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Executive Summary

The aim of the Innovation Action SYNERGETICS is the green transformation of the European Inland and
Coastal shippingusing retrofit solutions. In the first Work Package "WP1: Exploration" techno-economic
opportunities for the implementation of alternative energy carriers and propulsion systems are explored.
The focus of this Deliverable "D1.2: Report on suitability of identified technical solutions" is the pro-
spective assessment of emissions and costs of such greening options as well as the identification d
viable business models ("Task 1.1: Business models and infrastructure for alternative energy carriers").
The results will be further used in the Work Packages "WP4: Integration” and "WP5: Acceleration".

To reduce greenhouse gas emissions as well as nitrogen oxide (NOx) and particulate matter (PM10)
emissions, the use of fossil diesel must be replaced by fully renewable and additional alternative energy
carriers. Promising options for retrofitting are the direct use of electricity (battery -electric), e-hydrogen
and e-methanol. Bio-based energy carriers would also lead to emission reductions. Yet, their sustainable
capacities are strongly limited by nature itself. Hence, they are likely only to play a minor role in the
greening efforts of the European coastal and inland shipping. The electricity-based energy carriers,
however, can be scaled up if decisive action is taken to expand the production of renewable electricity
(wind onshore, wind offshore and photov oltaics).

In this report t he emissions as well as the costs of several energy carrier supply paths are assessed
from a Well-to-Wake perspective using a comprehensive, modular Well-to-Tank model as well as pre-
processed Tankto-Wake data for the years 2020 (status quo), 2035 and 2050. The greenhouse gas
emissions of the electricity -based energy carriers are 20-380 gCO2¢fossil)/kwh for the status quo.
Thus, the global warming potential can be reduced by up to 95% (compared to fossil diesel) if the
supply paths are well-chosen. Nonetheless, as there will not be zero emissions for any energy carrier,
the use of energy should be avoided where possible.

The absence of carbons in the propulsion system is a major advantage of battery-electric and e-hydro-
gen paths. However, infrastructural changes and on-board storages tend to be more challenging com-
pared to e-methanol. The main greenhouse gas emission hotspots along the supply chain are the energy
production, the electrolysis, the methanol synthesis as well as the direct air capture. In addition, energy
storages are highly relevant for battery -electric paths. Tank-to-Wake trade-offs (e.g., loss of payload)
will be investigated in-depth in further works of SYNERGETICS.For e-hydrogen and e-methanol the
NOx emissions are roughly halved whereas the PM10 emissions increase by a factor of three to twenty.
Both NOx and PM10 emissions are strongly reduced for battery-electric paths (over 95%, respectively
about 60%). The curre nt costs are higher for all energy carriers, ranging from 0.25 to 0.61 EUR/kWh
(fossil diesel: 0.05 EUR/KWh).

From a business perspective, one major challenge is how to finance the transition towards low-emission
propulsion systems. Ship owners in the traditional business set-up incur significant CAPEX through ret-
rofitting solutions, most often not fully covered through bank loans or other fundings (e.g. subsidies
through various policy instruments). Additionally , vessel owners face insecurities regarding OPEX for
retrofitting solutions not only regarding the development of fuel prices but also in the context of oper-
ational aspects. Emerging and fluid policy developments on EU and national level pose an opportunity
and risk at the same time: While ETS2 (opt-in) and RED-1II have the potential to internalise environ-
mental costs and to provide long-term stability from the policy side, their mechanisms are not fully in
place yet. New business modelshave the potential to mitigate financing gaps in the current environ-
ment. Promising approaches include business modelsinvolving new stakeholders like energy providers
or intermediaries (e.g. pay-per-use or insetting). Thereby, a part of the financial risk is shifted away
from traditional small-scale ship-owners. However, going forward, more detailed information on costs
(CAPEXand OPEX) are required to evaluate (future) advantages of green retrofitting solutions.
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1 Introduction

1.1 Initial Situation

Currently, fossil diesel represents close to 100% of the energy carriers used for inland and coastal
shipping in Europe, mainly due to existing infrastructure for large scale production, storage, transport,

fuelling/bunkering and on -board handling of (fossil) diesel. Also, today's pricing of fossil diesel, with tax
exemptions for inland and maritime transport as well as available, largely fully developed technologies
and components including spare parts and professionals for operation and maintenance make the use
of (fossil) diesel convenient and cost effective from an end -user perspective. However, environmental
impacts are not or only to a very small extent considered in the pricing of fossil diesel. Lack of internal-

isation of external costs as well as a very limited legal framework to limit greenhouse gas and air
pollutant emissions, result in a limited extent of shipping decarbonisation/defossilisation and reduction
of air pollutant emissions, despite the rapid development of alternative energy carriers a nd technologies.

Only a comparably small number of new vessels related to the total existing fleet are taken into opera-
tion each year due to long lifetimes of vessels and their engines. This requires a focus on existing inland
vessels and coastal ships. A large scale retrdit of the fleet would effectively accelerate the greening
transformation and reduction of emissions on short term. However, there is a wide variety of ship types
with different power demands and different required volume of energy to be carried on board. Alterna-
tive energy carriers require more space on board and/or more frequent bunkering or recharging. The
bunkering and recharging infrastructure for such alternative energy carriers is absent or scarce, and the
future price levels of alternative energy is uncertain. Most measures are associated with considerable
investments and higher operational costs. In addition, the existing regulatory and funding framework
still does not provide an adequate support, especially in inland navigation and seagoing vessels below
5 000 GT (gross tonnage). Moreover, clients of coastal and inland transport are generally not willing yet
to pay a premium for a low -emission transport (Dahlke-Wallat et al. 2024) .

1.2 Motivation and Objectives

The overall objectives regarding climate change mitigation as well as the reduction of harmful air pol-

lutant emissions are clear. Following the agreements of the Intergovernmental Panel on Climate
Change (IPCC), global warming needs to be mitigated (Lee and Romero 2023). Moreover, in particular
in ports and at waterways in or along urban areas and in or near sensitive NATURA2000 areas the air
pollutant emissions such as nitrogen dioxide emissions (NOx) and particulate matter emissions (PM)
shall be minimised (Rijksoverheid 2024).

More specifically, the European Green Deal and the European Commissions Sustainable and Smart
Mobility Strategy (SSMS)provide more specific motivation and objectives for transport. The European
Green Deal marks that transport accounts for a quarter of the climate change emissions of the European
Union (EU), and still growing. To achieve climate neutrality, a 90% reduction in transport emissions is
needed by 2050. Road, rail, aviation, and waterborne transport including inland waterway transporta-
tion (IWT) will all have to contribute to th is reduction (European Commission 09/12/2020). Furthermore,
an element of reducing climate change emissions is the modal shift ambition. The European Commission
is emphasising with regards to the transportation sector that "substantial part of the 75% of inland
freight carried today by road should shift onto rail and inland waterways " (Jacobs 2022). A milestone
defined in the SSMS on shifting more activity towards more sustainable transport modes is "Transport
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by inland waterways and short sea shipping will increase by 25% by 2030 and by 50% by 2050" (Eu-
ropean Commission 09/12/2020).

For inland navigation a specific policy document "NAIADESIII" was published in 2021. It focuses on
two core objectives (European Commission 24/06/2021): Shifting more freight transport to inland wa-
terways (1) and setting the sector on an irreversible path to zero -emissions(2). Under the header
"Transitioning to zero-emission inland waterway transport” (section 2.2) it is stated that "Despite its
strong environmental record compared to other transport modes, it is nonetheless crucial that inland
waterway transport quickly embarks on a pathway to zero greenhouse gas emissions by 2050, if it is to
remain competitive and sustainable".

More specific targets for Inland Waterway Transport and seagoing vessels can be derived from the
latest updates to the EU Taxonomy (European Union 21/11/2023). It aims for zero direct (tailpipe)

carbon dioxide (CO2 emissions. However, if achieving zero direct CO2emissions is technologically and
economically not feasible, the EU Taxonomy refers to a methodology for calculating CO2e/MJ values
based on the FuelEU Maritime methodology. If it is technologically and economically not feasible for

vessels to achieve zero direct (tailpipe) CO2emissions, the criteria from the EU Taxonomy Regulation,
effective from 2025 onwards for vessels, are displayed in the Table 1 in comparison to the fossil diesel
baseline. Furthermore, seagoing vessels will also need to show that their Energy Efficiency Existing Ship
Index (EEXI) is 10% better compared to the baseline.

Table 1:  Criteria from the EU Taxonomy Regulation both for inland and seagoing vessels, in compar-
/son to the fossil diesel baseline (European Union 21/11/2023).

2025 - 2030 - 2035 - 2040 - 2045 -

only valid for inland vessel s 2029 2034 2039 2044 2049

2050

Greenhouse gas emissions

in [gCO2e/M] for inland 76.4 61.1 45.8 30.6 15.3 0.0*
and seagoing vessels

Emission reduction

o -20% -36% -52% -68% -84% -100%
compared to fossil diesel

Regarding air pollutant emissions, it is defined that engines in inland vessels need to comply with emis-
sion limits outlined in Annex Il to Regulation (EU) 2016/1628 (including vessels meeting those limits
without type -approved solutions such as through after-treatment). Seagoing vessels need to comply
with the IMO MARPOL convention regarding the sulphur emissions and NO»xemissions (European Union
16/09/2016) .

Similar to FuelEU Maritime and, to some extent, the EU Taxonomy, the Renewable Energy Directive
revision (REDHII) implementation can follow a Well-to-Wake approach based on the CO2eemissions
in g/MJ. In case the Member State follows this Well-to-Wake approach, the reduction target for transport
to be achieved on national level shall be 14.5% by the year 2030. This concerns a relative CO2ereduc-
tion in g/MJ of energy supplied to the transport market. However, also another approach is possible for
implementing RED-1Il on member state level. This second approach focuses on the share of renewa-
ble/biofuels in the total fuel mix, which must be at least 29% in 2030. Additionally, multipliers can be
taken into account for certain types of energy. Moreover, it does not impose any limit on the total
energy consumption (European Union 01/10/2023).

Furthermore, also within Europe there are more specific goals and objectives defined. The most elabo-
rated roadmap on energy transition and emission reduction for (inland) vessels was published by the
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Central Commission for Navigation on the Rhine (CCNR) representing Germany, Switzerland, France,
Belgium and The Netherlands. It gives an elaboration of the emission goals as agreed by these states
in the "Mannheim Declaration" (CCNR 2018) Therefore, it is relevant to recall the objectives stated in
the Mannheim declaration which was signed and adopted by the Rhine countries in October 2018. The
aim was to develop a roadmap with three main emission reduction goals:

1 Reduce greenhouse gas emissions by 35%compared with 2015 by 2035
1 Reduce pollutant emissions by at least 35% compared with 2015 by 2035
1 Largely eliminate greenhouse gases and other pollutants by 2050 (at least 90% reduction)

The CCNR roadmapwas published in March 2022 and presents as assessment of the possible energy
carriers and technologies, "transition pathways", to reach these objectives, an assessment of the asso-
ciated capital expenditures and operational costs and the implementation plan. The implementation plan

consists of regulatory, voluntary and financial measures (CCNR 2022)

Regarding the seagoing vessels a clear focus by policy makers can be seen on the larger vessels, which
are above 5000 GT. For these vessels there is already regulation in place to monitor and verify the
emissions, the Monitoring, Reporting and Verification (MRV). Based on this MRV the FuelEUMartime will
be also implemented, and these vessels will also become part of the EUEmissions Trading Sys-
tem (ETS. This means that these vessels will have to use an increasing share of renewable energy and
at the same time they will have to purchase emission rights to be allowed to emit CO2emissions. The
CO2costs for society will thus be internalised into some extent. Moreover, the emission rights will be
capped, and the volume auctioned each year does decrease over time, resulting in a steady decline on
the overall emissions under the ETS scope (European Commission 2024b) It needs to be noted that
such measures are not (yet) in place for smaller seagoing vessels, below 5000 GT, which are mostly in
the scope of SYNERGETICS since SYNERGETICS does focus on the coastal vessklawever, there is a
range of measures applying to much smaller ships as well. MARPOL regulations for energy efficiency,
for example, apply to vessels of 400 GT and above.

To unlock the potential for environmental impact reductions by means of retrofit and to enable its
acceleration in inland and coastal navigation, a core aim of the SYNERGETICS project is to demonstrate
highly promising and mature retrofit technologies. The se will rely on renewable energy carriers for high
Technology Readiness Leve(TRL) retrofit solutions, i.e. renewable electricity (plus batteries) for direct
electricity-based propulsion concepts or renewable hydrogen or renewable methanol, both for the u se
in internal combustion engines. SYNERGETICS Work Packagé&/P2 describes the demonstrations in
more detail.

Alternative (renewable) energy carriers should lead to a direct reduction of environmental impacts,
identifiable and measurable in the so-called Tank-to-Wake (TTW) part of the value chain of the energy
carriers. These environmental impacts when using energy carriers are relevant and regulated since they
occur locally or geographically close to the activity, i.e. using the energy carriers on the ship for propul-
sion and/or auxiliary units. However, solutions for an accelerated and effective decrease of greenhouse
gas emissions must be investigated and assessed taking broader system boundaries into account. Eco-
nomic aspects must be combined with technical parameters, and system integration aspects on local,
regional, national and transnational level should be considered. This requires a Well-to-Wake analy-
sis (WTW), including for example indirect emissions of producing and providing energy carriers and
technology as well as their techno-economic potentials in concise value chains. Thus, also renewable
energy carriers have environmental impacts in the upstream supply chain, the so-called Well-To-
Tank (WTT) part of the value chain. These are relevant since a large amount of energy is needed and
suitable scales of production, storage, transport, and fuelling/bunkering of the energy carriers must be

considered.
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Renewable energy carriers are likely to have higher costs (and therefore higher prices) for the end
users. If reduced environmental impacts are to be combined with economic competitiveness, operators
need new business models to finance the energy transition. Moreover, also a favourable legal framework
is needed to internalise the external costs of emissions and to put limits on the emission levels. There-
fore, implementation strategies must be investigated, e.g. existing and new business models and best
practices in other (mobility) markets. Part of this is the necessity that suitable infrastructure for new
energy sources needs to be built up at great expense. This needs to be combined with policy scenario
assessments and recommendations. For the latter, SYNIRGETICS DeliverableD1.3 provides a picture
on the state of play of the scenarios. In SYNERGETICS Work Packag&/P5recommendations to policy
makers will be identified and discussed.

1.3 Deliverable D1.2 within SYNERGETICS

The mission of SYNERGETICS Work Packag&/PL ("Exploration”) is to explore the techno -economic
possibilities for implementation of alternative propulsion solutions in the waterborne transport, consid-
ering also technical measures and business models applied in other industrial (transport) sectors.

Deliverable D1.1 identifies technical solutions, including other sectors, that are promising for use in
waterborne transport. Deliverable D1.3 presents a collection and reflection of transition scenarios up
to 2050 in line with the relevant strategies. In this context, Deliverable D1.2 (this report) provides a
techno-economic assessment of feasible renewable energy carriers Well-to-Tank and Tank-to-Wake)
including production and availability as well as different generic supply paths for the total amount of
energy needed for Inland Waterway Transport in Europe. It also identifies business models and funding
options to round up the economic perspectives of alternative energy carriers. By this, Deliverable D1.2
concludes TaskT1.1 of Work Package WP1 ("Exploration™) within SYNERGETICS.

1.4 Structure of Deliverable

In Chapter 2 feasible alternative energy carriers (both electricity -based as well as bio-based) are iden-
tified based on a set of criteria. Furthermore, sustainability measures for the inland and coastal shipping

are discussed from a systemic perspective. In Chapter 3 a techno-economic analysis of the identified

energy carriers is carried out. It focusses on the Well-to-Tank part which is assessed by a comprehensive
model. The overall emissions and costs (Wellto-Wake perspective) are assessed too, though with a
lower level of detail. Additionally, a rough overview of further impacts is given. In Chapter 4 sustainable
business models are discussed in detail.In Chapter 5 the main insights are summarised.

The authors would like to thank all SYNERGETICS partners for their valuable inputs and feedback.
Special thanks go to Martin Quispel (SPBEICB), Niels Kreukniet (SPBEICB), Benjamin Friedhoff (DST),
| gor B dDSK)aFriedarike Dahlke-Wallat (DST), Alex Grasman (MARIN) and Simone Brindl (OST).
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2 Identification of Feasible Alternative Energy Carriers
2.1 Relevant Criteria

2.1.1 Sustainab le Energy Sources

Alternative energy carriers are only suitable for substituting fossil diesel and for meeting the environ-

mental goals of the European Union if they are fully sustainable. This means, energy carriers must be
produced from fully renewable and additional sources within Europe, in North Africa or in the Middle

East (EUMENA).The geographical limitation to EUMENA is based on the capacity (see Chapter2.1.2)
and the circumstance that the environmental benefit of biomass usage decreases with an increasing
transport distance (Liebich et al. 2021). Hence, electricity from Europe (wind onshore and wind offshore)

as well as from the MENA region (photovoltaics) is considered, whereas biomass is limited to Europe.
By setting these boundary conditions a fair comparison between the different supply paths is possible
without justifying an "allowed percentage" of non -sustainable sources in the overall energy mix.

Fully renewable electricity sources are wind power, solar power, hydroelectric power, marine energy
and geothermal energy. In case of bioenergy, the biomass sources must have a low indirect land use
change impact (ILUC), and they must be useable after 2030 according to the renewable energy directive
(REDII/11). All other energy sources like nuclear power (uranium is a limited resource), liquefied nat-
ural gas or grid electricity are excluded since they are not ful ly renewable (IRENA 2024).

Furthermore, energy sources must be additional to minimise the risk of environmental burden shifting.
For example: If renewable electricity is diverted from the existing power sector to a "sustainable” power -
to-X-plant it must be assumed that the resulting deficit will be compensated by the cheapest marginal
unit of electricity, which usually are non -renewable energy sources like coal or natural gas (Carvalho et
al. 2023). Thus, the indirect emissions of these "renewable" energy carriers may even exceed the emis-
sion reduction of substituting fossil diesel.

2.1.2 Capacity

Energy sources as well as energy carriers are only included if they have a relevant capacity today and/or
in the future within the defined geographical boundaries (see Chapter 2.1.1). The theoretical maximum
capacity of electricity from renewable sources is (almost) unlimited whereas renewable biomass is lim-
ited by nature itself (e.g., limited wood area). Yet, the costs for using these renewable electricity and
biomass sources are directly linked with their demand, i.e. the higher the demand, the higher the costs
(Braun et al. 2022). Thus, the capacity is not just limited to "natural" boundaries but also to financial
boundaries. Indeed, renewable electricity is supposed to be limited by increasing costs of expanding
the existing infrastructure .

The capacity of renewable energy carriers is further limited by the competition between sectors. Mean-
ing, even if the maximum capacity of a certain energy carrier would meet the total energy demand of
the European inland and coastal shipping, this may not be a likely scenario. For example, the aviation
sector must become climate neutral as well but the technical options for substituting fossil kerosene are
even more limited than substituting fossil diesel in the shipping sector. Thus, the aviation sector ma y
politically be prioritised in the future (IRENA 2022).
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2.1.3 Further Criteria

In addition to the above -mentioned criteria (sustainability, additionality and capacity), the technological
readiness level (TRL)and selected experiences of the inland and coastal shipping from the recent past
are taken into account as well for identifying feasible alternative energy carriers.

2.2 Electricity -Based Energy Carriers

Wind power (both onshore as well as offshore) and solar power are the only electricity sources which
meet the defined criteria (see Chapter 2.1). Hydroelectric power, ocean energy and geothermal energy
would be sustainable, but their additional capacities are thought to be strongly limited.

Renewable electricity can either be used directly (battery-electric shipping) or as a basis for electricity-
based energy carriers like e-hydrogen. Generally, electricity can be transported easily over long dis-
tances (high energy density) whereas affordable storage options (both short-term and long-term) are
currently limited.

The renewable electricity production in EUMENAIs summarised in Table 2. The current European elec-
tricity demand is 3 500-4 000 TWh/a. It includes both renewable as well as non -renewable electricity
sources and it is supposed to increase in the future (IEA 2024a; Fraile et al. 2021).

Table 2:  Renewable electricity production in [TWh/a] for wind onshore and offshore in Europe as well
as for photovoltaics in MENA (Middle East and North Africa).

Year Wind Wind Photovoltaics Sources
onshore offshore
2020 401 88 19 IRENA 2024
2035 940 580 - EMBER 2024("Stated Policy" scenario)
- - 75 000 Braun etal. 2022 (potential for 2030 for
Middle East with LCOE <32 EUR/MWh)
2050 2 400 1200 - EMBER 2024("Stated Policy" scenario)
2 200 1200 Fraile et al. 2021 (EU-27 only)

- - 70 000 Braun et al. 2022 (potential for 2050 for
Middle East with LCOE <22 EUR/MWh)

2.2.1 Battery -Electric

Battery-electric vessels are considered in SYNERGETICS due to a couple of reasons: They are outlined
in the application, there are demonstrators ( Work Package WP3), there are even a few vessels in com-
mercial operation (ZES 2024), and the capacity of their energy sources is "not" limited. Moreover, in
Work PackageWP2, insights in ongoing demonstrations are given. The effects of this alternative energy
carrier to the operation (e.g., weight or charging time) are not part of this report.

Basically, it is possible to produce electricity from on-board photovoltaic panels. The Dutch company
"WATTLAB", for example, commercially sells aluminium hatches with integrated solar modules
(WATTLAB 2024) However, the electricity demand of the propulsion system exceeds the production
capacity by about a factor of ten. Thus, these photovoltaic panels can be used to substitute the on -
board diesel generator but not the main engine.
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2.2.2 E-Hydrogen

Hydrogen powered vessels are considered in SYNERGETICS due to a couple of reasons: They are out-
lined in the application, there are demonstrators ( Work PackageWP3, using hydrogen produced from
other processes), and the capacity of their energy sources is "not" limited. The effects of this alternative
energy carrier to the operation (e.g., weight) are not part of this report.

2.2.3 E- Methanol

Methanol powered vessels are considered in SYNERGETICS due to a couple of reasons: They are out-
lined in the application, there are demonstrators ( Work Package WP3, using methanol produced from
other processes), and the capacity of their energy sources is "not" limited. The effects of this alternative
energy carrier to the operation (e.g., weight) are not part of this report.

2.2.4  Not Considered (Electricity -Based Energy Carriers )

Fuel cells are disregarded in general due to comparably high costs for large-scale and high-power op-
eration in mobility applications. Consequently, a path to supply e-ammonia is not included due to com-
parably low TRL (if used for direct combustion, since fuel cells are not considered) and open issues
regarding the safety as well as regulative aspects of operating inland and coastal vessels with ammonia
(Dahlke-Wallat et al. 2024).

Renewable methane (e-methane and bio-methane) is not considered. Over the past 15 years, several
ships in the European inland shipping industry were converted to liquified or compressed natural gas
(LNG/CNG) An increasing number of th ese retrofitted ships are operated with diesel again these days.
This is possible since they are mostly dual fuel engines. In some cases, the gas engine was even re-
moved again. Several drawbacksin using LNG/CNG for inland and coastal shippingwere reported by
experts and project partners:

I Cost and availability of fossil methane (LNG CNG): Methane was more expensive than diesel
(even as a fossil alternative with slightly improved environmental impact compared to fossil diesel,
but especially when considering renewable methane) and the prices were not stable at all. Fur-
thermore, it had limited availability (especially renewable LNG) which was exacerbated by geo-
political turmoil. Finally, the advantage of existing transport infrastructure for methane could
hardly be used for shipping (ships had to be supplied and refuelled via LNG transport by lorry).

1 Lock-in effect: The switch to renewable methane was partly motivated with the advantage that
a blending of fossil LNG/CNGcould be used for a transition phase. However, it was critici sed that
a switch from diesel to methane is likely to result in fossil methane being used for (too) long
instead of consequently switching to renewable alternatives. This gave a bad image to the use of
LNG/CNGIn inland shipping.

1 Technical (methane slip): Methane emissions occur in the upstream supply chain (production and
transportation), which have a relevant negative impact even at low quantities due to the very
high global warming potential ( GWP100 of 28and a GWP20 of 84). Methane emissions also occur
during the operation of ship engines. High speed engines, as commonly used in inland shipping,
have a relatively high methane slip (Schuller et al. 2021). Further development steps would be
necessary to avoid emissions altogether or to reduce them to an acceptable level in the overall
balance. Direct methane emissions are difficult to measure, record and control and therefore
represent a risk that remains even when using renewable methane.
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1 Competition with other utili sation paths: Natural gas is currently used as an energy source in
various sectors. In some of these (mostly in industry, but also in the heating of buildings), a
change in technology is only possible to a limited extent or it is even more difficult than in the
transport sector. For this reason, renewable methane should not be used primarily in the transport
sector, especially as there is often a need to liqguefy the methane to increase its energy density.
Instead, those utili sation paths should be given preference where methane is difficult to replace
with another energy source and where the supply of methane is established and techno-econom-
ically attractive (e.g. due to already existing supply infrastructure).

1 Limited holding time of the tanks due to boil -off. This means the vesselsneed to sail all the time,
or at least consume power.

Radoj | i(R0218 providd an overview on other options of so-called drop-in fuels, e.g. via the so-
called Gasto-Liquid route using the Fischer-Tropsch synthesis. Also,hydrotreated vegetable oils (HVO)
"should not be mistaken with Biodiesel [é ]. Biodiesel is a chemically fatty acid methyl ester (FAME) and
could cause trouble in long-term storage and being used as a fuel substitute in a conventional engine.
Nevertheless, today this is the most important BT L [biomass to liquid] fuel used as a 7% blend with
fossil diesel (B7). Increasing the blends of FAME is a greater challenge than for HYO and not covered
by usual test fuels." Based on this assessment and since the Gas-to-Liquid (GTL route has a lower
overall efficiency compared to the routes analysed, GTL and FAMEare not considered in detail. Addi-
tionally, GTL and FAME may result in higher NOx emissionsDue to requirements and restrictions in the
Innovation Action call text (HORIZONCL52022-D5-01-04), E-Diesel using the FischerTropsch synthe-
sis (which is not going beyond a simple exchange of fuels through minor technical adaptations) as well
as retrofit options using hydrogen fuel cells are not investigated within the scope of this report (Task 1.2
in Work Package WP1).

To conclude, this report provides techno-economic possibilities for implementation of alternative pro-
pulsion solutions in the waterborne transport for three relevant groups of energy carriers based on the
supply path assessment diesel-like fuels (HVO and methanol, representing the group of hydrocarbons),
hydrogen and the direct use of electricity for propulsion, with energy storage via batteries. However,
other solutions and variations are being investigated (outside the scope of this report) and may play
significant roles in the energy transition of the transport sector in the future.

