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1 Introduction
The policy ambition for inland navigation is to be virtually emission-free and climate-neutral
by 2050. On the way there:
 By 2030, a 40-50% reduction in CO2 emissions compared to 2015
 At least 150 ships in service with a zero-emission propulsion system by 2030
 A 35-50% reduction of pollutants by 2035 compared to 2015
This ambition has been confirmed in the Greendeal Maritime, Inland Shipping and Ports
(2019), signed by the government, the business community and research institutes.
Partly due to this impulse, there are numerous initiatives in the sector to bring about a
transition to other fuels1 and propulsion systems. These include LNG, hydrogen, methanol,
ammonia, hydrogen-enriched vegetable oil (HVO), biofuel blending and various types of
batteries.
All alternatives have their own pace of development towards technical and economic
maturity and their own specific pros and cons. However, the alternatives mentioned also
differ in terms of safety. The objective of this study is to gain insight into the safety aspects
of possible new energy carriers and the translation of these into safety risks during
navigation, locking, bunkering and immobilisation.
In terms of safety, this report focuses on environmental safety. It concerns the risk of Loss
of Containment (LOC) scenarios, the unintentional release of hazardous substance, in this
case fuel, from its envelope followed by dispersion in and damage to the environment.
Occupational safety is dealt with indirectly.
The following research questions were central to this study.
1. Which new energy sources are most likely to achieve the policy goals of making inland
navigation sustainable and why?
2. How do these energy carriers differ from each other and from LNG in terms of safety?
3. What safety effects must be taken into account when sailing, locking, loading/tanking
(including mobile bunkering) and overnighting/berthinging with these new energy
carriers?
4. From what quantity (volume/weight) do these new energy carriers pose a real danger
(as propellant and as cargo)?
5. What distance should be maintained from other vessels and from buildings for safe
navigation, lockage, loading/refuelling and immobilisation?
1 In this report, we speak of energy carriers and fuels as synonyms. After all, in all systems it is a
combustion reaction (oxidation) that provides the propulsion energy via the conversion to heat or
electricity. "New" means other than gas oil. Therefore, "new energy carriers" and "new fuels" mean the
same thing.
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6. What are the possible environmental damages that could occur in incidents involving
these new energy carriers?
7. What are the expected safety risks of these new energy carriers?

Working method
Basic data on new energy carriers for inland navigation were collected by means of
literature research and interviews with a number of stakeholders. For current and future
legislation with regard to the new energy carriers, the aspect of (external) safety has been
examined. For the various waterway situations, additional effect and risk calculations were
carried out in accordance with the applicable calculation guidelines, using Safeti-en 8.3. The
findings are summarised in the last chapter in an overview per fuel.

5

Report / Safety aspects of new energy carriers in inland

2 New energy carriers
2.1

What are they and what determines safety?
An overview of new energy carriers with potential for inland navigation was made by Marin
in 2019 [3]. The choice of fuel is only one of the factors that determine emissions. In order to
achieve significant emission reductions, there is also much to be gained in the design of
ships and propellers, onboard energy management and exhaust gas after-treatment. With
the use of green renewable fuels (e.g. hydrogenated vegetable oil), the stricter emission
requirements can be met in the short term in retrofit solutions with existing engines (STAGE
V NRMM Directive [4]).
The chemical energy contained in the energy carrier must ultimately be converted into
movement energy for the ship. The energy carrier is coupled to a conversion system. In
most existing ships, diesel is burned in a combustion engine with compression ignition and
propulsion of the propeller shaft via a transmission. This causes losses. Pre-treatment of the
fuel prior to injection into the engine, such as evaporation or release of hydrogen, may also
be required. The efficiency ("Tank to wheel") is therefore a determining factor for fuel
consumption and emissions.
The Marin study identifies as new build options with direct or electric propulsion the options
shown in Table1. The last column shows an overall efficiency for conversion added for this
report and used later in the text.
Table 1 shows in each row, successively
Fuel

The fuel means the type of fuel considered

Conversion

The conversion system: how is the conversion of chemical energy into
electrical or mechanical power achieved? Examples are an internal
combustion engine (ICE) or a fuel cell.

Efficiency

The efficiency: what fraction of the original chemical energy content remains
available in the form of (electrical or mechanical) propulsion?

Pre-treatment

The efficiency of a pre-treatment: what fraction of the available energy
remains after a necessary pre-treatment of the fuel (e.g. evaporation,
hydrogen separation, pressure reduction)?

Aftertreatment

The efficiency of aftertreatment: which fraction of the available energy
remains after a necessary aftertreatment of the exhaust gases (NOx- and
soot removal)?

System

The efficiency of the power transmission system to the propeller shaft: what
fraction of the energy is ultimately delivered to the propeller shaft?
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Total

All partial efficiencies combined, allows comparison in consumption

Fuel

Conversion

Rundement
ed

Precautio
nary
principle

Aftertreatment

System

Total

Diesel

ICE Direct

0.38

1

0.99

0.88

0.33

Diesel

ICE electric

0.38

1

0.99

0.9

0.34

CNG

ICE electric

0.38

0.98

0.99

0.9

0.33

CNG

Fuel cell electric

0.46

0.86

0.99

0.97

0.38

LNG

ICE electric

0.38

0.92

0.99

0.9

0.31

Li-NMC

Battery electric

0.84

1

1

0.97

0.81

GH2

Fuel cell electric

0.46

0.98

1

0.97

0.44

LOHC

Fuel cell electric

0.46

0.86

1

0.97

0.38

NaBH4

Fuel cell electric

0.46

0.86

1

0.97

0.38

MeOH

ICE electric

0.38

1

1

0.9

0.34

MeOH

Hybrid ICE electric

0.38

1

1

0.94

0.36

MeOH

Fuel cell electric

0.46

0.86

1

0.97

0.38

NH3

ICE electric

0.38

0.92

1

0.9

0.31

Fuel conversion combinations and efficiencies, based on [3].

Explanation:









ICE Internal Combustion Engine, the classic combustion engine
CNG Compressed Natural Gas Natural gas under pressure
LNG Liquefied natural gas, natural gas in liquid form
GH2 Hydrogen compressed to 700 bar
LOHC Liquid Organic Hydrogen carrier, hydrogen contained in organic liquid
NaBH4 Sodium borohydride, hydrogen included in salt crystals
MeOH Methanol
NH3 ammonia

A ship carries a quantity of fuel for its journey in one or more fuel tanks. As space is at a
premium on a ship, the volumetric energy density of the fuel is a very important variable.
And this is not just the fuel itself, but also the required casings and auxiliary systems. For
example, LNG (-161 °C) requires completely different tanks than hydrogen (pressure 700
bar). Marin has made an overview of the energy densities of the various fuels, see table 2.
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energy density of the substance itself (column "net") as well as the energy density including
tanks and conditioning equipment (column "gross").

Energy carrier*

Storage
specification
s

Net
MJ/l

Gross
Compared to MJ/l
diesel

Compared to
diesel

MeOH

< 65 °C

15.6

0.44

14

0.45

Natural gas

250 bar

9

0.25

8.5

0.27

Hydrogen gas

700 bar

4.7

0.13

3.8

0.12

Diesel

< 60 °C

35.8

1

31

1

Liquid hydrogen

> -253 °C

9.2

0.26

5

0.16

Li-NMC battery

metal

0.5

0.01

0.4

0.01

LNG

> -162 °C

20.3

0.57

15

0.48

LOHC

1 bar

7.2

0.20

5.5

0.18

NaBH4

1 bar 20 °C

36

1.01

15.3

0.49

ammonia

16 bar

11.3

0.32

9.6

0.31

Table 2.

Energy density net and gross [3].

*See description of energy sources under table 1

The table shows the high energy density of diesel. All other fuels require larger volumes for
the same amount of energy. This means either larger tanks, which given the very limited
space on a ship is always problematic, or more frequent refuelling, in shipping terms
"bunkering". The required bunkering infrastructure is therefore an integral aspect of any
consideration of the safety aspects of a new energy carrier.
The amount of energy required by a ship depends, among other things, on the type of ship
and the travel profile. Obviously, energy consumption is higher for a Rotterdam-Basel
mountain shipping service than for a Alphen aan den Rijn-Moerdijk shuttle service. Mountain
navigation requires more energy than off-peak navigation, which in turn depends on the
discharge of the Rhine. Marin has performed simulations of an uphill trip RotterdamIffezheim for 110 m ships [5]. Grosso modo, a 110 m vessel requires 36000 kWh of energy
at a power of 700 kW at the propeller shaft. An analysis of the fleet composition by Deltares
[7] indicates that the 110 m vessel (vessel type M8) has a large share of the sailing
movements per year, see Figure1.
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Figure 1. Shipping movements by type of vessel on the Waal [7].

For the alternatives2 considered promising by Marin (combination of technical maturity,
operational suitability and emission scores), an indication of the differences in fuel
requirements compared to diesel is shown in Table 3 (combination of the data from Table 1
and Table 2).

2

In the Marin study, dimethyl ether (DME) also scored relatively high. However, we are currently
unaware of any realistic pilot projects for inland navigation. DME is therefore not discussed further
here. For hydrogen, we are assuming the swapping of containers with pressure containers. This is the
most likely option for the coming years [11]. Cryogenic hydrogen will probably be a possibility in the
longer term.
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For trip Rotterdam-Iffezheim (36000 kWh)
Energy carrier

Volume compared to Pieces
diesel

MeOH

2.2

Hydrogen gas
Diesel

3 x 40 ft container with 750 kg H2 [11].
1.0

Li-NMC battery

18 x 20 ft battery container with 2000 kWh

LNG

1.9

LOHC

4.4

NaBH4

0.9-4.1

ammonia

3.5

Table 3.

Approx. 11 m3

Solid, crystalline salt or slurry 30% [8].

Fuel requirement compared to diesel (indicative)

Table 3 shows, for example, that methanol (MeOH) requires approximately 2.2 times more
cubic metres of fuel than diesel. Only crystalline sodium borohydride (NaBH4) as a
hydrogen carrier is about the same volume as diesel. However, the solid is difficult to handle
(e.g. prone to clumping due to water absorption). Storage and pumping as a slurry to the
converter is more logical [8].
Summary
New energy carriers require more space on a ship. This can of course be created with a
dedicated design. However, more space for fuel is inevitably at the expense of cargo space.
For longer voyages, more frequent bunkering can be a solution. But that means that the
number of bunkering operations and/or the number of bunkering points increases. This also
increases the risk of an incident involving the release of the fuel, a so-called Loss of
Containment (LOC), and/or makes that risk more geographically dispersed.

