applied on a large scale in the chemical industry today, for example for
fertilizer production. The process requires nitrogen and hydrogen as inputs. Nitrogen is
thereby gained from air separation and hydrogen is currently typically produced from fossil
hydrocarbons, like natural gas or coal. This fossil hydrogen must be replaced by hydrogen
from renewable sources (i.e. water electrolysis with renewable electricity) to decarbonise
the production of ammonia. An alternative technique for the production of ammonia is the
direct Solid State Ammonia Synthesis (SSAS). Ammonia is thereby directly synthesized
from a source of hydrogen (water) and nitrogen (air) without intermediate steps. Many
variations of this technology are being developed around the world, but there is no SSAS
system commercially available today.

Ammonia is not being produced as e-ammonia yet. In Saudi Arabia, however, a plant for
e-ammonia production, using wind and solar power, is currently being built to be
operational by 2025 (NEOM, 2020). And in some other countries, like for example
Australia, New Zealand (AEA, 2020) and Chile (Enaex, 2019), e-ammonia production
projects have also been initiated.

Methane

To produce e-methane, a catalytic (thermochemical) methanation process using
renewable hydrogen and CO2 as inputs can be applied. The production of renewable
hydrogen and CO2 is just as described above. The methanation (Sabatier) process is an
exothermic reaction which, next H2 and CO2, does not require additional energy. Instead,
waste heat is released which could, for example, be used to extract carbon dioxide from
the air.

Globally, very few commercial methanation plants have been built so far, the number of
pilot and demonstration plants, however, is rapidly increasing (see Thema, et al., 2019) for
an overview).

Essentially, all types of biomass feedstock could be used for the production of
biomethane.

There are two main types of conversion routes for the production of biomethane from
biomass: anaerobic digestion and gasification.

Gasification systems typically use dry, woody (lignocellulosic) biomass, whereas
anaerobic digestion systems use wet feedstock types. However, supercritical water
gasifiers can process all types of feedstocks, both woody and non-woody. These gasifiers
require wet feedstocks, which means that dry biomass must be mixed with water.

Anaerobic digestion is a collection of processes in which microorganisms break down
biomass feedstocks in the absence of oxygen. The feedstocks sometimes undergo a pre-
treatment step to increase the moisture content to the required level. The anaerobic
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digestion processes result in biogas, which is a mixture of methane, carbon dioxide (30-
50%), and other gasses such as hydrogen sulphide. In an upgrading step, the carbon
dioxide is separated from the (bio)methane.

Gasification is a process in which biomass feedstocks react at high temperatures (>
700°C) with a certain amount of oxygen and/or steam and are converted into syngas
(short for synthesis gas), which is a gas mixture that consists mainly of hydrogen and
carbon monoxide. In a preceding pre-treatment step biomass is dried and reformed by
means of pyrolysis (Sikarwar, et al., 2016). After gasification, gas cleaning and
conditioning, the syngas is fed into a methanation process.

Global biomethane production is rapidly growing. According to CEDIGAZ (2019) there
were around 1,000 plants beginning of 2019 and global production was around 3 billion
cubic meters in 2017 (CEDIGAZ, 2019).+ The potential global supply of feedstocks for the
production of biomethane is confidently higher than the highest estimate of demand of the
shipping sector in 2030 as well as 2050 (CE Delft, 2020).4 Whether the according
feedstocks will be used to produce biomethane and whether it would become available for
the shipping sectors remains however to be seen.

Methanol

One way to produce methanol is a two-step process: the production of synthesis gas
(often referred to a syngas) followed by methanol synthesis. Alternatively, the syngas can
also be fermented to directly produce methanol.

Today, syngas is primarily produced using fossil fuels such as coal, oil or natural gas.
Alternatively, the syngas could:

i e-methanol: be produced via the reverse water-gas shift (RWGS) reaction from e-
hydrogen and renewable CO2 or via co-electrolysis in a single step process;

1 bio-methanol: be produced via gasification of biomass or via anaerobic digestion
of biomass with biomethane as intermediate product. Different kinds of biomass
feedstock could be used to this end.

In addition, methanol in pulp mill condensates can also be segregated and purified.*

Another method to produce e-methanol is the one-step process or direct methanol
synthesis. In this process, CO2 is directly converted into methanol and water. This
process also requires H2 as an input.

Methanol synthesis from syngas in a well-established process, whereas the RWGS
reaction, required for the production of the syngas, is not established for large scale
production yet. The co-electrolysis process has been successfully demonstrated,* but has
also not been applied on a large scale yet. The first European commercial plant to
produce e-fuels in Norway is however designed to apply co-electrolysis on a larger scale.s

47 https://www.cedigaz.org/global-biomethane-market-green-gas-goes-global/.

48 https://www.cedelft.eu/en/publications/2431/availability-and-costs-of-liquefied-bio-and-
synthetic-methane.

49 https://www.andritz.com/products-en/group/pulp-and-paper/pulp-production/kraft-
pulp/evaporation-plants/methanol-plants.

50 https://www.sunfire.de/en/company/news/detail/breakthrough-for-power-to-x-sunfire-puts-first-
co-electrolysis-into-operation-and-starts-scaling.

51 https://fuelcellsworks.com/news/norsk-e-fuel-is-planning-europes-first-commercial-plant-for-
hydrogen-based-renewable-aviation-fuel-in-norway/.
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E-methanol is produced on a small scale in Iceland (Carbon Recycling International)
applying the direct methanol synthesis.®> The application of the process at a larger scale is
however still to be demonstrated.

And the development of an industrial-scale production facility in Denmark has recently
been announced (Maersk, 2020b). The latter intends to provide e-hydrogen for zero-
emission heavy-duty trucks, e-methanol for marine vessels and e-kerosene for airplanes.

According to the Methanol Institute, in 2018 five companies produced biomethanol
worldwide.

Ethanol

Bioethanol is already widely applied in land-based transportation where it is often blended
with petrol. Bioethanol is currently mainly produced from wheat, corn and sugarcane.® To
a limited extent, bioethanol is also produced as second-generation biofuel, mainly from
lignocellulosic fractions. The recalcitrance of cellulosic biomass however poses a
challenge to realising the potential of lignocellulosic bioethanol. 5

In 2017, around 85 billion litres of bioethanol have been produced globally.s
Diesel-like fuels i e-diesel

E-diesel can, just as e-methanol be produced via syngas. In contrast to the production of
methanol, the syngas is however converted into syncrude by means of the Fischer-
Tropsch process. The syncrude can subsequently be refined into various fuel grades, like
e-diesel r e-kerosene.

Currently, syncrude and according different e-fuel grades (like e-diesel and e-kerosene)
are produced in a small number of demonstration plants,ss with the first European
commercial plant being planned in Norway.s

The Fischer-Tropsch synthesis can be considered an established technology, whereas
the RWGS reaction, required for the production of the syngas, is not established for large
scale productions yet.

Biofuels

Conventional, first generation biofuels are biodiesel (FAME), renewable diesel (HVO), and
Straight Vegetable Oils (SVO)/Pure Plant Oil (PPO) produced from oil crops.