2.3 Bio-Based Energy Carriers

Bio-based energy carriers ("biofuels™) are liquid or gaseous transport fuels, such as biodiesel and bio-
methanol, which are produced from biomass. They serve as renewable alternatives to fossil fuels helping
to reduce greenhouse gas emissionsas well as dependencies on exporting countries of oil and gas.
Biofuels can be obtained by biochemical, thermo-chemical or oleochemical routes. Relevant biomass
production sectors for renewable energy are agriculture, forestry, and waste. Advanced biofuels, i.e.
biofuels produced sustainably in accordance with the criteria of the European Union, are based on the
production from raw materials in accordance with RED-Il Annex |X Parts A and B.

As biofuels rely on limited biomass sources (see Chapter2.1) the maximum possible capacity needs to
be estimated first. Biofuels are only suitable for substituting fossil diesel for the European coastal and
inland shipping if enough capacities are available today and/or in the future.
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Legal framework

Part of the implementation of the EU's strategy is the switch to advanced biofuels produced from sus-
tainable feedstock. In June 2023, the European Commission issued new regulations (Renewable Energy
Directive REDII/II 1) to determine the proportion of biofuels and biogas in mixed fuels (European Union
21/12/2018, 01/10/2023) . The directive sets targets for the share of renewable energy in the transport
sector. The EU member states are also obliged to impose obligations on fuel suppliers to achieve these
targets. In addition, the sustainability criteria for bioenergy are strengthened through different provi-
sions. These provisions include negative direct impacts that the production of biofuels can have due to
indirect land use changes (ILUC). To tackle the problem of indirect land use change, limits are set for
biofuels, bioliquids and biomass fuels with a high ILUC risk. For the period from the end of 2023, it is
stipulated that these fuels with a high ILUC risk must be gradually reduced to zero by 2030. The Dele-
gated Regulation on indirect land-use change (European Union 27/06/2022) sets out criteria for the
certification of biofuels, bioliquids and fuels from biomass with a low ILUC risk, which are listed in
Annex IX Part A and B of the RED-Il. Many of the substances mentioned are waste and residues from
agricultural and forestry processes, e.g. straw, low-value wood products such as bark waste and
branches, material containing lignocellulose (part A) or used cooking oils (part B, use is limited to 1.7%
due risks associated with sustainability (e.g. palm oil) and fraud, which would b e exacerbated by un-
limited consumption).

Biomass potential in Europe

The technical biomass potential for the years 2020 to 2050, which falls under Annex IX of RED-II/IIl
is estimated to be around 1 700 TWh/a (see Figure 1). In this medium availability scenario, shares of
non-energy use of biomass (competing biomass use) are already deducted (Ruiz et al. 2015).

3000 m Sludge biomass potential
2500 | S = Municipal waste biomass potential
2000 J Forestry residues from landscape
© care biomass potential
~ . Secondary forestry residues —
'é 1 500 A . - - sawdust biomass potential
W Secondary forestry residues —
1000 - woodchips biomass potential
® Forestry energy residue biomass
potential
500 - Primary agricultural residues
1 H H B E I
0 . : H Manure Biomass

2010 2020 2030 2040 2050

Figure 1: Biomass potentials in Europe (36 countries, medium scenario) (Ruiz et al. 2015).

The current production of biofuels covers 4-5% of the final energy consumption in the EU'stransport
sector (Figure 2). If the total technical biomass potential could be converted into biofuels, a maximum
of 18% of the final energy demand of the EU 's transport sector could be covered with biofuels (assumed
conversion rate: 35%) . In other words, the biomass capacity is strongly limited by itself, i.e. it can only
substitute a small share of fossil diesel.
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Figure 2:  Final energy consumption in the European Union (27 countries) and technical biomass po-

tential 2050 (Ruiz et al. 2015).
In this report, the following assumptions are made to determine the quantities of the technically utilis-
able biomass potential that could be used for European coastal and inland shipping:

1 All biofuels are produced centralised in Rotterdam.
1 The biomass used to produce these biofuels is not transported further than 500 km as longer

transport routes are neither sensible from an ecological nor from an economical perspective.

Figure 3 shows the technical biomass potential in Europe in a spatial representation and broken down
into the 500 km radius around Rotterdam: The maximum possible biomass potential is 137 TWh/a (not

TWh/a

l 226

to be mistaken with the biofuel potential) .

137 TWh/a

Figure 3. Residual biomass potential in Europe (36 countries) and residual biomass potential in the

500 km region around Rotterdam in the year 2050.
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Biofuels

The different types of biomasses (dry, wet or liquid biomass, or different composition of biomass) are
suitable for the production of different types of fuel (e.g. biodiesel, gaseous biofuels) . In order to be
able to utilise biofuel alternatives in the short to medium term, the targeted production technologies
must already be sufficiently mature, i.e. the TRLshould be above 7 of a maximum of 9 levels (DIN DIN
EN 16603-11:2020-02). There are three types of biofuels from sustainable biomass feedstocks which
fulfil these criteria in accordance with RED-II/IIl Annex X (Motola et al. 2023; Laursen et al. 2022) :
methanol from biomass (or bio-methanol), hydrotreated vegetable oils (HVO) and biomethane.

Bio-methanol (directly comparable with e -methanol) and HVO (currently great hype/hope) are assessed
in SYNERGETICSn accordance with the criteria in Chapter 2.1 a couple of assumptions are made:

1 All biomass is from Europe, and it must be sustainable (low ILUC, usable after 2030) (European
Union 21/12/2018, 27/06/2022, 01/10/2023) .

I There is a focus on biomass with high availability. Residues from forestry and agriculture (espe-
cially straw) have the highest potential for sustainable biomass production (Ruiz et al. 2015;
Hamelin et al. 2019).

1 The production methods must have a high TRL: gasification of biomass, synthesis of bio-metha-
nol, hydrotreatment of used cooking oils and production of HYO (Motola et al. 2023).

2.3.1 Methanol from Biomass

Methanol is an important raw material in the chemical industry , and it can be used as a fuel. A limited
amount of methanol can be injected with the marine diesel so that the propulsion systems can continue
to be operated with only minor conversions. If pure methanol is used as fuel, modifications to the
machines are necessary. Methanol can be produced from a wide range of biomass feedstocks (for
example agricultural residues like straw, lignocellulosic biomass like forestry residues or biogas) through
gasification of biomass and a synthesis of the resulting syngas to methanol (Laursen et al. 2022). The
maximum possible bio-methanol production with a conversion rate of 35% is 48 TWh/a, as depicted in
Figure 4 (500 km radius around Rotterdam). For comparison: the current methanol market (2023) in
the chemical industry in Europe is 62 TWh/a (ChemAnalyst 2024). Thus, the demand for (renewable)
methanol is already larger today than the maximum possible production capacity.

160
140 A Biomass potential

120 | =====Biomethanol production potential (35% efficiency)
100 A

80 -
60 -
40 A
20 A
0 T T T T

150 200 250 300 350 400 450 500
Rotterdam area [km]

Potential [TWh/a]

Figure 4.  Estimation of the residual biomass for the year 2050 in the medium scenario (Ruiz et al.
2015) and potential of bio-methanol production in the 500 km region around Rotterdam.
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The capacity of existing and planned plants for "green methanol" in Europe until 2029 (The Methanol
Institute 2024) could only cover around a third of the current demand for methanol (see Table 3). The
chemical industry is currently the largest consumer of methanol. It can be assumed that the demand in

the chemical industry for sustainable raw materials such as methanol will increase in the future and that

potentially interested parties, such as the shipping industry, will compete for these resources. Thus, due
to the limited biomass capacity it is unlikely that the European coastal and inland shipping can rely to a
large extend on bio-methanol.

Table 3:  Production plants for methanol from biomass and residual waste (RW) in the European Un-
fon (EU). The methanol production in the EU/s shown for comparison. Abbreviations: oper:
operational, feas. feasibility, eng. engineering, RW: residual waste.

Startup  Capacity Energy

Plant, location Status year [kt/a] [TWh/a] Feedstock Owner, country
Biomethanol, Ludwigshafen oper 2018 17 0.1 biomethane BASF, DE

Liquid Forest, Monsteras oper 2020 5 0.0 black liquor Sodra, S

Tjelbergodden Biomethanol oper 2023 48 0.3 biomethane Equinor, NO

Veolia biomethanol, Aanekoski feas 2024 12 0.1 black liquor Veolia, FI

Advanced Methanol Amsterdam eng 2025 88 0.5 RW + biomass Gidara Energy, NL
Waste-to-Methanol & H2, Empoli eng 2025 125 0.7 RW Alia Servizi Ambientali, |
Renewable Methanol, Mangualde eng 2026 80 0.4 biomass + H2  Capwatt, PT

Project AIR, Stenungssund eng 2026 200 11 biomethane Perstorp, S
Sannazzaro Circular Methanol &H2 feas 2026 94 0.5 RW Eni, |

Zero Residuesl, Zaragoza feas 2026 661 3.7 RW Urbaser et al., ES
Green2X, Vordingborg eng 2027 280 15 biomethane Green2x, S

Advanced Methanol Rotterdam eng 2027 90 0.5 RW + biomass Gidara Energy, NL
Livorno, Livorno eng 2027 115 0.6 RW Eni, |
DeltaNor-DeltaTorr, Delfzijl feas 2027 220 1.2 biomass Perpetual Next, NL
Baltanor, Vagari feas 2027 220 1.2 biomass Perpetual Next, EE
GasifHy: I, Delfzijl feas 2027 450 25 RW + biomass OCI Global, NL

ETA Manfredonia, Manfredonia feas 2027 140 0.8 RW Energie Tecnologie Amb., |
Gela, Gela feas 2027 185 1.0 RW Asja Ambiente, |

Boson Energy Tjorr, Tjorn feas 2027 15 0.1 RW Boson Energy, S
Pontedera, Pontedera feas 2027 125 0.7 RW Alia ServiziAmbientali, |
Ecoplanta MRS EI Morell feas 2028 237 1.3 RW + H2 Repsol, ES

Glocal Green, Qjer feas 2028 150 0.8 biomass + H2  Glocal Green, NO
Varmlands Methanol, Hagfors feas 2028 100 0.6 biomass Varmlands Methanol, NO
Power2X Estonia, Parnu feas 2028 500 2.8 biomass + H2  Power2X, EE

Total, operational and planned 4157 23.0

Methanol market Europe, EU 2023 11 300 62.5 (ChemAnalyst 2024)

2.3.2  Hydrotreated Vegetable Oils (HVO)

Vegetable oils can be converted into fuels through a catalytic reaction with hydrogen (hydrotreatment).
The reaction conditions can be adjusted so that the fuels produced are comparable to conventional
diesel. Used cooking oils(UCO) and biowaste are suitable raw materials for this process. The production
processes are mature and there are already numerous production facilities in Europe. HVO canbe used
as a drop in fuel for diesel combustion engines.
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According to REDII Annex IX (European Union 21/12/2018), UCO are also considered sustainable raw
materials to produce fuels under certain conditions. They are already widely used today to produce
diesel for aviation and land transport. Figure 5 shows the production capacities of all production plants
in Europe in 2020. The column next to it shows the range of available UCOwithin the European Union
and United Kingdom for 2030. More HVO is already being produced from UCO than there isfeedstock
available. This "overconsumption" is only possible by importing large quantities of UCOto the EU. It can
be concluded that the quantities of HVO produced in with UCO of EUs origin cannot be increased any
further. Moreover, it is unlikely that the European coastal and inland shipping can rely to a large extend
on HVO. Yet, as there is a great hope/hype in HVO as a replacement for fossil fuels, UCO is considered
in this report as a possible feedstock for producing sustainable biofuels.
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< |
< 30 | MTota .(La Mede/
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Figure 5. Production capacities of UCOHVO 2020 in Europe (Statista 2024) and estimated range of
UCO feedstock potential in the European Union and United Kingdom for 2030 (van Grinsven
etal 2020).

2.3.3 Not Considered (Bio-Based Energy Carriers )

Biomethane

Biomethane (CH4) can be produced by fermentation of organic materials with subsequent separation
of methane from the raw biogas mixture produced or gasification of biomass, purification to synthesis
gas, methanisation and drying or hydrothermal gasification of organic materials with subsequent sepa-
ration of methane, water and residues. In compressed (CBM) or liquefied form (LBM), biomethane rep-
resents an option for operating inland cargo ships with renewable energy sources. However, the current
restraints of use are described in Chapter 2.2.4.
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Black liquor

Black liquor is produced in the paper industry as a by-product of cellulose production from wood after
the sulphate process. After separation of the pulp, water, dissolved lignin and chemicals remain. Now-
adays, black liquor is processed at the sites of the mostly larger production facilities in the paper indus-
try: Chemicals are separated and reused, residues are incinerated to provide heat and electricity.

In principle, black liquor can be used to produce renewable fuels. For this purpose, lignin would have

to be separated and further processed. Black liquor to fuel BL2F is a Horizon 2020 project that will use
black liquor as raw material to produce biofuels (BL2F 2024). From the point of view of the paper

industry, there are two reasons against such use: First, lignins are high-quality phenolic macromolecules
that should be utilised as a raw material in the chemical industry, e.g. as a biopolymer material. Second,
the paper industry would have to replace black liquor with other renewable energy sources for the

supply of heat and electricity. Existing and planned plants for bio-methanol production from black liquor
in Europe are "Liquid Forest Monsteras' (Sweden, capacity 5 250 t/a using black liquor, start-up 2020)
and "Veolia bioomethanol" (Finland, capacity 12 000 t/a, start-up planned in 2024) (The Methanol In-
stitute 2024). Figure 6 shows that the black liquor produced in the EU is already almost completely
consumed (no consumer specifications are given).
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Figure 6. Usage of energy sources black liquor and other vegetal material and residues in the European
Union (27 countries) in 2020 (Food and Agriculture Organization of the United Nations 2024).

In this report, black liquor is not considered as a feedstock to produce biofuels because lignins are
valuable raw materials that should preferably be used as materials. In addition, black liquor is already
used in the paper industry to generate heat and electricity. Shifting this by -product to the production of
biofuels would have to be ecologically and economically more favourable than using alternative energy
sources to replace black liquor.

Glycerine

Crude glycerine is a by-product of biodiesel production. It can be used as raw material to produce
methanol and as such it can be re-used in biodiesel production, for example. Glycerine is also a valuable
raw material for the chemical industry, where there is an increasing demand (Fortune Business Insights
2024). Thus, glycerine is not in focus for the use as a raw material for the production of energy carriers.
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2.4 Systemic Optimisation

The overall goal of SYNERGETICS is to improve the environmental performance of inland and coastal
shipping with a focus on the existing fleets and retrofitting measures. In a broader context, this also
contributes to the implementation of the European Gree n Deal and the Sustainable and Smart Mobility
Strategy. There, shipping is expected to make a significant contribution to climate change mitigation.
However, the excellent energy efficiency in transporting large quantities of goods over long distances
alone is not enough. While intercontinental maritime transport is almost without alternative for large
quantities of goods, intracontinental inland navigation and coastal shipping compete with rail and road
transport. This competitive situation leads to considerable cost pressure, but also to competition to
further improve sustainability through continued efficiency optimisation and decarbonisation /defossili-
sation.

A holistic optimisation of the transport sector should not be limited to single transport modes or vehicles
as described in Allekotte et al. (2021):

1 Avoid (1% priority): Reduce the overall amount of freight which needs to be transported
1 Shift (2" priority): Use environmentally friendlier modes of transport
1 Improve (3" priority): Reduce the environmental burdens of existing ships (or vehicles)

Where freight transport cannot be avoided, also modal shift options should be considered. Lorries ben-
efit from their flexibility and the extensive road infrastructure for door -to-door services. Rail freight
transport has a similar energy efficiency as shipping and benefits from an energy mix with a growing
share of renewable energies due to the large proportion of electrified railway lines. Shipping, in addition
to energy efficiency, has significant reserve capacity on most waterways.

The "Handbook on the external costs of transport" published by CE Delft(van Essen et al. 2019) provides
the external costs of heavy goods vehicles, rail and inland waterway transport (IWT) in the EU28 as
shown in Table 4. This list summarises the advantages and disadvantages of the different modes of
transport in a very compact form. Accordingly, freight transport by rail and waterway should not be
considered in competing roles but should contribute jointly to the social ¢ hallenge. Depending on the
transport task, shipping, for example, can take over transport services from rail in optimised logistics
and thus free up additional capacity to avoid road transport on suitable routes.

Table 4.  Average external costs of freight transport in the EU28 (van Essen et al. 2019).

Costs in [EURcent/tkm] Heavzeghoigliss Ralil Sh:;';:g I\s/lﬁzgmz Trg\r/lgi%oer(tj

Accidents 1.3 0.1 0.1 0.0 0.0
Air Pollution 0.8 0.2 1.3 0.4 0.0
Climate 0.5 0.1 0.3 0.2 0.0
Noise 0.5 0.6 na na 0.0
Congestion 0.8 0.0 0.0 na 0.0
Well-to-Tank 0.2 0.2 0.1 0.1 0.0
Habitat Damage 0.2 0.2 0.2 na 0.0
Total 4.2 14 1.9 0.7 0.0
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3 Techno -Economic Analysis of Energy Carriers
3.1 Environmental Impact Indicators and System Boundaries

There are various environmental indicators for assessing the impact of freight transport: primary energy
consumption, greenhouse gas emissions, nitrogen oxide emissions, sulphur dioxide emissions, particu-
late matter emissions, non-methane volatile organic compound emissions, land use, noise pollution, etc.
(Allekotte et al. 2020; Anthes et al. 2022) In SYNERGETICS the followingndicators are used:

1 Greenhouse gas emissions in [gCO2e] @lobal warming potential / climate change)

1 Nitrogen oxide emissions in [gNOX] (acidification, eutrophication, human toxicity, ecotoxicity)
9 Particulate matter emissions in [gPM10] (human toxicity, summer smog)

1 Costsin [EUR] as additional, norrenvironmental information

These indicators are stated per unit of energy supplied to the engine [é / k WIHif,]f or example, 1 kWh
of diesel (heating value) is supplied to the engine, 266 gCO2eare emitted directly (Tank-to-Wake per-
spective). These specific emissions are independent of the efficiency of the propulsion system. Yet, if
the specific emissions and costs of different energy carriers are compared directly to each other, these
efficiencies must be considered. In case of an average diesel engine with an efficiency of 38%, the
specific direct emissions "increase" (due to heat losses) to 701 gCO2e/kWh(kinetic).

The negative environmental impact of greenhouse gas emissions is independent of the locations of the
emission sources The greenhouse gas emissions of a remote methanol synthesis plant are equally bad
as the corresponding emissions of a vessel which is anchoring in a densely populated area. However,
nitrogen oxide and particulate matter emissions primarily have a negative impact on their direct sur-
rounding. Thus, the negative environmental impact in the latter case increases the closer the emission
source is situated to urban infrastructure and/or sensitive nature areas (e.g. Natura 2000) .

The four most commonly used system boundaries for assessing the environmental impacts of transpor-
tation are illustrated in Figure 7. In SYNERGETIC& Well-to-Wake perspective is chosenas a full life
cycle assessment was out of scope Thus, the environmental impacts of the energy supply as well as
the operation are considered (including storages). However, environmental impacts from infrastructure
(ports, locks, waterways, etc.) and vessels (excluding storages) are not taken into account. Also, end-
of-life is disregarded for all components in the modelling. The energy supply is modelled in detail (see
Chapter 3.2) whereas existing data is used for the operation (see Chapter 3.3).

Infrastructure Vessels Energy supply Operation

Construction Production Production
Maintenance Maintenance Distribution

<< > < >

Well-to-Tank (WtT) Tank-to-Wake (TtW)
<< >
Well-to-Wake (WtW)
<< >

Life Cycle Assessment(LCA)

Figure 7:  System boundaries of different assessment options.
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In accordance with the "Mannheim Declaration" (CCNR 2023b)there are three reference years used in
SYNERGETICS

1 2020: These results represent the status quo
9 2035: These results represent a near-term future perspective
1 2050: These results represent a long-term future perspective

In addition to these reference years, there are three scenarios modelled for all single paths:

1 Bestguess: Results based on mostlikely raw data and assumptions
1 Low: Lower end of result bandwidth based on "optimistic" raw data and assumptions
1 High: Upper end of result bandwidth based on "pessimistic" raw data and assumptions

This report focuses on the years 2020 and 2050 as well as the best guess scenario.
3.2 Well -to -Tank : Modelling of Emissions and Costs

3.2.1  Modular Modelling and Basic Assumptions

All costs and emissions are calculated using a modular model(see Figure 8). Thus, all process steps
along the supply paths are modelled individually and compiled afterwards. Detailed information on the
individual modules is presented in the subsequent chapters as well as in the appendix. The Well-to-
Tank perspective includes all process steps until the energy carrier is on the vessel (either as a fuel in
a tank or as electricity in a battery container). By using this modular approach, it can be taken into
account that process lossesare more relevant the further down the supply chain they are situated.

Auxiliary
Electricity (PV)

48 MWh

\ 4

Input R Module R Output
Fresh water 9 t(H20) Electrolysis 1t(H2) | Hydrogen (MENA)

8 1(02)

A 4

By-Product
Oxygen

Figure 8:  Modular model design: simplified example of the module "electrolysis”. All Flows are stated
per output.
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Several assumptions and simplifications had to be introduced to allow a fair comparison of the various
supply paths for certain renewable energy carriers:

1 Electrolysers, synthesis plants, etc. are only operating as much hours as the assumed full load
hours of their corresponding power source (example of photovoltaics: about 1 700 h/a). This
assumption allows to ensure the exclusive usage of fully renewable energy sources. Conse-
quently, the total emissions tend to be higher when compared to alternative operational concepts
of electrolysers. Such alternative concepts may be favoured by industry due to lower costs. Yet,
the emissions increase strongly since nonrenewable energy sources will then be used.

1 All energy is transported to Rotterdam where the fuelling/charging takes place. Rotterdam is
chosen as a reference harbouras it has the highest cargo handling within Europe (CCNR 2023a)
A decentralised usage of the energy carriers is assessed as a Whatlf-Scenario in Chapter3.6.2.

1 By-products such as oxygen in the electrolysis process are neither considered for emission calcu-
lation (reductions by substitution of alternative production) nor for cost calculation (reduction by
sale of by-products) due to the high level of speculation.

9 Heatis used in closed loops within single process steps, but not between different process steps.
Therefore, heat as a by-product is lost whereas additional heat is produced using electricity
(1 kWh electricity = 1 kWh heat).

1 In order to provide a neutral cost basis for political decisions costs are used (not prices). Thus,
price effects such as taxes, subsidies or penalties are not covered.

1 The annuity method is applied for the cost c alculation. An interest rate of 7% is assumed in the
best guess scenario.

The model input (raw data) is primarily based on the highly comprehensive SYSEET study by the German
Federal Environment Agency which wasfirst published in German in 2020 and then translated to English
in 2021 (Liebich et al. 2021). Using one main source allows to have a high consistency in the raw data.
The reference years are adjusted without adjusting the corresponding data (2015 A 2020, 2030A 2035,
2050A 2050). Yet, several raw data had to be added and/or updated for the usage in the model. For
example, there is no data on fuelling/charging and the storage of energy carriers in the SYSEET study.

In Table 5 the assumptions for the bandwidth modelling (low and high scenario) are summarised.

Table 5: Modelling assumptions for the low and the high scenario for the years 2020, 2035 and 2050.

Module Low scenario High scenario

Wind offshore
Wind onshore
Photovoltaics

Electrolysis
Methanol synthesis

Other modules

Emissions: GEMISV5.1 (IINAS 2023)
CAPEX, OPEX:10%/ -20%/ -30%
Interest rate: 4%/4%/4%

Efficiency: -2%/ -4%/ -6%
Emissions: -10%/ -20%/ -30%
CAPEX, OPEX:10%/ -20%/ -30%
Interest rate: 4%/4%/4%

Identical to best guess scenario

Emissions: +10%/+20%/+30%
CAPEX, OPEX: +10%/+20%/+30%
Interest rate: 10%/10%/10%

Efficiency: +2%/+4%/+6%
Emissions: +10%/+20%/+30%
CAPEX, OPEX: +10%/+20%/+30%
Interest rate: 10%/10%/10%

Identical to best guess scenario
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3.2.2  Electricity and Biomass Sources
Three electricity sources are consideredin the Well-to-Tank analysisin general:

1 Wind onshore from Europe
1 Wind offshore form Europe
1 Photovoltaics from MENA

This selection is based on the high electricity production potential per area for these regions. More
specifically, a hypothetical onshore wind park in Germany (location with high wind potential) , a hypo-
thetical offshore wind park in Germany (North Sea) as well as a hypothetical photovoltaic system in
Morrocco are modelled. They are located 500 km apart from Rotterdam (wind parks), respectively
3 000 km (photovoltaics). There are no combinations of electricity sources modelled, i.e., all single paths
rely on just one electricity source.

The emissions in the best guess scenario for the year 2020 are based oncomprehensive life cycle data
from the German Environmental Agency (Lauf et al. 2023; Hengstler et al. 2021) . "Auxiliary" compo-
nents such as the cabling to the grid connection point are included proportionally. The extracted data
can be seen representative for Europe as well as MENA since the supply chain emissions are outweighing
the direct emissions by far. Thus, emissions are coupled to the emission intensity of the energy system
in the production country (particularly China). The costs are based on a comprehensive German study
(Schick et al. 2018). The values for the EU-mix are based on Icha et al. (2023) and Soler et al. (2022).
The most relevant emission and cost parameters as well as the assumedfull load hours are summarised
in Table 6.

Table 6:  Emissions costs and full load hours for the electricity sources in the best guess scenatrio for
the years 2020, 2035 and 2050. (Lauf et al. 2023, Hengstler et al. 2021; Schick et al. 2018,
Icha et al. 2023; Soler et al. 2022, Liebich et al. 2021, IINAS 2023) .

*-15% | ** -50% Wind onshore Wind offshore Photovoltaics EU-mix
Greenhouse gas emissions 17.7 9.7 56.6 498.0
[gCO2e/kWh] *15.1 *8.2 *48.1 254.0
** 8.9 ** 4.8 ** 28.3 67.0
Nitrogen oxide emissions 0.04 0.03 0.08 0.37
[gNOx/kWh] *0.03 *0.02 *0.07 0.19
** (.02 **0.01 ** 0.04 0.05
Particulate matter emissions 0.01 0.01 0.03 0.01
[gPM10/kWh] *0.01 *0.01 *0.03 0.01
**0.01 **0.00 **0.02 0.00
Costs 0.055 0.103 0.037 0.100
[EUR/kKWh] 0.047 0.083 0.029 0.100
0.040 0.071 0.023 0.100
Full load hours 3200 3 900 1700 0
[h/a] 3650 3950 1700 0
4100 4 000 1700 0
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The modelled biomass sources are residual forest wood (RFW) and straw for bio-methanol, respectively
used cooking oils and biowaste (UCO+BW) for hydrotreated vegetable oil (HVO). The assumed average
collection distances to the methanol synthesis plant are 500 km for RFW and 150 km for straw.

UCO+BW is transported 1000 km to the hydrotreatment plant on average . The following literature

sources are used for modelling the biomass sources: Liebich et al. (2021), Anthes et al. (2022) and
Brown et al. (2020).