2.2

Regulation
The chance and scope of LOC scenarios are limited by a number of layers of protection
around the hazardous substance, in this case the fuel. That fuel can be located in a fuel
tank on the ship, both above and below deck, but also in a cargo tank, for example if a
bunker point is to be supplied or in a transfer system (container, pump, compressor,
evaporator, hose, arm etc.).
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A system of laws and regulations including inspection and enforcement ensures that these
layers of protection are and remain functional. In this framework, the most important
regulations in view of the environmental risk of the release of fuels are3:
 rules for the construction of ships
 rules for the transport of fuels as cargo
 rules for storage and transhipment of fuels

2.2.1

Rules for the construction of ships
 European standard establishing technical requirements for inland waterway vessels (ESTRIN) [2]. The standard for construction, furnishing and equipment of a ship. It contains
regulations such as: fuel tanks may not have surfaces in common with areas where
people can stay (reduces the risk of exposure), engine rooms must be sufficiently
ventilated (reduces the risk of vapour accumulation after a leak), fuel tanks may not be
placed behind the aft peak bulkhead or in front of the collision bulkhead (reduces the risk
of tank leakage after a collision).
 Chapter 30 ES-TRIN contains special provisions for fuels with a flash point lower than 55
°C. All new energy carriers considered here are covered, with the exception of batteries.
Fuels with a flash point below 55 °C may only be used after a positive evaluation by an
expert committee. This includes a risk assessment demonstrating equivalent safety. In
the ES- TRIN, additional provisions have so far only been developed for LNG in Annex 8.
This further elaborates on the design requirements. It states, for example, that LNG fuel
tanks must be located as far as possible along the ship's centre line and more than 1 m
from the ship's hull. Below deck, a double wall/bottom with at least 60 cm of space in the
vicinity of the fuel tank applies; on open deck, at least 20% of the ship's width must be
distanced from the side. The engine room shall be designed to be gas safe, explosion
proof or ESD protected.
 The rules for maritime shipping provide a foothold for inland navigation. For example, the Lloyds
rules for the classification of methanol fuelled ships [9]. Section 3 of the Lloyds rules is
dedicated to risk based studies. These include analysis of system safety, system
dependability, a Failure Mode and Effect Analysis (FMEA) of the critical system
elements, an analysis of the hazardous areas for explosion hazard, a HAZOP study of
failures and reactions, a bunkering safety study and if necessary an additional risk
assessment.
 DNV-GL has developed class-rules for a whole range of fuels [18]. These
offer a starting point for demonstrating equivalent safety for inland navigation as well.

3

It goes without saying that pressure tanks must comply with the European Pressure Equipment
Directive (PED), in the Netherlands the Pressure Equipment Act Decree. Because this concerns nonstationary systems, the Directive for transportable pressure equipment 2010/35/EU (TPED) applies, in
the Netherlands implemented in the Transportable Pressure Equipment Regulation 2011.
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Figure 2.

DNV-GL Class rules [18].

 The rules for seagoing vessels are based on the IGF code (International code of safety
for ships using gases or other low flashpoint fuels [40]). This code divides safety
measures into a number of categories. TNO has compared safety measures for LNG and
methanol [10]. A number of examples are given in Table 4. Ammonia does not fall under
the IGF code and use as fuel can only be permitted if equivalent safety has been
demonstrated. An example of an equivalent risk assessment for ammonia as a marine
fuel is given in [38]. The American Bureau of Shipping (ABS) has published guidance on
ammonia fuel design [39].
Resuming
The admission requirements for (inland) vessels with new fuels are strict. They have already
been developed for LNG. Of the new fuels, LNG has been on the market the longest. For
the other fuels, an initiator has to submit a request for exemption from ES-TRIN. An
exemption is then issued for a specific vessel at the level of the CCNR or EU on condition
that an equivalent level of safety is guaranteed. This is demonstrated with a technical
dossier. In any case, a risk analysis is part of it.
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IGF category

Hazard

Regulation example
LNG

Methanol

Ship design

Leak, tox/flam in
spaces

No piping through
accommodation

No piping through
accommodation

Containment

Leak
toxic/flammable

PRV outlet at least 6 m
above deck

fuel tank vent at least 3
m above deck and 10 m
from air intake point

Brittle fracture

Collection of all leaks,
insulation of structural
parts (LNG)

-

Materials

Corrosielek

-

Suitable materials e.g.
no aluminium, PVC,
PE

Bunkering

fire

Bunker station A-60 fireresistant separation

Bunker station A-60 fireresistant separation

Fuel supply

Leak, power loss

Connection of fuel tank to
consumers fully
redundant

Independent
connections to each
consumer

Power generation

Power loss

No unacceptable power
loss

At least 2
independent power
sources

Fire safety

fire spread

Separate compartment
with fuel tank with min. 90
cm A60 cofferdam

Alcohol resistant foam in
fire fighting

Explosion
prevention

Ignition,
explosion

Zone classification 0,1,2
with
e.g. requirements for
electrical equipment

Zone classification 0,1,2
with
e.g. requirements for
electrical equipment

Ventilation

Ignitable
atmosphere

Min. 30 refreshes per
hour in hazardous
spaces

Min. 30 refreshes per
hour in hazardous
spaces

Electric installation

Sparks/ignition

Certified equipment in Exzones

Certified equipment in
Ex-zones

Alarm on failure of
ventilation, gas detection

Alarm on failure of
ventilation, gas detection

Control, monitoring
and safety systems

Table 4. Maritime shipping: examples of measures per IGF category [10].

2.3

Rules for the transport of fuels as cargo
Rules for the transport of dangerous goods as cargo are contained in the ADN [10]. Chapter
9.1 contains the rules for dry cargo vessels. Chapter 9.3 contains the rules for the
construction of tankers for gases (type G) or for liquids (double-hull, type C, or otherwise
type N). A type N ship is also referred to as "single hull",
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although an N-ship can also have tanks independent of the hull (distance between hull and
tank wall at least 60 cm).
These rules partly influence the consideration of the risk of transporting dangerous
substances. For example, the risk of leakage given a collision is greater for ships of type N
than for type C or G.
For the design of fuel tanks and systems, the ADN for the most part refers to ES- TRIN.
However, it does contain a number of provisions on upper deck ventilation, separation of
cargo hold and fuel tank and use of double bottoms in the cargo hold as fuel tanks.
The transport of battery containers may also be subject to conditions under the ADN. UN
number 3536 concerns lithium batteries built into a loading unit, such as a container. It is
stipulated that short-circuits due to normal shocks and loads during transport must be
prevented. The extinguishing systems integrated in the container are not covered by the
ADN.

2.4

Rules for storage and transhipment of fuels
The regulations for the storage and transhipment of fuels are divided into regulations for
activities on land and on water. Because bunkering can take place on the interface of both,
in practice, discussions may arise about who is responsible for what. On the water side the
waterway manager and the port authority are in the lead, on the land side the
municipality/province in the form of the environmental department. There are cases where
both apply and cases where there are no rules (yet). Here good cooperation with the aim of
a good set of safety regulations may offer a solution.

2.4.1

Landside
Current laws and regulations
The rules for a bunkering station are described in the Activities Decree [20] section.
4.6.3 and in the Activities Regulation [21] paragraph 4.6.2. These sections relate to the
delivery of liquid fuels to vessels. They include rules on distances to be observed in relation
to the surroundings and rules to prevent water and soil pollution. Other energy carriers such
as LNG, Hydrogen or batteries are not described. These are new and no specific regulations
are included in the legislation yet. For these energy carriers, the generic regulations on
safety apply.
Bunkering stations are also subject to the inland waterways regulations (Infomil Knowledge
Centre www.infomil.nl). For bunkering stations a Certificate of Inspection Bunker Station
(CVOB) is mandatory according to the Barge Regulation (Article 3.9 sixth paragraph). This
certificate demonstrates that the installation complies with the requirements of the Barge
Regulation [41]. The Inland Waterways Shipping Regulation
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sets requirements for the construction and use of the installation in order to ensure the
safety of the waterways. If the technical condition of a bunkering station is inadequate, the
competent authority may impose requirements equivalent to Appendix 1 by means of a
customised regulation.
3.8 of the Inland Waterways Shipping Regulation. The inland navigation regulations do not
apply to a delivery installation on the shore. Article 4.86 of the Activities Regulation therefore
includes the relevant articles of the Inland Waterways Shipping Regulation.
The Activities Decree and Activities Regulations only cover the supply of liquid fuels with a
flash point greater than 55 °C (diesel, gas oil) and petrol. For other fuels such as hydrogen,
methanol and ammonia, no specific rules are included in this legislation. However, based on
the generally applicable provisions relating to the environment, safety and proper technical
implementation in current legislation and regulations, these activities can be assessed and
licensed. This concerns custom work.
In addition to the Activities Decree, the Decree on External Safety of Establishments (Bevi)
also contains rules for establishments where hazardous substances are present in certain
quantities.
22] and in the Regulation on External Safety of Establishments [23] (Revi). The Bevi
contains rules about the minimum degree of protection of people present in the vicinity of an
establishment with hazardous substances against the effects of incidents with those
hazardous substances. For this purpose, rules are included about the so-called site-specific
risk and the group risk. The site-specific risk is a limit value (in principle, no third-party
buildings may be present within that distance). The group risk has no limit value, but is
tested against the orientation value. The quantity of hazardous substances present in a
containment system within the establishment determines whether the establishment falls
under the scope of the Bevi and the Revi. Not all (future) types of establishments and
hazardous substances are described in the Bevi. Also, for example, the bunkering of the
new energy carriers is not all mentioned. In order to prevent excessive risks for the
surrounding area in such cases, good spatial planning must also be taken into account
when granting licences. When granting a licence, a spatial substantiation is mandatory. The
environmental aspect of external safety is also important here. Therefore, even if the
establishment (activity within the establishment) is not yet described in current legislation
and regulations, a proper consideration of external safety can be made.
For an establishment, the Major Accident Hazards Decree 2015 [25] (Brzo 2015) applies if a
quantity of hazardous substances may be present within that establishment that exceeds
the quantity listed in Annex I of the so-called Seveso III Directive (Directive 2012/18/EU)
[24]. The Brzo 2015 refers to this European Directive for the threshold values. If the
establishment falls within the scope of Brzo 2015, in addition to the legislation mentioned
above, the establishment is also required to have a safety management system and a safety
management system for identifying, analysing, controlling and ensuring the internal and
external safety risks. This is a heavy regime of rules and regulations intended for the heavy
chemicals industry.
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For the storage and use of batteries, there is the Circular on risk management for lithium-ion
energy carriers [26] and the Guidance document on electricity storage systems [27]. In
addition, the PGS 37 [28] is under development. These documents contain descriptions of
the environmental risks of energy carriers and measures to be taken.
The above legislation and regulations apply to establishments. The transfer of fuels directly
from a tanker to a ship on the quay does not automatically constitute an installation. Only if it
concerns a fixed installation is there a question of an installation (Environmental
Management Act Article 1.1 fourth paragraph). If there is no establishment, then the safety
aspects are considered in accordance with the Carriage of Dangerous Goods by Road Act
and the ADR [29] (Accord relatif au transport international de marchandises Dangereux par
Route). The ADR includes, among other things, requirements about the conditions of
transport and requirements about packaging and tanks. Hazardous substances are
classified according to their hazard characteristics. The classification is the basis for the
transport conditions which, with this method of classification, can also apply to new energy
carriers. Because the classification is based on the hazardous properties of the substance,
the technical and organisational regulations regarding safety are also based on the
substance properties. In addition, when allowing the loading activities, based on good
spatial planning, a good consideration of external safety can also be made.
Future laws and regulations
On 1 January 2022, the Environment Act [30] will enter into force. This is a system revision
of environmental law. The assessment framework will remain basically the same. However,
currently applicable laws and decrees relating to establishments, Brzo 2015 and external
safety will lapse. The new Environment Act is a single law with four associated decrees that
replace all current laws and decrees in environmental law. Regulations from the expired
decrees will be included in new decrees. They will be rearranged, but as stated above, the
assessment frameworks will remain basically the same. The regulations for the storage and
transshipment of fuels on land will be transferred to these new decrees. After 1 January
2022, rules in the current Activities Decree that apply to the storage and transhipment of
fuels will be included in the Living Environment Decree [31] (Bal), in section
3.8.3 Bunkering stations and other ship refuelling facilities. Under the Environment Act, the
term 'establishment' will be dropped and activities that take place at a location will be
referred to. In the description of the activity, a fuel is not explicitly described. In addition to
diesel and petrol, the rules refer to refuelling CNG, LPG, LNG, and hydrogen. The last three
are subject to a permit requirement in accordance with the Bal. Other new energy carriers
are not mentioned in the Bal. Rules in sections 4.36, 4.37, 4.41, 4.42, 4.43 and 4.107 of the
Bal are declared applicable depending on the fuel to be bunkered. These rules refer to
documents that reflect the state of the art and are considered the best available techniques.
An example is the PGS 33-2 for the delivery of LNG to vessels [42]. These sections also
contain rules on external safety and the distances to be maintained from nearby buildings.
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After 1 January 2022, with the advent of the Environment Act, the assessment rules
included in section 8.5.1 of the Living Environment Quality Decree [32] (Bkl) will apply to
activities requiring a permit. The assessment rules prescribe that measures must be taken
to prevent accidents and limit their consequences and to make use of the best available
techniques. In addition, the rules for external safety risks must also be assessed. The
standards for external safety remain unchanged under the Environment Act compared to
current legislation.
In the case of an activity that is not (yet) described in the Bal, a proper assessment can be
made of the safety risks for the surrounding area based on a balanced allocation of
functions to locations (Section 5.1 Bkl).
In addition to the Omgevingswet and four decrees, the ADR will of course continue to apply
to the transport of hazardous substances after 1 January 2022. These regulations will
remain unchanged (apart from the two-yearly update cycle).
On the landward side, both current and future legislation provides sufficient opportunities to
assess the safety aspects of new energy carriers and to implement the installations in a safe
manner.
Just as in the current legislation, the future legislation describes how external safety risks
must be determined. This methodology will remain unchanged under the Environment Act.
For bunker stations, the risks depend on the fuel to be loaded, the size of the storage and
the amount of loading. The risks must therefore be calculated per bunker station. Except for
diesel, there are no fixed distances for this in the legislation.
2.4.2