Since the use of edible crops for the production of biofuels can lead to indirect land use
change (ILUC) and to an increase in food prices, the focus has shifted to the second
generation biofuels, also called advanced biofuels. These biofuels are produced from

52 Marlin et al (2018) Process Advantages of Direct CO2 to Methanol Synthesis.
53 https://www.eubia.org/cms/wiki-biomass/biofuels/bioethanol/.

54 https://iopscience.iop.org/article/10.1088/1755-1315/475/1/012081/pdf
https://www.bioenergyconsult.com/production-cellulosic-ethanol/.

5 https://worldbioenergy.org/uploads/191129%20WBA%20GBS%202019 HQ.pdf.

5% https://www.audi-mediacenter.com/en/press-releases/fuel-of-the-future-research-facility-in-
dresden-produces-first-batch-of-audi-e-diesel-352;
https://www.cleanenergywire.org/news/german-pilot-project-produces-kerosene-sunlight-water-
and-coz-first-time.

57 https://fuelcellsworks.com/news/norsk-e-fuel-is-planning-europes-first-commercial-plant-for-
hydrogen-based-renewable-aviation-fuel-in-norway/.
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agricultural and forestry residues, organic waste and in some cases non-food or feed
energy crops (IRENA, 2016).%

Second generation liquid biofuels relevant for maritime shipping are for example
renewable diesel (advanced HVO), Fischer-Tropsch-diesel, upgraded pyrolysis oil
(hydrogenated pyrolysis oil) or upgraded bio-oil from hydrothermal liquefaction of
biomass.

The third generation biofuels use engineered energy crops such as algae as energy
source. They possess the highest sustainability criteria while holding a very low GHG
intensity, but their production is still in its infancy and not implemented at industrial scale.
Renewable diesel can be produced from algae too.

[ Feedstock ]—)[ Processing H Fuel precursor ]—)[ Processing ]—)[ Biofuel ]
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Figure 3.3 Overview of different feedstock conversion routes to marine biofuels including both conventional and advance
biofuels.

Source: IRENA (2017). °
Summary

The analysis above has shown that there are various production processes for the
different fuel types which vary highly in terms of maturity. Table 3.4 gives an overview of
the technology readiness levels of the energy carriers and some of the production
processes as developed in the context of the EESF. If different conversion routes are
conceivable, the according route is specified in the first column, together with the fuel

type.

Table 3.4 Overview of the maturity levels of the technologies and systems for the
production of alternative bunker fuels

Fuel type Technology readiness level in 2020
Biodiesel (HVO, from palm oil) 8

%8 https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2016/IRENA_Innovation_Outlook_Advanced_Liquid_B
iofuels_2016.pdf.

% http:/ftask39.sites.olt.ubc.ca/files/2013/05/Maririefuetreportfinal-Oct-2017. pdf
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Technology readiness level in 2020
e-methane (CO:2 from flue gas) 7

e-methanol (CO2 from direct air capture)
biomethanol (from glycerine as waste product)
Biomethane (from organic waste)

e-hydrogen

e-ammonia

e-diesel (CO ; from flue gas)
Source: Marin (2028

w ol o1o NN

The above analysis has also shown that the current production levels of e-fuels are
negligible. The production levels of some biofuels, especially first generation biofuels that
feature a high technology readiness level, are already significantly higher. These biofuels
are however mainly used in other sectors due to according policy incentives. Production of
the biofuels would just as for e-fuels have to be scaled-up to provide significant volumes
for maritime shipping. The bottleneck for a wider application of biofuels are the disclosure
of the sustainable feedstock potentials and the advancement and upscaling of the
production process of advanced biofuels. Key to the upscaling of the e-fuel production is,
independent of the fuel type, the upscaling of the hydrogen production and the renewable
electricity production.

3.1.3. Higher costs of alternative fuels compared to fossil fuels®!

Contribution to the problem

An important reason for the low uptake of zero-emission fuels and power by ships calling
EU ports is that the costs of these fuels are generally higher than the costs of fossil fuels.
This section quantifies the difference and explores how prices may react to growing
production volumes and other parameters. It quantifies the cost-effectiveness of fuels in
reducing CO, emissions from shipping and places this in the perspective of carbon prices
and renewables certificate prices in order to quantify the level of the carbon price or the
renewables certificate required to achieve price parity between renewable and zero-
carbon fuels on the one hand and fossil fuels on the other. Finally, the section identifies
the main drivers for the costs of fuels.

Note that various studies have different estimates of the costs of renewable fuels. One of
the causes of the variation between studies is that many fuels are not produced at a large
scale (because there is no or little demand) so market prices are not available. Instead,
studies frequently use engineering estimates with different assumptions about the costs of
various cost components, about economies of scale and about production location.
Another source of the variation, especially for e-fuels, is the variation in assumptions
about the price of renewable electricity. For biofuels, the price of biomass is a major
component for which the assumptions vary considerably.

Fuel categories

60  https://sustainablepower.application.marin.nl/.

61 This section is based on the following sources, except where other sources are cited:
CE Delft, 2020. Availability and costs of liquefied bio- and synthetic methane: The maritime
shipping perspective.
IRENA, 2019. Navigating the way to a renewable future: solutions to decarbonise shipping.
Ll oydds Regi s-EnassionVesfels 2030. IZogr doowe get there?
Maritime Knowledge Centre, TNO and TU Delft, 2020. Final Report: Assessment of alternative
fuels for seagoing vessels using Heavy Fuel Oil.
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For the discussion of the production costs of different alternative fuels for maritime
shipping it is useful to distinguish between the following fuel categories:

i Biofuels: Fuels, both liquid and gaseous, that are produced on the basis of
biomass feedstock. Included in this category are biomethane, biodiesel,
biomethanol, bio-ethanol;

i E-fuels: Fuels that are produced by means of the electrolysis of water into
hydrogen and oxygen. The hydrogen can be used as a feedstock for the
production of other e-fuels than hydrogen. It includes (green) hydrogen, e-diesel,
e-ammonia, e-methane, e-methanol and e-ethanol. If renewable electricity and
CO2 from renewable origin is used, the e-fuels are renewable fuels. However, if
the electricity and CO2 are from fossil origin, the associated CO2 emissions may
be higher than for fossil fuels (van der Giesen, Kleijn, & Kramer, 2014);

1 Fossil fuels: Fuels that are produced on the basis of oil, natural gas or coal.
Includes marine fuel oil (MFO),), heavy fuel oil (HFO) and liquid natural gas (LNG);

Y Recycled carbon fuels: These fuels can be used to fulfii renewable energy
targets for transport as part of the RED. T
fuels that are produced from liquid or solid waste streams of hon-renewable origin
which are not suitable for materi al recovert
data on production costs and emissions of recycled carbon fuels, they are not
included in this discussion and comparison.