3.2.3 Water Treatment and Carbon Dioxide Sources

There are several process stepsin the supply chains of the assessed energy carrierswhich need larger
guantities of treated water. This can either be sourced from seawater or from freshwater (groundwater
and surface water). As freshwater resources are limited both in Europe as well as in MENA (Kuzma et
al. 2023), only desalinated seawater is used. Reverse osmosis is choserfor all paths since it is the most
common used desalination method (Liebich et al. 2021).

For producing e-methanol carbon dioxide (CO2) is needed. To assure net zero CO2 emissions from the
on-board combustion only direct air capture (DAC) is used where CO2 from the atmosphere is har-
vested. Therefore, point sources like cement plants or municipal solid waste treatment plants are not

considered. Although emissions and costs are expected to decrease in the future, this process step will
remain emission and cost intensive, amongst others due to the adsorption fleece (Biemann et al. 2024;

Liebich et al. 2021).

The following literature sources are used for modelling the water treatment and the carbon dioxide
sources: Liebich et al. (2021), IINAS (2023) and Fasihi et al. (2019).

3.2.4  Electrolys is, Methanol Synthesis and Hydrotreatment

The most mature method to produce renewable hydrogen is water electrolysis. Pretreated water is split
into hydrogen and oxygen using renewable electricity. It can be done by three main methods: alkaline
electrolysis (AEL), proton exchange membrane electrolysis (PEM) and solid oxide electrolysis (SOEC)
AEL ischosen since it is the most common method today as well as it is less expensive than PEM and
SOEC(Gielen et al. 2021; Liebich et al. 2021). Since in this report hydrogen is either further processed
or used for internal combustion engines and not for fuel cells, the purity of hydrogen produced by AEL
is sufficient.

The main inputs for producing e -methanol are hydrogen, carbon dioxide, water as well as renewable
electricity. Methanol from biomass consists of slightly different inputs: biomass, water as well as renew-
able electricity for the gasification. Both processes include three main steps: synthesis gas generation,
methanol syntheses and a separation unit. It must be noted that they are technically different, i.e., a
synthesis plant either produces e-methanol or methanol from biomass (Gielen et al. 2021; Liebich et al.
2021).

Hydrotreated vegetable oil (HVO) is produced using pretreated used cooking oils and biowaste (UCO),
hydrogen, water and renewable electricity (Khandelwal and van Dril 2020).

The following literature sources are used for modelling the electrolysis, the methanol synthesis as well
as the hydrotreatment: Liebich et al. (2021), Harmsen and t' Hart (2021), IINAS (2023), Kreidelmeyer
et al. (2020), Kramer et al. (2021), Khandelwal and van Dril (2020) and Brown et al. (2020).
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3.2.5 Transport of Energy Carriers

Electricity is transported via the existing grid (direct current transmission cable overground). Costs and
emissions of expanding the electricity grid due to the additional usage by the inland and coastal shipping
are neglected. Hydrogen, methanol and HVO are transported by vessels, lorries or pipelines. Again, a
shared use is assumed, i.e., process and infrastructure emissions and costs are neglected. Moreover,
vessels and lorries are assumed to exclusively use diesel for their engines both today and in the future;
this very conservative assumption can be used since these transport emissions and costs are neglectable
in the overall picture anyway. Hydrogen is assumed to be liquified for the transport via vessels. The
existing gas grid can be retrofitted to the transport hydrogen (van Rossum et al. 2022).

The following literature sources are used for modelling the transport of energy carriers: Liebich et al.
(2021), Bundesnetzagentur (2022), Hank et al. (2020), Kreidelmeyer et al. (2023), FfE (2022), Anthes
et al. (2022), Al-Breiki and Bicer (2020), Riemer et al. (2022) and Mendelevitch et al. (2023).

3.2.6  Charging and Fuelling Stations

Charging and fuelling stations for the energy carriers are modelled considering operational energy losses
as well as auxiliary energy demands for the operation. Process and infrastructure emissions are ne-
glected. There are no opportunity costs considered for the additional charging and fuelling time.

The following literature sources are used for modelling the charging and fuelling stations: R&ck et al.
(2020), Kramer et al. (2021), Frank et al. (2021), Al-Breiki and Bicer (2020), Johrens et al. (2022) and
Rock et al. (2020).

3.2.7 Onshore Energy Storage (Short -Term)

To cope with the fluctuating renewable electricity supply, short-term onshore energy storages are mod-
elled. For all supply paths the average daily energy demand of the European inland waterway transpor-
tation (IWT) fleet is used for dimensioning the storages, calculated for the respective technologies. The
same assumptions are used for electricity from photovoltaics (MENA) and onshore/offshore wind (Eu-
rope) although their supply profiles differ from each other. A more detailed assessment of short -term
storages (hours, days, weeks), long-term storages (seasonal) and synergies with other energy consum-
ers (e.g. chemical industry) are not part of this report. For a better comparability of the different supply
paths all short-term storages are assumed to be located in Rotterdam. On-board storages are part of
the Tank-to-Wake part and thus, they are described in more detail in Chapter 3.3.2.

In 2015 t he annual energy demand of the IWT was 6.2 TWh(diesel)/a (Dahlke-Wallat et al. 2021) . Using
the efficiencies of the different propulsion systems (see Table 8), hypothetical annual energy demands
can be calculated for alternative energy carriers. These values are then divided by 365 days per year to
calculate the average daily energy demands, i.e. the dimensioning values for the short-term energy
storages. The storage capacities range from 7.2 GWh in case of storing electricity to 17.0 GWh in case
of all other energy carriers. The different short -term storage technologies for the analysed energy car-
riers as well as further modelling assumptions are presented in the subsequent paragraphs.

Electricity storage  ("batteries")

Electricity storage ("batteries") and charging facilities are needed to operate ships electrically. Kistner
et al. (2024) assess potentials and limitations of battery electric propulsion systems for different types
of vessels and transport capacities. They also provide an overview of today's common battery types
with capacities, costs, and operating parameters. Regarding greenhouse gas emissions, this report
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refers to Transport & Environment (2023), NHOA Energy(2024), Dai et al. (2019) and Crenna et al.

(2021). The scale of greenhouse gas emissions depends more on the frequency of charging processes
than on the choice of cell technology. Lithium -nickel-manganese-cobalt-oxide (NMC) cells are consid-
ered as the most widely used technology for marine applications today. Hence, NMC cells are used for
modelling. Other cell types are lithium-iron-phosphate (LFP) and lithium-titanium-oxide (LTO) cells.

The battery lifetime depends amongst others on the type of battery cell and the number of charging
cycles as battery cells degrade over time. Depending on the cell type, the charging capacities of the
battery at the end of its service life are in the range of 80%. They can then be further used for other
application with lower requirements. The battery storage units can either be housed in containers (es-
pecially for mobile applications) or in fixed battery stations. The following components are generally
required: battery cells, converter, transformer, control unit, cooling and ventilation, s afety equipment
such asfire alarm system and additional equipment. In addition to the electricity that is stored, electricity

is also required to operate the auxiliary equipment.

The daily average energy demand for electric sailing determines the capacity of onshore batteries which
serve as short-term energy storage. The charging times are expected to be higher compared to all other
technology paths for alternative energy carriers (not represented in the modelling). The modelling in-
cludes the degradation of the battery as well as the main operational aspects (charging and d ischarging,
cooling, control etc.). However, it excludes the preparation of the site (buildings, grid connectio n, etc.)
as well as grid service operations. Based onRdck et al. (2020) an overall loss factor of 7% of the energy
output related to the energy input of the battery is applied. For the capacity chosen, roughly one full
cycle per day can be assumed on average, leading to a match of reaching the maximum number of
cycles within the lifetime of the battery (20 years).

To cover representative costs for utility -scale NMC batteries, several papers and studiesare reviewed.
Detailed and well-founded descriptions for battery CAPEX and OPEX which include various relevant
parameters are provided by Ramasamy et al. (2022) as well as Cole and Karmakar (2023). Based on
the analysis of a 240 MWh battery for utility -scale battery storage by using the NREL Calculator(NREL
2024) the following input data is used in this report: CAPEX [EUR/kWh(battery capacity)] of 446 (2020),
281 (2035) and 219 (2050) and OPEX[% of CAPEX] of 2.5%.

Hydrogen storage

According to Hren et al. (2023) hydrogen can be stored by multiple technologies that can mainly be

divided into physical and chemical storages. For chemical hydrogen storages, Zhang et al. (2024) de-
scribe several challenges related to complex material synthesis, handling, slow kinetics of hydrogen
uptake and release, and the lower maturity of chemical storage technologies. Therefore, the assessment
of short-term hydrogen storage in this report focu sses on physical hydrogen storage technology. This
can again be divided in the storage of gaseous compressed hydrogen or cryogenic cooled liquefied or
compressed hydrogen(Hren et al. 2023) . With respect to the substantial energy demand for liquefaction

or compression at cryogenic temperatures and the evaporative losses when applying cryogenic storage
technologies (Zhang et al. 2024; Ye and Lu 2023), only gaseous hydrogen compression storage are
considered as shortterm storage option. Compressed gaseous hydrogen can be stored in hydrogen
cylinders or in caverns. Suitable caverns are not available in Rotterdam and are therefore neglected.

Hydrogen cylinders as storages are a wellestablished and practical method for stationary purposes
(Usman 2022). Tanks for storage of compressed gaseous hydrogen are classified in four different types,
each being applicable to different conditions (Hassan et al. 2021). The pressure applied ranges from
low pressures of up to 50 bar (Bionaz et al. 2022) to high pressures of up to 1 000 bar (Hassan et al.
2021). Pressure variations cause changes of the volumetric hydrogen density, the required volume of
the tank and the required materials. Tank type | is especially suitable for stationary applications with
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low pressures (Hassan et al. 2021) and less costly than the other tank types (Guerra et al. 2021; Mucci
et al. 2023). Stolten and Emonts (2016) describe that the concept of spherical tanks commonly used
for natural gas storage in the range of about 30 tons of storage capacity could also be used for storing
hydrogen if suitable materials (stainless steel) are applied. Type | hydrogen storages are regarded as
established and available technologies and therefore classified as TRL9 (Klinger et al. 2024).

To assess the emissions of hydrogenonshore storages, the following assumptions are made:

1 Data for physical hydrogen storage, gaseous/compressed, Tank Typel is used, i.e. a storage
concept consisting of metal only. As material, stainless-steel Type 304 (chromium steel 18/8) is
assumed with material specific greenhouse gasemissions of 4.1 kg CO2¢&kg(steel) (KBOB 2024)

9 The total capacity of the short -term hydrogen storage is assumed to be the daily average energy
demand for hydrogen-based vessels with internal combustion engines.

1 No underground storage concepts are considered due to restrictions in port areas. For larger
hydrogen storage capacities, spherical storage containments are assumed due to lower specific
costs per energy content compared with cylindrical storage containments.

1 Based on Stolten and Emonts (2016) specific emissions and costsare calculated for a spherical
hydrogen storage with a working capacity of 24.6 tons of hydrogen at low pressure (less than
20 bar), an inner diameter of 39.5 m, a wall thickness of 34 mm (stainless steel type 304) and a
material surcharge for steel of 25% for valves, structural components , etc., leading to a rounded
total mass of 1 700 tons. This material demand is used for calculating the emissions. In order to
consider the environmental impact of all other materials a n additional surcharge of 100% is ap-
plied.

9 The total emissions are then converted to specific values per kWh of hydrogen finally delivered
to the vessels with an estimated lifetime of the on-shore storages of 50 years and an extrapolation
of the number of on-shore storages needed to cover the average daily energy demand.

1 Compressors are needed b charge the hydrogen storages. The energy demand of the compressor
depends on the applied pressure. For compression to less than 50bar, an electricity demand of
0.6 kWh(electricity)/kg( hydrogen) is assumed (Linde 2022) which corresponds to about 2% of
the lower heating value of hydrogen.

1 Hydrogen losses from compressors and storage units are assumed to be 0.1% (Kramer et al.
2021).

1 The modelling includes the main operational aspects (i.e. charging with compressors), but it ex-
cludes the preparation of the site (buildings, ground preparation, security installations such as
ex-zones and barriers/fences, etc.).

The cost assessment is primarily based onClean Hydrogen Joint Undertaking (2022): For aboveground
storage, KPI 5 in Annex 3 presents state-of-the-art and future capital costs including all necessary com-
ponents to operate the storage system. van Leeuwen and Zauner (2018) are listing many references
analysing the OPEX of largescale hydrogen storages. Summarising, an OPEX of 1% of the initial CAPEX
appears to be a good assumption. As on-land storages for the hydrogen path would have to be in port
areas, underground storage options are neglected.

Methanol storage

Since the production of methanol with renewable electricity and/or biomass input is fluctuating , short-
term onshore storages are needed for methanol as well. The daily demand is assessed from the annual
methanol supply needed to operate the whole European IWT fleet on renewable methanol.

Unlike hydrogen methanol can be stored as liquid at atmospheric pressure. Therefore, an overground
cylindrical storage tank with a volume of 4 000 m3, a diameter of 16 m, a height of 20 m, a wall thick-
ness of 18 mm and a lifetime of 50 years is modelled. The same material as for hydrogen is chosen
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(stainless steel 304 (Ortiz Cebolla et al. 2022)) and a material surcharge for piping, fittings, racks, etc.

of 50% is applied. With the amount of energy calculated as daily demand, the 4 000 m3 storage is too
large. Therefore, the storage volume is reduced to the share needed (about 80%). The emissions are
calculated using the same method as for the hydrogen storage (emissions for stainless stell, plus 100%
surcharge).

For the costs (CAPEX and OPEX) of largescale methanol storage tanks no reliable sources are found.
Therefore, the cost estimations are based on a commercial offer for a methanol tank with a volume of

100 000 litres. Since in the overall results this leads to neglectable additional costs, it is not necessary
to consider lower specific costs of larger units.

HVO (diesel) storage

For HVO (diesel) storages, the same method as for methanol storages is applied. There is only one
difference: A smaller share (about 45%) of the 4 000 m3 storage is needed due to the higher energy
density of HYO compared to methanol.

For the costs (CAPEX and OPEX) of largescale HVO and/or diesel storage tanks no reliable sourcesare
found. Therefore, the cost estimations are based on a commercial offer for a diesel tank with a volume
of 100 000 litres. Since in the overall results this leads to neglectable additional costs, it is not necessary
to consider lower specific costs of larger units.

3.2.8  Selection of Supply Paths

There would be hundreds of supply paths which could be modelled due to the modular setup. However,
not all of them are feasible and/or advisable. Twenty-six fully renewable supply paths are chosen (see
Table 7). They are categorised by a two-digit system ("path-ID"):

1 The first digit represents the energy carrier :
1: diesel, 2: electricity, 3: e-hydrogen, 4. e-methanol, 5: bio-methanol, 6: HVO
1 The second digit is a sequent number for path variations

There are eight best guess supply paths (marked with an asterisk in Table 7) which can be interpreted
like this:

1 2020: "If the inland and coastal shipping was powered by renewable energies today, the following
emissions and cost would have occurred.”

1 2035/2050: "If the inland and coastal shipping will be powered by renewable energies in the
near-term and/or long -term future, the following emissions and costs will occur."

Several assumptionsare used to identify the eight best guess supply paths:

1 Wind onshore is preferred over wind offshore since it has higher annual electricity production
capacities, both today as well as in the future.
9 Decentralised electrolyses and methanol syntheses are chosen due to limited space at Rotterdam
(or any other fuelling location).
1 Hydrogen transport by vessels is chosen for today (2020) and the near-term future (2035)
whereas transport via pipeline is chosen for the long-term future (2050).
1 Methanol transported by vessels is preferred over lorries as vessels have higher transport capac-
ities.
Be aware that the costs of the reference path (diesel) cannot be compared directly as SYNERGETICS
uses costs whereasin most literature prices are stated for diesel.
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Table 7:  Selection of single supply paths (UCO. Used Cooking Oils)Best guess paths are marked with
an asterisk.

Path Energy source Decentralised Energy carrier and Centralised

process mode of t ransport process

21 wind offshore - electricity / grid -

22* wind onshore - electricity / grid -

23* photovoltaics - electricity / grid -

31 wind offshore - electricity / grid electrolysis

32 wind offshore electrolysis hydrogen / vessel -

33 wind offshore electrolysis hydrogen / pipeline -

34 wind onshore - electricity / grid electrolysis

35* wind onshore electrolysis hydrogen / vessel -

36(*) wind onshore electrolysis hydrogen / pipeline -

37 photovoltaics - electricity / grid electrolysis

38* photovoltaics electrolysis hydrogen / vessel -

39(*) photovoltaics electrolysis hydrogen / pipeline -

41 wind offshore - electricity / grid methanol synthesis

42 wind offshore methanol synthesis methanol / vessel -

43 wind offshore methanol synthesis methanol / lorry -

44 wind onshore - electricity / grid methanol synthesis

45* wind onshore methanol synthesis methanol / vessel -

46 wind onshore methanol synthesis methanol / lorry -

a7 photovoltaics - electricity / grid methanol synthesis

48* photovoltaics methanol synthesis methanol / vessel -

51* residual forest wood  methanol synthesis methanol / vessel -

52 residual forest wood  methanol synthesis methanol / lorry -

53 straw methanol synthesis methanol / vessel -

54 straw methanol synthesis methanol / lorry -

61* UCO and biowaste hydrotreatment HVO / vessel -

62 UCO and biowaste hydrotreatment HVO / lorry -

3.2.9  Allocation of Emissions and Costs

Emissions and costs are allocated to their corresponding module which is illustrated in Figure 9. Emis-
sions and costs from the energy production (e.g., wind offshore) are allocated to the module where the
energy is actually used. Meaning, if there was no energy used along the supply chain, all emissions and
costs would be allocated to the energy production. In reality, however, there are always some losses
(e.g., electricity grid) and auxiliary energy demands (e.g., electrolysis ) along the supply chain.
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Figure 9. Allocation of emissions. Costs are allocated using the same method. The terms "Process”,
"Energy"” and "Vessel” (dark grey arrows) are used for the hotspot analysis.

3.2.10 Reference Path (Diesel)

As reference, fossil diesel from the Middle East is used (path-ID: 11). It has the following Well -to-Tank-
emissions: 84 gCO2e/kWh, 0.1 gNOx/kWh and 0.003 gPM10/kWh (Allekotte et al. 2024; Allekotte et al.
2020). The efficiency of the propulsion system (38%) is not included in these emission values. Thus,
the effective emissions will be about three times as high. Costs are taken from Soler et al. (2022).

3.3 Tank -to -Wake: Data on Emissions and Costs

3.3.1  Propulsion System

Tank-to-Wake emissions and costs strongly depend on multiple factors such as vessel types or load
profiles. A detailed assessment of these aspects is outside the scope of this report but will be done in
Work Packages WP4 and WP5. Nevertheless, the chosen rathodology allows a fair comparison of the
different energy carriers.

Average emissions and costs from a Tankto-Wake perspective are summarised inTable 8. Although no
bandwidths are displayed, these values vary between different vessel types, load profiles, etc. The
CAPEX does not include the costs for a corresponding fuel tank or battery container since they are
reflected in Chapter 3.3.2. It is assumed that the efficiency of the propulsion system remains constant
until 2050. Efficiency improvements tend to be "compensated" by the additional energy demand for the
exhaust gas aftertreatment.

Dahlke-Wallat et al. (2021) gives an overview on the future development of the energy efficiency in
inland navigation: "It is assumed that the energy consumption of the entire fleet will in total reduce by
15% for the BAU [business as usual] scenario and 30% for the two transition pathways. The higher
reductions for the transition pathways are explained due to the increased awareness and larger eco-
nomic incentive to reduce energy consumption and installed power on board as result of high energy
costs and high investment costs for the zero-emission technologies and energy carriers. For the
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pathways, besides a fund it is likely that additional accompanying measures are implemented to promote
fuel efficiency and lowering of carbon footprint of IWT. "

There are no operational fossil greenhouse gas emissions for any of the energy carriers. The emitted
greenhouse gas emissions have either been captured before or they are of biogenic origin.

Table 8:  Emissions and costs from a Tank-to-Wake perspective for the year 2020, all values are
rounded. Sources: DST, MARIN, SPBEICB as well as literature (Allekotte et al. 2024, Al-
lekotte et al. 2020, Dahlke -Wallat et al. 2021, Kortsari et al. 2020, Ryste 2019) .

Diesel Electricity Hydrogen Methanol HVO
E:{)i;ﬁgfg’nosfyt;‘zm 38% 90% 38% 38% 38%
[C;rggr;r;(/)lgvsvigis]emissions 266 no emissions no emissions net zero net zero
[Ngilt\:"o%(%ﬁﬁﬂf ]emiSSiO”S *3.91 0.00 *1.53 %153  *153
Fgf&cfé?;svwﬁfir emissions *0.08 0.00 0,04 =004  *0.04
[CEOSSKWh*** | 0.02 0.07 0.07 0.05 0.02

*fleet average | **EU emission limits (European Union 16/09/2016; Dahlke-Wallat et al. 2021):
25% Euro VI marinised lorry and NRE engines56 kW < P < 560 kW, 50% Stage V IWA/IWP
engines > 300 kW, 25% Stage V IWA/IWP engines < 300 kW | ***heating value

The Tank-to-Wake costs are based on the most common European inland vessel ("motor vessel 80-
109 m"). The following parameters are assumed equal for all energy carriers: power: 700 kW, running
hours: 6 000 h/a, lifetime: 20 a, interest rate: 7%, OPEX: 10% of CAPEX. The CAPEX differ between
the energy carriers and are depicted in Table 9.

Table 9:  CAPEX assumptions for the retrofit ofthe most common European inland vessel(values used
and banawidths). Sources: DST, MARIN andSPBEICB.

Diesel  Electricity Hydrogen Methanol HVO

. 600 150 750 750 600

CAPEX engine [EUR/kW] (450-750)  (100-150)  (600-900)  (600-900)  (450-750)
40000 1500000 950000 650 000 40 000

CAPEX installation [EUR] (30000- (1000000- (700 000- (500 000- (30 00O-
40000) 1900000) 1200000)  800000) 40 000)

3.3.2 On-board Energy Storage

The total annual energy demand for the propulsion system must be stored on -board the vessel before
use. Hence, suitable on-board storage options must be installed. Theoretically, a surcharge could even
be included since on-board energy storage capacities are usually higher than the effectively used
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amount of energy per charging (fuelling) and discharging cycle. For somepaths, the additional environ-
mental impacts and costs will depend on the sizing of the on-board storage, balancing space require-
ments, additional weight and other aspects with the required range of sailing with one filling of the on -
board storage. In this report, it is assumed that the data calculated for the on-board storage options
are scalable to the total annual energy needed. Yet, they are based on concrete technical options as
described below for the different technology paths. In Table 10 the emissions and costs of on-board
storages are depicted for the year 2020. Emissions are caused at the production of the storages (ma-
terials and processing) and add to the overall emissions of the technology path. For the assessment of
the share in the value chain, they are divided by the total energy supplied to the engine (i.e., kWh does
not refer to the capacity of the storage in this case).

Table 10: Emissions and costs of orrboard storages for the year 2020, all values are rounded. Sources.
DST, MARIN,SPBEICB as well as literature (see main text body).

Diesel Electricity Hydrogen Methanol HVO
Erggr;z?;vsveh]gas emissions 0 o8 7 0 0
[Ngi't\:oogjjsvs;](;de emissions 0.00 0.04 0.02 0.00 0.00
[F;zag&c;(l)illisvrﬁlatter emissions 0.00 0.02 0.06 0.00 0.00
Eéojéf/kmm] 0.00 0.17 0.01 0.00 0.00
Batteries

There are two main use concepts for electricity-powered vessels with their individual advantages and
disadvantages: (1) Vessels with permanently installed on-board batteries. These batteries are charged
on-board using onshore charging stations while the vessel is anchoring at a port. This concept is used
for modelling. (2) Vessels with standardised, exchangeable battery containers. These battery containers
are charged independently of the vessels and swapped when a vessel is anchoring at a port. The charg-
ing times are significantly reduced applying this concept. However, it requires more storage redun-

dances, i.e. a higher number of battery containers fully charged on land. Under certain conditions these
might be used for grid stabil isation services which would mitigate the additional costs and emissions.

Since this is a complextopic, it is not integrated in the modelling.

Different publications for smaller batteries (e.g., cars or trains) present a greenhouse gas intensity of
60-110 kgCO2e/kWh battery capacity (Transport & Environment 2023). However, most studies include
or exclude different parts of the battery system or were made for specific boundary conditions. In this
report, on-board batteries are modelled with the same specific emissions and costsas onshore batteries
(see Chapter 3.2.7). This should be a good approximation: On the one hand, the specific emissions and
costs of smaller battery installations are underestimated (scaling). On the other hand, onshore storages
include some technical parts (e.g. transformers and rectifiers) which are not needed in on-board bat-
teries since they are covered by the upstream components and modelling modules. The lifetime of on-
board batteries is assumed to be 10 years due to the higher number of charging cycles (onshore bat-
teries: 20 years).
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The calculated emissions and costs are summarised inTable 10. The costs for on-board batteries are
assessed as those for shortterm battery storage on land (see Chapter 3.2.7) since they are more likely
to be in a similar order of magnitude of utility -scale battery systems than those for cars.

Hydrogen tanks

The compression for on-board storage is covered in the fuelling module (see Chapter 3.2.6). Shin and
Ha (2023) present an overview on available on-board hydrogen storages and types. For this analysis,
on-board storages are assessed with Tank TypelV concepts (mainly consisting of carbon fibres and
epoxy resin, plus HDPE) at 700 bar as these currently seem to be the ones considered for the upscaling
of application in lorries.

Comprehensive data and calculations are presented inWeiszflog and Abbas(2022). Based on their life
cycle assessmentresults for Type |V storages with a capacity of 80 kg of hydrogen, the greenhouse gas
emissions per kWh of hydrogen are transferred directly. The particulate matter emissions and the ni-
trogen oxide emissionsare extrapolated since data is missing, respectively it is not directly transferrable.

To be consistent with the assumptions in other parts of this report, the use phase and end -of-life are
neglected. For the on-board hydrogen storage system a number of 700 bar tanks for 80 kg of hydrogen
(about 1 500 kg) are assumed, a frame (about 1 100 kg) and balance of plant components (about
100 kg). Hydrogen losses of 5% are assumed. Although currently for the small number of existing

hydrogen systems on board of inland vessels 350 and 500 bar systems are used, it might be expected
that for larger energy demand (long -haul lorries, trains etc.) in mobility applications the 700 bar Type
IV storages will become standard for the up -scaling and thus they are used as reference in this report.
Especially for the costs, the expectations of the number of produced units are largely influencing the

projections.

