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WEVAL

The first Hydrogen — Electric Cargoschip Antonie

Specificaties voor de H2 aandrijving van het WEVAL schip.
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Artist impression FC-powered barge boat ‘Antonie’.
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Background WEVA1 project.

At the initiative of Nobian, Cooperatie NPRC has sought an
entrepreneur who can develop and operate a hydrogen-
powered inland waterway vessel. This inland vessel will be
used exclusively for Nobian internal transport. Lenten
Scheepvaart, long-term member of the NPRC Cooperative,
has taken on the challenge of designing and building a new
inland vessel that can meet Nobian's transport demand.

The WEVAL1 project, Hydrogen Electric Freight Vessel
Antonie, has been set up for this purpose. Since hydrogen has
never been used as a fuel in inland vessels before and the
investment costs for such a project are double that of a
conventionally powered inland vessel, European and Dutch
subsidies have been applied for to close the financing gap.

Nobian will supply green hydrogen for the WEVA1 ship, with
which the Antonie will carry out the logistics transport 100%
emission-free and climate neutral.
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Principles of the WEVA1 ship design.

The design parameters for the WEVA1 H2 powered
freighter are:

- Sufficient storage of green hydrogen on board to be able
to complete at least one round trip under ideal
conditions.

- Equipped with a fuel cell as main drive.

- Fully integrated electric propulsion installation.

- Battery pack to provide peak power

- Maximum efficiency through a new design of the
underwater ship.

- Lightweight airframe

- Vessel dimensions adapted to the waterway.

- Dimensions 135 m. length, 11.45 m. width, maximum draft
3.75 m. Air draugt 6.50 when empty. Load capacity
approx. 3900T at a draft of 3.50 m.

- For the purpose of 'redundancy’, a back-up generator
system must be installed.

- Adapted to the transport of salt.

Extensive discussions were held with various ship
designers, shipyards, suppliers of H2 systems and
suppliers of H2 storage systems and the waterway manager
of the main waterway Lemmer — Delfzijl in order to make
the right choice regarding the specifications for the
propulsion systems.
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Historical data of energy consumption per round trip.

Since Lenten Scheepvaart BV has been carrying out transports
on the Delfzijl — Rotterdam route with a comparable ship since
April 2008, a lot of historical data has been collected regarding
the fuel consumption per round trip. The fact that the ship sails
on a fixed route and the hydrogen-powered ship will be deployed
on the same route in the future also provides major advantages
compared to a situation in which the ship would be deployed in
tramp shipping.

Example raw data.
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Chart power requirement per round trip

Table power requirement per round trip
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From these historical data, it was possible to calculate the
power required for propulsion. In collaboration with an
engineer who can name hydrogen as his expertise, the data has
been worked out in tables and graphs.
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Fluid dynamics calculation.

We have commissioned Sip Marine to optimize the ship design

line plan by means of a fluid dynamics program.

The required powers have also been calculated for two
frequently occurring drafts and speeds.

The analyzes are done in FineMarine version 10.2

This is a CFD package that has proven similarity to reality. At
Sip Marine it is used for every critical application and has
ensured successful applications over the past 10 years.

De schroeven in alle toegepaste modellen worden
gerepresenteerd door actuator disk modellen. Dit zijn in het
vloeistofdomein schijfvormige gebieden waarin aan het

passerende water impuls wordt toegevoegd, in zowel axiale als
tangenti€le richting. De aangebrachte rotatie vanuit de schroef

wordt daarmee voldoende nauwkeurig gemodelleerd.

Modeling

The 3D CAD model is loaded
as half ship in the Hexpress
mesher. This fills the fluid
domain with cubic cells.
Refinement takes place in
details, such as thin layers on
the surface (viscous layers,
with which turbulence on the
wall is well described) and,
for example, square corners,
such as the mirror edge. In
total, about 5 million cells are
created in this model.
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Key figures

Reference length: 135 [m] Reference speed: 17.0 [km/h] =6.722 [m/
s] Fresh water: p = 998.4 [kg/m3]; u = 0.001043 [Pa.s] Froude: Fr =
0.1298

Reynolds: Re = 6.099*10-8

Power: 230 [kW] * (n = 0.95) = 218.5 [kW] Rotations per minute:
1800 [rpm]

Propellor diameter: 1600 [mm)]

Loading conditions

1. Water depth: 5 [m]
2. Empty:
a. Displacement: 1184784 [kg]
b.  LCB: 64.293 [m]
c. Diepgang: Taft = 1.3 [m]; Tfore = 0.55 [m]
d. Snelheid: vS = 17 [km/h] = 4.722 [m/s]
3. Fully loaded:
Displacement: 5025284 [kg]
b. LCB: 67.895 [m]
c. Draft: Taft = 3.5 [m]; Tfore = 3.5 [m]
d.  Speed: vS =12 [km/h] =3.333 [m/s]
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Results

From here the results follow, first unloaded, then loaded.