Definition of costs

0 Cost s 6here ¢of tleer pgoduction costs of (sustainable) alternative fuels. Thus,
distribution costs and profit margins (which are included in fuel prices paid by ship
operators) are not considered in this section. These costs can be relatively small for drop-
in fuels, but much larger when a dedicated infrastructure is required. CE Delft and TNO
(2017) estimate that the bunkering infrastructure costs for LNG amount to 0.4 7 1.6
EUR/GJ if bunkering by bunker vessels is possible (representing a mark-up of 6% - 23%
of the fuel costs), and around 3 EUR/GJ if ships had to be supplied by trucks (a 40%
mark-up). For other fuels, the figures may be different depending on the energy density of
the fuel and the needs for refrigeration or compression.

From the perspective of ship operators, the additional costs of engines and fuel systems
may add to the costs of switching from fossil fuels to a sustainable fuel. These costs are
not considered here either. For drop-in fuels no retrofitting is needed. CE Delft and

Technopolis (2018) for exampl e, concl ude for bi of uel
requirements for ships seem to be very limited and therefore will not form the main cost
barriero. For ot her fuel s, e. g. l iquefied gas.

more costly than ships designed to sail on conventional fuels. The price difference of
ships depends on many factors and reliable estimates are only available for fuels that are
currently used in the market. CE Delft and TNO (2017) estimate the additional
newbuilding costs for LNG vessels to be 6% to 40% of the price, depending on the ship
type and size.

Furthermore, the energy efficiency of converting the fuel to useful mechanical energy
(work) in the ships is not taken into account here. If fuel-technology combinations are
compared, more energy-efficient propulsion systems will result in lower costs of useful
work.

Production cost of alternative fuels

We have conducted a literature study of the production costs of fossil fuels, biofuels and
e-fuels for maritime shipping, using various sources ( (E4tech, 2018); (Hydrogen Council,
2020); (IEA, 2020); (IEA Bioenergy, 2020); (Maritime Knowledge Centre, TNO and TU
Delft, 2020)). The resulting overview of fuel production costs is shown in Figure 3.4.
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Figure 3.4 Current production cost of sustainable alternative fuels vs. fossil fuels for maritime ships (black: fossil fuels of
fossil-fuel based; green: biofuels; blue: e-fuels with renewable electricity)

Source: authors, based on literature study. Fischer-Tropsch (FT) liquids are defined here as liquid fuels that are produced
using electrolysis.

This figure confirms that, in general, renewable maritime fuel production costs are
currently higher than those of fossil fuels. However, there is some overlap between the
production cost ranges, suggesting that, under specific circumstances, biofuels and e-
fuels may already be able to compete.

The production cost ranges of biofuels and e-fuels are larger than those of fossil fuels. For
a part, this is caused by the fact that production systems for biofuels and e-fuels have a
shorter history and are subject of on-going research, which is likely to bring learning
effects. For biofuels, this also relates to the variety of biomass feedstocks and feedstock
prices and the variety of production technologies in existence. For e-fuels the large ranges
also relate to the uncertainty about renewable electricity costs, which are linked to
electricity market price developments. The electricity costs form a major part of the
production costs of e-fuels. This becomes apparent from the analysis of the current
levelised costs of e-methane by (ENEA, 2016), which is shown in Figure 3.5. They have
estimated the share of electricity costs in e-methane production at 47%.
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Figure 3.5 Cost-break down of levelised cost of e-methane

Source: ENEA (2016)

Future development of fuel production cost

The current costs of renewable and low-carbon fuels are much higher than those of
conventional fuels. However, some projections show that the gap may decrease.

1 IRENA (2019) projects that biofuels (both bio-alcohols and diesel substitutes of
biological origin such as HVO and FAME) may become 30% cheapter in 2050
compared to 2018. The price development crucally depends on the biomass feedstock
price. IRENA (2019) indicates that when there is much competition for biomass, the
price reduction may be smaller or may not occur at all.

9 E-fuels will become cheaper driven by lower prices of renewable electricity (wind and
solar-PV). IRENA (2019) projects that prices in 2050 may be up to 70% lower than in
2018 for e-methanol, e-ammonia and e-liquefied hydrogen. This projection crucially
depends on further reductions in the costs of renewable electricity.

The projected production cost reductions are dependent on increased demand for inputs
and fuels. Without increases, learning effects which bring down costs will not be realised.

Even with these cost reductions, renewable and low-carbon fuels are still projected to be
more costly than fossil fuels currently are.

Production cost per ton of CO2 reduction

Sustainable fuels are generally more expensive, but also result in lower direct and indirect
greenhouse gas emissions. The estimation of the production cost of alternative fuels per
ton of CO2 reduction provides insight in the costs for the maritime shipping industry to
reduce its CO2 emissions. To carry out this estimation, we have executed the following
steps:

1 Collection of emission factors: We have collected from various sources well-to-
wake (WtW) CO2 emissions of fossil and alternative fuels for maritime shipping,
which are expressed in gram CO2-equivalents per MJ of fuel;

9 Selection of reference fuel: To calculate CO2 reduction values, a reference fossil
fuel needs to be selected. Because very low suplhur fuel oil (VLSFO) is currently
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the dominant fuel in global maritime shipping, we have chosen VLSFO as the
reference fuel;

Calculation of reduction in CO2 emissions: For each alternative fuel, we have
calculated the CO2 reduction (in g/MJ) by taking the difference between the WtwW
emission factor of the alternative fuel and that of the reference fuel. To simplify the
estimation, we assume that conversion efficiencies of the fuels are the same. We
have calculated a range, taking into account the emission factor ranges. The used
emission factors for e-fuels are based on the assumption that renewable electricity
is used,;

Calculation of the production cost per ton of CO2 reduction: The production cost
values per ton of CO2 reduction (in
production cost val ues (in 0/ GJ) by the CO2
multiplying by thousand. We have calculated the full range, taking into account the
production cost and CO2 reduction ranges.

The outcome of the estimation is given by Figure 3.10.

e-Liquid hydrogen

e-Liquid ammonia

Bio-methanol

FT-liquids |
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Figure 3.10 Current production cost per ton of CO2 reduction for alternative marine fuels

Source: authors, based on literature study

We can observe that the production cost per ton of CO2 reduction are high, compared to
recent EU ETS carbon prices, which wereintherange of 25 4/ ton. For bic
ues of the ranges are 150 to 180 du/ton and

a/ t enu.elsor tehe | owest val ue c ahydreagenpangéd i s a
the highest value is almost 3,500 G / t o n -lfgh@ids) Thd-Highest values are based on
the highest production cost estimates and the lowest CO2 emission reduction estimates.
The production cost values have the highest influence. Considering that production costs
can drop significantly over time due to mass production and economies of scale, the
maximum values will decrease over time.

v al
900

Carbon-adjusted production costs

If maritime fuels become part of the EU ETS system, fuel costs will be increased with a
cost component related to the purchase of EU emission allowances to cover the CO2
emissions associated with the fuel consumption. As sustainable fuels have lower CO2
emissions, this cost component will be lower for sustainable fuels than for fossil fuels. It is
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interesting to assess if projected ETS carbon prices will be able to close the gap between
the cost of fossil fuels and alternative fuels.