The calculated emissions and costs are summarised inTable 10. The cost assessment is primarily based
on Clean Hydrogen Joint Undertaking (2022): KPI 7 in Annex 4 presents state-of-the-art and future
capital costs for compressed hydrogen storage tank including necessary components and assuming a
production of 200 000 units per year in 2030. Unlike the low-pressure on-land aboveground storage,
the assumed lifetime is shorter (10 instead of 50 years) and the OPEX is higher (4% instead of 1%)
which leads to a higher contribution to the overall costs in the full path assessment.

Methanol and HVO tanks

The specific emissionsare assessed based onthe material demand for standard tank units of 4 000 m3
(stainless steel) as calculated for the onshore storages. Naturally, the on-board storage of a vessel is
smaller and thus has a higher specific material demand. However, in retrofit most of the existing on -
board tanks might be further used, at least for several years or even decades. Therefore, the same
specific emissions and costsare used as for onshore storages. Since the contribution to the overall
results is marginal, no in-depth analysis is necessary.

The calculated emissions and costs are summarised inTable 10. Since also the contribution of costs of
on-board storages to the overall path results are marginal, the same cost assumptions as for the on-
land storage are applied.
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3.4 Electricity -Based Energy Carriers

3.4.1 Well -to - Tank: Results and Discussion

Emissions and costs for the year 2020 (status quo)

The global warming potential varies between 20 gC0O2e/kWh and 378 gCO2e/kWh for the year 2020 in
the best guess scenario (seeFigure 10). The hydrogen (31-36) and battery -electric paths (21-22) using
electricity from wind offshore/onshore have the lowest greenhouse gas emissions. The supply paths
with electricity from photovoltaics (23,37 -39,47-48) have higher emissions compared to their corre-
sponding supply paths with electricity from wind offshore/onshore. This difference is primarily caused

by the higher emissions of photovoltaics. The six times longer transport distance plays a subordinated
role. The supply paths with electricity from win d offshore (21,31-33,41-43) have slightly lower emissions
than those from wind onshore (22,34 -36,44-46). On average offshore turbines are larger than onshore
turbines. Hence, they are more efficient and have lower emissions. Also, they have higher full load
hours due to better wind profiles. Generally, the more energy conversation steps are included in a
supply chain, the higher are the greenhouse gas emissions (electric < hydrogen < methanol). However,
as onshore storages for the battery-electric paths (21-23) are very emission-intense, the corresponding
hydrogen paths (31-39) have lower overall Well-to-Tank greenhouse gas emissions.
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Global warming potential
[gCO2e(fossil)/kWh] - 2020

Figure 10: Global warming potential in [gCOZ2e(fossil)/kWHh] for the year 2020 from a Well-to-Tank per-
spective. Best guess paths are marked with an asterisk. Path description: see Table 7.
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The nitrogen oxide emissions vary between 0.05 gNOx/kWh and 0.46 gNOx/kWh for the year 2020 in
the best guess scenario (see Figure 11). They show basically the same characteristics as the global
warming potential (see explanations above). Yet, despite the emission-intense onshore storages the
battery-electric paths have the lowest overall Well-to-Tank nitrogen oxide emissions.
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Figure 11: Nitrogen oxide emissions in [gNOx/kWHh] for the year 2020 from a Well-to-Tank perspective.
Best guess paths are marked with an asterisk. Path description: see Table 7.

The particulate matter emissions vary between 0.02 gPM10/kWh and 1.55 gPM10/kWh for the year
2020 in the best guess scenario (see Figure 12). The electrolysis as well as the methanol syntheses are
the modules with the highest emissions along the supply chain. Thus, the battery-electric paths have
the lowest overall Well-to-Tank particulate matter emissions. The plant emissions in MENA are about
twice as high as those in Europe.
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Figure 12: Particulate matter emissions in [gPM10/kWHh] for the year 2020 from a Well-to-Tank per-
spective. Best guess paths are marked with an asterisk. Path description. see Table 7.
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The costs vary between 0.17 EUR/kWh and 0.56 EUR/kWh in the year 2020 for the best guess scenario
(see Figure 13). The supply paths from wind onshore (22,34 -36,44-46) have the lowest costs, followed
by those from photovoltaics (23,37 -39,47-48). Hydrogen supply paths (31-39) have the lowest costs.
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Figure 13: Costs in [EUR/KWH] for the year 2020 from a Well-to-Tank perspective. Best guess paths
are marked with an asterisk. Path description: see Table 7.

The Well-to-Tank path energy efficiencies vary between 24% and 88% for the year 2020 in the best
guess scenario (seeFigure 14). The efficiencies decrease with the number of energy conversation steps
and the overall path complexity (electric > hydrogen > methanol). The battery -electric paths from Eu-
rope (21-22) have less transmissions losses compared to the path from MENA (23) and thus, they are
more efficient. The hydrogen paths including a decentralised electrolysis coupled with hydrogen
transport by vessel (32,35,38) are the most efficient hydrogen paths. The efficiencies of the methanol
paths are very similar, except for the one where electricity is transported first to Rotterdam (47).
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Figure 14: Energy efficiency in [%] for the year 2020 from a Well-to-Tank perspective. Best guess paths
are marked with an asterisk. Path description: see Table 7. Banadwidths are not displayed.
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Emissions and costs for the year 2050 (long -term future perspective)

The global warming potential varies between 9 gCO2e/kWh and 159 gCO2e/kWh for the year 2050 in
the best guess scenario as displayed Figure 15. The same effects are applicable as described for the
year 2020 (see above).

200
_ 8 2x: electricity
Lo 3x: e-hydrogen
| _
£ " 150 4x: e-methanol
..g.-.
53
= 3
E = 100 A
38
5 - Ty
o
€39 I I 1
)
= 0 =z B L & oz [ I 1

21 22% 23*% 31 32 33 34 35 36* 37 38 39*% 41 42 43 44 45% 46 47 48*

Figure 15: Global warming potential in [gCOZe(fossil)/kWh] for the year 2050 from a Well-to-Tank per-
spective. Best guess paths are marked with an asterisk. Path description. see Table 7.

The nitrogen oxide emissions vary between 0.03 gNOx/kWh and 0.28 gNOx/kWh for the year 2050 in
the best guess scenario as displayed in Figure 16. The same effects are applicable as described for the
year 2020 (see above).

0.4

2x: electricity
3x: e-hydrogen
4x: e-methanol

e
w
1

o
[
)
—
—
—
—
—
—
—
—
—

Nitrogen oxide emissions
[gNOx/kWh] - 2050
o
N

- TTIT
0-0 T T T T T T T T T
21 22* 23* 31 32 33 34 35 36% 37 38 39*% 41 42 43 44 45*% 46 47 48*

Figure 16: Nitrogen oxide emissions in [gNOx/kWHh] for the year 2050 from a Well-to-Tank perspective.
Best guess paths are marked with an asterisk. Path description. see Table 7.
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The particulate matter emissions vary between 0.01 gPM10/kWh and 0.90 gPM10/kWh for the year
2050 in the best guess scenario as displayed in Figure 17. The same effects are applicable as described
for the year 2020 (see above).
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Figure 17: Particulate matter emissions in [gPM10/kWh] for the year 2050 from a Well-to-Tank per-
spective. Best guess paths are marked with an asterisk. Path description. see Table 7.

The costs vary between 0.10 EUR/kWh and 0.34 EUR/kWhfor the year 2050 in the best guess scenario
as displayed in Figure 18. Generally, the same effects are applicable as described for the year 2020 (see
above). Yet, the costs for the battery -electric path from MENA (23) may fall below the one of wind

onshore (22).
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Figure 18: Costs in [EUR/kWAHA] for the year 2050 from a Well-to-Tank perspective. Best guess paths
are marked with an asterisk. Path description: see Table 7.
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The energy efficiencies vary between 31% and 88% for the year 2050 in the best guess scenario as
displayed in Figure 19. The same effects are applicable as described for the year 2020 (see above).
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Figure 19: Enerqy efficiency in [%] for the year 2050 from a Well-to-Tank perspective. Best guess paths
are marked with an asterisk. Path description: see Table 7. Banawidths are not displayed.

Development of emissions and costs until the year 2050

The global warming potential and the costs are expected to decrease significantly until the year 2050
as displayed in Figure 20. The majority of supply paths are expected to have a global warming potential
of below or close to 50 gCO2e(fossil)/kWh in the year 2050, except for the methanol paths with elec-
tricity from PV in MENA (47 and 48). The costs are expected to decrease to about 0.1-0.25 EUR/kWh.
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Figure 20: Global warming potential and costs for the years 2020 (grey diamonds, including path-/D)
and 2050 (black triangles) from a Well-to-Tank perspective in the best guess scenario.
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Hotspot analysis of the global warming potential

The energy production (WOx, PVM) as well as the onshore storages (STA) are dominating the battery-
electric paths (21-23) regarding the global warming potential in the best guess scenario for the year
2020 as displayed in Figure 21. The electrolysis (ELX) is almost as relevant as the energy production for
the hydrogen paths (31-39). The direct air capture plants (DAx) and the methanol synthesis (MSx) are
dominating the methanol paths (41-48) whereas the electrolysis and the energy production become
less relevant in relative terms. The absolute global warming potentials of the same supply paths are
shown in Figure 22.

Abbreviations: WOx: wind, PVx: photovoltaics, ELx: electrolysis, MSx: methanol synthesis, DAx: direct air capture,
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Figure 21: Hotspot analysis of global warming potential for the year 2020 in the best guess scenario
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regarding individual modules (relative values). Path description.: see Table 7.
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Figure 22: Hotspot analysis of global warming potential for the year 2020 in the best guess scenario

regarding individual modules (absolute values). Path description: see Table 7.
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The global warming potential s of the three categories "vessel", "process" and "energy" are displayed in
Figure 23. Be aware that the presented values are shares only: the absolute global warming potentials
vary between different supply paths. A lower share of vessel emissions indicates a lower energy effi-
ciency. Energy emissions are linked to energy losses of modules €.g., transmission losses) whereas
process emissions are linked amongst others to the production emissions of a module (e.g., production
of onshore storage). Details to the allocation methodology can be found in Chapter 3.2.9.
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Figure 23: Hotspot analysis of global warming potential for the year 2020 in the best guess scenario
regarding the allocated emissions (relative values). Path description. see Table 7.

Hotspot analysis of the costs

The dominating cost modules vary as displayed in Figure 25 (relative values) and Figure 26 (absolute

values). Emission intensive modules tend to be cost intensive too. The dominating costs of the three
categories "vessel", "process" and "energy" are displayed in Figure 24.
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Figure 24: Hotspot analysis of costs for the year 2020 in the best guess scenario regarding the allocated
costs (relative values). Path description. see Table 7.
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Abbreviations: WOx: wind, PVx: photovoltaics, ELx: electrolysis, MSx: methanol synthesis, DAx: direct air capture,
GRx: electricity grid, LQx: liquification, LOx: lorry, PIx: pipeline, STx: onshore storage, FCx: fuelling or charging
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Figure 25: Hotspot analysis of costs for the year 2020 in the best guess scenario regarding individual
modules (relative values). Path description: see Table 7.
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Figure 26: Hotspot analysis of costs for the year 2020 in the best guess scenario regarding individual
moadules (absolute values). Path description. see Table 7.
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3.4.2 Well -to-Wake: Results and Discussion

Emissions and costs for 2020 (status quo) and 2050 (long -term future perspective)

The global warming potentials from a Well-to-Wake perspective (without onboard energy conversion
losseg for the years 2020 and 2050 in the best guess scenario are depicted in Figure 27. The higher
efficiency of the propulsion system in case of electricity is taken into account. Apart from one methanol
path (path-ID: 48) all supply paths have significantly lower emissions than the reference diesel path
(351 gCO2e(fossil)/kWh). Yet, none of the supply paths has net zero or close to net zero emissions.
Indeed, the best-case emission level starts at 20 gCO2e(fossil)/kwh for the year 2020, respectively at
9 gCO2e(fossil)/kWh for the year 2050. The Well-to-Tank emissions strongly depend on the chosen
supply paths (grey hatched). The battery -electric and hydrogen paths roughly have the same emissions
whereas the emissions for the methanol paths are much higher. When comparing diesel (status quo)
with alternative energy carriers there is a shift from Tank-to-Wake emissions (dark grey) to Well-to-
Tank emissions (light grey). Indeed, Tank-to-Wake emissions account for over 75% in the diesel path
whereas there are no Tank-to-Wake emissions in any of the alternative energy carriers. Thus, the choice
of sustainable supply paths becomes very relevant in the future. Greenhouse gasemissions from the
storage of energy carriers have a minor relevance for the hydrogen and methanol paths but are partic-
ularly relevant for the direct use of electricity.
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Figure 27: Global warming potential in [gCOZ2e(fossil)/kWh] for the years 2020 and 2050 in the best
guess scenario from a Well-to-Wake perspective Path-IDs. 11,22,35,45. Sources: see pre-
vious Chapters.

The nitrogen oxide emissions from a Well-to-Wake perspective for the years 2020 and 2050 in the best
guess scenario are depicted in Figure 28. The higher efficiency of the propulsion system in case of
electricity is taken into account. All supply paths have significantly lower emissions than the reference
diesel path (4.0 gNOx/kWh, fleet average). The battery -electric path has the lowest emissions with
0.05 gNOx/kWh for the year 2020, respectively with 0. 03 gNOx/kWh for the year 2050. This path has
much lower emissions than the hydrogen and methanol paths. The individual supply path within one
energy carrier is not too relevant (grey hatched). In comparison to the global warming potential there
is no shift from Tank-to-Wake emissions (dark grey) to Well-to-Tank emissions (light grey). Moreover,
the Well-to-Tank part remains of subordinate relevance.
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Figure 28: Nitrogen oxide emissions in [gNOx/kWHh] for the years 2020 and 2050 in the best guess
scenario from a Well-to-Wake perspective. Path-1Ds: 11,22,35,45. Sources: see previous
Chapters.

The particulate matter emissions from a Well-to-Wake perspective for the years 2020 and 2050 in the
best guess scenario are depicted inFigure 29. The higher efficiency of the propulsion system in case of
electricity is taken into account. The emissions are significantly higher than the reference diesel path
(0.08 gPM10/kWh, fleet average) for the hydrogen and methanol paths. However, the battery -electric
path has slightly lower emissions (0.02 gPM10/kWh). The emission levels are expected to decrease until
the year 2050. Yet, the hydrogen and methanol paths still have much higher emissions than the diesel

and the battery -electric paths. The choice of individual supply paths within one energy carrier is relevant
for both reference years (grey hatched). Well-to-Tank emissions (light grey) are more relevant than

Tank-to-Wake emissions (dark grey) for all energy carriers.
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Figure 29: Particulate matter emissions in [gPM10/kWh] for the years 2020 and 2050 in the best guess
scenario from a Well-to-Wake perspective. Path-1Ds: 11,22,35,45. Sources: see previous
Chapters.
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The costs from a Well-to-Wake perspective for the years 2020 and 2050 in the best guess scenario are
depicted in Figure 30. The higher efficiency of the propulsion system in case of electricity is taken into
account. Both today and in the future , the Well-to-Tank costs for the alternative energy carriers are
higher than those for the reference diesel path.
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Figure 30: Costs in [EUR/KWH] for the years 2020 and 2050 in the best guess scenario from a Well-to-
Wake perspective. Path-1Ds: 11,22,35,45. Sources. see previous Chapters.

The energy efficiencies from a Well-to-Wake perspective for the years 2020 and 2050 in the best guess
scenario are depicted in Figure 31. The battery-electric path has the highest Well-to-Wake energy effi-
ciency (up to 79%), followed by the reference diesel path (38%), the hydrogen path (upto  24%) and
the methanol path (up to 10%) for the year 2020. The energy efficiencies for the hydrogen path and
the methanol path are expected to increase until the year 2050 (up to 29%, respectively up to 1 4%).
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Figure 31: Energy efficiency in [%] for the years 2020 and 2050 in the best guess scenario from a Well -
to-Wake perspective. Path-I1Ds: 11,22,35,45. Sources: see previous Chapters.
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Minimal share of European inland shipping fleet to be retrofitted in the future

If the energy demand of the European inland shipping is assumed to be constant in the future
(6.2 TWh(diesel)/a), it can be calculated which share of the fleet must be retrofitted to meet a certain
emissions reduction target. If no vessels would be retrofitted, the annual emissions would remain con-
stant at 2.2 Mio. tCO2e(fossil)/a. At least 52% of all vessels must be retrofitted to meet a hypothetical
emissions reduction target of 50% until the year 2050 ( Figure 32). This "best-case scenario"” can either
be met with battery -electric vessels (dotted lines) or with e -hydrogen vessels (dashed lines, path with
lowest emissions). If e-methanol vessels are used, this share increases to at least 62% (solid lines, path
with lowest emissions). If the e -methanol path with the highest emissions would be chosen, the emis-
sions reduction target could not be met at all. In order to consider the technological development, t he
specific emissions inFigure 32 refer to the year 2035: Some vessels will be retrofitted before 2035 (i.e.,
higher specific emissions) and some vessels will be retrofitted after 2035 (i.e., lower specific emissions).
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Figure 32: Minimal share of European inland shipping fleet which must be retrofitted to meet a (hypo-
thetical) emissions reduction target of 50% until the year 2050. Details see main text body.
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3.5 Bio-Based Energy Carriers

3.5.1 Well -to - Tank: Results and Discussion

The global warming potentials for bio-based energy carriers are 13-34 gCO2¢fossil)/kWh for the year
2020, respectively 3-13 gCO2e(fossil)/kWh for the year 2050. The costs are 0.13-0.15 EUR/kWh for all
supply paths in both reference years (see Figure 33). The biomass capacity is limited (see Chapter 2.3).
Therefore, these supply paths are not likely to power the whole European inland and coastal shipping.
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Figure 33: Global warming potential in [gCOZ2e(fossil)/kWh] and costs in [EUR/kKWH] for the years 2020
and 2050 in the best guess scenario for the Well-to-Tank part. Best guess paths are marked
with an asterisk. Path description: see Table 7. Bandwidths: not displayed.
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The nitrogen oxide emissions are 0.02-0.04 gNOxkWh for both reference years. The particulate matter
emissionsare 0.16-0.27 gPM10/kWh for the year 2020, respectively 0.07-0.27 gPM10/kWh for the year
2050 (see Figure 34). The biomass capacity is limited (see above).
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Figure 34: Nitrogen oxide emissions in [gNOx/kWHh] and particulate matter emissions in [gPM10/kWh]
for the years 2020 and 2050 in the best guess scenario for the Well-to-Tank part. Best guess
paths are marked with an asterisk. Path description: see Table 7. Bandwidths: not displayed.
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The energy efficiencies are 34-81% for the year 2020, respectively 34-83% for the year 2050 (see
Figure 35). The biomass capacity is limited (see above).
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Figure 35: Enerqy efficiency in [%] for the years 2020 and 2050 in the best guess scenario for the Well-
fo-Tank part. Best guess paths are marked with an asterisk. Path description: see Table 7.
Banawidths: not displayed.
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3.5.2 Well -to -Wake: Results and Discussion

As the biomass capacity is limited (see Chapter2.3), the bio-based energy carriers are not likely to
power the whole European inland and coastal shipping. Hence, no detailed comparison of bio-based
supply paths is done from a Well-to-Wake perspective. When comparing the bio-based energy carriers
to diesel the following differences are modelled for the year 2020 in the best guess scenario: ten to
twenty -five times lower global warming potential, two to three times lower nitrogen oxide emissions,
two to f our times higher particulate matter emissions, roughly the same costs and a one to three times
lower energy efficiency.

3.6 What -If -Scenario Analysis

3.6.1  Electricity from Non -Renewable Sources

If the electricity sources are not fully renewable the global warming potential of the supply paths in-
crease more than tenfold as displayed in Figure 36. The greenhouse gas emission levels would become
even worse than in the case of diesel. Thus, policy safeguards are needed to assure that the electricity
sources really are renewable and additional.
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Figure 36: Global warming potential of different single paths using renewable electricity (wind onshore)
or electricity from the grid (EU -mix) for the year 2020 in the best guess scenarios from a
Well-to- Tank perspective Path-IDs: 22,35,45.

3.6.2  Decentralised Usage of Energy Carriers

The geographical location of the harbour where the vessels are charged/fuelled does not have a signif-
icant impact on the global warming potential of the supply paths as displayed in Figure 37.
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Figure 37: Global warming potential of different single paths (wind onshore) if energy carrier is used
centralised (Rotterdam) or decentralised (+1000 km) for the year 2020 in the best guess
scenarios from a Well-to-Tank perspective. Path-1Ds. 22,35,45.
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3.7 Further Impacts of the Energy Carrier Path s

The production, distribution , and usage of (alternative) energy carriers cause greenhouse gas emissions,
nitrogen oxide emissions, particulate matter emissions as well as costs. These four impact indicators
are assessed in detail in this report. However, there are further environmental, social, political, financial ,
and technical impacts (see Table 11) that need to be taken into account when discussing individual
paths. A detailed assessment of this "bigger picture” is outside the scope of this report. Nevertheless,
the content of this Chapter can be used as a starting point for further projects.

The assessment of the further impacts is carried out intuiti vely with the expertise of the authors involved
in this report. All impacts listed are interdependent and overlap with each other. The modelled paths
use different energy carriers and consist of several individual modules (see Chapter 3.2.1). In addition,

there are other aspects to consider, such as country-specific conditions or the need for materials, in-
cluding water, which can be critical. The further impacts are rated on a three-point scale: "+" (good

conditions and/or positive impact), "0" (neutral) and "-" (high risk and/or negative influence). The re-
sults are shown in Table 11.

(E) Environmental impacts  include the pollution of air (other than greenhouse gases, nitrogen oxide,
particulate matter) , water and land. It also includes impacts on agriculture, land use, land use change

and forestry (LULUCF) Water is required to produce e-hydrogen (electrolysis) or e-methanol. However,
water is also a scarce resource that is vital for people and the environment and must therefore be

protected. Biodiversity plays an equally crucial role in our lives. The selected modules may also be
affected by climate change effects (in particular due to changing natural hazards) or may themselves

have an influence on climate change. Paths with low negative environmental impacts effects are rated

positively "+". Environmental impacts overlap with other impacts, particularly social and financial im-
pacts.

(S) Socialimpacts include effects on human health (physical/psychological) and socio-political effects.
The latter includes human rights (acceptance, availability, equal treatment, fairness, child labour, etc.),
as well as security of supply, foreign dependencies, dangers from wars, terrorism and sabotage. Com-
pliance with human rights and good conditions in terms of socio-politics effects are rated positively "+".
Human health is rated neutral "0" (probably no negative influence) or negative "-" (harmful processes
and/or substances). Social impacts overlap with other categories, particularly environmental and politi-
cal impacts. The issues of conflict minerals and critical raw materials also play a role in the socio-political
conditions.

(F) Financial impacts relate to opportunities and risks arising from changes in price levels, price
fluctuations and thus from the general financial security/uncertainty of raw material procurement, plant
investments and operations, as well as financial risks arising from climate protection and adaptation to
climate change. These impacts overlap with political, technical, and environmental impact. In this Chap-
ter, financial impacts are not evaluated in detail.

(P) Political impacts include effects and dependencies on political framework conditions, decision-
making processes, communication and cooperation and interest groups, control mechanisms, transpar-
ency, susceptibility to fraud and corruption. Politics should set the framework conditions for the estab-
lishment of new technologies and ensure a stable environment for the economy. In a broader sense,
this also includes the provision of subsidies. The more progressive the political framework conditions
are for the implementation of the chosen paths, the more positive is the rating . Political impacts overlap
with all other impacts.

(T) Technical impacts include the technical availability of raw materials and intermediates, the exist-
ence of mature production processes and the storage capability of energy sources. The higher the
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availability of raw materials, the degree of maturity of production processes and the better the energy
sources produced can be stored, the more positive is the rating. Technical impacts overlap with other
categories, particularly with financial and environmental impacts.

In general, a growing demand of renewable energy and energy storage systems for the coastal and
inland shipping will lead to the situation that finite resources like land or materials become scarcer.
Thus, a just transition towards a more sustainable futur e is needed (compare as well Chapter 2.4 about
a systemic optimisation).

Direct and indirect effects of the individual modules are taken into account in the assessment. Themat-
ically similar modules are assessed relative to each other. Example of S1("human rights") regarding
the acceptance Wind offshore is less controversial than wind onshore.
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Table 11: Further impacts of the energy carrier paths. The assessment is carried out intuitively with
the expertise of the authors involved as a detailed assessment of this "bigger picture” is outside the
scope of this report. For additional remarks see main text body.
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E1l: air pollutants (without CO2e, NOx, PM10), soil and water pollutants | E2: LULUCF: land use, land use chang:
and forestry | E3: (noremarks) | E4: (noremarks) | E5: natural disasters (floods, storms, droughts, etc.) | S1: so-
cial acceptance, accessibility (fairness), child labour, etc. | S2: accidents, diseases, prevention, etc. | S3: conflict
minerals, water scarcity, etc. | S4: global supply chains, including conflict minerals and critical raw materials |
S5: (noremarks) | S6: (noremarks)| P1: strategies, laws, regulations, directives | P2: lack of long-term decisions
| P3: stakeholder involvement | P4: including transparency, fraud risks | F1: (no remarks) | F2: (no remarks) |
F3: including costs for climate change adaptation | T1: malfunctions, failures | T2: resource scarcity | T3: related
to energy carriers
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Since the two modules "Water (for processes) MENA" and "Storage: electricity" have the most negative
ratings they are discussed in more detail. In addition, the question of whether the energy carrier paths
are (primarily) based in Europe or in MENA/Morocco is discussed as well in more detail.

Water supply: Large quantities of water are required for the production of e -hydrogen and for the
production of e-methanol. The need for cooling water for the production facilities must also be taken

into account. It is therefore important to have sufficient access to water as close as possible to the
production site. However, the water required to produce renewable energy sources competes with the

water requirements of humans and nature (essential food) as well as other uses in agriculture and

industry. This can lead to conflicts, particularly in areas with scarce water resources. These conflicts can
be exacerbated by climate change (irregular rainfall, longer dry periods). When selecting production
technologies, the future water demand and water consumption for both pr oduction and cooling systems
is a decisive criterion and should be kept as low as possible:

1 Use of seawater instead of freshwater/groundwater (both in MENAand Europe)
9 Use of closed circuits for system cooling or use of air-cooling systems

The water requirement depends on many factors (type and mode of operation of the electrolyser, type
of cooling, composition of water used, climatic and hydrological conditions) and cannot be determined
in general terms (Saravia et al. 2024). Security of water supply and the reduction of potential conflicts
must be taken into account when selecting technology and locations. In this report, only desalinated
seawater is used for the modelling (see Chapter 3.2.3).

Electricity storage:  Today, the production of electricity storage systems requires materials such as
lithium, which fall into the category of critical raw materials. These are raw materials that are important
for the EU economy, as they are essential for the expansion of the renewable energy sector, digital
industry, space and defence and health. At the same time, however, there is a high supply risk due to
growth in demand and the difficulty of increasing their production. In addition to lithium, strategic ally
important critical raw materials also include copper, gallium and aluminium (for example European Un-
ion 11/04/2024). These materials are also needed to produce wind turbines and photovoltaic plants.
The availability of critical raw materials influences the supply and price of storage technologies and must
be taken into account when planning production facilities. In addition, sources of raw materials for
minerals and metals are often located in regions where they cause conflicts of use with indigenous
populations and agriculture. Furthermore, severe negative environmental impacts were reported in sev-
eral mining activities (Owen et al. 2023).