Waterfront
On the water side, too, the regulations are additional, geared towards new energy carriers.
On the water side, LNG is currently the most developed. New rules have been developed or
existing regulations have been amended for both sailing with LNG-powered ships and for
the fuelling of those ships. The legal framework that has been created offers the possibility
of designating other fuels in the future in order to treat them equally.
Relevant national regulations include the Waterways Directive and the Rhine Vessel Traffic
Police Regulations, and examples of local regulations are the Port Regulations of Rotterdam
and Amsterdam.
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Waterway guidelines [33]
Loading and unloading locations for hazardous substances along the waterway are
assessed by Rijkswaterstaat using an assessment framework (Section 3.10.2). In principle,
these are not permitted for substances with a high hazard potential according to ADN
1.10.3.1. This includes any tank with a volume greater than 3 m3 from class 2 (gases) or 3
packaging group I or II (petrols). This does not apply to diesel, gas oil and related mixtures.
Provisioning a bunkering station is permitted provided that smooth and safe shipping is
guaranteed. This means that for each new fuel for which the possibility of bunkering at a
location along the waterway is considered, the possibility of deviating from this principle
must be examined.

Rhine Police Regulations (RPR) [34].
The RPR explicitly mentions
LNG-powered
vessels
are explicitly mentioned in
the RPR. Ships powered by
LNG must be indicated by
means of a special sign
(Article 2.06). Articles are
also included for the safety Figure 3. Signposting LNG powered ships during navigation and
on board of LNG powered
bunkering
vessels during
bunkering (Article 8.11 smoking ban, ventilation, fire extinguishing equipment in order), a
prohibition of bunkering of LNG during sailing, restriction of the presence of persons in a
bunkering zone of 20 m around the bunkering point, compulsory use of the bunkering
checklist, continuous monitoring of the bunkering process, displaying signs indicating that
the bunkering process is in progress and avoiding disruptive water movement (Article
15.07). In the case of locks where LNG powered ships pass through, it must be ensured that
no LNG is released during the process (Article 6.28 section 10). For LNG powered ships, an
obligation to report applies for navigation between Basel and Gorinchem and Pannerden
and Krimpen aan de Lek (Article 12.01).
Local regulations
The Port of Rotterdam and the Port of Amsterdam are two examples where the competent
authority, via the Port Regulations, lays down rules partly with a view to the (external) safety
of the bunkering activity, including that of new energy carriers.
Port of Rotterdam
The Port of Rotterdam has included a number of articles in the Port Regulations 2020 [35]
that impose rules on bunker locations and bunker work methods in the interest of external
safety, among other things.
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Art. 3.11 permits bunkering from a ship at a berth, provided that it has been reported and
nautically assessed.
Art. 4.13 prohibits bunkering or de-bunkering between a ship and a mobile facility on shore
in an undesignated area or berth. This is an example of the regulation of a shore-based
activity by the competent waterway authority.
Art. 8.1 requires a bunker permit for designated fuels in the interests of a clean environment
and the control of risks from (future) energy carriers. Bunkering can be prohibited, permitted
and linked to certain fuels in areas/berths. For LNG, restrictions may apply to simultaneous
operations (only allowed as part of the bunker management plan).
The bunker permit may contain requirements (art. 8.2 to 8.8):








Staff qualifications
Financial standing of permit holder
Safe bunkering equipment
24/7 availability
Compliance with maritime safety and security
Compliance with environmental requirements
Reliability of licence holder

Regulations and restrictions are possible on:
 Location and safety distances
 Operational safety, working procedures, simultaneous operations. Below for certain fuels
and ships the mandatory use of a bunker checklist.
 Nautical safety, including maximum number of ships alongside during bunkering
 External security
 Notifications
 Requirements for signalling when bunkering certain fuels
The bunkering control list [36] provides for the designation of a Marine Exclusion Zone as a
safety measure. For safety reasons, restrictions apply within this zone on activities and
sailing movements during the bunkering of LNG. Figure 4 shows a number of LNG facilities
in the Rotterdam port area.
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Figure 4.

LNG facilities in Rotterdam

Port of Amsterdam
On the basis of the North Sea Canal Area Regional Port Regulations, the Port of
Amsterdam has designated berths for bunkering LNG with an LNG bunker ship (so-called
"ship to ship" or STS, see figure5). The external safety and nautical safety have been taken
into account in the designation. The LNG toolkit was applied for this purpose [15]. A
maximum bunkering time of 250 hours per year per berth has been set. Incidentally, this
maximum is aimed particularly at the bunkering of seagoing vessels. The assumed pumping
capacities (1000 and 400 m3 per hour) are not normative for inland navigation (in the order of
30-60 m3/hour).
An exemption may be granted for undeclared berths. In doing so, the external safety
distance "PR 10-6 per year" (legal limit value see chapter 4) for vulnerable objects near the
bunkering point is tested. Half-yearly, the validity of the conclusions is reviewed in view of
developments in the surrounding area or in the requested bunker period.

20

Report / Safety aspects of new energy carriers in inland

Figure 5. LNG bunker berths Amsterdam

The regional port regulations for the North Sea Canal area 2019 regulate the activity of
bunkering in the same manner as in Rotterdam. The Port of Amsterdam has implemented
the aforementioned marine exclusion zone intended to prevent ignition sources and
collisions during LNG bunkering. For an inland vessel a minimum passing distance of 10 m
applies during LNG bunkering, for manoeuvring seagoing vessels 20 m, for passing
seagoing vessels 50 m [37].
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3 Views from the field
Interviews were conducted with a limited number of stakeholders to gain a better
understanding of current developments and expectations of developments in the next 10
years. A brief overview of the findings for each stakeholder follows.
N.B. The choice of words is the researchers' own.

3.1

Wednesday 27-01-2021 10.00 Port of Rotterdam Authority
Hydrogen, batteries, LNG, ammonia and methanol were discussed as possible new fuels for
inland navigation.
For ammonia, the comment is quickly made that for inland navigation, the toxic properties of
ammonia are seen as a major disadvantage. Especially for the infrastructure of bunkering.
Not all locations are suitable for storing larger quantities of ammonia. This fuel is considered
more suitable for maritime shipping.
In the short term, the blending of diesel and LNG as fuels is indicated for an initial reduction
in CO2 emissions. Blending diesel is already happening and has no consequences for the
safety aspects. Sailing on LNG is also already happening. For example, the bunkering of
cruise ships in the city. Permits have been granted for this based on current legislation and
regulations.
Batteries are seen as an application for the future. The Port Authority itself is working on
electrically powered ships for its own fleet. Especially for scheduled services and shorter
distances, batteries are a good alternative. The swapping of containers with the battery in
them is seen as a safe development for container ships. Container terminals can be used as
swap points. The transfer of a container to a tanker carrying hazardous materials is seen as
an increased risk. During the swap, it is possible that a container falls out of the crane and
damages the cargo tank or pipes on the ship, resulting in the release of the hazardous
cargo.
Hydrogen is also seen as a good development. The hydrogen gas in cylinders can be
loaded onto the ship via a container, just like the batteries. They are working on a project
whereby a ship will be sailing on hydrogen by the end of 2021. A point for attention is the
stock of hydrogen containers at container terminals, which, if the stock were to be classified
as "storage", could result in the terminal coming under Brzo legislation. This is the case with
more than 5 tonnes of hydrogen, i.e. approximately 7 containers. The stock of hydrogen is
then legally not part of the cargo, as a result of which the exemption as mentioned in Brzo
art. 2.1b lapses. This legally applies
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seen only for the loading of containers with cargo. The Brzo is a burden for the terminal for
which the current legislation makes an exception.
In Germany, a ship is already running on methanol. At the moment, there is no methanol
project in which the Port Authority is participating. It is relatively easy for ships and
bunkering stations to switch to it. Few risks for the environment.
For all fuels, the regulations state that the ship must be designed as safe as it is today. The
external safety risk is more in the bunker activities. Perception is also an important aspect.
Ensure that people do not start talking about "toxic ships".