To estimat eadjhestoedd bpmoducti on cost of differe
assume an ETS carbon price range. Market analysts have reduced their forecasts of
average ETS carbon prices due to the corona cr
2022.2 The International Emissions Trading Association (IETA) forecasts an average
carbon price of 32 0/ tsoThe EutopeanoGragr Dealtprojects e 2 020
prices ranging from 32 to 65 EUR/tonne CO2 by 2030 (EC 2020). Considering this, we
have assumed a carbon price range of 30 to 60 I

The carbon-adjusted production costs are calculated as follows. For each fuel, the CO2
emssi on factor (in g/ MJ) is multiplied by the
thousand. The resulting carbon cost component
An overview of the carbon-adjusted production cost of different fuels is provided in Figure

3.11.

When we compared this overview with that of the production costs without carbon cost
component from Figure 3.4, we see little change in the relative height of production cost of
fossil fuels versus alternative fuels. Although the overlap between the cost ranges of the
fossil fuels on the one hand and e-hydrogen, e-ammonia and biofuels has increased
visibly, alternative fuels are still generally more costly to produce than fossil fuels.

62 https://www.reuters.com/article/us-eu-carbon-poll/analysts-cut-eu-carbon-price-forecasts-as-
coronavirus-causes-demand-slump-idUSKCN2261GO.

63 https://www.edie.net/news/6/EU-carbon-price-set-to-rise-to-EUR32-by-2030--but-experts-say-
EUR81-necessary-to-achieve-net-zero-in-the-UK/.
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Figure 3.11 Carbon-adjusted production cost of marine fue | s , assuming a carbon price of

Source: authors
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Effect on biofuel certificate prices

The European Commission has given Member States the possibility to initiate a market for

biofuel certificates (biotickets), which can be traded between fuel suppliers in order to

prove compliance with both the Renewable Energy Directive and the Fuel Quality

Directive (EUROPIA, 2017). Various EU countries have set up such a markets, but these

are national and young markets. Biofuel certificates are traded bilaterally between

producers, traders and suppliers. As a result, biofuel certificate prices are volatile. For the

same reasons, prices are not published, and price data is hard to find. In the Netherlands,

the tradable renewabl enieentewhgayr eu nB rtasn d(sctaolfleeedn héeH
was worth between 5.5 an-g8018(GraehgaslNedemandt 20¥6). per i od

Prices of biofuel certificates are determined by supply and demand of renewable fuels and
the price difference between renewable fuels and fossil fuels (Groengas Nederland,
2016). This is because fossil fuel suppliers that choose to buy certificates instead of
producing renewable fuel themselves will be willing to pay up to the difference between
the production cost of the renewable fuel and the fossil fuel for those certificates. Thus,
the prices of tradable renewable energy units can be expected to approach the difference
between fossil fuel prices and renewable fuel prices.

If we take the difference between the carbon-adjusted production cost of alternative fuels
and that of a reference fuel, we obtain an indication of the height of biofuel certificate
prices. Again, we take HFO as the reference fuel, being the main marine fuel used. In
Figure 3.12, the estimated biofuel certificate prices are depicted.

We can see that under favourable conditions, such as a high carbon price and low
renewable energy production costs, the required biofuel certificate price is zero. Under
unfavourable conditions, however, certificate price could reach 30 0/ GJ, or even
higher values, in case of e-methane, e-methanol and Fischer-Tropsch liquids.

FT-liquids
e-Methanol
e-Methane
e-Hydrogen
e-Ammonia
Bio-LNG I
Bio-ethanol [N
Bio-methanol |
Biodiesel |HNNNENEN

0 50 100 150 200 250
Required biofuel certificate price (€/GJ) a

Figure 3.12 Required biofuel certificate price to bridge the gap with the cost price of the reference fuel and alternative fuels

Source: authors

Prioritisation of alternative fuels

Based on the above production cost analysis of alternative fuels, biofuels are most likely
to become competitive with fossil fuels. E-fuels are currently more costly to produce, with
production cost levels being more uncertain. On the shorter term, biofuels appear the
more cost-effective alternative to fossil fuels in maritime shipping. On the longer term, the
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development of supply of and demand for biomass feedstock and renewable electricity
play a major factor in the relative financial attractiveness of biofuels and e-fuels. We go
into more detail on production cost drivers below.

Drivers of production costs

The table below provides an overview of drivers of production costs of fuels, which are
described below per fuel category. These drivers apply to the production of fuels in
general; they are not unique for maritime shipping fuels.

Table 3.5 Overview of cost drivers for the production of different fuel categories

All fuels Capital cost of fuel  production technologies

Operation and maintenance cost
Process energy cost
Scale of production

Biofuels Biomass feedstock prices
Availability of sustainable biomass
E-fuels Renewable electricity price
Electrolyser load factor and price
Fossil fuels Oil and natural gas prices

Carbon price

All fuels

i Capital cost of fuel production technologies: The production cost of a fuel
consists of two main components: the purchase cost of the main energy input
(which varies between fuel categories and are therefore described below) and the
capital cost of the fuel production system. The capital costs need to be earned
back over the lifetime of the production system. The level/lamount of the capital
cost component in the fuel production cost depends on the annual production
volume, system lifetime and the purchase, and installation cost of the production
system. The production system may consist of different production facilities that
are used to execute different conversion steps. For immature technologies, capital
costs are relatively high. This is currently true for electrolysers and biomass
gasification technologies;

I Operation and maintenance cost: Newer technologies may be subject to higher
maintenance costs. Complicated production processes that require a lot of human
operation and monitoring will have higher operation cost;

i Process energy cost: Different fuel production systems require different levels of
auxiliary electricity and heat input. This process energy could be produced using
(intermediary) production of the own production process, which lowers the fuel
production volume, produced within the compound of the production location (e.g.,
solar panels, geothermal energy) or purchased. High-temperature heat is generally
more expensive than low-temperature heat;

I Scale of production: Most if not all fuel production systems benefit from
economies of scale: with larger installations the capital cost of the production
system increases less than the produced volumes, resulting in lower capital cost
per unit of fuel produced. This effect is smaller for scalable production systems.
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Biofuels

Y Biomass feedstock prices: The biomass feedstock prices are a major cost
component in the production of biofuels. The prices of residual biomass types such
as agricultural plant residues and manure are generally lower than those of wood
from forests or energy crops. Sustainable biomass, which is proven through
sustainability certificates, is more expensive than unsustainable or non-certified
biomass. Biomass feedstock prices are influenced by global supply and demand
developments;

1 Availability of biomass feedstock: The demand for sustainable biomass is
expected to rise as countries and industries strive to meet renewable energy and
carbon emission reduction targets, but the availability of sustainable biomass is
limited. The amount of land available for growing energy crops and wood for bio-
energy is scarce, and bio-energy production should not go at the expense of food
production. The potential of algae production in oceans is immense in theory, but
yet unproven on a large scale (CE Delft, 2020).