Political and social framework in MENA/Morocco and Europe : The feasibility of projects and the
reliable operation of plants depend on the political prerequisites and social conditions at the chosen
location. Two regions are favoured in this report: Europe and MENAMorocco. It should be noted that
the expansion of renewable energies is generally desired and promoted in both regions. Morocco has
drawn up a national energy strategy and is targeting a 52% share of renewable energy in the electricity
mix by 2030 (IEA 2024b). In 2022, however, about 80% of electricity production was still based on
fossil fuels, the vast majority of which was coal. 4% of the electricity demand was covered by imports
(IEA 2024c).

The overall electricity production in Morocco has risen by over 200% in the past 20 years. At the same
time, its per capita consumption with 975 kWh/capita/year (2022) is six times lower than th at in the
European Union (own analyss based on statistical data from the European Union and Morocco). This is
due to Morocco's lower level of industrialisation compared to the EU. Yet, it can be assumed that the
growth trend in per capita electricity demand, which doubled between 2020 and 2022, will continue.

This means that Morocco, with its ambitious climate target of net zero greenhouse gas emissions in
2050, faces the challenge of replacing the large proportion of fossil fuels still used today with renewable
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energy sources on the one hand and increasing electricity production overall in order to meet its own
future demand on the other hand. In 2022, almost 600 GWh of electricity were produced by photovol-
taics in Morocco (IEA 2024c). Yet, the annual energy demand of the European inland shipping (excluding
coastal shipping) is about 2'600 GWh/a, i.e., more than four times higher! Foreign projects for the
production of electricity and other energy sources in Morocco should not lead to Morocco's domestic
goals regarding the transition to a renewable energy system being hindered.

A general assessment of the risk for investments in Morocco for investments in renewable energies was
carried out in 2022 by the Wuppertal Institute as part of the MENA fuels project (Terrapon-Pfaff et al.
2022): In general, political stability and the economy are considered to be more stable than in neigh-

bouring countries. Investment conditions and authorisation procedures have improved. In general, there

is a high level of acceptance among the population for ren ewable energy projects. The quality of gov-
ernance (corruption, lack of transparency) and bureaucratic hurdles can be challenging. The future
effects of climate change on the country should not be neglected, as they are categorised as devastating
(water shortages, droughts, sandstorms) and can also temporarily impair the performance of solar
power plants and damage infrastructure.

To summarise the comparison of MENA/Morocco and Europe MENA/Morocco is highly suitable for pho-
tovoltaics due to its favourable geographical location, i.e., the photovoltaic yield is much higher com-

pared to Europe. In principle, some MENA countries like Morocco are suitable for the production of
renewable energy carriers from an economical, a political and a social point of view. Yet, there are
higher risks in comparison to Europe. Moreover, the negative impacts of climate change may be more
challenging in MENA/Morocco than in Europe. Last but not least, it is absolutely crucial that the produc-
tion of renewable energy carriers does not lead to an environmental burden shifting.
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4 Business Models
4.1 Introduction to Business Models

From a business/economy perspective, Inland Waterway Transportation (IWT) plays an important part
within the transportation of goods within Europe. Currently, 6% of goods, particularly in the segments
steel, agriculture, food and chemicals are transported by IWT within the EU. From an environmental
point of view, IWT offers the possibility for increasing the model share of transportation of goods
through energy-efficient vessels. According to the EU, the movement of goods by IWT amounts to
approximately 17% of energy consumed of road transportation per ton kilometre . Within the framework
of the European Green Deal and the Sustainable and Smart Mobility Strategy (NAIADES Il1), the goal
has been set to achieve the transition to zero-emission barges by 2050. At the same time, the goal is
to achieve an increase in modal share of 25% for IWT and short sea shipping by 2030, respectively
50% by 2050 (European Commission 2024a)

The research question to be answered in this section is "Could new business models and / or financing
models in the IWT sector lead to profitable retrofitting of existing vessels with power systems using
renewable energy?" The hypothesis to be considered are as follows:

1 IWT vessels in the Rhine and Danube region are often owned by small family businesses', oper-
ating in the day-to-day spot market, without neither certainty on long-term income nor large
financial resources for major investments such as retrofitting, leading to the continuation of sta-
tus-quo.

9 Alternative ways of financing and the knowledge on where to find funding for renewable energy
alternatives has the potential to accelerate the rate of retrofitting in a significant way.

Important to note is that the sector of coastal shipping (e.g. short-sea-shipping) is not widely discussed
in a separate way in the following Chapter. Further research, predominately in Work Package WP4, will
look at adding those missing information on th is important aspect.

41.1 Overview Sustainable Business Models

Quite extensive research is available when it comes to Sustainable Business Model§SBM) and possible
definitions (Springer 2018b; Garcia-Muifia et al. 2020); yet according to comprehensive overviews, the
definitions remain fuzzy and manifold: SBM can be classified according to social aspects (e.g. social
profits), value constellations, value propositions or economic aspects. Other categorisations look at
technological, organisational, or social innovations for SBM to create (social) profit. Yet other studies
focus on the partnerships (e.g. collaborations or private -public partnerships). One central aspect of SBM
is the creation of value in "doing business". A traditional, but still quite common definition of sustaina-
bility in business is the triple bottom -line, where the dimensions people, planet and profit are looked at
as key factors for sustainable business models. A practical, widely used practical approachis the Busi-
ness Model Canvas(Osterwalder 2010), where business activities are bundled into nine building blocks:
key partners, key activities, key resources, value proposition, customer relationships, customer seg-
ments, channels, cost structure and revenue streams. The idea of this model is to show how value is
created for the customer while providing gains for the company. The method has been adapted over

1 This is particularly true for the Rhine region. While many shipping companies on the Danube are family -owned businesses
stretching over generations, some larger shipping companies such as TTS (S¥partner), First-DDSG Logistics Holding GmH, Dan-
ube Shipping Wurm & Noé, SPaP or Rhenus Logistics operate on the Danube.
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the years, nowadays with many different models available, incorporating sustainable elements of value
creation as shown in Figure 38.
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Figure 38: Sustainable Business Model CanvagThreebility 2023).
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Yet another approach on a different, more aggregated level is provided by Springer (2018b), defining
sustainable business models as a synergy between sustainability, business models and system transfor-
mation as shown in Figure 39. Thereby, entrepreneurial sustainability, (e.g. in the form of managing for
the triple bottom line) interacts with business change (adjustments, incremental/radial innovations) and
system transition (parameters by a current regime and/or via pressure from niche level). The authors
underline the importance of looking at both, the business model view as well as the transformational
view. According to their research, models focusing on business models often assume that market forces
provide sufficient incentives to create sustainable business, which is not always the case. On contrary,
methodical approaches to economic system changes tend to focus strongly on governmental support
and funding (Springer 2018b).

System transition

| Niche pressure |

Systemlevel | i i I Hegime T L J' | dsel:fsetlii;;t\}elﬁt

Business model change

Business model Value potential Realized value Corporate

Company level ; ; A
pany innovation sustainability

Sustainable value creation Sustainable value delivery & value capturing

Incremental adjustments More radical and systemic changes

Strong sustainability
Figure 39: Integration of Business Model change and system change (Springer 2018b, p. 121).

Additionally, in the given context of IWT, the look at SBM itself is interesting as research has found,
"that disruptive circumstances through external stakeholder pressures often lead to the creation of
radical sustainable innovations, while sustaining circumstances where, for example, customers are will-
ing to accept minor product adjustment typically lead to incremental sustainable innovations" (Aagaard
2019, p. 5).

The questions the IWT-sector can ask itself are in this context are as shown in Figure 40:

9 Value proposition: what value is provided and to whom?
1 Value creation & delivery: How is value provided?
9 Value capture: How does the company make money and capture other forms of value?
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Value proposition Value creation & delivery Value capture

9. Cost structure & revenue
streams

10. Value capture for key
actors incl. environment &

1. Product/service 4. Activities
2. Customer segment & 5. Resources

relationships 6. Distribution channels

3. Value for customer, 7. Partners & suppliers

society

society, and environment
11. Growth strategy/ethos

8. Technology and product
features

Question: How does the
company make money and
capture other forms of value?

Question: What value is Question: How is value
provided and to whom? provided?

Figure 40: Business Models value creation framework(Aagaard 2019, p. 71).

Linking the two theoretical approaches (compare Figure 38 and 39), the additional question may be
asked on what kind of disruptive measure will be necessary to attain a change in the current business
set-up and which stakeholder(s) could drives such change. If alternatives can be found to the current
model of paying for the transportation service (often in t/km), including the use of alternative, more
sustainable power systems (e.g. via energy carrier), sustainable innovations may be explored. Possibil-
ities may include horizontal or vertical extension of business models (e.g. collaborations, integration of
supply chains) and/or inclusion of energy supply (infrastructure) along the value chain. Within the wa-
terway transportation other factors such as time -charter models, long term arrangements vs short term
spot market assignments play a role as well.

Common principles for sustainable business models include according to(Springer 2018a, p. 45).

1 maximisation material productivity and energy efficiency
creation of value from waste

substitution with renewable and natural process
delivery of functionality and ownership

adopting a stewardship role

encouraging sufficiency

re-purposing the business for society/environment

1 developing scale-up solutions

=4 =4 -8 —a —a 9

The authors refer to Pais and Provasi(2021; Springer 2018a) who identified relevant collaborative busi-
ness models including:

1 rental schemes

1 peer-to-peer economy (e.g. AirBnB) with goods offered directly to
1 on-demand economy (e.g. Uber)

1 social lending and crowdfunding including loans via platforms

From those two theoretical approaches, the substitution with renewable energy, the delivery of func-
tionality rather than ownership as well as rental schemes could provide insights for the business case
of retrofitting existing IWT vessels.
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4.2 Business Factors i Retrofitting

Within freight transportation, the cost for the delivery of goods is considered to be one of the most
crucial factors for successful business operations besides frequency and reliability(Lu and Yan 2015;
Hoyer 30/11/2017; PLATINA3 2023). A study in the framework of Novimar (Hoyer 30/11/2017) 2
strengthens these findings through interviewing the port of Duisburg, that business in the inland wa-
terway transportation is mainly driven by the cost factor (price -performance ratio) for all kind of goods.
Other factors with different importance for diff erent transported goods relate to frequency, transport
volume, flexibility, or transport time. Part of the decisive factors include personal preferences/habits,
safety/damage susceptibility or legal matters. The interviewed experts did not allocate any wei ght to
environmental sustainability and other factors such as information level/knowledge reg. the mode of
transport, regularity (schedules) or capital lookup costs.

The IWT sector in Europe has seen a surplus in shipping capacity leading to challenging market condi-
tions for ship owners, particularly on major waterways (Al Enezy et al. 2017). The question on how to
achieve sustainable profitability has been researched but is challenged by the diversity and fragmenta-
tion of the industry with a wide range of vessel sizes, a broad range of small companies (with small

market power), various operational aspects or transported goods (e.g. tank barge market vs. dry cargo

sector). Customers on the other hand have a higher degree of market influence, often representing

huge cargo flows or hiring multiple vessels (Al Enezy et al. 2017).

While IWT is already considered a clean an efficient and environmentally friendly means for the trans-
portation of goods within Europe, an important financial aspect is the greening of the IWT and thereby
the internalisation of external costs. So far, the i nternalisation has been driven mainly by the polluter -
pays- principle within the EU (Al Enezy et al. 2017). According to the "Sustainable & Smart Mobility
Strategy” of the EU (European Commission 2021) waterborne transport faces decarbonisation chal-
lenges given the net-zero goals for 2050 as currently no zero-emissions technologies are availablé.
Additionally, life cycles of vessels are long and investments are refuelling equipment and infrastructure
are large (European Commission 2021)

Comparing externalities* of IWT transportation with rail and road, a 2019 study found that overall trans-
portation modes environmental costs make up 44% percentage of externalities with large differences
between the transport modes (European Commission et al. 2019). An average IWT vessel is listed with
1.9 Eurocent/tkm compared to 4.2 Eurocent/tkm for heavy goods vehicle, 1.1. for electric freight trains
and 1.8 for diesel freight train. Looking at the current level of taxation for the different road modes,
IWT vessels are taxed with 0.3 Eurocent/tkm (port dues) whi le heavy goods vehicles are taxed with
1.5, electric freight trains with 0.5 and diesel freight train with 1.3, respectively. IWT has a comparable
low-cost coverage ratio for external costs of only 6%, com pared to 15-25% for most vehicle categories.
The study suggests environmentally differentiated port charges or fairway dues to internalise external-
ities in the maritime sector.

Costs for shipping are divided into two main categories: time (fixed costs) and distance costs ® (Al Enezy
et al. 2017). Several researchers and studies have developed and refined business model calculations
with different stakeholders in mind (Budde Christensen et al. 2012)and even compared different means

2 The project was running between 2017 7 2021 and focused on the use of vessel trains.

3 On small-scale but notable exception may be battery electric sailing vessels, which are available in specific places (e.g. ferries,
short distance container transport)

4 Including accidents, air pollution, climate change, noise, congestion, well-to-tank emissions, habitat damage

5 Other studies use operational hours as variable costs
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of transportations with their relevant break-even points. Studies including interviews with ship owners
show that the use of average cost values (benchmarks) may not be sufficiently accurate due to the
heterogeneity of the IWT market. Cost models as decision making tools for ship owners should i ac-
cording to Al Enezy et al. (2017)7 allow for values based on user inputs (company specific values) The
cost model can be used for calculations on certain trips (industry benchmark), changes in sub-markets
(e.g. from coal to container), changes in contracts. Most relevantly for this study, investment decisions
for installing new engines or retrofitting investments can be analysed. One important and constantly
changing variable is the interest rate of financing costs, particularly important within this industry as
capital costs can make up to almost half of the CAPEX for retrofitting vessels, labour costs being the
second most important cost aspect (Rijkswaterstaat (cited in Al Enezy et al. (2017)).

Revenue for IWT companies is generated by contract work for clients; the revenue depends on the
transport services performed (Karaarslan and Quispel 14/06/2021). Prices can be agreed per ton or as
lumpsum payments for specific single shipments. Other options are time charter (days of vessel use) or
long-term contracts. Another aspect of income is created through demurrage 8, particularly in the liquid
freight shipping. Stakeholder interviews indicate no higher freight prices but potentially longer contract
periods for "greener” vessels (Karaarslan and Quispel 14/06/2021). Interestingly and according to the
same study, governmental contracts have so far not shown a significant preference for more sustainable
vessels but are mostly based on best-prices’. The CCNR study authors speculate that IWT may already
be seen as "greener” options for governments compared to other means of transportation.

Interviews amongst the market player show, that the use of efficient engines (stage V instead of CCR -
2 - CCRO0) may lead to fuel reductions; however, stage V engines require the addition of urea, leading
to no financial advantages concerning the OPEX. Diegl-electric or hybrid diesel engines can lead to
savings or vice-versa, heavily depending on the sailing profiles. Ship-owners with experience of LNG-
use indicate that lower OPEX for LNG has not been sufficient to cover the higher CAPEX(Karaarslan
and Quispel 14/06/2021).

The financing of powertrain replacement is normally done through bank mortgages °. This financing
instruments constitutes 70-80% of all financing measures. Ships older than 50 years can normally loan
sums up to 40% of the market value of the vessel, while vessels of 15 years and younger can get
funding of up to 70% of the vessels value . Other ways of financing (e.g. crowdfunding or subsidies) are
rare. Figure 41 shows, that vessel owners i independent of size i depend on third-party financing for
investments in low-emission technologies (in Figure 41, the example of electrifying the drivetrain is
chosen; only shipside, incurring further costs through the leasing/buying of the power source itself).
According to expert interviews, those figures from 2020 have increased significantly i potential up to
30% - leading up to 2024, partially due to higher interest rates as well as low water periods (decreasing
the availability of own capital of shipowners). Further Work Packages (particularly WP4) within this
project may provide primary data to update and extend on the available data.

6 Delay in loading or unloading of vessels at ports

" A follow-up among the project group experts indicates, that this information may not be true for all aspects, as public procure-
ment is seen as important aspects e.g. for vessels used for construction and dredging works.

8 OPEX differences between LNG and diesel have been fluctuating; low oil prices have recently decreased possible gains for LNG
OPEX.

% according to stakeholder interviews across Europe (Karaarslan and Quispel 2021.
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250 — 400 | €23,070 € 119,884 € 373,713 €230,759 | 61.7%
400 — 650 € 47,369 € 97,244 € 390,045 €245432 | 62.9%
650 -1000 € 43,593 € 122,237 € 404,772 € 238,942 | 59.0%
1000 -

1600 € 100,492 € 150,885 € 434,040 €182,663 | 42.1%
1600 -

2500 € 138,976 € 147,539 € 481,051 €194,536 | 40.4%
> 2500 € 85,055 € 264,484 € 573,118 €223,579 | 39.0%

Source: Panteia (2020), based upon Stichting Abri database and Research Question C inputs

Figure 41: Financial gaps for retrofitting (electric drivetrain) (Karaarslan and Quispel 14/06/2021,
p. 23).

Looking at the market from a top -down view, the financing gaps (business as usual compared to various
scenarios) ranges between 2.5-10 billion'® euro in the timeframe up to 2050. According to this study
within PLATINA3 (Roux 30/06/2022) , most costs incur as CAPEX, while OPEX in various scenarios lead
to reductions in financing of alternative power trains.

The market overview within the framework of the CCNR studies (Dahlke-Wallat et al. 2021) indicates,
that two different target audiences need to be accounted for:

I Small, often family-owned businesses.
1 Shipping companies (often in niche markets like tanker, container or pusher shipping)

In family -owned businesses factors such as the age of the owner and succession plans within the family
play an important role in decision-making processes. Furthermore, a general challenge is the increasing
lack of qualified personnel and the general decrease in the number of employees (Jacobs 2022).

A study within the prominent Work Package WP6.3 (Ecorys 30/04/2018) looked at the financial impact
of greening the IWT for Europe, mainly with the aim of reducing the air pollutant emissions. Calculating
the return on investments for cleaner fuel (Stage V diesel), the study found that with a total investment
of EUR 1.06 billion, every invested Euro generates 6.6 Euros in return on investments for external costs
leading to an overall societal benefit. The study suggested (as does the more recent CCNRstudy), to
create a Greening Fund on European leve] with a dedicated, ear marked levy added to the fuel price, to
guarantee a level playing field. On the technical side, barriers for technological innovations need to be
considered. They include the following aspects: technical (compare D1.1 within the Synergetics for an
assessment of various technologies), legal, financial, knowledge, market as well as culture. Those as-
pects can be divided in ship-related technical measures, infrastructure and ship-operational measures
(Ecorys 30/04/2018). According to this study, the most significant barriers are to be found in the market
for the exchange of diesel engines as well as the right sizing; in the financial area for auxiliary systems
and in the technical area for shop-operational measures (saiing behaviour).

10 Experts within Synergetics estimate, that this cost assumptions should be increased by at least 50%, looking at todays market

situation.
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In a study by the EICB some key research questions were identified through extensive stakeholder
interviews and data collection as shown in the overview of the study results on the following pages
(Dahlke-Wallat et al. 2021; Kriedel et al. 2022a; Kriedel et al. 2022b; Pringuey 2021) .

Interviews within the Synergetics project team indicate, that similar results can be expected for the
Danube region. However, one more challenging factor for the Danube region are shipping companies
outside the EU, not adhere to the same regulatory framework as companies from within the E U.

Table 12:  Summary of results of CCNR Study(Dahlke-Wallat et al. 2021).

Nr Research question

Short summary of research results

Exploration of new developments /
changes since CCNR -results

What are the possible
triggers and financial
drivers to enable a pos-
itive investment deci-
sion by shipowners to
invest in technologies
contributing to zero-
emission performance?

The current means of financing are mort-
gages through financial banks and tempo-
rary grant schemes at European, national
and regional level.

The lack of financial capacity and incentives
(A no business case in the traditional
model) hamper further developments as
the return on investment is not given for
shipowners/operators. Customers are not
ready to pay additionally for sustainability
services

The amended CSRD of the European
Union may provide incentives for busi-
nesses to greening der supply chain and
in adhering to the EU taxonomy. If
prices for sustainably driven vessels can
reflect this additional business values
for customer, new technologies may be-
come viable over time.

Furthermore, new players in the market
(with new fleets, not so much retrofit)
may change the landscape of the IWT
sector with new services and payment
models (e.g. ZES)

b What can we learn
from other transport
modes?

The importance of public participation in fi-
nancing the energy transition of the various
modes of transport is considerable. Air and
rail transport receive strong economic sup-
port. At present, only road transport ap-
pears to be financing its own energy tran-
sition, while shipping is collectively trying to
develop a financing system (in the form of
a fund), which has taken several years to
materialise due to difficult negotiations be-
tween countries.

The challenge in such comparisons is
manyfold.

The lifespan of vessel is very long.
investments in infrastructure are costly
the structural setup within the industry
with many small, family-owned vessel
owners is not comparable to any other
transportation mode (rail: often with
state involvement, lorries and airplanes
with ownership of large multinational
companies)

biofuels used in other modes of trans-
portation may be insufficient in quantity
in the IWT

¢ Which greening tech-
niques fit into zero-
emission development
of IWT and what are
the impacts?

Cost figures and development predictions
for various energy carriers and energy con-

New technologies gain higher level of
TRL, leading to a higher security regard-

version technologies have been assessed ing costs, quantity and scalability.

within 3 scenarios and described, looking
30 years into the future building from the

Technology leaps within IWT are not ex-
pected due to the small size of the in-

PROMINENT research. 12 ship types have dustry: it could be interesting looking at

been looked at. New ships as well as retro-
fit solutions were considered in the calcula-
tions. It was found that retrofitting solu-

tions often require major and costly con-
versions while sometimes still being the
best choice given the longevity of vessel
uses. CO2 emisions were the once found
to be hardest to minimise. When options
(other than drop -in fuels) are considered,
cost factors like bunking (energy storage)
and cost aspects come into the equation.

other industries to find new sustainable
approaches.
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Nr Research question

Short summary of research results

Exploration of new developments /
changes since CCNR -results

According to this study, the focus for sus-
tainable investments should be on newbuilt
ships; drop-in fuels could be a "in-between"
solution for existing vessels.

d Whatis the potential of
pay-per-use and leas-
ing schemes for the
IWT market?

The study found that the potential seems
to be rather limited for pay -per-use or leas-
ing schemes | the short- to mid-term. One
salutation that may work (with first indus-

Through new payment models, new
companies and players may enter the
market, leading to further (and faster)

developments in the future. Those new

try-examples) are containerised energy parties may have easier access to funds

systems (e.g. battery containers); how-
ever, the potential is assessed to be a few
hundred vessels only to begin with.

and financing. New payment models
may be furthered by developments
around automation and standardisation.
Leasing schemes reduce the risk of sub-
stantial up-front payments, reducing the

business risk for vessel owners (invest-
ment barrier). A barrier is the low level

of standardisation within the IWT sec-
tor.

Pay per use seems the more likely
model than leasing, e.g. ZES with con-
tainerised battery solutions for dry
cargo vessels carrying containers (with
a limited market share)

e What is the potential
for joint procurement
in the European IWT
sector?

Join-procurement could lead to cost reduc-
tions (economy of scales), new market de-
velopment an innovation. Another potential
benefit is a higher level of standardisation.

Due to the current industry structure,
joint procurement could only be applied
to a limited number of vessels and may
therefore not have a big impact (as-
sumption: 1-5% reduction of invest-
ment costs)

f  What can be expected
from national and Eu-
ropean programs and
products providing
funding and financing?

Financial support on the EU level is often
provided for pilot projects and/or demon-

strators. What is missing is the funding of
large-scale upscaling (including roll-out) in-
itiatives for green technologies. In the

Netherlands, funding options are available
(EUR 92m until 2030) but mostly bound to
nitrogen emission problems.

Financial hedging of alternative fuels has
been looked at in this part of the study as

well to increase financial stability. How-
ever, it was found, that hedging is no com-

mon practice within IWT.

Funding options are well known within the
industry due to the available EIBIP funding
database (outdated); according to an in-

dustry enquiry, funding levels of 50% are

The CSRD may be a driver for the cus-
tomers of IWT and for the (bigger) IWT -
companies themselves, to speed along
the introduction of polluter pays

schemes.

The study authors state, that any pay -
per-use or energy-as-a-service solution
should include CAPEX an OPEX as elig
ble elements of a funding scheme.

The Innovation Fund i European Com-
mission is available for the IWT sector
under the registration for Use of renew-
able energy outside Annex |

An overview of all national funding

schemes is available in the final report
to research question F

As an update on the number for NL: an

deemed to be necessary for successfully additional EUR 240mwill be added due

applying any funding scheme.

to ETS2; dedicated to the zero-emission
transition of inland vessels.

g What is the potential
for  polluter  pays
schemes in IWT?

Challenges in the IWT sector related to the
high fragmentation of supply chains and
complex structures; a responsibility in the

Options such as contributions based on
number of vessels, load capacity/length,
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Nr Research question

Short summary of research results

Exploration of new developments /
changes since CCNR -results

h  What are requirements
and boundaries consid-
ering level playing field
and modal share?

sense of "polluter pays scheme" would
therefore have to involve many different
stakeholders. A scheme with the potential
for a successful introduction has been iden-
tified as "earmarked contributions" from

the sector that are in turn used to make the

fleet more sustainable. The study defines a
range of 4-8% per litre of fuel as feasible
for the IWT sector without leading to mar-

ket disruptions. Total contributions would
thereby range between EUR 52 7 106m
within the timeframe of 2025 i 2050. To
gain acceptance within the sector, it is pro-

posed, that this measure should be accom-
panied by an equal amount of public fund-
ing and be granted for all connected water-
ways within Europe

per tkm/pkm, km travelled, new en-
gines, have been discharged due to low
effectivity and/or unfairness.

Positively considered were: flat rate for
bunkered amount of fuel/energy, real-
time measurement of emissions on
board of vessels, calculated emissions
label'? / energy index (for vessels) in
combination with bunkered amount of
fuellenergy per vessel.

REDIIl and ETS2 opt-in for inland nav-
igation (e.g. planned in the Nether-
lands) are targeting the internalisation
of external costs / polluter pay schemes.

i What is the added
value of a new Euro-
pean funding and fi-
nancing scheme for
IWT and how could this
work?