3.2

Friday 29-01-2021 09.00 Port of Amsterdam
Port of Amsterdam wants to become a sustainable port that facilitates alternative fuels and
stimulates clean ships. Busy working on an audit tool for ship-to-ship bunkering of
alternative fuels. But for now this mainly concerns seagoing navigation.
Hydrogen (gas and sodium borohydride), batteries, LNG, ammonia and methanol were
discussed as possible new fuels in inland navigation.
LNG is already being used in the port and bunkering of LNG also takes place. The
legislation still has to be amended. The permit process was a challenge. ADN only has rules
for loading LNG, not for bunkering. In the end, with proper consultation, everything is
licensed and in operation.
Hydrogen is seen as a good alternative in inland navigation. Swapping hydrogen containers
and storing the container on land is not possible at all bunkering stations. The container
terminals should be looked into more. In addition, the executive vessel is being converted to
sail on sodium borohydride (solid hydrogen carrier).
Ammonia is seen as a less good alternative. Due to the toxic effects of this substance, it is
considered less suitable for inland navigation. However, it is considered a good alternative
for seagoing navigation.
Methanol is seen as a good alternative for inland navigation and short sea shipping. It has
few risks and is comparable to diesel. Due to the flash point of the substance (< 55 °C), an
adjustment in the regulations is necessary. Adaptations to ships and bunkering stations are
small. Methanol can also be used as a hydrogen carrier.
Batteries are also a good alternative. However, charging on the quayside must be carefully
considered. There is limited power supply capacity in the city. A shortage can occur here
with the current network. A project with a flow battery has been started for the AmsterdamRotterdam route. After discharge, the electrolyte is exchanged instead of the battery.
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whole battery. This may require less or no capacity from the power grid.
The focus for the future is on the climate, sustainability and local clean air. LNG therefore
seems to be losing out a little from cleaner alternatives.

3.3

Tuesday 02-02-2021 13.00 Marin
Marin has initiated a number of studies on low-emission inland navigation.
Hydrogen, LNG, ammonia and methanol were discussed as possible new fuels for inland
navigation.
The lack of direction and focus is a point of concern when it comes to making inland
navigation more sustainable. The government looks at the market, while the market only
looks at the economic benefits. If a direction is chosen, there will be more focus on
innovation and the further development of existing possibilities that are not yet effective
enough. With these types of issues, we must think in terms of road maps.
Diesel is still the first choice of fuel. Many kilometres with few bunker moments. It is cheap
and, due to developments in fuel and blending, already much cleaner than years ago. For
now, first look at the shorter journeys of inland vessels. But a European vision for the longer
distances is a must for good focus and uniformity.
Dimethylether4 is technically a good alternative. In Asia, this substance is already in use as
a fuel. Little is done with it in the Netherlands. No high expectations for this fuel in the
Netherlands in the future.
LNG is a good alternative for now. Legislation has been developed for LNG as a fuel. LNG
has no zero emissions. And now, after a number of years, it is clear that LNG has not really
broken through in the Netherlands.
For methanol, there is as yet no standard layout for the construction of the installation on a
ship, nor is there any legislation available. It takes up more space on the ship than diesel.
Methanol must be stored 80 cm from the hull of the ship. Technology is not quite there yet
either. An engine that runs on methanol is not yet fully developed. Methanol can, however,
be used in combination with, for example, electric propulsion. Furthermore, methanol is not
without emissions (CO2). A cycle is needed to reduce the

4 Dimethyl ether can be used as an alternative fuel and is a gas under normal temperature and
pressure. By compressing it, it can be transported as a liquid in a tank, just like LPG. It can be made
from biomass, CO2 or hydrogen, for example.
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emissions. Using
possibilities.

CO2

from existing combustion processes or green production are

Hydrogen takes up too much space on the ship at the moment, with current developments.
A lot of space is needed to be able to cover the desired distances. However, it is an
emission-free alternative.
Ammonia has no CO2 emission, but is not emission-free when you look at other harmful
gases such as nitrogen gas (NOx). The toxic properties also weigh heavily. Does not seem
suitable for inland navigation in the short term.

3.4

Tuesday 02-02-2021 15.00 Lloyd's Register
Hydrogen, batteries, LNG, ammonia and methanol were discussed as possible new fuels for
inland navigation.
An exemption must be requested for all new developments that are not described in laws
and regulations. For most alternative fuels, this means that safety must be demonstrated by
means of a risk analysis. This only looks at the ships. The bunkering stations and the landbased supply to the bunkering stations fall outside this scope. Other requirements apply to
these.
Much has already been done in the field of LNG in terms of regulation. The regulations have
been supplemented accordingly.
The use of batteries in inland navigation is not a problem for the applicable laws and
regulations. No adjustments are required.
The use of hydrogen must be demonstrated to be a safe fuel by means of risk analyses. In
Europe, 24 countries are convinced that hydrogen on a ship should also be seen as a fuel
and not as a cargo. So this must be looked at in a different way.
Ammonia and methanol are not emission-free. They may be used in the short term, but
eventually they will have to be replaced in order to meet the climate targets.
In order to make a good economic comparison between diesel and the alternatives, all new
fuels should also become tax-free.
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3.5Wednesday

03-02-2021 11.00 am ILT

The role of ILT in the network of stakeholders was discussed. ILT supervises the competent
authorities for the environment and spatial planning. For shipping, ILT gives permission to
deviate from the construction requirements for an individual ship. A classification society,
e.g. Lloyds Register, does the preliminary work with the initiator to demonstrate the required
equivalent safety. For LNG, there is now a fixed guideline, but not yet for the other new
energy carriers.
For batteries, the location on the ship plays a role. The battery container affects stability
(weight) and you do not want it very close to the wheelhouse for safety reasons.
The role of the environmental services in granting permits is important. Land and water do
not always understand each other. For example, board-to-board transhipment is regulated
in the port regulations. More mutual consultation would be good.
For the new developments, legislation is lagging behind. LNG is the furthest along and is
growing, especially on fixed routes. The blending of biofuels will increase in the short term. If
new fuels can be used in dual fuel (DF) engines, this will ease the transition.

3.6

Thursday 04-02-2021 15.00 IFV
Hydrogen and batteries have been discussed as possible new fuels in inland navigation that
have already been looked into by the IFV.
The Institute for Physical Safety participates in the WIVP, the hydrogen safety innovation
programme. The programme has been up and running for less than a year and is looking at
hydrogen as a fuel in all possible ways. Risk assessments such as those used for existing
process installations are used here.
In general, it applies to the emergency services that, with regard to safety, an incident on a
ship is always difficult to combat. The location (position) of the ship is often difficult to reach
and the working space on the ship itself is also limited. When assessing new fuels, the
safety of the people on the ship, the combatability and safety of the fire brigade personnel,
the consequences for the surroundings and the consequences for the environment are
considered.
Hydrogen is also increasingly used as a fuel on land. An incident involving hydrogen can
certainly have an impact in the surrounding area. It is a relatively short-lived effect. If
hydrogen is released, there will be heat radiation to the environment in the event of a fire
and a possible risk of explosion due to the accumulation of gas in the vessel.
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A fire in a battery can have long-lasting effects on the environment. It is difficult to extinguish
a battery and cool it down in such a way that the fire does not start again. The battery itself
is not a hazardous substance, but a fire may release harmful substances into the
environment.
Both alternatives are well conceivable for inland navigation.

3.7

Thursday 11-02-2021 10.00 am EICB
Hydrogen, batteries, LNG, ammonia, formic acid and methanol were discussed as possible
new fuels in inland navigation.
LNG has not gained momentum in recent years due to low oil prices. LNG could become an
option for inland navigation if the price of oil rises again. If the maritime shipping industry
starts to use more LNG, it is possible that the inland shipping industry will follow suit. Cruise
ships worldwide are now running on LNG.
Biodiesel, blending and the like are all short-term solutions that will bring about the first
reductions. This development is already under way.

CO2

Ammonia and formic acid do not seem to be preferred. This is because of the safety aspects
that play a major role with these substances. Ammonia does have a high energy density
and no CO2 emissions. There are, however, other emissions that can be harmful.
Powdered hydrogen is still very much in development. At the moment, more stable reactions
are still being researched. There are also no industrial developments yet for upgrading and
transporting this substance. Not yet suitable for use.
Hydrogen in a liquid carrier (LOHC) currently requires four times the volume of diesel to
cover the same distance. In addition, the same capacity is required to store the used fuel
and then upgrade it again. For now, this requires too much space in a ship. Subsidies are
still needed for the development of hydrogen and this must be given a push from Europe if it
is to develop properly.
Batteries are interesting but need more power to be a good alternative. Now it is only
interesting for short distances.
At present, many new ships are built with an electric drive. At present, this is still powered
by a diesel generator, but it can easily be converted to a drive with an alternative fuel.
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3.8

Thursday 18-02-2021 14.00 DCMR
Within the framework of granting permits, good cooperation with the port authority is
necessary. Everything on the water is the responsibility of the port authority and everything
on the quay is the responsibility of the DCMR. In this process, we mainly look at how and
with which legislation the common goal can best be achieved. Cooperation is therefore of
the utmost importance in permit procedures.
For the LNG transport from tankers that is currently licensed by the DCMR, it has been
determined that the locations where there is a fixed stand for the LNG tankers are
considered to be establishments. Related measures may be imposed on the tank lorry or on
the ship, depending on the agreements made about this between the competent authorities.
With regard to ammonia and hydrogen, a good insight into the risks for the surrounding area
must be provided within the framework of the granting of licences. The current legislation
and regulations are sufficient for this. In the case of container terminals, attention must also
be paid to the possible exceeding of the Brzo threshold values. The new energy carriers
should not cause a container terminal to fall under Brzo legislation, whereas current
legislation excludes them from this. The activities are basically the same. Only now it does
not concern cargo, but fuel. The environmental services that issue the permits must make
national agreements on this, so that everyone deals with this in the same way and regards
the hydrogen containers as cargo. Then the container terminal is and remains outside the
scope of the Brzo.

3.9Monday

22-02-2021 10.30 am VVIV

(Association of Importers of Internal Combustion Engines)
Hydrogen, batteries, LNG, ammonia and methanol were discussed as possible new fuels for
inland navigation.
Apart from hydrogen and batteries, there is little room for alternatives. There is a lack of
focus. This means that potential investors are hesitating, because the risk of "betting on the
wrong horse" is too great. A lot is technically possible, but more certainty in the longer term
is desirable.
Adding Fame is bad for the engine's performance and causes a lot of downtime. It produces
more emissions than just diesel. Adding HVO is better and cleaner (less emissions) and has
a stable quality.
LNG is and remains a challenge. It is subject to strict restrictions because it is a cryogenic
substance. Existing engines can be converted to LNG engines, but this involves a lot of
work.
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methane slip and the costs are very high. And good LNG engines do exist, but the
government has stopped LNG subsidies.
Liquid hydrogen must be stored very cold. This, in combination with high outside
temperatures in summer, makes boil-off gas emission inevitable (the cryogenic temperature
is maintained by controlled evaporation of the liquid). All this makes for a complex system.
Engine builders are in favour of methanol as a hydrogen carrier. With minor adjustments, an
existing engine can run on it. Methanol can be green, synthetic and is a relatively wellknown substance. Methanol can be stored in the existing diesel tank.
Ammonia can be but is a toxic substance. Therefore, the installation must never have any
leaks. Even during a storm, all pipes and connections must be completely leak-free. It is a
complex and expensive installation.