E-fuels

Y Renewable electricity price: The cost of electricity is a major part of the e-fuel
production cost. To produce sustainable e-fuels, the electricity should originate
from renewable energy sources such as wind and solar. Wind and solar energy
have become much cheaper in the last two decades, along with increasing
penetration levels. Wind and solar power are expected to gain a dominant market
share in the future, which may further reduce renewable electricity prices.
However, if subsidies are lifted, price-setting fossil fuel plant leave the market, and
balancing costs are paid by the market, the prices may not drop as much as
originally expected;

1 Electrolyser load factor: Although the capital costs of electrolysers are expected
to decrease with increasing uptake, low electrolyser load factors will still result in a
high capital cost value per unit of fuel. Many studies have shown that a high load
factor is essential for cost-competitive production of e-fuels. However, higher load
factors result in higher electricity purchase prices. Thus, a trade-off exists between
a high electrolyser load factor and low electricity costs. For isolated, integrated
wind/solar-electrolyser systems, the load factor is limited by the hour-by-hour
energy production of the wind/solar park.

Fossil fuels

1 Oil and natural gas prices: Oil and natural gas prices are influenced by global
supply and demand developments (including financial and health crises), geo-
politics, discovery of new reserves, and development of extraction technologies.

I Carbon price: A price on the emission of carbon in the process of production
and/or consumption of fossil fuels could result in higher oil and natural gas prices.
Therefore, this driver is related to the previous one. Carbon prices for maritime
shipping fuels do not yet exist. Their introduction could improve the cost-
competitiveness of sustainable fuels, but there is a risk of carbon leakage if the
carbon price is not introduced in the rest of the world.
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3.1.4. High interdependency with supply and distribution

Not all fuels are fully fungible with existing ships. Some fuels require specific investments
in tanks, piping or engines. Table 3.6 provides an overview of the modifications required
by ships when switching fuels.

Table 3.6 Modifications required by existing ships to be able to sail on sustainable
fuels

HFO/MGO-fuelled LNG-fuelled ship Diesel-electric driven
ship Slalle

e-methanol

e-methane (liquefied)

e-hydrogen
(compressed or
liquefied)

e-ammonia
(compressed or
liquefied)

Bio-methane
(liquefied)

Bio-ethanol

Bio-methanol

Biodiesel

Minor modifications in
engine, tanks and piping,
including provision of inert
gas to tanks

Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol
Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methane
Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of hydrogen

Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of ammonia

Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methane

Minor modifications in
engine and piping

Minor modifications in
engine, tank and piping,
including provision of inert
gas to tanks

Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol

No or minor modifications
required

Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol

No modifications required

Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of hydrogen

Minor to moderate
modifications to tank,
piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of ammonia

No modifications required

Minor modifications in
engine and piping
Major modifications in
engine, tank and piping
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol

Major modifications to
tank, piping and engines
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Minor modifications in
engine, tanks and piping,
including provision of inert
gas to tanks

Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol
Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methane
Major modifications to
tank, piping and engines
Possibly replacement of
generator by of fuel cell
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of hydrogen
Major modifications to
tank, piping and engines
Possibly replacement of
generator by of fuel cell
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of ammonia
Major modifications to
tank, piping and engines
Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methane
Minor modifications in
engine and piping

Minor modifications in
engine, tank and piping,
including provision of inert
gas to tanks

Changes in cargo
capacity or bunkering
frequency because of
lower volumetric energy
density of methanol

No or minor modifications
required
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If the investments result in a ship requiring a certain fuel (e.g. because the new tanks will
be contaminated or piping clogged if other fuels are used), a shipowner will want to have
certainty that the fuel is available in all the port a ship visits.

Some ships can use the existing storage and bunkering infrastructure, while others
require dedicated infrastructure or a separate bunkering system because of the physical
or chemical properties of the fuels. Biodiesel and e-diesel can probably be blended and
used in existing bunkering infrastructure. Methanol and ethanol are soluble in lighter
petroleum-based fuels, up to a limit, but may cause instability when blended with heavy
fuel oil. For that reason, a dedicated infrastructure could be required. This is also the case
for hydrogen, ammonia and liquefied biomethane and e-methane, which all need to be
cooled and/or compressed. For hydrogen and ammonia, explosiveness respectively
corrosiveness and toxicity need to be managed.

Table 3.7 summarises the extent to which existing storage and bunkering infrastructure
can be used for renewable and low-carbon fuels.

Table 3.7 Modifications to port storage and bunkering infrastructure required for
renewable and low-carbon fuels

_ HFO/MGO - bunkering LNG-bunkering
infrastructure infrastructure

Minor modifications to Not suitable

e-methanol
infrastructure; possibly larger
bio-methanol storage needs
bio-ethanol
e-methane (liquefied) Not suitable No modifications required
bio -methane (liquefied)
e-hydrogen (compressed or Not suitable Major modifications in order to
liquefied) store at lower temperatures,
keep pressurised
e-ammonia (compressed or Not suitable Major modifications requi  red to
liquefied) account for corrosiveness and
toxicity
Biodiesel No or minor modifications Not suitable
required

Sources: TNO 2020%; Alfa Laval et al., 20205

This means that in addition to the investment in ships, a transition to zero-carbon fuels
requires significant investments in production of those fuels as well as ships as in a supply
chain and in bunkering infrastructure. UMAS (2020) estimate the investments required for
transitioning to e-ammonia amount to USD 1.4 to 1.9 trillion, depending on whether
ammonia is produced from natural gas with CCS or from e-hydrogen.s Between 85% and

64 TNO 2020 Green Maritime Methanol: Operation aspects and the fuel supply chain, TNO Report
R11105

8  Alfa Laval, Hafnia, Haldor Topsoe, Vestas, and Siemens Gamesa 2020 Ammioafuigldustrial view
of ammonia as a marine fuéttps://www.topsoe.com/hubfs/DOWNLOADS/DOWNLOADS%20
%20White%20papers/Ammonfuel%20Report%20Version%2009.9%26URA03 update.pdf

66 UMAS 2020, Aggregate investment for the decarbonisation of the shipping industry,
https://www.globalmaritimeforum.org/content/2020/01/Aggregate-investment-for-the-
decarbonisation-of-the-shipping-industry.pdf.
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89% of this investment is required for assets to produce, transport and supply fuels and
the remainder for ship- and engine modifications. Hence, the capital costs for shipping
companies would amount to approximately USD 200 billion globally in the period up to
2050. A fuel producer or supplier that makes the investment will want to ensure that there
is sufficient demand for the fuel he produces or supplier, in order to make a return on
investment.

Hence, demand and supply are closely interconnected.

The development of the LNG-fuelled fleet and the LNG bunkering infrastructure is a case
in point. LNG requires ships with special tanks, piping and engines. It is most cost-
effective to supply LNG to these ships with a bunker vessel, but this requires a significant
investment which can only be earned back when there is sufficient demand. When bunker
vessels are not available, LNG is often delivered by trucks (CE Delft and TNO, 2014).
Table 3.8 shows that it has taken about half a decade before the increase in the number
of LNG-fuelled ships resulted in the deployment of LNG bunker vessels in ports. Note that
throughout this period, LNG was cheaper than HFO per unit of energy, except for in 2016
(DNVGL (2020), Alternative Fuels Insight) and significantly cheaper than MGO for the
entire period.