The overall conclusion is that the IWT sec-
tor by itself cannot finance or fund the nec-

essary changes required to reach the emis-
sion targets. An adapted legal framework
seems to be the prerequisite to achieve
emission-goals due to lacking business
cases andor the lack of own resources and
(financial) incentives. It is suggested that

the financing gap should be closed via non-
refundable grants. Added value can i ac-
cording to this study i be found in pay-per-
use or leasing schemes, joint procurement,
or fuel hedging activities. However, the
study concludes that such measure will
have a small overall impact. Public grants
should be used to compensate vessel own-
ers for higher TCO and be made available
as "one-stop-shops" to facilitate the access
to those funds. A funding scheme could
e.g. take the form of a public -private part-
nership at European level (A international
convention)

In order for the Mannheim Declaration

to be implemented, steps need to be
taken to facilitate the greening of the

IWT sector. PLATINAS3 has been intro-
duced as follow up to the CCNR studies
to shape an action plan for the neces-
sary development of funding and fi-
nancing instruments. The results of the

studies are as well used as part of the
CCNR roadmap.

A coordinated introduction y member
states of ETS 2 and REDIII cold make a
difference in financing and funding.

In summary, the studies concluded that possible transition pathways need to be identified promptly and
that there is no "one size fits all" solution. The reports state that economic, technical, and regulatory
aspects are all means playing important roles in achieving the transition to zero CO2-emissions by 2050.
Regarding the funding, a funding gap for investments of an estimated EUR 10 billion 2 needs to be
covered for the energy transition. According to this previous research, the transition cannot be financed
by the industry itself. Furthermore, the current framework conditions do not incentivise the current

11 The EU Parliament, in its resolution P9_TA(2012)0367 calls on the EU Commission to devise a EU emissions labelling system
for IWT providing information about the energy performance of ships, thereby promoting energy efficiency and creating stable
framework conditions with the goal of establishing viable bus iness cases for shippers.

12 Current estimates with data from 2024 indicate at least EUR 15 billion.
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vessel owners to move towards "greener" fuel options for their vessels. The reports suggest European
funding and financing mechanisms. Identified options include grands and financing instruments by the
EU as well as market-based schemes potentially with labelling system (Dahlke-Wallat et al. 2021a).
Additional information on coastal shipping is needed for a complete picture (compare Chapter 4.5).

CCNR Roadmap

The CCNR Roadmap builds on the finding of the CCNR studies and aims to significantly reduce GHG
emissions within the inland navigation sector in accordance with the Mannheim Declaration'3. The
roadmap aspires to initiate activities going beyond pilot projects, thereby overcoming obstacles to the
introduction of new technologies (CCNR 2022) The roadmap mentions "enabling measures" such as
regulatory aspects, financing of the energy transition in general or emission -monitoring as well as "tech-
nology transition pathways. Importantly, the Roadmap focuses on "Tank -to-Wake" (TTW) approach and
makes assumption about the upstream fuel chain. The Roadmap aims to provide a common vision
within the IWT sector in Europe.

The Roadmap emphasises the importance of a technology neutral approach. The suggested pathways
should ideally be based on no-regret investments and should include regulatory, logistical and infra-
structural as well as incentivisation measures. The roadmap considers technologies from technology
readiness level (TRL) 5 onwards.

100%

2020 2025 2030 2035 2040 2045 2050
I CCMR 2orbelow I CONR 2 + SCR Stage V, Diesel I NG
N stag: v, HVO LBM Battery N ., FC

H,,ICE I 1=0H, FC MeOH, ICE

Figure 42: IWT-development of fuel usage - Business as usual(lCCNR 2022, p.41).

13 GHG emission reduction by 35% by 2035 compared to 2015, a pollutant emission reduction in the same time frame by 35%
and a largely emission free (min 90%) inland waterway navigation by 2050.
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The Roadmap provides a scenario "business as usual" (BAU), indicating that under today's policy frame-
work and pricing levels, change is assumed to happen very slowly (compare Figure 42). With fuels
moving from today's emission limits (CCNR 2 or CCNR2 + Selective Catalytic Reduction Systems) to-
wards Stage V, diesel with a very low share of battery electric powertrains and LNG. Batteries are
predicted to being used primarily for ferries a nd daytrip and small cabin vessels, whereas LNG is as-
sumed to be primarily used (10%) by motor tankers > 110m.

The conservative alternative pathways assume that a transition towards fuel substitutes is easiest, in
case where they can be used in existing engines. Hence, Stage V HVO is assumed to gain a market
share of approximately 50% by 2050, accompanied by Stage V diesel (10%) and batteries (15%).
Another pathway focusing more on innovation shows a large variation of alternative fuels with the
percentage of diesel fuel (Stage V) reduced to approximately 10% by 2050, while batteries are envi-
sioned to gain a market share of approximately 35% besides the use of H2 (internal combustion engines
as well as fuel-cells) with 25% and methanol with 20% (both in internal combustion engines as well as
fuel cells). Particularly challenging seems to be the powertrain replacement of large push boats
(>2 000 kW). Highest uncertainties in terms of technology readiness, availability and financial viability
are attributed to biofuels. Compared to the conservative scenario, the innovative scenario is expected
to have significantly higher costs (factor 1.6-2.9).

The Roadmap concludes, that investments for green technologies should be financially supported for
both, newly built vessels as well as for retrofitted vessels. The cost gap identified amounts to EUR 2.65
billion I the average "conservative" scenario and to EUR 7.8 billion in the average "innovative" scenario
according to the modelling. The Roadmap suggests a mix of European financial support dedicated to
IWT in combination with private and public investments including contributions from the IWT sector.
Currently, no viable business case has been identified by Dahlke-Wallat et al. (2021) using zero-emission
technologies. The specific recommended actions are provided in Appendix 7.2. Further information on
the roadmap can be found in Deliverable D1.3 of this project.

421 Policy Developments within the EU

The EU has been following the goal of internalising external costs within the sector of transportation
(goods and people) through the "user pays" and "polluter pays" principle. Its primary choice on reaching
fair and transparent conditions for the transportation sector are (EUI et al. 2019):

1 market-based instruments (e.g. taxes, charges, tradeable permits)
1 regulatory measures (e.g. land use planning, regulations, fees, restrictions)
1 and voluntary instruments

While the Eurovignette Directive has been an important step within the EU for road transportation, no
similar measures have been established yet in the maritime sector. However, current legislation includes
e.g. an IMO sulphur cap or the NOx Tier Il stand ard for new ships on Nitrogen Emission Control Areas
(NECAs). Other measures implemented include SEMP, Cll, EEOI and EEDF. The use of more fuel-
efficient vessels is viewed as a priority; particularly the availability of favourable conditions for battery -
electric vessels. Ports are viewed as particularly important infrastructure within the shipping industry
regarding the availability of charging structure or regulatory possibilities such as environmentally differ-
entiated port charges of fairway dues (European Commission et al. 2019). The EU supports efficient

14 No further references are included in this report; information can be found on the IMO webpage
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waterborne transportation through the FuelEU Maritime Initiative to enhance production and scale -up
production of maritime fuels. The European Commission considers(European Commission 2021)

1 to establish a Renewable and LowCarbon Fuels Value Chain Alliance including stakeholders from
industry, public authorities and civil society

1 to complement actions under the European Clean Hydrogen Alliance

1 building on the success of the European Battery Alliance

The following paragraphs provide additional information regarding recent developments. A broader and
more in-depth look at policies (e.g. RED3, FuelEU, ETS) and scenarios is taken in DeliverableéD1.3.

Corporate Sustainability Reporting Directive (CSRD)

From 2024 onwards, the EU legislation requires a broad set of companies to report on their Corporate
Social Responsibilities (CSR). The directive is based on The European Green Deal, which in short - is
a commitment by the European Parliament to sustainably decouple economic growth from resource use
and climate neutrality by 2050. The reporting of economic activities is thereby seen as a prerequisite to
environmentally sound business activities, relating to the Action Plan Financing Sustainable Growth of
the European Commission(European Parliament and Council 14/12/2022). With the amendment of the
directive of 26 December 2022, a broader number of companiesl15 are required to disclose ESG risk
dimensions as part of the Supervisory Review and Evaluation Process (SREP). The European Commission
highlighted in further Guidelines (supplement on reporting climate -related information) the benefits of
such reporting by increasing awareness and understanding for climate-related risks and opportunities.
The beneficiaries of better sustainability reporting are seen to be investors as well as actors within the
civil society (e.g. NGOs and social partners) and in a broader view all individual citizens. The directive
2013/34/EU has been amended (by Directive 2022/2464) to focus further on data harmonisation and
comparability using disaggregated data. The directive aims to avoid diverging rules on national level
and to avoid an information gap between disclosure needs (e.g. from investors) in comparison to infor-
mation provided by the companies themselves. While the CSRD sets the EUs legal framework for man-
datory sustainability reporting, the European Sustainability Reporting Standards (ESRS) acts as its op-
erational tool to outline the specific reporting requirements. The reporting covers a wide range of sus-
tainability topics in the areas of environmental, social and governance (ESG) and is based on the se
called double materiality, focusing on the inside -out perspective on how a company is affecting its
environment as well as the outside-in perspective considering how the environment affects the business.
In the overarching and governance standards reporting is required for the a rea of business models,
policies, outcome of policies, risks and risk management as well as key performance indicators relevant
to the business. The environmental standards cover climate change, environmental pollution, water and
marine resources, biodiversity and ecosystems, and resource consumption and circular economy. In the
area of climate change, companies must present their impacts and strategies. This also applies to
greenhouse gas emissions (Scope 13), which must be recorded in accordance with the Greenhouse
Gas (GHG) Protocol. In IWT this includes upstream and downstream transport.

15 Under the original directive: (parent) companies with an average number of > 500 employees; under the new amended di-
rective: including small and medium-sized undertakings with securities admitted to trading on regulated markets in the EU;
additionally, even undertakings not trading securities on regulated markets need to disclose information given their importance
particularly looking at value chains. Additionally, from 30 June 2024, even companies from third -countries need to disclose infor-
mation in case their securities are traded within the EU (for companies with a turnover of more than EUR 150m or branches of
companies with a turnover of more than EUR 40m).

Author | Florin Thalmann
Grant agreement no. | 101096809 Page73 of 119

Funded by the Horizon Europe Programme of the European Union under grant agreement No 101096809

- Funded by the Horizon Europe guarantee of the United Kingdom, under project No 10068310
Funded by the Swiss State Secretariat for Education, Research and Innovation



synel'getics Deliverable Number |D 1.2

Deliverable title | Report on suitability of identified technical solutions

EU Taxonomy

The EU Taxonomy is an EUwide taxonomy system for sustainable activities. It is part of the EU's sus-

tainable finance framework, was developed as part of the action plan on financing sustainable growth

and is a tool for market transparency. Its purpose is t o direct investments to areas most needed ac-
cording to the European Green Deal objectives, and thus help them to scale up. The EU Taxonomy
serves as atool aiding investors in recognising environmentally sustainable economic activities. Busi-
nesses subject to the Corporate Sustainability Reporting Directive (CSRD) must include information in
their annual reports regarding the extent to which their activities align with the EU Taxonomy (T axon-
omye-eligibility) and adhere to the criteria specified in the Taxonomy delegated acts (Taxonomy -align-
ment). The taxonomy regulation entered into force in 2020.

There are 4 overarching conditions that must be met by an economic activity to qualify as environmen-
tally sustainable ( Taxonomy-aligned):

I "Making a substantial contribution to at least one environmental objective,

9 doing no significant harm to any of the other five environmental objectives,

1 complying with minimum safeguards (ensure alignment with the OECD Guidelines for Multina-
tional Enterprises); and

1 complying with the technical screening criteria."

The environmental objectives are: (i) climate change mitigation; (ii) climate change adaptation; (iii) the
sustainable use and protection of water and marine resources; (iv) the transition to a circular economy;
(v) pollution prevention and control; (vi) t he protection and restoration of biodiversity and ecosystems.
Besides making a direct contribution to one of the six environmental objectives by their own perfor-
mance, economic activities can also "directly enable" other activities to increase their environmental
performance (so called "enabling" activities).

Delegated Acts: There are two legally binding acts, that elaborate on the detailed provisions in the
Taxonomy Regulation. The Climate Delegated Actdefines the technical screening criteria for economic
activities. Currently, the Climate Delegated Act encompasses economic activities within sectors account-

ing for nearly 64% of direct greenhouse gas (GHG) emissions in Europe (in sectors such as forestry,
manufacturing, energy, tr ans pBUTaxonosy Compgassmidua negres ar e
sentation of the contents of the EU Taxonomy and Taxonomy Delegated Acts). The Disclosure Delegated
Actspecifies "the content, methodology and presentation of information to be disclosed by non -financial

and financial companies subject to the NFRD/CSRD" (Corporate Sustainable Reporting Directive). A third
delegated act, Environmental Delegated Act is still under development.

The steps for companies to assess their alignment with the EU Taxonomy are as follows:

1 Identify the activities that are covered by the EU Taxonomy ( 7axonomy-eligible activities), for a
quick visualisation the EU Taxonomy Compasscan be used

1 Assess whether the activities meet the technical screening criteria ( 7axonomy-aligned activities)

9 Check compliance of the activities with minimum safeguards

1 Apply the relevant reporting rules (a specified in the Disclosure Delegated Act)

Regarding shipping, in the EU Taxonomy are currently following activities listed (shown in the EU Tax-
onomy Compasg (only contributing to climate adaptation):

1 Inland freight water transport (contributing to climate mitigation and climate adaptation)

1 Inland passenger water transport (contributing to climate mitigation and climate adaptation)

1 Retrofitting of inland water passenger and freight transport (contributing to climate mitigation
and climate adaptation)
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1 Retrofitting of sea and coastal freight and passenger water transport (contributing to climate
mitigation and climate adaptation)

1 Sea and coastal freight water transport, vessels for port operations and auxiliary activities (con-
tributing to climate mitigation and climate adaptation)

I Sea and coastal passenger water transport (contributing to climate mitigation and climate adap-
tation)

The EU Taxonomy is thereby an important tool for those companies that are a) subject to the Corporate

Sustainability Reporting Directive (CSRD) and must fulfil sustainability disclosure requirements, b) seek-
ing competitive advantage by enhancing access to financial markets and gaining reputational benefits
or c) seeking guidance to improve sustainability performance and climate resilience.

There are currently no direct funding/financing activities within the IWT sector in direct relations to the
adherence of the EU taxonomy. Companies adhering to the EU Taxonomy have the (future) benefit,
that investors will more likely invest in Taxonomy -aligned activities. Additionally, adherence to the tax-
onomy will be a prerequisite to make use of EIB loans (green loan facilities).

Renewable Energy Directive RED 1l

In 2023 the existing directive EU/2018/2001 has been revised to reflect the urgency of the energy
transition with the EU. Countries have had an 18-months transition period to implement the revisions
in their national laws. Within the new directive, the overall target for renewable energy has been in-
creased from 32% to a binding target of 42.5% (voluntary: 45%). Importantly for the transition of t  he
IWT sector, a strong focus in given towards the electrification in various sectors.

For the transport sector, as one of the sectors with sizable challenges for the transition towards renew-
able energy, the following targets have been set:

1 14.5% reduction in greenhouse gas intensity by 2030 using renewables OR
1 A share of at least 29% of renewables for the final consumption of energy in the transport sector
by 2030

Additionally, a minimum share of 1% for renewable fuels of non -biological origin has been set as well
as a target of 5.5% of advanced biofuels (non -food-based-feedstocks).

RED Il revision (RED IIl): RED Il and the subsequent supply of renewable energy helps to stay within
the emission cap set in ETS 2: Since energy suppliers are required to achieve a certain amount of CO2
reduction per energy quantity through standardising the maximum number of grams of CO2eq per MJ
supplied on average. The latest expectation is that 14.5% COZ2eq reduction will be realised because of
RED Il 'in 2030.

RED lIl, Taxonomy and ETS 2 are interlinked and complementary, creating mutual synergies. Everything
that is already renewable falls outside ETS 2 and there no emission rights have to be paid over by
energy suppliers. Also, RED llI partially contributes to meeting the requirements to meet Taxonomy
criteria.

FuelEU Maritime

The regulation 2023/1805 has entered into force in Autumn 2023 and will become applicable by
1.1.2025. It is directly enforced by the EU. The regulation establishes maximum limits for the annual

average greenhouse gas emissions of the energy consumed by slips and applies for all vessels within
the EU with a gross tonnage of above 5 000. For voyages between two EU-ports, 100% of energy use
is applied, for voyages with starting- or ending point outside of the EU, a 50% share is calculated.
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Calculations are based on a Weltto-Wake approach and include CO2, CH4 and N2Qout all electricity is
set at zero-emission (incl. electricity from the EU grid).

With this requirement in place, greenhouse gas intensity of on -board energy will taper off between 2025
(2%) 7 2050 (80%). Ships not compliant with the reduction targets will incur penalties.

EU Emission Trading System

The maritime sector has become part of the EU ETS since January 2024. Included are vessels above
5000 gross tonnage entering EU ports, regardless of the flag of origin. Emissions occurring within the
EU (between two EU ports) are fully covered, emissions from voyages with starting or ending point
outside of the EU are covered by 50% of the emissions. Shipping companies under this new rule have
to purchase and use EU ETS emission allowances for each tonne CO2 (equivalent). The EU member
states are responsible for the compliance. For shipping companies, the ETS covers a phasingin between
2025 and 20271, with the system fully in place by 2027.

ETS revision (ETS 2): ETS 2 acts on fossil energy and is thereby particularly relevant for energy suppli-
ers. All renewable energy already supplied from the RED Il obligation will replace fossil diesel. This
renewable volume is out of scope of ETS 2 (Tachi and Quispel 2023):

1 ETSrevision (ETS 2) and ETD revision mainly affect the price of fossil fuel, as it becomes higher.

1 ETS 2 stipulates that allowances must be bought on the volume of fossil fuel emissions. The effect
is estimated at 15 cents per litre of fossil diesel in the short term, since the re are mechanisms in
place to keep the CO2 price at 45 euros per ton of CO2 (more emission rights will be added, to
reduce prices above 45 euros).

1 Inaddition, ETS 2 also ultimately has an indirect normative effect. The emissions cap will continue
to fall each year towards 2044 as the issuance of emission rights is phased out. Indeed, if not
decided otherwise, no new allowances will be issued from 2044 onwards. Supplying and using
fossil fuels will still be technically possible after 2044, but probably in very limited volumes and
at very high costs. It is therefore to be expected that inland navigation will use virtually no fossil
fuel after 2044 and will therefore rely almost entirely on the use of renewable fuel.

However, it is important to note, that those aspects will only apply to member states deciding to opt -
in. Inland navigation is not included by default. Currently, only the Dutch government has approved this
opt-in.

Multimodal Trans -European Transport Network (TEN -T)

The revised directive (European Commission and Directorate General for mobility and transport 2023)
acknowledges challenges in settingup a coherent transportation network within the EU, particularly in
regard to permission granting procedures, cross-border procedures and investments. It aims to further
the completion of the TEN-T in a timely and synchronised manner. Under the revision, Sustainable
Urban Mobility Plans (SUMPSs) must be adopted by the designated urban nodes along the TENT net-
work. This SUMPs aim to facilitate the integration of diverse transportation modes and further a shift
towards sustainable mobility. Within the area of European Maritime Space, a higher integration with
other transportation modes is envisioned. The transport links with countries bordering the EU are to be
strengthened (Ukraine, Moldova, the six Western Balkan partners).

16 2025: 40% of their 2024 emissions have to be reported; 2026: 70% of the emissions of 2025 have to be reported
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Energy Taxation Directive Revision

The ETD (Energy Taxation Directive) revision proposes the introduction of a minimum excise tax on fuel
and energy. The minimum is 3.2 cents per litre of fossil diesel. Member states may introduce higher
excise tax rates. In addition, according to Article 1 5.1 of the proposal, there is a possibility to apply a
zero rate for several types of fuels within a transition period of 10 years. Popular renewable fuels for
inland navigation such as HVO and FAME can, depending on the feedstock, meet this 10year transition
period. And for renewable fuels, a significantly lower minimum excise tax is proposed from 2033 com-
pared to fossil fuels.

4.2.2 Financing and Funding Options

Non-repayable grants are a key factor in establishing a business rationale for implementing innovative
green technologies and achieving the break-even threshold within IWT (Dahlke-Wallat et al. 2021) . This
is essential given the substantial financial gap and elevated project risks, allowing ship owners to secure
funding through various financial instruments and products, including those supported by the EU. In

the EU, there are major funding programs that support investments into energy transition actions to-

wards a zero-emission European IWT sector, which are all part of the InvestEU programme (see more
detailed description below):

1 Horizon Europe (for research and innovation actions)

1 LIFE program (for activities such as testing, demonstrating, and piloting the efficacy of novel
technologies, approaches, or policies as means for policy implementation)

9 Connecting Europe Facility (CEF, for largescale roll-out and deployment actions)

1 Innovation Fund (for actions backing the commercialisation and widespread adoption of advanced
and sufficiently developed low-carbon technologies and processes)

The InvestEU programme is a single fund since the new Multiannual Financial Framework (MFF) in 2021
was introduced. The purpose is to overcome the problem and complexity of the current multitude of
financial instruments. Most importantly, financial support is provided through the TEN-T-infrastructure
project "Connecting Europe Facility 20217 2027"17 providing grants to projects through calls for pro-
posals. Research projects are funded via the Horizon Europe program. Funding for small businesses,
common in the IWT sector, is available through the "Invest EU" programme. The European Investment
Bank can support IWT projects through loans and investments in "infrastructure, fleet acquisition, ret-
rofitting, innovation, research and development" (Jacobs 2022). The taxonomy sets screening criteria
to guide market participants when taking investment decisions. Furthermore, the Corporate Sustaina-
bility Reporting Directive may become a major driver in the EU for sustainable IWT.

The level of financial support allocated for the shift towards zero -emission IWT varies significantly across
countries and regions. Nations such as the Netherlands, Belgium, Luxembourg, France, Germany, and
Switzerland, and Austria offer diverse and appealing financing options for the IWT sector. In contrast,
countries like Hungary, Romania, Slovakia, Croatia, and Bulgaria, or the Czech Republic do not present
any financial incentives related to IWT.

17 European Climate, Infrastructure and Environment Executive Agency (CINEA)
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PLATINA3 (Deliverable 2.5) provides a comprehensive overview of funding and financing aspects for
the energy transition within the European IWT -fleet (Roux 30/06/2022) . Main finding includes:

1 economic, financial, technical and regulatory objectives need to be taken into consideration.
many funding and financing options are available, however not all deemed to be adequate to
support the energy transition within IWT.

the existing financing and funding options could be better used

a European financial instrument could support the energy transition

a layout of all stakeholders an their intentions is recommended

a combined instrument with funds from EU, national and regional money is deemed to be non -
feasible; recommended is a decentralised setup with national contact points and co -fundings

=

= =4 —a -8

As a summary, the authors of PLATINA3, D2.5 state: The current framework does not enable to trigger

the energy transition at the level of the individual vessel owner and the vessel owners do not have the

financial capacity to finance the transition by their own means. In addition, no mechanism currently

exists to ensure that those who invest today in expensive emission reduction technologies and take a

financial burden and risk in doing so are not put at competitive disadvantage compared to those who

decide to invest at a later stage (and still use relatively low -cost fossil gasoil and continue to use old

di esel engines) [é]. A clear European strategy bet wee
representatives regarding the funding and financing of t he energy transition towards 2050 is therefore

required, as well as a clear action plan to overcome the financial the related financial challenge (Roux

30/06/2022, p. 9).

The study estimates that a funding gab of 2 -5 7 10 billion euro'® (depending on transition pathways)
needs to be bridged by stakeholders other than the vessel owners. The study recommends focussing
on the improved use of existing instruments in the current phase of MMF 2021 - 2027 (Multiannual
Financial Framework), improving the grounds for the introduction of a European wide instrument be-

tween 2028 i 2035.

A comprehensive overview is provided in PLATINA4Action (Deliverable 5.1) on funding instruments (not
publicly available yet). The report includes follow -up works for the time frame 2028 1 2035 and available
instruments such as Innovation Fund and CERAFIF.

18 As noted in previous Chapters, this number may be significantygr eat er in todayo6s market.
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Table 13: Funding and financing instruments for inland vessels 2021-2027 (Karaarslan 2022). For ad-
ditional remarks see main text body. Source: own adaptation of table provided in Roux
(30/06/2022, p. 28).
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Horizon Europe [95 500] - detalls see selected programmes below-
Pillar Il - Cluster 5 Climate, Energy and Mobility [53 500-15 100]
Clean Hydrogen Partnership [1 000]

Battery Value Chain Partnership (BATT4EU) [925]

European Partnership on ZercEmission Waterborne Transport
(ZEWT) [530 + 3 300]

European Innovation Council (EIC) [10 100]
European Institute of Innovation & Technology [3 000]
LIFE [5 400]
The Recovery and Resilience Facility [723 800]
The Innovation Fund [20 000]
CEF2 Transport [25 800]
CEF2 AFIF [1 500]
Modernisation Fund [?]
The Saocial Climate Fund [23 700]
Interreg
General [?]

Transnational (e.g. Danube Transnational Programme (DTP),
Interreg North -West Europe, North Sea Region) [?]

Crossborder (e.g. Austria-Hungary, Interegio Meuse-Rhine) [?]
InvestEU & EIB
National Funding Opportunities (non -exhaustive) - detalls see selected programmes below-

DE: German Guideline for the Promotion of the Sustainable
Modernisation of Inland Ships [?]

NL: Subsidieregeling Verduurzaming Binnenvaartschepen [?]
NL: Subsidieregeling R&D Mobiliteitssectoren [?]
NL: DKTI-transport [?]
FR: Aid plan for fleet modernization and innovation (PAMI) [?]
Danube Region: Model State Aid Scheme elaborated in the
transnational Interreg project GRENDEL [?]
Incentives (e.g. tax benefits) [?]

- detalls see selected programmes below-

Remarks: 1: for small scale projects: max. 60%, for large scale projects: max. 60% [ Z2: for small scale projects: 0%, for large
cale projects: max. 60% | 3: exception. bunker vessels [ 4. in relation to the fuelling system [ 5: eligible costs. difference
compared to conventional systems | 6. integration of IWT in the logistics chains waste management/treatment
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HORIZON Europe

Horizon Europe (2021-:2 027) represents a 0100 billion research an
overarching aim of the program is to generate scientific, technological, economic, and societal impact

through the European Union's investments in research and innovation. The programme seeks to fortify

the scientific and technological foundations of the Union, promoting competitiveness across all Member

States. This is done through a three-pillar structure known from the previous Programme (Pillar 1 "The

Excellence Science", Pillar 2 "Clustersi Global Challenges & European Industrial Competitiveness”, Pil-

lar 3 "Innovative Europe").

Eligible actions are only those that implement the objectives of the Programme, and there are clear
guidelines which research activities are not supported (human closing, modification of genetic heritage
of human beings, é). EI eaghdnd/einroation actioss. ar e mai nly res

Any legal entities are eligible and shall be part of a consortium where three independent legal entities
from different Member States are included. Third countries with IWT such as Switzerland, Serbia,
Ukraine, Republic of Moldova, and potentially Bosnia and Herzegovina are also eligible.