3.10Thursday 24-02-2021 11.00 Wärtsilä
The blending of diesel with HVO and Fame and LNG is already in use. Both contribute to
the reduction of CO2 emissions in comparison to regular diesel. This is not enough to achieve
the climate targets set.
In Europe, there are many developments and pilots in the field of new energy carriers.
Projects with methanol, gas/diesel concept, ammonia as hydrogen carrier, hydrogen with
fuel cells, and variants thereof.
Zes, in which Wärtsilä also participates, has developed a concept of a battery set up in a
container that will be put into use this year. For more information, see
https://zeroemissionservices.nl/. The container has been approved by Lloyds. In the context
of safety, a full risk analysis has been carried out, resulting in a container with stationary
technical preventive and repressive measures that ensure a safe design. The location of the
battery on the ship and in relation to possible ADR cargo has also been considered. At this
moment, two containers are needed for the round trip Moerdijk Alphen aan de Rijn.
If this container becomes the standard, it may also be further developed in the future for
storing hydrogen or another fuel.
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4 Waterway situations
4.1

Introduction
The following situations are relevant for comparing the risks of new fuels with diesel:





Sailing
Bunkering
Schutten
Lie down

These waterway situations involve scenarios of release of the hazardous substance, the
fuel, and its risks. For LNG, scenarios have already been worked out with a view to accident
control [1]. The overview of possible scenarios is shown in Figure 6.

Figure 6. LOC scenarios for LNG inland shipping [1].

In this report, the scenarios are not discussed in the same detail. After all, accident control is
not the focus of this report. However, for each new fuel that is deployed on a large scale,
specific research will be required, aimed at deployment strategies for the emergency
services. All the more so because combating maritime accidents is a complex, specialist
subject for the emergency services.
For the environmental risk, the question is whether a new fuel will entail different or greater
risks than the current one (diesel). We will now discuss this for the various waterway
situations. Two measures of environmental risk are considered: the site-specific risk and the
areas of concern. These are central to the assessment of environmental risks under the new
Environment Act.
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Site-bound risk
The site-bound risk is the chance per year that a person, who is continuously and
unprotected at a certain location in the vicinity of a risk source, such as a bunkering station
or a waterway, dies as a result of an accident involving hazardous substances. The legal
limit applicable to this is that the probability of death from such an incident must not exceed
once in a million years. This is the "basic protection level" for citizens guaranteed by the
government. This value can be indicated as a contour on a map; this is then called the "PR
10-6 contour". Houses and other residential buildings may not be built within this contour.
This is laid down in both current and future legislation.
In a certain sense, the site-specific risk is a measure of the quality of an installation or
transport system: how often does it occur that such a large harmful effect arises from that
system that a person could die as a result? In places where vulnerable people live, the
government ensures that this frequency is less than once in a million years (10-6 per year).
This is achieved from two sides. The installation meets the best available techniques
(licensing). The environment keeps vulnerable people at a sufficient distance and/or limits
their presence (spatial planning, allocation of functions to locations).
Areas of focus
Areas of concern are areas around a risk source in which people are insufficiently protected
indoors without additional measures against the dangers that can occur in the vicinity, in
other words, can die as a result of an incident involving hazardous substances. Examples of
these life-threatening hazards are heat radiation from a fire, overpressure from an explosion
and inhalation of poisonous substances from a toxic cloud. The danger therefore depends
on the substance and the type of effect.
Areas of concern make it clear where there is still a risk to life in the event of an accident
involving hazardous substances, even for people who are indoors. Diesel, for example, only
has a fire risk area (fire is the only hazard); ammonia only has a toxic cloud risk area
(toxicity is the dominant hazard); LNG has a fire risk area and also an explosion risk area
(spillage forms a flammable cloud that can explode). Within the focus areas, extra attention
may be needed to protect those present. Examples are measures to allow people to take
shelter safely or to escape safely. Whether this is necessary is a decision for the competent
authority. The competent authority must provide an assessment of the probability of more
than 10 people dying at once due to an incident involving hazardous substances. This
assessment is necessary in the case of a new situation involving hazardous substances (for
example, changing the type of fuel at a bunker station) or the construction of a new building
within a focus area.
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Under the Environmental Act, the competent authority assigns functions to locations in the
environmental plan. The competent authority may choose to assign functions to the land
within a focus area where people can stay. Because it is within a focus area, the competent
authority must consider whether persons are sufficiently protected and, if necessary, specify
restrictions in land use, such as a maximum building height, or take additional measures. If
new construction of highly vulnerable buildings is also possible, in which people are less
able to live independently, such as a hospital or prison, these buildings must be made extra
fire-resistant.
For both the individual risk and the areas of concern, it has been legally established how
and with which calculation programme this contour must be calculated. The results depend
on the type of fuel, the amount of fuel and the number of loadings. This can be different for
each situation. Such a calculation in which both the site-bound risk and the areas of concern
are calculated in a single calculation is called a quantitative risk analysis (QRA).

4.2

Sailing
The risks from the unintentional release of hazardous substances during transport are
calculated with a quantitative risk analysis. The calculation protocol for this is the Manual for
Risk Analysis for Transport (HART) [12]. Two important conclusions follow from this:
 The calculation concerns the transport of hazardous substances as load. The fuel tank
as such is not considered. On the one hand, it is much smaller than a cargo tank and, on
the other hand, the probability of the ship being hit by a large impact at the very height of
the fuel tank is much smaller than anywhere in the entire cargo zone. The fuel tank
below deck therefore plays no role in the risk calculation.
 The calculation concerns transport in tankers. Containers are not considered. On the one
hand, the content of a container is very limited, in the order of 20 m3 , and on the other
hand, the probability of hitting a container so that a leakage of hazardous substance
occurs is very small. However, containers stowed on deck may end up in the water after
impact. Containers therefore also play no role in the risk calculation.

This applies even more so to the new fuels. The construction requirements for the
positioning of the fuel tank and connections in the ship and its casing (secondary
containment, double-walled piping) are generally more stringent than for diesel. The interim
calculation method for LNG bunkering stations [16] states that the LNG fuel tanks in the ship
will not crack, only deform, as a result of a collision. The contents of the fuel tank will not
cause major effects in the environment and, due to the construction requirements, the
probability of the fuel being released is very small. The combination of these two factors
ensures that they play no role in the risk calculation.
Voyaging bunkering, the refuelling of a ship while underway, now accounts for a significant
share of the turnover of the bunkering stations. The manner and frequency
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with which the activity is currently carried out does not add any additional risk to the risks of
transporting hazardous substances on the waterways [44]. For the new fuels, it will have to
be assessed whether bunkering by sea is possible. This is not expected, among other
things, due to the higher technical complexity of the operation. The new fuels have
additional hazardous properties compared to diesel, particularly the much lower flash point
and/or require accurate positioning of a fuel container. It is not permitted to bunker with
LNG.
A possible influence on the existing risk image during shipping would therefore only arise if
bunkering stations located inland were to be supplied on a large scale from tankers,
comparable to supplying the current bunkering stations with diesel. This is not expected in
the short term (see H3). A study into the optimal location for an LNG bunkering station
resulted in one location near Nijmegen with a throughput of approx. 2000 tonnes per annum
[13]. With a bunker volume of about 50 m3 at a time, this amounts to about 100 bunker
operations per year. The current number of customers for a bunker station on a main
waterway is at least a factor of 10 higher.

4.3

Bunkering
There are various possibilities for taking on fuel for shipping. The most common is to visit a
bunker station along the shipping route. From the bunker station, usually from a tanker or
pontoon, gas oil/diesel is pumped into the ship's fuel tanks. This involves smaller quantities
than in seagoing navigation. Per delivery, quantities of 20-50 m3 are common, whereas in
maritime shipping this can be several thousand m3.
In the Netherlands, there are approximately 90 bunkering stations along the waterways, see
figure 7. For commercial shipping, they supply shipping almost entirely with gas oil/diesel.
There are currently a few dozen LNG-powered ships, while the other fuels are mostly in the
pilot phase. The method of bunkering differs per fuel, see table5.
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Figure 7. Network of bunkering stations [43].

Table 5 shows that a classic bunkering station is not simply suitable for new fuels. For the
transfer of containers (hydrogen, batteries) a container crane must be available. Pumping
directly from tanker to ship is an operation which, provided it is licensed, can take place on
any suitable quay. Methanol is most closely related to diesel, but it also requires some
adaptation of the installation. It is, however, widely available and lends itself to distribution
via the existing network of bunker stations.
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Fuel

Supply
Bunker Point

Site type

Transfer fuel

Diesel

tanker

Ship/pontoon
alongside
waterway

Pumping via hose
connection

LNG

Tank wagon

harbour quay

Pumping via hose
connection directly to
ship or via pontoon

LNG

Tank container

container quay

Swapping fuel containers

LNG

tanker

Ship/pontoon
alongside
waterway

Pumping via hose
connection

MeOH

tanker

Ship/pontoon
alongside
waterway

Pumping via hose
connection

MeOH

Tank wagon

harbour quay

Pumping via hose
connection directly to
ship or via pontoon

Hydrogen1)

Bottle trolley,
Container

container quay

Swapping fuel containers

Battery container Container

container quay

Swapping fuel containers

Ammonia2)

container quay

Swapping fuel containers

1)

Tank container

Hydrogen can be "packaged" in many forms. Here we consider only the most promising in
the short term: a bundle of high pressure tanks in a container [11]. In a longer
perspective, candidates are: as cryogenic liquid, in metal hydrides, in metal hydrogen
salts, in organic liquids (LOHC). Also ammonia and methanol are substances besides
formic acid that can serve as a hydrogen source by means of a reform reaction.

2)

Ammonia can be used in more or less comparable fuel tanks to LNG. There is therefore
already talk of "retrofitting" LNG ships with ammonia as an option. Bunkering in that case
also means pumping through a hose connection, as is the case with LNG. However, the
picture is that ammonia will initially grow mainly in seagoing shipping. For inland
navigation, the option of using tank containers will initially be more obvious.

Table 5. Possible bunkering methods and site types

For the different types of bunkering, a brief discussion follows of the risks for environmental
safety per fuel. The analyses are based on risk analyses of existing bunkering stations, but
have been brought to a generic level for this project. In the last section of this chapter, the
results are summarised in three figures.
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To compare the various risks, the distances to the PR 10-6 contour of the site-bound risk
and the distances to the areas of concern are given in each case. No vulnerable buildings or
sites may be present within the PR 10-6 contour, and within a fire, explosion or toxic cloud
area of concern it must be assessed whether the persons present are sufficiently protected
(partly in view of the probability) against the effect of an incident involving hazardous
substances. See also the introduction in chapter 4.1.
4.3.1

Diesel
Diesel is pumped from a bunker pontoon to the customer using a hose connection. The
customer can be a third party, but also a leur boat from the station itself. Diesel is delivered
to the pontoon by tanker. Overfilling is prevented by a bunker overfill security system
(BOBS) and a bunker guard. A diesel spill can occur due to hose breakage or collision.
A quantitative risk analysis (QRA) for a bunker station with a throughput of 120000 m3 diesel
per year (approx. 4000 deliveries) shows that the site-specific risk is less than 10-6 per year.
It is important to note that this concerns a flammable liquid with a flash point greater than 55
°C. For these liquids, only a 1% chance of ignition for collision scenarios is taken into
account. For other spill causes, ignition is considered too unlikely [12,14].
If no ignition occurs, the maximum puddle diameter is approx. 300 m on still water. On
running water, an elongated puddle is formed. In case of early ignition, a burning puddle
with a diameter of approx. 40 m is created. The fire risk area amounts to approx. 30 m from
the fairway side of the bunker store ship.
Usually, at such a bunkering station, there are no restrictions on the use of the shore from
the point of view of environmental safety.