Table 3.8 Development of the LNG-fuelled fleet and the LNG bunkering
infrastructure globally

LNG ships LNG bunker vessels

2010 18 0
2011 22 0
2012 32 0
2013 43 1
2014 53 2
2015 70 2
2016 88 2
2017 105 5
2018 130 10
2019 162 13
2020 171 16

Source: DNVGL (2020), Alternative Fuels Insight.

3.1.5. Split incentives with respect to investments in clean
technologies and the possibility of bunkering outside the
EU

A large share of the fleet is owned by a different party than the one that pays for the fuel in
operation (Stopford 2009). Ships can for example be on a time-charter where the
company operating the fleet and paying for the fuel charters the ship from the owner. This
potentially creates a split incentive with regards to investments in fuel efficiency. If a ship
owner orders a more fuel-efficient ship or invests in her ship to make it more fuel-efficient,
she does not benefit directly from its lower fuel consumption. Indirectly, she may benefit if
she can command higher charter rates for a more fuel-efficient ships.

The literature on the split incentive suggests that only a share of the benefits of lower fuel
consumption are passed on to the owner: Angolucci et al. (2014) found that in panamax
bulk carriers, about 40% of the value of fuel savings was passed on in charter rates.
Adland et al. (2018) found that more efficient ships command higher prices on the second-
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hand market. Hence, it appears that a share of the benefits is passed through in the value
of the ship, but not all. This means that MACCs and other techno-economic analyses
portray a too optimistic picture of the cost-effectiveness of emission reductions, or,
conversely, that financial incentives for efficiency improvements will not result in the
efficiency improvement suggested by the MACC. Regulatory efficiency improvements do
not suffer from the split incentive if they require ships to use fuel with a certain quality or
meet a certain fuel- or carbon-efficiency standard.

CE Delft et al. (2012) estimates that 70%-90% of ships are on time charter and that half of
the costs of investments can be recouped by the owner.

All policies addressing the fuel choice of ships must take into account that ships can sail
up to six or eight weeks on a bunkering. This depends on many different parameters, such
as the size of the tanks, the speed at which the ship sails, whether the ship is loaded or in
ballast, et cetera. However, it is clear that ships engaged in voyages to and from
destinations outside the EU have the choice to bunker in non-EU ports. Policies aimed at
fuels in EU ports which result in higher bunkering costs in the EU will therefore suffer from
carbon leakage. An indication of the sensitivity of bunkering location to prices is given by
the experience in California, which introduced a fuel tax on marine fuels in the 1990s
which coincided with a decline in bunkering volumes. LOA (2001) finds that at least a part
of the decline was due to the fuel tax.

The size of fuel tanks varies significantly, even for ships with a similar size. Figure 3.13
shows this for bulk carriers. For example, the bunker fuel tank size for bulk carriers of
around 180,000 dwt varies from 3000 m3 to 8300 m3. In general, larger ships tend to
have larger fuel tanks.

Fuel Oil Capacity of tanks of bulk carriers
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Figure 3.13 Bunker fuel tank size of bulk carriers

Source: Clarksons World Fleet Register.

We have compared the average size of the fuel tank with the average annual fuel
consumption that ships had in 2018 and the distance they sailed. Table 3.9 shows how far
selected ship categories can sail on a fuel tank. For most ships, this is well in excess of
20,000 nm, which allows them to reach important bunkering ports like Fujairah (7000 nm
from the main bunkering port in the EU, Rotterdam), Singapore (9300 nm from Rotterdam)
and Houston (6200 nm from Rotterdam).
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Table 3.9 Distance that can be sailed on a full bunker fuel tank

Ship type Unit Distance on one fuel
tank 1000 nm

Bulk carrier 0-9999

Bulk carrier 10000 -34999 dwt 33
Bulk carrier 35000 -59999 dwt 31
Bulk carrier 60000 -99999 dwt 31
Bulk carrier 100000 -199999 dwt 33
Bulk carrier 200000 -+ dwt 35
Container 0-999 teu 38
Container 1000 -1999 teu 32
Container 2000 -2999 teu 33
Container 3000 -4999 teu 31
Container 5000 -7999 teu 30
Container 8000 -11999 teu 33
Container 12000 -14499 teu 38
Container 14500 -19999 teu 46
Container 20000 -+ teu 50
Oil tanker 0-4999 dwt 16
Oil tanker 5000 -9999 dwt 13
Oil tanker 10000 -19999 dwt 10
Oil tanker 20000 -59999 dwt 11
Oil tanker 60000 -79999 dwt 14
Qil tanker 80000 -119999 dwt 17
Oil tanker 120000 -199999 dwt 19
Qil tanker 200000 -+ dwt 28

In addition to the distance that ships can sail on one bunkering, we note that about two
thirds of the fuel used on ships in the scope of the EU MRV was on voyages from an EEA-
port to a non-EEA port or vice versa. These ships do not have to make a detour to bunker
outside the EEA. This means that ships engaged in international voyages have ample
opportunities to bunker at non-EEA ports.

In sum, because of the split incentive shipping companies cannot be expected to pass on
all the cost increases associated with renewable fuels to their clients. In particular, the
capital expenditures may not be fully recoupable. Because of the possibility to bunker
outside the EU, policies aiming to address the fuel choice of ships should focus on fuel
used on voyages to and from EU ports rather than on fuel supplied in EU ports and waters
or by EU-registered fuel suppliers.

.How would the problem evolve i the baseline
scenario

This section analyses how the problems would develop in the absence of EU policy. It first
analyses the impacts of respectively voluntary initiatives in the shipping sector (Section
3.2.1); national policies (Section 3.2.2); EU policies (Section 3.2.3); current (Section 3.2.4)
and future IMO policies (Section 3.2.5). Section 3.2.6 concludes on the future uptake of
renewable fuels in the absence of additional policies.
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3.2.1. The impact of voluntary initiatives on the problem drivers
and the problems

The shipping sector knows several voluntary initiatives aiming at reducing emissions or
incentivising the uptake of renewable or low-carbon fuels.

1. Individual trials of renewable and low-carbon fuels. CE Delft and Technopolis
(2018) counted 14 trials of biofuels between 2004 and 2018 and Annex Il includes
four case studies of other fuels;

2. Group initiatives and pledges (UNEP 2020).e Getting to Zero Coalition of the
Global Maritime Forum: a collaboration of approximately 140 corporations focused
on achieving the goal of there being scalable zero carbon energy solutions for
international shipping available from 2030 and a pledge of major shipping
companies to deploy zero-emission ships from 2030. Poseidon Principles: a
commitment to transparent annual reporting of portfolio operational carbon
intensity relative to an interpretation of
representing approximately 30% of the capital invested in international shipping.
Sea Cargo Charter: a commitment to transparent annual reporting of scope 3 /
supply chain operational carbon intensity r
initial strategy by charterers and cargo owners.

These initiatives (when involving renewable and low-carbon fuels) are important to build
experience with these fuels, both technically and operationally. They help develop class
rules and technical requirements for storage on board and handling of these fuels. They
sometimes involve building supply chains and developing commercial contracts for the
supply of fuels.