Fundings are provided as set in the Financial Regulation, mainly grants, prices and procurements, and
potentially financial instruments within blending operations.

Programme for the Environment and Climate Action (LIFE)

Initiated in 1992, the LIFE Programme stands out as the sole EU fund exclusively committed to envi-
ronmental and climate objectives. The Programme is positioned between EU programmes supporting
research and innovation and EU programmes financing large-scale deployment of measures. Objectives
are:

9 support the transition to a sustainable, circular, energy -efficient, and climate-neutral economy

reliant on renewable energy,

safeguard, restore, and enhance environmental quality, encompassing air, water, and soil,

9 address and reverse the decline in biodiversity and combat ecosystem degradation, including the
facilitation and management of the Natura 2000 network, thereby promoting sustainable devel-
opment.

=

Eligible actions are only those that implement the general and specific objectives of the LIFE Pro-
gramme. Experience from 2014-2020 shows that the LIFE Programme does not finance research activ-
ities or large infrastructure ( EUR>500 000).

Eligible entities are all legal entities established in a Member State or linked overseas countries, and any
legal entity created under Union law or any international organisation. Third countries with IWT such
as Switzerland, Serbia, Ukraine, Republic ofMoldova, and potentially Bosnia and Herzegovina are also
eligible.

Fundings are provided in any form, mainly grants, prices and procurement, as well as financial support
through the utilisation of financial instruments within blending operations.

LIFE Projects directed to IWT:
1 LIFE CLINSH: improve air quality near ports (finished already)
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Connecting Europe Facility (CEF)

CEF is a key EU funding instrument that supports the development of high-performing, sustainable, and
efficiently interconnected trans-European networks in the fields of transport, energy, and digital ser-

vices. Inland waterways are among the transport mode s eligible for CEF funding. The focus is on de-
carbonisation and making transport connected, sustainable, inclusive, safe and secure.

Eligible actions (studies, works, other accompanying measures) are those that contribute to the aim of
the CEF and take into account long-term decarbonisation commitments.

Eligibility criteria meet entities established in Member States, legal entities formed under the Union law,

and international organisations as specified in the work programs, as well as entities established in a
third country associated with the Programme (Switzerland, Serbia, Ukraine, Republic of Moldova, and
potentially Bosnia and Herzegovina).

Fundings are provided in forms of grant and procurement, and potentially blending operations (in the
transport sector for actions towards smart, interoperable, sustainable, inclusive, accessible, safe and
secure mobility).

CEFFEunding directed to IWT:

1 Flagship project Seine-Escaut (part of the TEN-T), aimed to enhance inland waterway connection
between France and Belgium
1 Many other projects on the Trans-European Transport Network
1 Improving navigation on the Danube
1 Enhancement of crossborder navigation with the River Information Services (RIS)
9 Sustainable and smart mobility infrastructure: upgrade of maritime ports to reduce GHG emis-
sions from moored vessel through on-shore power supply
1 Enhancing inland waterway transport infrastructure: moderni sing infrastructure, and inland
ports
1 Every year CEF Transport grant calls are opened for projects that contribute to a good trans-
European transport network, see https://www.inlandwaterwaytransport.eu/cef -funding/

Innovation Fund

The Innovation Fund is a financial instrument that aligns with the European Commission's strategic
vision for achieving a climate-neutral Europe by 2050. It is financed from the revenues of the EU ETS
(EU Emissions Trading System, the world's largest carbon pricing system) and is a follow up of the
NER300 programme.

The objective of Innovation Fund is to (a) support projects demonstrating highly innovative technolo-
gies, processes, or products that are adequately advanced and hold significant potential for reducing
greenhouse gas emissions on the one hand, and (b) provide financial assistance customised to the
market needs and risk profiles of eligible projects, while attracting additional public and private re-
sources.

Eligible actions are those fulfilling the objective. The focus of the Innovation Fund is especially on inno-
vative low-carbon technologies in energy intensive industries, carbon capture (and utilisation/ storage)
innovative renewable energy generation and energy storage.

The Innovation Fund is open for projects from the waterborne transport sector, and all legal entities
established in the Member States are eligible. Assistance is extended through grants and contributions
for blending operations within the framework of the Union's investment support instrument.
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From within Synergetics, signals are mixed on the accessibility of funds: some partners report this
scheme as very intensive to apply and with a low chance of funding ; other voices are more optimistic
(compare PLATINA4Action Stage Event, & November 2024). The proposal of the Innovation Fund is
structured in several award criteria. The scoring of these criteria is difficult to estimate as the call text
of the proposal can be interpreted in different ways and is strongly dependent on the assessment of
the evaluators. The application process is very resource intensive. This is difficult to manage, especially
if the chances of success are difficult to assess.

European Investment Bank EIB

The EIB supports sustainable transportation activities under the European Green Deal and in its plan
"Cohesion Orientation 20211 2027". While the EIB financing focus has been mostly on railway projects
and urban mobility, financing of retrofitting within the IWT -sector and coastal shipping is within its area
of responsibility. Besides the traditional lending of money, EIB can support the transition with advisory
services and technical assistance for smaller transport companies. EIB applies the EU Taxonomy as
technical screening criteria.

In its policy document "Transport Lending policy" (European Investment Bank 2022), the connectivity
of different transport modes (within the TEN -T) with IWT and short sea shipping routes explicitly men-
tioned. Within the document, priorities for waterborne transportation include zero -emission ports as
well as the transition to new and r etrofitted zero and low -emission vessels (with the link to the Smart
and Sustainable Mobility Strategy). Investment priorities are given amongst other areas to infrastructure
upgrade, digitalisation and fleet renewal.

Within its traditional lending -business, viable business projects can be funded with up to 50% of the
total amount and a minimum of 25 million Euro. Lower amounts can be funded via intermediary lending
agreements with commercial banks. Within the waterborne sector, other services of the EIB such as
mapping of grant programs for eligibility could be interesting. Requirements for such advisory ser vices
are sufficient large projects, which could e.g. be achieved by clustering ship companies with similar
funding requirements and needs.

Others

Other financing instruments include TEN-T, ESIF, and Private Investment and Public-Private Partner-
ships

TENT-T: EU's trans-European transport network policy. The TEN-T policy is currently revised to make it
greener in line with the "European Green Deal" and the "Sustainable and Smart Mobility Strategy". The
objective is to complete the TEN-T core network by 2030. CEF gives fundings for projects on the Trans
European Transport Network, thus the TEN-T regulation is directly linked to the CEF as the TEN-T
defines projects that are eligible under CEF.

ESIF (European Structural and Investment Fund)

JTF (Just Transition Fund): https://www.egen.green/grants/just -transition-fund/

ERDF(European Regional Development Fund): https://www.egen.green/grants/erdf/

IPCEI (Important Projects of Common European Interest): https://www.egen.green/grants/ipcei/

RFEF(Recovery and Resilience Facility)
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4.2.3  Accessibility of Funding

In the CCNR study (CCNR 2022) the level of visibility and accessibility of the IWT sector for funding
initiatives and financial products that support the shift towards an environmentally friendly and efficient
fleet was analysed. Regarding visibility, the satisfaction was high since several projects and initiatives
were evaluated for their positive impact in furnishing essential information to interested stakeholders.
Accessibility on the other side can be improved.

In the European IWT sector funding and financing programs and products are generally well -known
and primarily recognised through various tools like the EIBIP funding database. Overall, feedback from
the sector regarding awareness, satisfaction with the current information level, and its targeted dissem-
ination is positive. To further enhance awareness and visibility in the sector, success stories should be
leveraged as tools to share knowledge and lessons learned.

Many vessel owners/ operators struggle to allocate in-house resources for project applications within
existing support schemes. Some choose to collaborate with consultants, while others seek advice from
regional entities or industry associations. The demands of project management and reporting also re-
quire substantial resources. Therefore, there is a pressing need for harmonisation and simplification of
administrative processes to reduce time requirements. From a project engineering perspective, it is
advisable for multiple applicants to join forces when engaging consultants or other service providers.

Furthermore, the sector emphasises a preference for a minimum 50% funding rate for investments in
green technology. Having an initial financial contribution from the program or supportive financial insti-
tutions would also be a significant advantage for the sector.

National and Regional Funding

There are substantial differences in the level of financial support for transitioning to zero -emission IWT
across different countries and regions. The Netherlands, Belgium, Luxembourg, France, Germany, Swit-
zerland, and Austria offer numerous appealing financing opportunities for the sector. In contrast, coun-
tries such as Hungary, Romania, Slovakia, Croatia, Bulgaria, or the Czech Republic lack any financing
incentives related to IWT. An overview of financial support schemes focused on greening inland water-
way transport is given in Appendix 7.3.

4.3 Clean Energy Infrastructure Development

With the transition to a green inland waterway transport system, alternative energy carriers will be
needed. These alternative/ clean energy carriers (e.g., H2, electricity, methanol), do not count as drop
in fuels (e.g., biodiesel) and are thus not compat ible with existing infrastructure and engine systems.
They will need new infrastructure along waterways (waterways, locks, berths and ports).

Economic barriers and the current low demand for clean energy from vessel owners are the reason for
a hindered clean energy infrastructure development. With the help of policies and incentives/ fundings
the demand for clean energy can grow, giving energy s uppliers the opportunity and means to invest in
the required clean energy infrastructure. For this to happen, following conditions have to be met to

support the transition (as part of PLATINAS report; Deliverable 4.2) (Karaarslan 2022):

1 For economies of scale, synergies with other transport modes and sectors should be built.

1 Clean energy has to be competitive compared to currently used fossil fuels (in terms of prices,
availability, service, flexibility). This can be facilitated by laws and regulations.

1 Cumbersome regulations and permits increase the cost of clean energy even more. From previous
projects lessons should be learned to be able to ease and align relevant rules and procedures.
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1 Map the details and possibilities on how existing bunker infrastructure can be utilised.
1 Demand for clean energy must increase significantly.

Besides the clearly needed new infrastructure for clean energies, current IWT infrastructure faces sev-
eral difficulties, which will also need to be addressed (Seitz and Oganesian 2023}

1 Blockages caused by insufficient water depths during low water periods and blockages due to ice
are significant challenges for IWT. These issues lead to substantial economic losses and nega-
tively impact the reliability and predictability of transportation along this waterway.

1 Another critical obstacle to consider in port infrastructure is the availability of road and rail con-
nections. In the context of IWT, the "last mile" often needs to be covered by road, rail, or a
combination of both. The effectiveness of IWT can be signifi cantly hampered by inadequate con-
nections between ports and the broader transport network. Therefore, to promote a modal shift
towards greater use of IWT, it is essential to integrate road and rail infrastructure development
with port development plans and IWT infrastructure strategies, addressing the missing links in
the network.

1 Since in Europe IWT crosses several national borders, often regulatory and legal barriers hinder
projects to be developed or slow them down. This is seen with projects like that FAST Danube
project or the Seine-Scheldt link (France-Belgium).

These difficulties lead to capacity constraints and must be addressed to use the full potential of IWT.

Status quo and developments in clean energy infrastructure

There are several policies that are relevant for the development of alternative clean energy infrastruc-
ture (Karaarslan 2022):

1 EU Green Deal and Sustainable and Smart Mobility Strategy (SSMS):

1 The EU Green Deal sets the aim of a 90% GHG emissions reduction and a zerepollution ambition
from transport by 2050. To achieve this, the SSMS lays out the importance of a broad uptake of
lower and zero-emission vessels and the development of the necessay alternative energy infra-
structure (this is defined as the first flagship/action area of the strategy). The first flagship refer-
ences therefore to following more binding directions of infrastructure development: Alternative
Fuel Infrastructure Regulation (AFIR), TENT regulation and the Renewable Energy Directive
(RED)

i Fit For 55:

1 The Fit For 55 package was presented in 2021. It contains proposals on how the EU's climate
and energy goals until 2030 and 2050 can be reached in various sectors, including IWT. Proposals
that are specifically relevant for IWT are: AFIR, RED and ETD (Energy Taxation Directive Revi-
sion).

1 Alternative Fuel Infrastructure Regulation (AFIR): The Alternative Fuels Infrastructure Directive
(AFID) has recently been revised and remodelled to a regulation (AFIR). The AFIR advocates for
national policy frameworks to include comprehensive strategies aimed at advancing clean energy
(with focus on electricity and hydrogen) in sectors challenging to decarbonise, like inland water-
way transport (I WT). Specifically, Member States are encouraged to devise explicit plans for
decarbonising IWT within the TEN-T network, fostering collaboration with other relevant Member
States. Together, AFIR and TENT should provide the necessary infrastructure to create a cover-
ing network for bunkering and using renewable energy (shore power, bunkering points, etc.) with
interoperability.
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1 Trans-European Transport Network (TEN-T) policy revision: The TEN-T regulation is an EU legal
framework designed to construct an effective, EU-wide and multimodal transportation network,
including inland waterways and ports. Its aim is to develop a dependa ble and interconnected
TENT network that provides sustainable connectivity throughout the EU. The TEN-T should be
completed by 2050 with intermediate deadlines in 2030 and 2040. Requirements for IWT are
specified in Article 21. Member States must guarantee that inland ports within the comprehensive
network are equipped with facilities to enhance the environmental performance of vessels by
2050. These facilities include reception and degassing facilities, noise reduction measures, as well
as initiatives to mitigate air and water pollution. Additionally, Member States are mandated to
deploy alternative fuels infrastructure in inland ports in accordance with AFIR regulations. Core
ports must meet the same requirements by 2040.
CCNR roadmap
1 The CCNR developed a roadmap aiming at "largely" eliminating GHG emissions and air pollutions
from IWT by 2050. Intermediate goals are reducing GHG emissions and air pollutants by 35% by
2035 compared to 2015 levels.

=

The existing energy infrastructure utilised by IWT primarily relies on bunkering facilities for fossil die-
sel/gasoil. The Netherlands, particularly the Rotterdam region, serves as the principal bunkering hub
for IWT in Europe. Bunkering volumes in other European regions are considerably smaller, with fossil
diesel being the predominant fuel. In the Netherlands, approximately 65% of fuel is delivered via bun-
kering boats (ship-to-ship), while the remaining 35% is supplied at bunkering stations (station -to-ship).
About 100 bunker boats and 25 pontoon-based bunker stations with shops are operational, while diesel
deliveries by lorry (lorry-to-ship) are negligible. In Belgium and Germany, bunkering boats account for
most fuel deliveries. The bunkering infrastructure and its technical requirements to operate it in a con-
ventional way is very fragmented across Europe. Individual components of the station are normally
standardised to international standards, requirements at a national level are harmonised at a European
level. However, for building the bunkering infrastructure, local organisations (landowners, permit appli-
cations) play a relevant role, and national environmental laws may be different in each country. Thus,
regulations and processes related to bunkering infrastructure can vary greatly between countries.

The current bunkering infrastructure market is a relatively mature market. There is a geographical wide
coverage, and normally there are large hubs with large supply volumes. Economically, the bunkering
market is defined by small profit margins, requiring substantial sales volu mes to make a viable business
proposition. To minimise costs, bunkering of diesel is done by minimal time loss (minimal administrative
costs, waiting and bunkering time). In the EU -funded CEF project LNG Breakthrough, the cost advantaye
of LNG over diesel was even eliminated in one of the pilot demonstrations due to the additional time
required for LNG bunkering. Bunkering of LNG can be seen as an example for clean energy infrastructure
for IWT. LNG is not provided by traditional bunkering infrastructure that is used for e.g., (bio)diesel,
but by lorry-to-ship operations or at various locations by station-to-ship. The construction of this bun-
kering station in Cologne showed that clean energy infrastructure can be very complex (legal and tech-
nical challenges), time-consuming and costly. In 2022 the first per mit has been given to the Dutch port
of IImuiden for bunkering hydrogen.

The current bunker infrastructure appears inadequate for delivering environmentally friendly energy
sources like hydrogen and electricity, necessitating the development of new infrastructure. The existing
technical specifications, permits, and procedures for constructing bunkering infrastructure, as well as
the guidelines and regulations for bunkering operations, are highly fragmented. This complexity should
be considered when planning the future clean energy infrastructure for inland waterway transport
(IWT). Valuable insights can be gleaned from the establishment of the (limited) LNG bunkering infra-
structure and the recent approval for bunkering hydrogen in the Netherlands.

Author | Florin Thalmann
Grant agreement no. | 101096809 Page 85 of 119

Funded by the Horizon Europe Programme of the European Union under grant agreement No 101096809

- Funded by the Horizon Europe guarantee of the United Kingdom, under project No 10068310
Funded by the Swiss State Secretariat for Education, Research and Innovation



synel'getics Deliverable Number |D 1.2

Deliverable title | Report on suitability of identified technical solutions

There are already quite a few projects and initiatives related to the development of clean energy infra-
structure for IWT. Some are:

1 H2 meets H20

Rhine Hydrogen Integration Network of Excellence (RH2INE)
The MAGPIE project

PIONEERS project

NEEDS project

GRIP project

=a =4 -8 —a -2

Future Clean Energy |nfrastructure : Outlook

TENT-corridors and European Member States

In PLATINAS3 the four TEN-T corridors (Rhine-Alpine (RALP), North SeaBaltic (NSB), North SeaMedi-
terranean (NSM) and Rhine-Danube (RD)) were interviewed on how they see their role in clean energy
infrastructure development for IWT. They see themselves as coordinators and accelerators for the en-
ergy transition and the adoption of clean energy in IWT. However, their effectiveness relies on collab-
oration with other stakeholders such as River Commissions and Member States. Particularly, Member
States play a crucial role as they are responsible for devising their own national plans for clean energy
deployment. It is essential for these plans to align across corridors, thus the corridors do play an im-
portant role. Most corridors are already actively involved in im plementing clean energy infrastructure
by fostering collaboration among stakeholders and coordinating efforts. Numerous relevant projects are
currently underway or anticipated to start before 2030, with the corridors expected to continue their
facilitating and coordinating functions (Karaarslan 2022).

To identify the position of European IWT countries towards clean energy infrastructure, they were
questioned based on the CCNR energy roadmap. Outcomes were, that the more innovative energy
transition pathway should be pursued, even though the conservative pathway seems more realistic. As
technological solutions, batteries, H2 and HVO are the most promising to reach the climate and energy
goals of 2030. Regarding clean infrastructure it is relevant to understand the development of the energy
demand, and here lies also the uncertainty: most countries do not know how the energy demand will
develop in their country, how fast the energy mix will change to become more sustainable, or if there
is enough clean energy for IWT. Overall, the countries objectives and plans on clean IWT and infra-
structure varies. Some have clear goals with funding schemes, others do not. The AFIR is supposed to
change that, since it states that countries must create plans to promote alternative fuels in transporta-
tion and build the necessary infrastructure (Karaarslan 2022).

Ports and energy suppliers

Ports can be seen as logistic hubs,centres of production, utilisation and transportation of clean energy.
For a clean energy infrastructure, port development is therefore crucial. In Europe, there is a total of
226 ports on inland waterways, most of them serving as an interface between differentt ransport modes
and as a regional business platform for trade and industry. In several policy instruments (SSMS, NAIA-
DES lll, Green Deal for Europe), ports play a significant role in the transition towards a clean energy
infrastructure. Ports help to support achieving the zero-emission goal, green energy can be produced
there, and thus serving as a clean energy promotor for vessels. In Europe there are only few alternative
energy bunkering infrastructure today (LNG bunkering station in Cologne and Ruse (Bulgaria), methanol
bunkering in Gothenburg). However, there are some projects aiming at an increased uptake of clean
energy technology/ infrastructure (e.g., PIONEERS, MAGPIE, AFIF). But especially in the Danube region
ports have an untapped potential to serv e as centres for producing and distributing clean energy. Pro-
jects such PIONEERS (port of AntwerpBruges) or MAGPIE (port of Rotterdam) should function as a
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forerunner. Difficulties between ports are however their differences. They have different organisational,
financial and governance conditions so the pathways to reach the climate goals are different and must
be adapted to port traffic, hinterland condition s, industrial and energy sectors in the port area, etc.
Thus, a cooperation between stakeholders is crucial. At the moment, lack of demand for clean energy
is one of the main reasons why ports do not invest in clean energy infrastructure (Karaarslan 2022).

Several ports in Europe have their own strategy to become more sustainable and provide clean energy
infrastructure. Port of Rotterdam will serve as the main demonstrator port in the MAGPIE project, where

different projects will be tested (e.g., Ammonia bun kering, E-b ar ge s , shore power peak
The port of Hamburg is part of the initiative "Sustainable Energy Hub Hamburg" where renewable en-

ergy companies should increasingly contribute to the handling, production, distribution and use of sus-

tainable fuels and energy sources. Port of Gothenburg rebuilds a completely new quay to ease the

transition to renewable fuels. In Switzerland the H2 -Hub Switzerland was created in 2024 to establish

the Basel region as Switzerland's hydrogen hub.

In all ports the focus is on providing onshore power supply (OPS) for vessels to reduce GHG emissions
in ports. For that, high -voltage power transmission infrastructure and voltage transformers are neces-
sary and must be built if not already existing. Hydro gen and ammonia both need specialised handling
and storage infrastructure (e.g., reinforced storage tanks, cryogenic tanks if necessary). For safety
reasons comprehensive ventilation, hazard containment, leakage detection, fire prevention and work
safety systems are of crucial importance. Vessels run on battery electric propulsion need specific infra-
structure elements like battery containers, high power charging stations, container lifting and handling
gear, and battery management systems. For safety reasons fire prevention, training of battery move-
ment and charging is necessary. Challenges for deployment of alternative fuels are high capital costs,
fuel and bunkering uncertainty, coordination complexities and lack of space in congested ports. Special
attention needs to be paid at spatial safety when building new bunkering infrastructure for alternative
fuels (ESPO and EFIP 2022)

Today's energy suppliers supply mainly fossil fuels to vessel owners/operators, their infrastructure is
designed almost solely for fossil fuels and alternative fuels, that can use the existing infrastructure (i.e.,

biodiesel). Clean energy cannot be stored or bunkered using the same infrastructure, due to technical
and legal/safety reasons. Major adjustments would be necessary to adapt today's infrastructure to new,

clean energies, as was also seen by the start of LNG bunkering. For both battery electric propulsion and
hydrogen there are two developments that aim at easing the take up of these energies at ports. The

ZES company (NL) offers a payper-use model of modular battery container solutions to overcome the
high CAPEX and OPEX for vessel owners for bag¢ry-electric propulsion. At the moment, the slow bu-

reaucratic procedures in establishing publicly available charging infrastructure seem to be a significant
hindrance. Another threat that should be considered is congestion on the electricity grid. For hydrogen,
the R2HINE initiative (GER) conducted a study that showed swappable tube-containers with pressurised
hydrogen exchanged at container terminals is a good option to move forward in relation to energy

infrastructure for IWT (Karaarslan 2022).

Vessel owners and operators

Diesel fuel is the most used fuel still and is of high demand. The way of bunkering is very efficient,
there's high availability on short notice, high service, flexibility, and low prices. With that, route planning
is not very strict, and bunkering is only planned roughly.

In general, fluid fuels are preferred from vessel operators, so handling is similar to the one of diesel.
Difficult is, that it is not known yet, which alternative fuel will make the IWT market. Thus, several fuels

need to be available at the beginning, however bunkering infrastructure is not made for that. Addition-
ally, alternative fuels have a lower volumetric and gravimetric energy densities than fossil diesel, thus
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more frequent bunkering (and more infrastructure) is needed, which contradicts the current way. It is
not certain, that terminal owners are willing to invest in more infrastructure to keep up the normal
handling capacity of the terminal (Karaarslan 2022).

Role of Energy Suppliers

Energy suppliers can play a significant role in greening the inland waterway transports in Europe. Their
roles include inter alia:

1 Investing in renewable energy sources

9 Offering green energy options: providing renewable energy contracts or green tariffs to incentiv-
ise operators to switch to cleaner energy sources

1 Developing infrastructure for electric vessels (installing charging stations or battery -swapping
stations)

1 Promoting energy efficiency technologies (hybrid propulsion systems, energy management sys-
tems, lightweight materials) or offer incentives or subsidies for operator to retrofit their vessels
with these technologies

1 Supporting research and development

1 Collaborating with government and industry partners

9 Providing education and outreach

There are several projects in Europe that are linked to greening the shipping sector and that involve
energy suppliers:

I H2Ports initiatives in Spain (port of Valencia): aims to implement hydrogen -powered vessels and
infrastructure in ports (hydrogen mobile supply station), involve partnerships between energy
companies, port authorities, and research institutions.

1 Rhine-Main-Danube LNG Masterplan: ended in 2015, and involved energy companies collaborat-
ing with transport operators to promote the use of bio -LNG (liquefied natural gas) as a low-carbon
fuel for inland navigation.

1 Zero-Emission Services (ZES) in the Netherlands: aims to deploy batteryelectric vessels for
freight transport, supported by renewable energy sources and charging infrastructure provided
by energy companies.

1 RH2IWER: focusing on hydrogen rolkout in inland navigation (with FC system)

1 FASTWATER: demonstrating pathways for methanol takeup

European Clean Hydrogen Alliance

Established in July 2020, the European Clean Hydrogen Alliance aims to support the widespread imple-
mentation of clean hydrogen technologies by 2030. It brings together renewable and low -carbon hy-
drogen production, industry demand, mobility, and various oth er sectors, along with hydrogen trans-

mission and distribution. The goal is to promote investments and to boost clean hydrogen production
and use. In order to promote investments in clean hydrogen, the European Clean Hydrogen Alliance
has compiled a pipeline of feasible investment projects. Most projects cover hydrogen production and

its application across various industries, the other projects focus on the energy sector, transmission and

distribution and buildings and mobility. Projects in the energy sector focus on renewable hydrogen and
storage, they include hydrogen production, storage and usage to balance the electricity grids.

For the purpose of the operational work, six thematic roundtables (RT) were created that reflect the

activities of the entire hydrogen value chain: RT1-Renewable and low carbon Production, RT2Trans-
mission and Distribution, RT3-Industrial Applications, RT4-Mobility Applications, RT5-Energy Sector and
RT6-Buildings. In RT1-Renewable and low carbon production, the focus is, among others, on electrolysis
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using renewable electricity (wind) and grid connected sourcing of electricity. In this roundtable several
energy suppliers are members, the facilitating organisation is SolarPower Europe.

Each roundtable identified barriers and mitigation measures. For RT1-Renewable and low carbon pro-
duction barriers and mitigation measures are: lack of demand (bottleneck for scaling up cost competitive
hydrogen production), regulatory framework needs to be clarified (RED II, TEN -E), and administrative
barriers alleviated. There is also a financial gap, for that effective support schemes have to be created
(European Clean Hydrogen Alliance 2021)

European Battery Alliance (EBA250)

The European Battery Alliance was launched in 2017 to ensure safer traffic, cleaner vehicles and more
sustainable technological solutions, by creating a battery cell manufacturing value chain in Europe. The
annual market value is estimated at EUR 250 billion from 2025 onwards.