4.3.2

Variable

Distance

Site-bound risk 10-6

0

fire detection zone

30 m from fairway side of bunker station

Maximum puddle diameter

300 m

LNG Truck to ship (TTS)
LNG is pumped directly to the customer from a tanker using a hose connection. This
configuration is the easiest to implement and is widely used. The tanker is only present
when LNG is being delivered. LNG can spill out due to hose breakage and failure of the
tanker. The bunkering point in a port is chosen so that collision cannot occur. Assuming a
delivery of 50 m3 at a time, Figure 8 shows the location of the PR 10-6 contour in relation to
the bunkering point. The x-axis shows the
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number of deliveries per year assuming 50 m3 per delivery and the y-axis shows the
distance in metres from the bunker point to the boundary of the PR 10-6 contour. Example:
with 200 deliveries per year, the 10-6 contour is at 85-90 m. The PR 10-6 contour is
determined by the scenario hose rupture with delayed ignition.
An LNG release is ignitable in ambient air in concentrations between approx. 5 and 15 vol.
%. In the event of failure of the largest connection on the tanker, a hole with a diameter of
3 inches, a flare flame with a length of approx. 90 m is created upon ignition. The fire danger
area is a distance of 220 m from the bunker point, the explosion danger area 250 m.

Figure 8. Indicative location 10-6 contour LNG TTS bunkering

Variable

Distance

Site-bound risk 10-6

See Figure 8

fire detection zone

220 m from tanker depot

Explosion protection zone

250 m from tanker depot
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4.3.3

LNG Ship to Ship (STS)
DNV-GL was commissioned by the Port of Amsterdam to draw up an LNG port toolkit for
bunkering LNG with bunker vessels. Figure 9 shows the location of the 10-6 contour,

Figure 9. Indicative location 10-6 contour LNG STS bunkering [15].

The toolkit also gives the area of influence. This is 170 m from the discharge point. The size
of the area of influence is determined by the collision scenario or hose rupture. The area of
influence is an indication for the fire attention area and the explosion attention area.

4.3.4

Variable

Distance

Site-bound risk 10-6

See Figure 9

fire detection zone

170 m from bunker point (approximate)

Explosion protection zone

170 m from bunker point (approximate)

Methanol
Methanol is pumped from a bunker pontoon to the customer using a hose connection. The
customer can be a third party, but also a leur boat from the station itself. Delivery of
methanol to the pontoon takes place by tanker. Overfilling is prevented by a bunker overfill
prevention system (BOBS) and a bunker guard. Methanol spills can occur due to hose
breakage or collision.
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The site-bound risk is dependant on the number of bunker operations per year and is shown
in figure 10. In contrast to diesel, a probability of ignition is now also assumed for the spill
scenarios. Direct ignition occurs with a probability of 6.5% [14].
If no ignition occurs, the maximum puddle diameter is approx. 80 m on stagnant water. On
running water, an elongated puddle is formed. In the case of early ignition, a burning pool is
created, also with a diameter of approx. 80 m. The fire risk area amounts to approx. 70 m
from the fairway side of the bunker store ship.
Usually, at such a bunkering station, there are no restrictions on the use of the shore from
the point of view of environmental safety.
Variable

Distance

Site-bound risk 10-6

See Figure 10

fire detection zone

70 m from fairway side of bunker station

Maximum puddle diameter

80 m

25

10^‐6 contour (m)

20

15

10

5

0
0

1000

2000

3000

4000

5000

Number of bunkering operations per

Figure 10. Indicative location of 10-6 methanol bunkering contour from fairway side of station
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4.3.5

Methanol Tank to ship (Methanol TTS)
Methanol is pumped from a tanker directly to the customer with a hose connection. This
configuration is the easiest to implement and is widely used. The tanker is only present
when methanol is supplied. Methanol spills can occur due to hose breakage and failure of
the tanker. The bunker point in a port is chosen in such a way that collision cannot occur.
Assuming a delivery of 30 m3 per time, Figure 11 shows the location of the 10-6 contour in
relation to the tanker depot. The 10-6 contour is determined by the scenario of
instantaneous failure of the tank lorry after leakage and ignition during transhipment for
more than 500 bunkering operations per year.
In the event of failure of the largest connection to the tanker, a hole with a diameter of 3
inches, direct ignition will cause a puddle fire with a diameter of approx. 40 m. The fire risk
area is a distance of 100 m from the bunker point.

Figure 11. Indicative location of 10-6 methanol TTS bunkering contour from tanker depot

Variable

Distance

Site-bound risk 10-6

See Figure 11

fire detection zone

100 m from tanker depot

Maximum puddle diameter

110 m
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4.3.6

Hydrogen container
Hydrogen is transferred from the container truck to the ship in a container filled with
pressure containers at a pressure of 300 bar. A 40-foot container then contains 750 kg of
hydrogen [11]. Such a container change is known as "swapping". The advantage is that the
fuel system remains closed. The risk calculation is then performed according to the
calculation protocol for stevedoring companies [14]. Hydrogen may be released after falling
from the tap. The calculation here is based on the breaking of a pipe with a diameter of 10
mm.
A hydrogen outflow is ignitable in the open air at concentrations between approx. 4 and 76
vol %. When breaking off, a flare with a length of approx. 15 m is created. The maximum
effect distance is approx. 20 m. This is also the maximum value of the 10-6 contour,
irrespective of the number of bunker operations.

4.3.7

Variable

Distance

Site-bound risk 10-6

Max 20 m

fire detection zone

20 m from tanker location

Maximum flame length

15 m

Ammonia tank container
Ammonia is transferred from the container truck to the ship in a 20 m3 tanker using a reach
stacker or container crane5. Such a container change is referred to as "swapping". The
advantage is that the fuel system remains closed. The risk calculation is then carried out
according to the calculation protocol for stevedoring companies [14]. Ammonia can be
released after falling from the crane. A 10 mm and a 50 mm hole are considered as
standard. Ammonia is toxic and flammable. An ammonia release is ignitable in the open air
at concentrations between approx. 15 and 28 vol%. However, the ignition energy is
relatively high (380-680 mJ) compared to, for example, methane (0.3 mJ), so that the
probability of ignition is small. Risk analyses therefore only consider the toxic effect.

5 Under

Table 5 it is explained that only this method of using ammonia was considered.
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Figure 12. Indicative location 10-6 contour ammonia tank container swap

4.3.8

Variable

Distance

Site-bound risk 10-6

See Figure 12

Poison cloud area

740 m from container depot

Battery container
DNV-GL has carried out experimental and theoretical research into exothermic reactions in
battery systems [17]. It shows that impacts such as falls from a crane and external fires can
be causes for the initiation of exothermic reactions and ultimately a battery fire, see Figure
13. Tests were carried out on Nickel-Manganese-Cobalt (NMC) and Lithium-Iron-Phosphate
(LFP) batteries. For the control of the runaway reaction, direct foam injection proved to be
the best system to prevent propagation between modules. An example is the ZES-pack, a
20ft container with a capacity of 2000 kWh, which integrates gas detection and foam
proportioning. Two of these containers are used to travel the Alpherium-Moerdijk route there
and back.
A battery fire has a potential effect on the environment through heat production, toxic and
flammable fumes. The circular risk management for lithium-ion energy carriers provides an
interim starting point for the implementation of battery packs and the various lines of
defence. For the surrounding area, the circular recommends a distance of 5 m from
vulnerable buildings in order to be able to set up a water screen. The most important
recommendation is the location awareness for emergency services. This is a particularly
important issue in the event of shipping accidents.
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Another example is the ZES project, where the safety region is involved in the design of the
battery containers and the transhipment facility. The battery packs are located at the front of
the ship, at a distance from areas where people are staying, see figure14.

Figure 13. Causes of exothermic reactions in a battery system [17].

A very global evaluation by DNV-GL indicates that the frequency of a fire in a battery system
is somewhat lower than that of a fire in a traditional engine room. But data are insufficient for
firm conclusions.
Variable

Distance

Site-bound risk 10-6

N/A

Fire risk area

N/A

Batteries do not pose a risk to the environment in terms of external safety.
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Figure 14. Battery container placement ZES project (https://zeroemissionservices.nl/)

The conclusion is that the transfer of a battery container to and from a ship is not in itself an
operation with an impact on environmental safety.

4.4

Schutten
The question here is whether ships with new fuels pose an additional risk during lockage.
Vessels carrying hazardous substances as cargo are subject to additional rules when
passing through a lock (BPR/RPR 6.28). Ships carrying explosive substances and tankers
carrying toxic liquids or gases may not be combined with other ships6. Ships with flammable
substances on board may not be combined with passenger ships.
As already stated, the introduction of LNG is the most advanced. For dangerous substances
as fuel only a provision has been included in the RPR for LNG (6.28 section 10) that the
ship is not allowed to use the ship's boats if LNG is released from the installation or can be
released. ES-TRIN stipulates that the outlet of pressure relief valves must be at least 2 m
above the deck at a distance of at least 6 m from accommodation, passenger areas and
work stations outside of the cargo hold.
In quantitative risk analyses, accidents in locks are not included in the calculation [12]. The
idea behind this is that the sailing speed is so low and the possible collision angles so small
that a collision or damage incident will not lead to discharge
6 The BPR does allow the combination of dry cargo ships with toxic substances in containers with
ships with flammable substances or ships with ADN certificate.
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of a cargo tank7. This also applies to the fuel tank and hazardous substances in containers,
see section 0. Intrinsic failure of tanks and piping (failure due to causes other than a traffic
accident) occurs at frequencies in the order of 10-5 to 10-7 per year. With a 20-minute lock
duration, this means frequencies in the order of 10-10 to 10-9 per lock.
The conclusion is that the new fuels do not introduce any additional risk when passing
through locks compared to the existing lock rules. However, a clear deployment strategy for
the emergency services in case of incidents such as fire on board is important. After all, it
cannot be ruled out that such an incident may also occur in a lock chamber.

4.5
4.5.1

Lie down
Hazardous substances as cargo
The ADN and the BPR/RPR lay down separation rules for vessels carrying dangerous
substances in respect of each other and in respect of vulnerable objects on the bank.
Vessels must keep a distance from each other of 10 m if one of the vessels is carrying
combustible substances, 50 m if one of the vessels is carrying toxic substances and 100 m
if one of the vessels is carrying explosive substances (BPR/RPR 7.07). The separation rules
do not apply to the same vessel or vessel with an ADN certificate.
With regard to objects on the shore, the ADN prescribes distances to be observed for berths
in 7.1.5.4.3 (dry cargo vessels) and 7.2.5.4.3 (tankers). The distances are linked to the
signalisation (number of blue cones/lights).