However, because of the high costs of renewable and zero-carbon fuels (see Section

3.1.3), these initiatives cannot result in a significant uptake of renewable fuels by

themselves. The Getting to Zero Coalition recognises in its communication the need for

both O6mas&«@éti ncentivesd and the righ20208inhegul at
order to achieve the aim of having commercially viable zero-emission vessels on deep

sea trade routes by 2030. One of the <coalitionbs me mb ¢
introduction of a worldwide USD 250 i 300 carbon levy.s

This is supported by the stakeholder consultation. Most stakeholders who responded to
the survey agreed that policies aiming to increase the demand for sustainable or low-
carbon fuels are very relevant or relevant.

In sum, voluntary initiatives can address the barrier of the low maturity of fuels and reduce
technical and operational risks. They cannot, however impact the costs of renewable and
zero-carbon fuels, the predictability of the regulatory framework or the interdependency
between supply and demand.

67 UNEP 2020 Emissions Gap Report.

68  Jose Maria Larocca and Rasmus Bach Nielsen, 2020, Time for a carbon levy on shipping fuel,
Financial Times 25 September 2020, https://www.ft.com/content/6647bd84-0d2b-4c14-b62c-
e6bd80ff40e4.
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3.2.2. The impact of national policy initiatives on the problem
drivers and the problems

There are several national policy initiatives in EU Member States which could have an
impact on the fuel choice of ships. These fall into two broad categories:

1. National policies implementing EU law, in particular;

2. Policies initiated in the context of the Alternative Fuels Infrastructure Directive
(2014/94/EV);

3. National Energy and Climate Plans in the context of the Regulation on the
governance of the energy union and climate action (EU/2018/1999); and

4. Other national policies aimed at addressing the environmental impacts of shipping.

Each of these groups of policies will be discussed below and the impacts on future fuel
choices will be analysed.

National policies implementing EU law

The directive on the deployment of alternative fuels infrastructure (AFID) includes
requirements for the construction of the infrastructure necessary for the use of alternative
fuels of the maritime sector. AFID requires Member States to construct a LNG bunkering
network which covers the TEN-T core network. Also, member states must ensure the
deployment of Onshore Power Supply (OPS) in the TEN-T core network ports unless
60t her e i s no demand and t he cost s ar e
environment al benefitso ( EC, 201 4AFID, aA €U
members have formulated National Policy Frameworks (NPFs), in which they have stated
both the present state and 2025 targets. AFID does not include requirements for the
infrastructure of renewable and low-carbon fuels.

Based on an analysis of the NPFs, it is clear that the majority of EU members intends to
offer LNG bunkering at TEN-T core ports in 2025. However, not all countries formulated
goals and the ambitions do not seem to cover the entire TEN-T core network. In Section 2
the current situation as well as the 2025 targets for LNG bunkering at maritime ports are
shown.

Many countries have investigated the economic viability of OPS infrastructure at specific
ports (EU Member States, 2016/2017). For multiple countries the results of these studies
were a reason not to formulate targets for OPS infrastructure. Some of the barriers which
were mentioned were economic viability, low demand from ships and insufficient local
power. Also, some countries still were waiting for the results of feasibility studies at the
time of reporting. Since the AFID allows Member States not to deploy OPS in case it is not
economically viable the realisation of OPS infrastructure, three Member States have
formulated goals for 2025, and these goals do not always specify whether the OPS is low-
or high-voltage and whether it is for inland or sea-going ships. Also, no distinction is made
between the amount and type of vessels that can make use of the OPS.

With respect to other low-carbon marine fuels,® most countries did not formulate concrete
targets. In most NPFs, alternative fuels for maritime shipping were not mentioned. Some

69 Such as biofuels, batteries, methanol, methane, hydrogen and ammonia. For all of these fuels
it is important to note that they are only low-carbon when they are produced sustainably form
renewable sources.
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countries indicated that they have built one or more low-carbon seagoing vessels, but the
corresponding infrastructure requirements were mostly lacking from the discussion.”

Based on these findings, it seems likely that, without additional EU policy, OPS
infrastructure will only be realised in specific clusters such as the Baltic Sea.™

The National Energy and Climate Plans (NECPs) outline how Member States intend to
address energy efficiency; renewables; greenhouse gas emissions reductions;
interconnections; and research and innovation. The greenhouse gas emission reductions

are l'inked to t he EUOG s nationally deter mi ned

Agreement, which excludes emissions from maritime bunkers. Consequently, NECPs do
not contain references to maritime transport.

National policies aimed at addressing the environmental impacts of shipping

In recent years, after AFID was implemented, some individual countries have formulated
national strategies for the decarbonisation of the maritime sector. We have identified
strategies from The Netherlands, Sweden, Norway and the UK, while several other
countries have indicated that they are working on national strategies and may publish
them later in 2020. In these country plans, more information about low-carbon fuels is
included. The Netherlands aims for at least one zero-emission seagoing vessel in 2030
and 70% absolute reduction in carbon emissions from maritime shipping relative to 2008
in 2050 (Dutch state and stakeholders, 2019). The UK aims that all newly built ships are
suitable for zero-e mi ssi on propul sion technologi es

and tF

operatoninUKwat ersd from 2025 onwards. With respect

6l ow or Zero emission mari ne fuel bunker.i

(Department for Transport, 2019) . Nor way
domestic shipping and fisheries by half by 2030 and promote the development of low- and

ng op
f or mul

zero-emi ssion solutions for all vessel <categories

It can be concluded that, without additional EU policy, it is unlikely that zero-emission
marine fuels will be adopted at a larger scale than today in the next decade. The example
of LNG infrastructure shows that even with an EU policy framework it takes a long time
before the necessary infrastructure is in place. Since both OPS and all low-carbon marine
fuels are at the moment not cost-competitive, it is unlikely that without additional policy the
required transition will happen in time.

70 Specifically, the Finnish NPF mentions that at least four vessels under the Finnish flag could
use biofuel, with the ambition to increase the ship use of biofuels by four or five times by 2021
with respect to the time of writing. Also, it was mentioned that a couple of electric vessels are
operating in Finland, with plans to expand the electric fleet (Finnish government, 2017). The
Swedish NPF mentions the Stena Line, which was converted so that the engines run on
Methanol (Swedish Government, 2016).

L The ports of Tallinn, Stockholm, Helsinki and Turku have signed a Memorandum of
Understanding aiming for a common approach for OPS.

”? We are also aware that the I|Italian government has

Environment al Pl anning Document s o fwhichhisstobearr t

framework for the decarbonization of Italian ports. As the documents are in Italian, we are
currently analysing the precise content (Government, 2019).

64

Syst e



Assessment of impacts from accelerating the uptake of sustainable alternative fuels in maritime
transport

3.2.3. The impact of EU policies on the problem drivers and the
problems

EU Emissions Trading System

The European Union Emission Trading System (EU ETS) was set up in 2005 and is a tool

from the European Union to reduce the emissions of man-made greenhouse gases which

are responsible for warming up the planet and
first international emission trading system.