The industrial development program is driven by EIT InnoEnergy. Today more than 800 stakeholders
are active, representing the entire battery value chain. EBA250 is a project-driven community, key
objectives were defined and actions prioritised to reach the goals of EBA250:

1 "Secure access to sustainably produced battery raw materials at reasonable cost.

1 Make Europe the global leader in sustainable battery technology.

1 Support European battery manufacturing in order not to miss the expected massive growth in
market demand.

1 Create and support new markets for batteries, e.g., through the "Clean Energy" & the "Mobility"
packages.

1 Grow Europe's R&l capacity. Develop and strengthen skilled workforces in all parts of the value

chain and make Europe attractive for world-class experts.

Involve the EU citizens in the journey: inform, educate & motivate

1 Ensure maximum safety for European citizens and create a competitive advantage through stand-
ardisation”

=

4.4 Compilation of Market Information and Business Models

To analyse the competitive situation of businesses, SWOT analysis is a classical tool, often used in
corporate planning and/or marketing contexts. This analysis focuses on internal aspects of organisations
(strengths and weaknesses as well as external factors (threats and opportunities):

1 Strengths: aspects providing an advantage over others

1 Weaknesses: disadvantages in relation to other businesses

1 Opportunities:  external aspects leading to an advantageous business environment
I Threats: external aspects potentially leading to disadvantages

Those four factors can then be combined towards developing four strategies:

1 Strengths combined with opportunities

1 Strengths combined with threats

I Weaknesses combined with opportunities
1 Weaknesses combined with threats

This model is used to assess the current market situation within the IWT sector and to propose possible
ways forward. Based on the information compiled and analysed in the previous Chapters the strengths,
weaknesses, opportunities and threats as shown in Table 14 can be identified (top -down view, for the
whole sector). Strengths and weaknesses refer to the businesses themselves, whereas opportunities
and threat refer to the market conditions and other external factors such as policy interventions.
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Values for Developing a Viable Business Case

In the framework of Synergetics, only retrofitting solutions are considered. Defining possible starting
points regarding sustainable business innovations and models can be as follows:

1 Technological innovation: switch from fossil fuel towards sustainable alternatives through retro-
fitting of current vessels; potentially in combination with other IWT -innovations in the area of

automation

9 Currently incremental innovations with price aspects and insecurities in the policy area hampering
the development of alternative solutions.

1 Organisational innovation: given the focus on retrofitting of existing vessels, the innovation po-
tential is limited; a radical innovation could happen through the involvement of third parties in
case new, sustainably fuelled vessels are introduced as compditors into the existing market.

9 Social innovation: Depending on the policy development, the remuneration models for IWT com-
panies may see a shift towards being paid for "sustainable transportation" and not only for the
transportation service itself (A requirement for companies to lower emissions in supply chain)

Lending from the framework for business model creation (see Figure 40) and the three dimensions for
sustainable business models, the following topics can be identified:

Table 15: Business Innovations and Value Chain

Business Model

Value Proposition

Value Creation and
Delivery

Value Capture

Technological innovation

The value of sustainable
transportation may in the fu-
ture raise, given the policy
interventions within the EU,
thereby supporting the intro-
duction of technological in-
novations not currently via-
ble today

Innovations in regard to
automation/digitalisa-
tion may foster the in-
troduction of sustaina-
ble fuel alternatives (po-
tentially more applicable
to new vessels)

The pricing of external
costs for emissions may
lead to a level playing field
of various fuels, fostering
the value capture of tech-
nological innovation

Organisational Innovation

New customer segments
may become part of the mar-
ket, given the changing pol-
icy environment towards
sustainable transportation

New collaboration with
partners (third parties)
may lead to new busi-
ness opportunities, par-
ticularly leading to fi-
nancing-models for up-
front investments within
the IWT sector

Business models "pay"per-
use" or "energy-as-a-ser-
vice" may become more vi-
able given new policy envi-
ronments and/or new tech-
nological innovations

Social Innovation

The availability of sustaina-
ble transportation by ship
may be valued as a base
level service by society and
thereby be remunerated dif-
ferently

The IWT-sector may provide additional value to part-
ners along the supply-chain of goods, leading to a
new revenue stream not solely focused on the trans-
portation of good but on the reduction of emissions
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4.4.2 Case in Points: Applied Sustainable Business Models

Product Service Systems (PPS) T Pay-per-Use

Product Service Systems are defined as integrated offers consisting of products and services. This com-
bination can lead to innovative new and sustainable business models, improving the value proposition
for customers. In the case of pay per use business models, users pay for the actual use of a service
without having to buy a product or service itself thereby changing the value proposition (compare Figure
40): The customer only pays if the service is used, allowing for a higher flexibility and an increased
awareness of the services needed ("use pattern) while at the same time strengthening the sharing
economy. Research indicates, that the link between sustainability and pay-per-use is not always con-
clusive and needs to be actively developed as part of the business proposition (Bocken et al. 2018).
Importantly, changing an existing business model towards a sustainable PPS often goes together with
adapted use pattern focusing on sufficiency requiring a behavioural change from customers.

In the case of IWT, a pay -per use (financing) model lowers has the potential to lower CAPEX require-
ments for retrofitting for ship owners, allowing the faster introduction of green technologies in the sector
while at the same time allowing for risk minimis ation in regards of new(er) renewable technologies. The
sustainability aspects are thereby mostly achieved through the changing of power train, not so much in
trying to optimise/minimise tkm. Business risks associated with pay-per-use systems include higher
wear and tear of products, higher maintenance costs and rapid depreciation due to intensive usage. For
the business model to be successful, accurate measurement and monitoring of products and services
throughout the whole life cycle used is required, e.g. through data analytics or tracking systems.

Case in Point: Zero Emission Services ZES

Synergetics partner ZES, together with its financial partner ING, developed pay per use financing ser-
vices allowing ship owners to reduce CAPEX: Ship owners switching to ZES battery packs pay for the
cost of the energy consumed (variable costs) as well as a rental fee for the battery container (fixed
costs). The adaptation from a conventional fossil fuel power train as required by the NRMM standard
for re-motorisation (to at least stage V), to a electric power train is financed by a third party financial
institute.

The ZES charging stations allow for a quick exchange of battery packs within a 15 minutes timeframe,
limiting the disruption time. ZES designs its charging station with open access, making it available for
electric lorries and Energy Hubs (storage) for energy suppliers. The ambition of ZES is to provide power
for 400 vessels by 2050 through the provision of 650 battery packs and 20 docking stations throughout
40 so called "zero emission corridors" along the inland waterway transportation in Europe.

Further information regarding the specific costs and rates are included in Work PackageWP2

Insetting

Insetting describes the practice to generate GHG emission reductions within a company's own supply
chain. Insetting compares to the more commonly used "offsetting” of GHG emissions, where companies
compensate their CO2 emissions unrelated to their own value chain through the use of carbon credits
(often verified by third parties). Insetting has been applied as a concept since 2009 mainly in an agri-

cultural context e.g. through agroforestry or reforestation with focus on local communities and the

improvement of livelihoods (International Platform for Insetting March 2022) . Insetting has been driven
by the Science Based Targets Initiative including requirements for companies to reduce emissions along
their value chains (Scope 3). Nowadays, Value Chain Interventions (Scope 3) in the voluntary marked
are guided by principles set by companies such as "Gold Standard". According to the Insetting Platform,
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insetting typically consists of 4 phases: Scoping study, Feasibility study, Project initiation and implemen-
tation as well as operation, monitoring and certification (2021).

Within the Scope 3 Standard the quantification of Interventions, leading to emission reductions for
goods and services is standardised(Gold Standard May 2021). The scope 3 standard defines emissions
associated with purchased goods as follows: Emissions in a given year (E(y)) = Volume of Goods or
Services Purchased x Emission Factors (EF). The concept of "Supply Shed" where sourcing comes from
a group of suppliers within a geographic area to overcome the challenge of traceability of small suppliers
may be applied (in case direct traceability is not applicable). For the calculations, average date, supplier
specific data or a combination of both may be applied, most often, a combination of both (e.g. general
assumptions, country/region specific average data combined with supplier-specific data) are used. 1ISO
14040 (LCA), 14044 (Environmental Management) and 14064 (GHGaccounting) provide definitions and
requirements. The establishment of a baseline prior to the intervention with enough granularity is key
to verify the reduction of emissions. The equation thereby reads: EF(by) = EAP(by)/P(by) where "by"
stands for baseline year, EAP for the total net emissions associaed with the intervention in the baseline
year and P(by) for the production of the goods (or services) associated with the intervention (supplier
or Supply Shed) in the baseline year. The quantification of the emissions defines as follows: EF(yn) =
EAP(yn)/P(yn) where yn is any given year.

When using insetting in a business case, the carbon price is used to monetise the value of a supply
chain intervention. While often more costly than offsetting activities, advantages include a risk minimi-

sation for sustainability requirements as well as positive marketing potentials for the companies in-
volved. Initiatives such as SBTi reject offsetting but encourage insetting activities. As insetting is a long -
term activity, a strong focus on governance is required which may be achieved through insetting fu nds
or internal carbon pricing within the companies using the concept.

Future Proof Shipping

Future Proof Shipping (FPS) as partner of the Synergetics group is a case in point for the insetting
business model. FPS currently (2024) retrofits inland container vessels to be fuelled with green hydro-
gen. These vessels are (or will) be available for charter in their sustainable everyday business concept.
To further leverage those green transportation services, FPS, together with Zero Emission Services
(ZES) and 123Carbon is developing an insetting platform for the inland waterway transportation initiated
by the RH2INE initiative. The goal of the insetting project is to empower cargo owners to fund carbon
reduction projects within their supply chain while at the same time decoupling the emission -reductions
form the physical transportation process (existing logistics operations). Within this project, the Smart
Freight Centre's provides the framework separating the emission reductions from the transportation of
goods. Form a technological point of view, blockchain technologies enable the traceability and account-
ability of the transactions.

For the development of the insetting platform, ISO guidelines and the GLEC framework are used as
baselines for emissions. Emission reductions from FPSressels are then benchmarked against those
values and reductions transferred into tokens (1 token = 1t CO 2). In the future the goal is to create the
pricing of those tokens retroactively, depending on actual costs (fuel, number of trips, etc.).

A key challenge for the insetting platform within the IWT sector is the implementation of policy revisions,
particularly ETS and RED lll. Currently, insetting is part of the voluntary emissions market i a fact that
may change through the expansion of the p olicy framework within the EU. Given the policy changes
under way, topics such as avoidance of double-counting and a clear separation between voluntary and
compulsory activities need to be taken into consideration.

Further information regarding the specific costs and rates are included in Work PackageWP2
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4.5 Concluding Points on Business Models

Available and developing sustainable technologies and energy carriers make it possible to reach ambi-
tious emission and net-zero goals stipulated by the EU "Fit-for-55" and various national policies within
IWT and coastal shipping. A major challenge for the implementation within the sector is the economic
viability of those technologies. Calculations from studies such as CCNR, Prominent or NEEBreveal that
it will be no easy feat to overcome current financial disadvantages in Total Cost of Ownership (TCO) for
sustainable fuels. Substantial financing gaps are particularly apparent in CAPEX for the replacement of
power trains on existing vessels. While funding and financing schemes are available on EU as well as
on national level, lending schemes and funds typically cover no more than 40-60% of overall funds
needed. Additionally, while overview platforms for available financing and funding for the sector are
already in place, it seems to be challenging for small companies and individual vessel owners to have
access to information providing enough details and guidelines to be of real use. Traditional lending via
banks thereby still constitutes the main source of funding. Easier accessibility to information and alter-
native funding and financing for green technolog y could provide a promising path to further investments
into alternative power -trains and fuels.

Besides high CAPEX, lsallenges include the limited availability of investors, unfavourable demographics
within the industry, low levels of standardisation leading to limited upscaling potential and unclear future
policy developments with potentially significant differences in national implementations. The near future
will show if current policy developments, particularly CSRD / ESRS will provide enough of a trigger within
the sector for ship owner and companies to retrofit existing diesel engines.

Pay-per-use or leasing schemes have the potential to overcome (some) hurdles to finance retrofit in-
vestments. Studies as well as best practice examples indicate that pay-per-use business models as for
example Zero Emission Shipping (ZES) are currently moreadvantageous for businesses than other op-
tions such as leasing. Yet, both business models face limitations in large-scale adaptations within the
industry. Joint-procurement, as further option to facilitate financing, has been deemed to be challenging
to be implemented within the Rhine and Danube region by a recent CCNR study due to (amongst several
reasons) the high fragmentation of the market.

Based on those findings and learnings, one major focus of the business model's exploration within this
project has been on the potential of new value propositions and the question of how a business organ-
isation can monetise emission-reductions in this very price-sensitive market. One interesting approach
is the concept of insetting, meaning that CO2-emission avoidance is calculated and sold to interested
stakeholder along the supply chain. Future Proof Shipping is currently building such an insetting platfo rm
and network, sharing some interesting insights within the framework of the project. Available research
indicates that behavioural aspects, culture change and knowledge-transfer may play a crucial role if
such new approaches succeed in the market. A future focus should therefore be provided on such non-
technological aspects.

On the side of infrastructure, current bunkering infrastructure is not suitable for supplying clean energy
(except HVO) for the sector. The biggest challenge is of economic nature and is related to a lack of
demand from vessel operators for clean energy. Policies and incentives, such asgrants, could encourage
collaborative projects to create an initial surge in demand for clean energy, especially by adopting a
corridor approach. This approach will guarantee an initial uptake of clean energy large enough to attract
investment from clean energy suppliers to develop the necessary infrastructure. When favourable con-
ditions are in place, clean energy suppliers can transition more smoothly compared to individual vessel
owners and invest in infrastructure once there is a prospect of a market. Several initiatives in this
direction are already in place, and are supported by European policies (SSMS, EU Green Deal, TEN,
CEFAFIF, etc.). Another economic challenge is the current way of bunkering, which is characterise d by
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high flexibility, high availability and low prices. For alternative fuels this necessary setup of new infra-
structure will be a challenge to compete with, especially in the beginning, given the importance of
pricing, availability and flexibility of vessels.

The business environment within IWT and coastal shipping is highly challenging, with many uncertain-
ties regarding the development of fuel costs, technology -paths and the policy development with its
effects. Variables such as loss of cargo space, payload, availability of the necessary infrastructure or
ease of refuelling/recharging will become more important to look at going forward. Discussions with

industry representatives indicate that there is currently no perceived (financial) first-mover-business
advantage for companies seeking to transition to sustainable fuels other than green "marketing" claims.

Other options combining business level and policy framework conditions such as "polluter pays schemes"

leading to earmarked contributions for fleet -renewal and retrofitting may be interesting contributions to

a faster greening of the industry. Policy developments such as ETS2 opt-in are available to nations

within the current | egal framework and have the pote
wards zero-emission performance. Such options have been evaluated in depth in recent studies but

have not been the focus of this research.

Another limitation of this research is the role of coastal shipping that has only been marginally included
in this Chapter. This is due to lacking secondary data. The collection of primary data on this topic is
planned for Work Package WP4 within the Synergetics project and will be of high relevance.
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5 Conclusion and Outlook

From a systemic perspective, the environmental performance of coastal and inland shipping can be
improved by three options (descending priorities): avoid (reduce overall amount of shipping), shift (road
to shipping/rail and shipping to rail ) and improve (particularly by retrofitting of existing vessels).

All energy sources must be fully renewable. For example, if electricity from the EU-grid is used, the
greenhouse gas emissionsincrease more than tenfold. Similarly, all energy sources must be additional
to minimise the risk of burden -shifting. For example, if PV electricity from Morocco is not additional, the
resulting domestic energy deficit is likely to be compensated by coal (today's main energy source).

Bio-based energy carriers (biofuels) are likely only to play a minor role in the greening efforts of the

European coastal and inland shipping since the biomass capacities are (strongly) limitedby nature itself.
Indeed, the biomass potential for producing sustainable biofuels does not even cover today's demand.
Biofuels might however be applied for specific regions where infrastructure for e -fuels is difficult to
implement. They might as well be used as an add-on for e-fuels to reduce the effect of producti on
fluctuations and/or the necessity of larger interim storage capacities. They can also be relevant for the
early years of the transition phase from fossil to renewable energy carriers. However, lock -in effects
must be avoided, e.g. relying on HVO slows down targeted measures to develop scalable alternatives.

The current electricity production capacities are not sufficient to power the European coastal and inland

shipping. Hence, decisive action is heeded to expand the current capacities as using electricity from the
EUgrid is not an option (see above). In contrast to biofuels, an expansion of these capacities is not
limited by nature. It might however be limited by influences such as political coherence on national and

trans-national level or behavioural influences (e.g. by the not-in-my-backyard attitude).

There will not be zero emissions for any of the energy carriers neither in the near -term future nor in
the long-term future as there will always remain upstream emissions (e.g. from the production of wind
turbines and photovoltaic panels). This emphasises the relevance of avoiding the use of energy where
possible.

For the renewable electricity used, the reduction of emissions from the electricity production has the
highest influence on the overall results. In direct comparison, using large amounts of PV electricity from
MENA significantly increases the emissions corpared to wind electricity in all paths investigated. Further
hotspots along the supply chain are electrolysers for the e-hydrogen paths, direct air capture and meth-
anol synthesis plants for e-methanol paths as well as energy storages for battery-electric paths. This is
partly an issue of the transport mode (large batteries are needed for reasonable sailing ranges) and
partly an issue of the overall energy system (interim storage will be needed for any kind of renewable
electricity usage).

The transportation of renewable energy carriers has little impact on the global warming potential of the
corresponding overall supply chain. Hence, there is not a significant increase in the total emissions level
if vessels are charged/fuelled decentralised.

Regarding the global warming potential, th ere will be a shift from Tank -to-Wake emissions (today) to
Well-to-Tank emissions (future) as more and more renewable energy carriers are used. Meaning, well-
chosen supply paths (“today's decisions’) become even more important in the future.

From a Well-to-Wake perspective and excluding operational boundaries (e.g., time loss), battery -electric
paths and e-hydrogen paths show the lowest global warming potentials as well as the lowest costs.
Regarding the nitrogen oxide emissions and the particulate matter emissions, the battery -electric paths
outperform the e -hydrogen paths by a factor of more than ten. E-methanol paths perform worst on all
indicators (even with the best path). Thus, extra care is needed if e -methanol paths are chosen.
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A major advantage of battery -electric and e-hydrogen paths is that no carbons need to be included in
the value chain. However, some restrictions must be noted: Not all paths lead to these low levels of
greenhouse gas emissions. Some patfs can show as high emissions as the best emethanol paths. In
addition, drawbacks for on-board storages are higher than for e-methanol (required space, regulations,
fuelling times, sailing range restrictions, etc.). Likewise, infrastructure development appears to be more
challenging than for e-methanol and the competition with other sectors and utili sation requirements
might be higher.

The efficiencies of the propulsion system have a large impact on the Well-to-Wake emissions as these
losses lead to "further losses" along the whole upstream supply chain. In general, energy losses in later
parts of the value chain have a greater impact than those before. Battery-electric system clearly out-
perform all other propulsion systems with an efficiency of 90% (compared to 38%).

The emissions and costs can be further reduced by a more sustainable "upstream™ production. For
example: Wind turbines and photovoltaic panels can be produced using renewable energy i either by
using renewable energy in China (today's main production country) or by shifting the whole production
to Europe (and then use renewable energy too).

Assuming a constant energy demand of the European inland shipping, at least 52% of all vessels must
be retrofitted to meet a hypothetical greenhouse gas emissions reduction target of 50% until the year
2050 (path with lowest emissions). This number indicates the urgence of acting/retrofitting now. A
similar minimum retrofit share can be assumed for the European coastal shipping.

From the business point of view, the landscape is currently shifting fast. Various new and adapted EU
and national policies are implemented, furthering zero -emission projects or on a more aggregated level
"green" transportation (compare as well D1.3 on recommendations for harmonisation between ETS-2
and REDII) . On the one hand, those development favour the emergence of new businesses, new
business models and new main players such as energy service providers. On the other hand, the chang-
ing policy environment leads to insecurity for ship owners and ( future) investors, potentially leading to

a "wait and see" attitude without clearly visible financial first -mover advantages. Emerging business
cases utilising both, the regulatory framework as well as new forms of conducting business show pos-

sible paths for viable business cases in the future. Case in points are ZES with a pay-per-use solution
or Future Proof Shipping with the concept of insetting.

However, structural challenges within the sector and the lack of monetisation of carbon emission re-

ductions hinder a faster advancement of low-emission technologies within the existing fleet of water-

borne transportation. While current literature on inland shipping and particularly the Rhine is extensive,
some critical gaps in available data were identified during this explorative part of the project: updated
information on cost data seems to be crucial (e.g. accurate financing gap for retrofitting with alte rnative
technologies, costs for setting-up new infrastructure); the role of non -EU countries and stakeholders
for the Danube-region should be put under further consideration and the sector of coastal shipping
requires more focus.

The insights of this report on the suitability of identified technical solutions shall provide valuable input

for the tools which are developed in the SYNERGETICS project.Further research is needed for an in-
depth assessment of storages (limited data available) as well as of Tank-to-Wake costs and of further
impacts of the energy carrier paths (outside the scope of this report).
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7.1 Overview of Supply Path
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Figure 43: Electricity supply path with electricity from Europe.
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Figure 44: Electricity supply path with electricity from MENA.
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Figure 45: E-Hydrogen supply path with electricity from Europe and a centralised production.
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Figure 46: E-Hydrogen supply path with electricity from Europe and a decentralised production.
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Figure 47: E-Hydrogen supply path with electricity from MENA and a centralised production.
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Figure 48: E-Hydrogen supply path with electricity from MENA and a decentralised production.
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Figure 49: E-Methanol supply path with electricity from Europe and a centralised production.
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Figure 50: E-Methanol supply path with electricity from Europe and a decentralised production.
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Figure 51: E-Methanol supply path with electricity from MENA and a centralised production.
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Figure 52: E-Methanol supply path with electricity from MENA and a decentralised production.
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Figure 53: Bio-Methanol supply path with biomass from Europe.
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Figure 54: HVO supply path with biomass from Europe.
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7.2

Measures of the CCNR Roadmap

Deliverable Number
Deliverable title

D 1.2

Regulatory measures

Measures

Required actions

| Report on suitability of

(2022)

Players

identified technical solutions

Methodology, tools and
the CCNR's possible
contribution and calendar
(when available)

Appropriate regulatory
framework for the use of

Develop standards and

construction of ir

CESNI*

Member

States of the CCMNR,

Rla § " + ) o River Commissions,”
alternative fuels and batteries vessels to allow the use o NECE = EU. CEN
(vessel construction) alternative fuels and batteries on LSI:",_T' U.CEN.  Standards and regulations
—— GERC developed based on
expenence ganed with pilot
projects as well as existing
A lat o . CESNI M standards from maritime as
i rh saulatory svelon crew-related standards I lermber
ppropriate regulatory evelop crew-related standards CESHI, ‘LT.."f: well a5 other industrial sectors.
R1b framework for the use of and requiremnents for allowing States of the CCMR,
;:II'.L" ative fuels and batteries use of alternative fuels and ?-!:-.-E'CCC-E'!!'I':;E;-C"S. Timeline CESNI: CESN
i< an board inland vesse NECE ;
(crew) ttenies on board inland vessels  UNECE, EU work programme 2022-
2024 includes several tasks
regarding alternative fuels.
Develop standards and
Approprniate regulatory requirements for operating Member States of The v technical
Rlc framework for the use of vessels (navigation authority the CCNR, River requirements for fuel cells and
alternative fuels and batteries regulation) for allowing the use of Commissions, methanol should be adopted
(vessel operation) alternative fuels and batteries on  UNECE by end 2022. Those for the
board inland vessels storage of hydrogen would
follow shortly thereafter.
Th welopment of
Appropriate regulatory Develon standards and e development of
framework for the use of EVEI0p slanoards and competence standards for
rd 1EWOrk for the us requirernents for allowing the UNECE. CCHR e s of relevant alternative
alternative fuels and batteries - ; o . the use of relevant alternative
carriage of alternative fuels fu ¢ : tric
(transport of dangerous goods) 9 uels, batteries and electric
propulsion systems will start in
2022-2023.
Develop standards and
requirements to ease the use of CCMR work program 2022-
Appropriate regulatory alternative fuels (definition, fue 2023 includes to start the
framework for the use of characteristics, blending and e § work on regulatory framework
= M A ar { f e i
Rle  alternative fuels (definition, fuel supply). notably biofuels - ,?\JEE'R ° for vessel operation.
. the CCNR.
characteristics, blending and -
supply) Coordination on implementation
of instruments such as EU
Renewable Energy Directive
Author | Florin Thalmann
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Measures

Deliverable Number
Deliverable title

|D 1.2
| Report on suitability of

Required actions

Players

identified technical solutions

Methodology, tools and
the CCNR’s possible
contribution and calendar
(when available)

Scruting and where appropriate
amendment of safety and

It must be ensured that
neither safety nor other

(H 1)
Report
Identify relevant legislation

and requirements as well
as gaps in the legislation

Rif statutory requirements for provisions relating to bunkering CCNE, EU together with national
bunkering of alternative fuels in - infrastructure prevent the competent authorities for
inland waterway transport bunkering of alternative fuels. bunkering infrastructure
CCMR work program 2022-
2023 plans to tackle this issue.
Sector dialogue, study,
reports, regulations
Setting up a regulatory Label (see V1) could be used
Possible out phasing of the [ra_n'fewcvrk enabl r_1g the possible as critena.
e phasing out of the most polluting
st haemful technologies technologies failing to achieve the Over-powering when
R2 which appear inconsistent with d d - CCNR, EU o g

the CCMR's and EU's long-term
ernission reduction ambition

CCMR and EU long term emission
reduction ambition, targeting
existing vessels, addressing both
GHG and pollutant emissions.

retrofitting existing vessels
should be prevented to ensure
effective improvement of
energy efficiency (taking

into account the optimum
power output defined by the
shipbuilder).

Infrastructure requirernents for
R3 alternative fuel and electricity
for propulsion

Enszure that the needs of the

nland waterway transport

sactor in terms of alternative

fuel infrastructure are taken into

account, notably in the revision of CCNR, EU
the Directive on the deployment

of alternative fuels infrastructure,

and ensure interoperability with

all types of inland vessels.

Diractive, report,
interoperability standards

Examination of the possibility
of a sector contribution in

Examination of tax privileges
for the navigation of the Rhine
and for inland navigation from

Beyond the preparatory
work done in the context
of the “CCMR study”
(research guastions G and
H}, examination of the
compatibility of a sector
contribution, especially

R4 the framewaork of 3 European a legal, economic and political CCHR
- P o o with the Mannheimn Act:
unding and financing perspective prior to a discussion e )
) i ) I consideration of the
instrument on internalising external costs in L ) )
environmental repercussions
the inland navigation sector ] e
of other modes of transport
and of the modal split
Timeline CCMR: 2022-2023
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Synel‘getlcs Deliverable Number |D 1.2

Deliverable title | Report on suitability of identified technical solutions
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