Signal entry
1 cone
main hazard

2 cones

3 cones

Combustib toxic
le

Explosive

Residential areas

100 m

300 m *)

500 m

Artworks

100 m

100 m

500 m

Tank storages **)

100 m

100 m

500 m

100 m

300 m *)

Dry cargo ship

Tanker
Residential areas

7 One accident is known from the case studies, involving a major discharge from a cargo tank into the
lock chamber. In 2010 a single-hulled naphtha tanker became trapped between the lock gates of the
Bernhardsluis in Tiel. 90 m3 of naphtha flowed out.
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Signal entry
1 cone

2 cones

main hazard

Combustib toxic
le

Artworks

100 m

100 m

Tank stores

100 m

100 m

Table 6.

*)
**)

3 cones
Explosive

Distances to be observed in accordance with ADN

While waiting at locks or bridges at least 100 m
Storage tanks containing gas or flammable liquid

The separation distances contribute to safety, but the extent to which is unknown. They are
also not based on an approach to external safety as is currently customary [45].
4.5.2

Hazardous substances as fuel
For ships carrying dangerous substances the RPR only provides an additional requirement
for LNG powered ships. On LNG powered ships, even if the ship is not carrying hazardous
substances as cargo, a surveyor must be present at all times, even when stationary. This
person has to be in possession of a declaration of expertise concerning the use of liquefied
natural gas (LNG) as fuel. In risk terms, the permanent presence of the guard reduces the
chance of a serious escalation of a leak or fire by either a rapid response action or a rapid
alarm/notification.
LOC Scenarios fuels
When a ship is at berth, two types of failure of the envelope are possible. In the case of
failure due to an external impact, the possibility of collisions with sufficient energy is
particularly important. For this reason, berths directly along the waterway must be
distinguished from berths in ports, such as ports of refuge or overnight storage. In the latter
case, due to the low sailing speeds, collision scenarios are not a likely cause of a loss of
containment.
N.B. The focus here is on inland navigation. In situations where seagoing navigation also
occurs, this may be different.
The fuel system and cargo tanks are often integrated into the ship's structure. In these
cases, the ship's structure is an additional protection for the fuel tank. Even in acceptance
scenarios, failure of the fuel tank is not likely, see section 0.
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What remains is the intrinsic failure of system components. "Intrinsic" here is the collective
term for other causes, including corrosion, vibration, material defects, design faults, welding
defects, etc. These causes may lead to failure at any time during the presence of the
hazardous substance in its enclosure at a given location. These are standardly included in a
QRA with a number of representative scenarios, see text box below.

For pressure tanks (LNG, ammonia) the scenarios are


Instantaneous failure with a frequency of 5.10-7 per year



Release of contents in 10 minutes with a frequency of 5.10-7 per year



Leak from a 10 mm hole with a frequency of 1.10-5 per year

For interconnected pressure containers (H2)


Instantaneous failure per pressure container with a frequency of 5.10-7 per year



Continuous release of contents of (N-1) pressure containers from a 5 mm hole

For atmospheric tanks (Diesel, methanol)


Instantaneous failure with a frequency of 5.10-6 per year



Release of contents in 10 minutes with a frequency of 5.10-6 per year



Leak from a 10 mm hole with a frequency of 1.10-4 per year

And with a full second containment remain:


Instantaneous failure with a frequency of 5.10-7 per year



Release of contents in 10 minutes with a frequency of 5.10-7 per year

If release after failure of the primary containment in the second containment remains unaffected.

Figure 15. Intrinsic failure scenarios external safety [14].

When the containment of the hazardous substance, be it a cargo tank or a fuel tank, is
integrated into the ship's structure, the ship itself is an additional barrier against further
spread of the substance or its consequences (fire, explosion, evaporation). For the new
fuels, double containment is already required for a number of system components
(especially pipe work), additional fire resistance and ventilation requirements are imposed
on engine rooms, etc.
For the environmental safety around a moored ship in e.g. an overnight port, the situation
that the new fuel is stored above deck in a separate tank (container) is therefore particularly
important. This can be the case for hydrogen, LNG and ammonia. Table 7 shows the
corresponding risk characteristics. The puddle forming scenarios have not been taken into
account. This is because puddles form on the deck, so that the spread of the liquid will be
very variable.
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LNG

Hydrogen

Ammonia

Envelope

Tank container

Container 640 kg

2 tank containers 20 m3

Volume

40 m3

100x300 litres

2x20 m3

Temperature

-150 °C

10 °C

10 °C

print

1.4 bar

300 barg

5 bar

PR 10-6 100% per site

15 m

75 m

PR 10-6 25% per site

15 m

10 m

Fire risk area

115 m

10 m

Explosion protection zone

200 m

15 m

Poison cloud area

600 m

Table 7. Risk characteristics per permanent and 25% occupied berth

When liquids are used as fuel, a large part of a spill in the event of a fuel leak will remain
within the ship. Of course, if ignited, a large ship fire may occur and potentially spread if
ships lie side by side, but that is a different mechanism than the spread of a hazardous
substance. A fire on board can have many causes.

4.6

Overview of risk distances
In this paragraph, the various risk distances are shown. For this purpose, the distances are
projected onto a randomly chosen location in the Netherlands. This provides some sense of
scale. These images are shown to illustrate the differences in risk of the various new energy
carriers in relation to each other and to diesel.
Figure 16 shows the site-bound risk contours of the new energy carriers described above. It
shows the PR 10-6 contour associated with 1000 bunker operations per year. No houses or
other residential buildings may be present within this contour. In the fictitious situation
shown, Methanol TTS, LNG TTS, LNG STS and Ammonia are not legally possible due to
the size of the PR 10-6 contour, because it extends over residential buildings. No contours
have been included for diesel and batteries because they do not exist. These energy
carriers do not involve a PR 10-6 contour.
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Figure 16. Location-specific risk contour "PR 10-6 contour" for 1,000 shipments per year of the various
new energy carriers

Figure 17 shows the fire contours of the new energy carriers described in this chapter.
Within these contours, attention must be paid to possible additional measures against the
heat radiation effects of an incident involving hazardous substances. Within these contours,
dwellings or other residential buildings may be present, but it must be assessed whether
additional measures are necessary. No contours have been included for ammonia and
batteries because they do not exist. For these energy carriers, there is no fire attention area.
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Figure 17. Fire danger area (BAG) of the different new energy carriers

Figure 18 shows the explosion contours of the new energy carriers described in this
chapter. Within these contours, attention must be paid to possible additional measures
against the overpressure effects of an incident involving hazardous substances. Within
these contours, dwellings or other residential buildings may be present, but it must be
assessed whether additional measures are necessary. No contours have been included for
ammonia, diesel, hydrogen and batteries because these do not exist. For these energy
carriers, there is no explosion contour.
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Figure 18. Explosion focus area (EAG) of the different new energy carriers

Figure 19 shows the poison cloud contours of the new energy carriers described in this
chapter. Within this contour, attention must be paid to possible additional measures against
the toxic effects of an incident involving hazardous substances. Within these contours,
homes or other residential buildings may be present, but it must be assessed whether
additional measures are necessary. No contours have been included for diesel, hydrogen,
LNG, methanol and batteries, because these do not exist. For these energy carriers, there is
no toxic cloud contour. This only applies to ammonia.
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Figure 19. Poison cloud area (GAG) of ammonia
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5 Overview per fuel
Below are summarised, at a general level, in a number of fact sheets for the various new
energy carriers, the findings that have emerged from this report. A fact sheet is included for:
 Ammonia
 Hydrogen
 Batteries
 Methanol
This in relation to the already known energy carriers diesel and LNG.

A point for attention here is that the various stakeholders have indicated that a certain focus
is lacking in the developments to date. If the market alone is to determine which energy
carriers will be the future, the transition to zero emissions will continue to be slow, with a
heavy emphasis on retrofitting existing engines (limited modifications, mixing in biofuels,
aftertreatment with limited investment costs). By focusing on, say, two new fuels,
development will be much faster and the costs will also be lower.

5.1

Ammonia
Fuel

Ammonia

Properties

Liquid, under pressure, toxic

System type

Ammonia is stored under pressure. Complex system. Strict
maintenance and inspection. Requires a lot of knowledge.
Also seems to be an expensive system in terms of technical
implementation

Energy value
(net-gross)

11.3 MJ/l - 9.6 MJ/l

Scenarios

Ammonia leakage, loading hose rupture. Release of
ammonia with consequent toxic cloud.

Safety

Internal

Lethal concentrations can be reached in confined spaces.

External

In the open air, depending on the content of the system and
the temperature, the lethal effects may be limited. However,
health problems can still arise at a great distance. People
are quickly alarmed by low odour threshold.

Environment

Ammonia H400
Harmful to the aquatic environment
Not without emissions (no CO2 but nitrogen and methane slip)
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Effects

Emergency
services

Can be approached from outside. Inside the ship, it is difficult
to provide assistance due to the toxicity. Special clothing is
required, as a result of which it takes a long time before
deployment can take place (chemical or gas suit procedure).

Space ship

Installation takes up a lot of space.
Due to type of substance, a distance from the ship's side is
necessary. Fuel system design similar to LNG, equivalent in
terms of safety, but hazard is toxic instead of flammable

Schutten

Release due to collision not likely

Lie down

Berths can have a site-specific risk contour 10-6 of approx.
75 m at high occupancy, toxic cloud area approx. 600 m.
Consequences for spatial planning.

Bunker stations Due to health complaints that may arise in the vicinity, it is not
self-evident that bunker stations can be located in built-up
areas. Site-bound risk contour depends on number of
customers, but easily exceeds 100 m.
Bunkering
road
Applicable
laws and
regulations

5.2

Not to be expected in inland navigation for the time being.
You cannot put an (expensive) installation on every bunker
boat
PGS 12 applies to ammonia storage. Quite extensive
regulations. Container storage included in PGS 15.

Hydrogen
Hydrogen can be used as a fuel in various ways. There is hydrogen gas in cylinders,
hydrogen in a liquid hydrogen carrier (LOHC) or in a solid hydrogen dayer, hydrogen gas in
bulk, liquid hydrogen and hydrogen as a paste.
Hydrogen as a paste is currently being developed mainly for smaller systems such as
scooters, where there is no space for a hydrogen tank like in cars. The paste is stored in a
cassette that can be replaced in its entirety. The cassette is suitable for reuse. For inland
navigation, this is currently not an initiative that needs further investigation. The first
expected form of application is pressurised hydrogen in a bottle battery, integrated in a 20 or
40 ft container (existing technology, coupling to electric drive train, limited modifications are
sufficient).
A fact sheet has been prepared for the following hydrogen systems:
 Hydrogen gas in cylinder pack
 Hydrogen in a Liquid Hydrogen Carrier (LOHC)
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5.2.1

Pressurised hydrogen gas

Fuel

Hydrogen

Properties

Gas, pressurised, flammable

System type

In a container, the hydrogen gas is stored in cylinders. Cylinders
(container) are replaced in their entirety.

Energetic
value

4.7 MJ/l-3.8 MJ/l

Scenarios

Leakage of hydrogen, breaking of coupling. Release of
hydrogen resulting in a flammable cloud.
During swapping, the container may fall out of the tap.

Safety

Effects

Internal

An explosive atmosphere can be reached in confined
spaces.
If container is outside on ship, no accumulation of
hydrogen in spaces inside ship.