The EU ETS works on the 6cap and traded princi
greenhouse gases that can be emitted by installations which are covered by the system.
The cap is reduced over time so that the total emissions will decline. Companies receive
or buy emission allowances, which they can trade with each other in case needed. There
is also an option to buy limited amounts of international credits from emission-saving
projects around the world. The limit on the total number of available allowances ensures
that they have a certain value. Each year the companies must surrender enough
allowances to cover all their emissions. When a company has a lack of allowances fines
are imposed. In case a company reduces its emissions, it can keep the spare allowances
to cover its future needs or sell them to another company that is short of allowances. This
approach gives companies the flexibility they need to cut their emission in the most cost-
effective way. (European Commission, 2020) (European Commission, 2016)

By the introduction of the EU emission trading system, a carbon price is created. This
system increases the expenditure, while income remains constant for the same amount of
transport and greenhouse gases. In this way, the system promotes the investment in
clean and low-carbon technologies. There are plans to include the shipping industry in the
EU Emission Trading System, but this is not yet the case.

The current Commission announced a proposal to include shipping in the EU ETS. In the
event that the EU ETS will be applied to the shipping industry, ships need to surrender
allowances for their emissions in the scope of the system and this will add to the costs of
using fossil fuels. As shown in Section 3.1.3, the cost prices of renewable and low-carbon
fuels are higher than the prices of fossil fuels. The difference ranges from 150 to 3450
EUR/tonne CO; reduced (see Table 3.10). It is possible that the price difference reduces
in the future as a result of learning effects in the production of these fuels, but these
learning effects depend on the demand for these fuels which, in the absence of regulation,
is unlikely to increase.

Table 3.10 Costs of fuels per tonne of CO; emission reduction

Cost - effectiveness (EUR/tonne of CO:z2 reduced)
| lowestmae | Highestmae |
160 930

Biodiesel

Bio-methanol 150 440
Bio - ethanol 180 830
Bio-LNG 180 880
e-Ammonia 310 680
e-Hydrogen 210 560
e-Methane 500 1660
e-Methanol 380 2300
FT-liquids 430 3450

Source: authors, based on literature study. See Section 3.1.3. Fischer-Tropsch (FT) liquids are defined here as liquid fuels
that are produced using electrolysis.

The price difference is at least 2.3 times as high as the highest estimate of ETS allowance
prices in 2030, which range from 32 to 65 EUR/tonne CO2 (EC 2020). The cost-
effectiveness in Table 3.10 does not take the costs of ship modifications or the higher
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newbuilding costs into account. Hence, it can be considered as a low estimate of the
carbon price required to incentivise a fuel switch at present. In the future, when cost prices
are expected to decrease, the carbon price required to incentivise the uptake of low- and
zero-carbon fuel may be lower. Consequently, it can be concluded that the ETS may
reduce the price gap between fossil fuels on the one hand and renewable and low-carbon
fuels on the other, but will not bridge the gap.

EU Monitoring, Reporting and Verification (MRV) of CO2 emissions

The European Union MRV Regulation (Regulation (EU) 2015/757 on the monitoring,
reporting and verification of carbon dioxide emissions from maritime transport, and
amending Directive 2009/16/EC) entered into force on the 1st of July 2015.

As from the 1st of January 2018, ships over 5,000 gross tonnage loading or unloading
cargo or passengers at ports in the European Economic Area (EEA) are required to
monitor their CO, emissions, fuel consumption and other parameters, such as travelled
distance, time at sea and amount of cargo carried on a per voyage basis, so as to gather
annual data into an emission report submitted to an accredited MRV shipping verifier.

As from 2019, at the latest by 30st of April of each year, companies shall, through THETIS
MRV, submit to European Commission and to the Flag States in which those ships are
registered a verified emission report for each ship that has performed maritime transport
activities in the European Economic Area in the previous calendar year.

As from 2019, at the latest by 30st of June of each year, companies shall ensure that all
their ships which have performed cargo operations in the previous reporting period and
are visiting ports in the European Economic Area carry on board a document of
compliance issued by an accredited verifier in THETIS MRV. This obligation might be
subject to inspections carried out by Member St

The European Commission publishes every year a report to inform the public about the
CO; emissions and energy efficiency of the monitored fleet. (European Commission,
2020) (European Commission, 2020)

The EU MRV is a monitoring and reporting system and does not specify any limits on the
amount of CO, emissions or fuel consumption. Since the EU MRV does not set any limits,
it is not expected that the EU MRV will lead to more use of alternative fuels or shore
power by both existing and newbuilding ships. However, the amount of annual CO:
emissions of every ship above 5,000 gross tonnage which load or unload cargo or
passengers in ports in the European Economic Area are published online and is free
available for everyone (EMSA THETIS MRV, 2020). There is a possibility that this
publicity lead to pressure on shipping companies to reduce CO, emissions. Besides the
use of alternative fuels, there are also other ways to reduce CO> emissions. This possible
pressure from outside does not necessarily lead to the use of alternative fuels.

3.2.4. The impact of existing IMO policies on the problem drivers
and the problems

Several existing IMO policies can be considered to have an impact on the fuel choice of
ships. These are:

1 IMO Sulphur regulation under MARPOL Annex VI Regulation 14; and

1 The Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency
Management Plan.

This section analyses the impacts of these policies on fuel choice.
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IMO Sulphur Regulation

SOx and particulate matter emission controls apply to all fuel oil combustion equipment
and devices on board, which include main and auxiliary engines together with items such
as boilers and inert gas generators. A difference is made between the limits of SOx and
particulate matter inside and outside so-called Emission Control Areas (ECASs). The fuel
oil sulphur limits have been subject to a series of step changes over the years, which are
shown in Table 3.11, ECAs are in the North- and Baltic Seas, as well as along the US and
Canadian coast.

Table 3.11 Overview of sulphur limits outside and inside the ECA

Outside ECA Inside ECA

4.50% m/m prior to 1 January 2012 1.50% m/m prior to 1 July 2010
3.50% m/m on and after 1 January 2012 1.00% m/m on and after 1 July 2010
0.50% m/m on and after 1 January 2020 0.10% m/m on and after 1 January 2015

Source: IMO (2020).

The increasingly strict sulphur limits both inside and outside the ECAs have led to a shift
in fuel consumption. Before the 1st of January 2020, most ships used HFO with a
maximum limit of 3.50% sulphur outside ECAs and MGO with a limit of 0.10% sulphur
inside ECAs. Some ships installed Exhaust Gas Cleaning Systems, and some opted for
LNG. Since the 1st of January 2020 there is a maximum sulphur limit of 0.50% sulphur
outside ECAs. This has given a boost to the number of ships equipped with exhaust gas
cleaning systems while the increase in the number of LNG ships continued. By mid-2020,
a little over 1.5% of the world fleet by dwt was capable to sail on LNG, while just under
18% was equipped with a scrubber.

Figure 3.14 SOx scrubber fleet
Source: Clarksons Shipping Intelligence Network
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