External

Torch fire has a limited effect to the surroundings, approx. 10
to 20 m. A fixed distance can be determined for a standard
container

Environment

No
No emission and no pollution of surface water

Emergency
services

Can be approached from above in the open air. Inside the
ship, assistance is difficult because of possible accumulation
in spaces, under canopies.

Space ship

Installation takes up space on deck.
Due to flash point, distance from ship's side is necessary.

Schutten

Release due to collision not likely

Ports

Berths have a site-bound risk contour 10-6 of approx. 15 m, fire
risk area approx. 10 m. No consequences for spatial planning.

Bunker stations Container crane required. Take into account the Brzo
threshold (5 tonne low threshold) if several containers are
stored. Can also be exchanged at container terminals. Sitebound risk contour 10-6 limited in size, approx. 20 m.
Bunkering
road

Not expected for the time being. Crane on bunker ship does not
seem possible. In view of the time it takes to change ships at the
terminal, it is not necessary to bunker on the move. Sufficient
exchange facilities must be provided along the route. In
principle, it is possible at every container exchange point.
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Applicable
laws and
regulations

5.2.2

For hydrogen there is existing legislation. Depending on
whether the storage of hydrogen containers is assessed as
transport-related or as storage at container terminals, the Major
Accident Hazards Decree may apply.

LOHC hydrogen carrier

Fuel

Hydrogen

Properties

Liquid, atmospheric

System type

The hydrogen-rich LOHC is located in a fuel tank in the ship
(similar to storage of diesel). After use, the hydrogen-poor
LOHC is kept in a separate storage in the ship for reuse

Energy value
net - gross

7.2 MJ/l - 5.5 MJ/l

Scenarios

LOHC leakage, coupling breakage. Release of LOHC on water

Safety

Effects

Internal

Not a hazardous substance. Is an oily substance,
possibly flammable with high flash point

External

No

Environment

Float-forming substance, causing pollution of surface water.
Same as diesel

Emergency
services

No particulars

Space ship

The installation takes up extra space because there must
be a storage for hydrogen rich and hydrogen poor liquid.
Due to the high flash point in the vessel, no distance from
the vessel wall is necessary.

Schutten

Not a hazardous substance

Ports

Not a hazardous substance

Bunker stations Not a hazardous substance and it is a liquid similar to
diesel. For Bunker Stations this seems applicable.
Bunkering
road
Applicable
laws and
regulations

No restrictions, similar to diesel
No specific regulations. Depends on the nature of the hydrogen
carrier (different liquids possible, including flammable ones).
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5.3

Batteries
Batteries have no impact on the environment in terms of direct emissions. However, the
production and disposal at the end of their life have a major impact on the environment. It is
also questionable whether green energy is used for the generation of electricity to charge
the battery. In addition, the current energy network is not equipped for a massive switch to
batteries for shipping. How and where this energy is generated and the battery recharged
depends on location.
Fuel

Batteries

Properties

Fixed

System type

The battery is packed in a container. The container is replaced
in its entirety.

Energetic
value

0.5 - 0,.4 MJ/l

Scenarios

Fire due to heating of the battery with possible formation of toxic
gases.
When bringing the container on board, it can fall out of the crane.
Mitigating systems are integrated in the battery container.

Safety

Effects

Internal

If container is outside on a ship, no toxic gas will
accumulate in confined spaces in the event of a fire.

External

Toxic gases especially dangerous in confined spaces (inside the
container). As far as known, no lethal external effects in the
open air.

Environment

No
No emission and no pollution of surface water

Emergency
services

When opening container, danger to rescue workers. Fire is
difficult to extinguish, so it is a long-lasting effect. A lot of water
must be available to fight the fire.

measures

A first design of a container battery was made. The container
was approached as an installation (Hazid/Hazop) and measures
were taken:
Cooling system
Gas detection
Temperature detection
Extinguishing system
Safe high-voltage connection system on ships
Safety instructions for personnel

Space ship

Installation takes up space on deck.

Schutten

No restrictions
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Ports

No restrictions

Bunker stations Can be done at existing bunkering stations if there is also
physical space for storing containers. Container crane or reach
stacker required. Can also be changed at container terminals.
Bunkering
road
Applicable
laws and
regulations

5.4

Is not possible
There is a circular for lithium-ion batteries and a guide for
electricity storage systems. A PGS for this is in the making.

Methanol
Methanol is a flammable liquid which has a flash point of 11 °C. This gives rise to
differences with diesel (flash point > 55 °C).
Fuel

Methanol

Properties

Liquid, atmospheric

System type

Liquid methanol is stored in the fuel tank

Energetic
value

15.6 MJ/l - 14 MJ/l

Scenarios

Methanol leakage, coupling breakage. Release of
methanol on water

Safety

Effects

Internal

Flammable dust. Evaporation in confined spaces can
cause explosive atmospheres.

External

A methanol spill can cause a pool fire with heat
radiation to the surrounding area.

Environment

No particulars

Emergency
services

No particulars

Space ship

Similar to diesel system, but with additional safety
provisions due to greater flammability.

Schutten

Release due to collision not likely

Ports

Leaking tanks/pipelines cause possible health risks, especially on
and in the ship.

Bunker stations Methanol is a flammable liquid that can be used in bunkering
stations without major modifications. When bunkering from a
tanker, a site-bound risk contour 10-6 of max. approx. 80 m can
arise, depending on the number of customers.
Bunkering
road

In principle, no technical restrictions, same technology as
diesel can be used
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Applicable
laws and
regulations

Is present in relation to safety
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6 Conclusion
The research questions mentioned in the introduction will now be addressed successively.
 Which new energy sources are most likely to achieve the policy goals of making inland
navigation sustainable and why?

There is a large supply of potentially promising new energy carriers that contribute to the
reduction of CO2, NOx and particulate matter emissions. In addition, the existing engines and
ship propulsion systems are being further developed. With an eye to environmental safety,
attention is paid here to the safety aspects of methanol, LNG, hydrogen, batteries and
ammonia. These cover the spectrum of safety aspects well, given the differences in
flammability and toxicity. Whether they will also become the most widely used fuels in the
future, and if so, when, depends primarily on economic factors.

 How do these energy carriers differ from each other and from LNG in terms of safety?

The mentioned energy carriers differ from each other in flammability and toxicity. This is
reflected in the distances from which harmful effects may occur in the event of an
unintentional release. These vary from tens of metres (diesel) to hundreds of metres
(ammonia). However, the risk is not only determined by the substance properties, but also
by the enclosure and the safety provisions that are prescribed. Legislation and regulations
impose strict requirements on the design of the fuel system and its integration into the ship.
For transhipment and bunker systems, additional provisions are prescribed for safety
reasons. This is done per energy carrier when applied on a certain scale. The regulations
for LNG are the most developed, but a similar process is in prospect for the other energy
carriers. When an energy carrier is also used in maritime shipping, many safety principles
are derived from that legislation.

 What are the safety effects that must be taken into account when sailing, locking,
loading/refuelling (including mobile bunkering) and staying overnight/quietly with these
new energy carriers?

For sailing, the new fuels do not add any additional risks to the risks already present in the
waterway, including the transport of hazardous substances as cargo. Environmental risks
are mainly determined by the chance of large leaks from the cargo tanks of tankers in the
event of collisions. The much smaller fuel tanks and the strict requirements for installation in
the ship mean that failure of the fuel system casing does not contribute to the risk of the
waterway.
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The new fuels do not introduce any additional risk when passing through locks compared to
the existing rules for passing through locks. However, a clear deployment strategy for the
emergency services in case of incidents such as fire on board is important. After all, the
possibility of such an incident occurring in or near a lock chamber cannot be ruled out.
For berth usage, an environmental risk for external safety may exist especially around
berths with a very high occupancy rate with ships that have a fuel tank or container above
deck with a pressurised substance (hydrogen, LNG, ammonia). Given the normal
dimensions of the ships and systems, only LNG and ammonia could possibly have an
impact on spatial planning on the shore.
In terms of environmental safety, the risks of the new energy carriers differ the most for
bunkering. All energy carriers have a lower volumetric energy density than diesel. This
means either sacrificing cargo space (ship design) or bunkering more often. The
environmental risk depends on the number of bunkering operations and the method of
bunkering. Both determine the chance of a spill and its size. The method of bunkering can
be divided into pumping from pontoon to ship, from tanker to ship, from ship to ship and
exchanging (tank) containers.
Not all energy carriers are easy to fit into the existing bunker infrastructure, which is often
grafted onto pumping fuel from a bunker store ship/pontoon. In the first phase of a new
energy carrier, changing containers with fuel or delivering directly from tanker to ship is
attractive, because it is flexible to location (provided that it is licensed). Voyaging bunkering,
as is usual with diesel, is not to be expected for the new energy carriers. Bunkering points
with LNG, methanol or ammonia can have an impact on spatial planning on the bank
because of external safety. Bunker stations with batteries do not have that aspect.

 From what quantity (volume/weight) do these new energy carriers pose a real danger (as
propellant and as cargo)?

From the answer to the previous research question, it is clear that bunker operations may
involve risks to external safety. The risks are caused by both the volumes of the systems
involved (tanker order 30-60 m3, tank container order 20-40 m3) and the pump capacities
(order 30-150 m3/hour).

 What distance should be maintained from other vessels and from buildings for safe
navigation, lockage, loading/refuelling and immobilisation?

The maintenance of safety distances is aimed at reducing the risk of escalation of an
accident from ship to ship or from ship to shore object/structure. For mooring and sailing,
distances are already in force for ships carrying signals (fuels as cargo). For locks, certain
combinations of signalling vessels and other vessels are not
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permitted. In order for an LNG-powered ship to pass through the lock, it must be ensured
that no LNG emissions occur during the passage. For other fuels, no restrictions have been
specified.
Safety distances can have a quantitative basis (calculation of effect distances and
probabilities of leakage scenarios), but the perception of the hazards also plays a role. An
example is the rapid alerting of people in case of an ammonia leak (low odour threshold
leads to overestimation of the danger). A safety distance is therefore always a policy
decision in which several aspects have been weighed. For the new energy carriers, relevant
distances from the point of view of external safety may occur above all around the bunkering
points. This concerns the site-specific risk 10-6 per year, the fire detection zone, the
explosion detection zone or the toxic cloud detection zone.

 What are the possible environmental damages that could occur in incidents involving
these new energy carriers?

The environmental damage caused by the release of the new energy carriers is less than
that of diesel. Diesel forms a floating layer which, if the entire contents of a fuel tank are
released, can expand to more than 10000 m2 . The puddle area that methanol can form is
considerably smaller due to its good solubility. LNG and ammonia evaporate very quickly. A
battery fire generates intense heat and potentially toxic flue gas. Good ventilation and
extinguishing systems in the container limit the environmental nuisance considerably.

 What are the expected safety risks of these new energy carriers?

As mentioned, differences in environmental risks exist mainly in the bunker systems. The
regulations concerning ship design, sailing, bunkering and mooring mean that differences in
the probability dimension of the risk cannot be indicated generically. When the
consequences of leakage scenarios are potentially more serious, the probability is reduced
to an acceptable level with additional measures/provisions in the technical implementation.
The order in the effect dimension is from large to small: ammonia >> LNG >
methanol/hydrogen > diesel.
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