The calculation has a 2-phase fluid. This means that the ratio of
air and water is always included in the calculation. During the
build-up over time of the flow results (especially the velocity
components and the pressures), the amount of air and water
also results. This also makes it possible to monitor the water
surface and the amount of air. When sailing empty, in
particular, the air in the tunnel can be followed. The wave
formation can of course also be followed faithfully.

Result: wave formation sailing empty.

In empty sailing
condition there is a bow
wave of 0.9 [m].

At the stern, the
waterline creeps up to
0.525 [m] from the
stationary waterline.
That is the
impoundment from the
propellor wake.

Origin propellor wake, empty

All the water from the
propeller comes from
the face. The entry angle
is well directed into the
nozzle.

From the propeller you
can clearly see the
helical outflow between
the rudders.

10
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Result: wave formation charged sailing

In loaded sailing
condition, there is a bow
wave (impediment) of
0.53 [m]. The wave
through drops to -0.41

[m].

At the stern the waterline
creeps up to 0.015 [m]
from the stationary
waterline.

In the wake, the
backwater rises from the
propellers to 0.23 [m].

Origin of water to the propellor, loaded

Almost all the water
towards the propeller
comes from under the
keel. The entry angle is
well directed into the
nozzle.

From the propeller you
can clearly see the helical
outflow between the
rudders.

11
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Results F.D: Resistance and Power Demand

Unloaded sailing at (17 km/h):

The resistance is R/2 =-19091.0 [N]

The contribution of the nozzle in this is Thoz = +5376.2 [N] The screw+nozzle
combination must yield: Ttotaal = -R/2+Tnoz = 24467.2 [N]

The power demand for this thrust, now including 5% surcharge for wind
load, accretion, non-flat water, etc. is: Per propeller = 184 [kKW].

Fully loaded sailing at maximum draft (12 km/h):
The resistance is R/2 = -14729.5 [N]

The contribution of the nozzle in this is Tnoz = +5735.3 [N] The screw+nozzle
combination must yield: Ttotaal = -R/2+Tnoz = 20464.8 [N]

The power demand for this thrust, now including 5% surcharge for wind
load, accretion, non-flat water, etc. is: Per propeller = 114 [kW].

12
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Update of geometry tunnels due to design.

The geometry of
the tunnel has
been adjusted.

It turned out that
the tunnel edges,
while protruding
at the same depth
and following the
same direction,
can be even
thinner.

Their rear surface
is thus reduced.

13
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Conclusion on the fluid dynamics calculation.

For the analyzed cases: full sailing at 12 [km/h] and empty
sailing at 17 [km/h], it is recommended to propel at about 300
[kW] to bridge the resistance found.

Ultimately, the ship has a relatively low drag, good nozzle
operation and little wake, with a sufficiently large buoyancy.

The wake areas on the nozzle are concealed by making them
thinner. Other wake areas, such as within the headboxes, are
not always present. This is undesirable in the empty sailing part
of the voyage because they would demand that the headboxes
lean inwards when loaded. There they will impede the propeller
outflow. The small wake area between the nozzles is also not an
energy-consuming phenomenon. The flow speed there is low
and it is a slowly swirling area, which contains little energy due
to the low speed.

14
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Elaboration of data.

It is good to note that the data generated from the historical
data is supported by the results from the fluid dynamics
calculation. From this combined data is the table “Power
absorbed by the propellers per sailing hour.” composed.

Power absorbed by the propellers per sailing hour.

Operating hours between 400 en 500 KW 4
Operating hours between 350 en 400 KW 8
Operating hours between 300 en 350 KW 0
Operating hours between 250 en 300 KW 0
Operating hours between 200 en 250 KW 21,5
Operating hours between 150 en 200 KW 22
Operating hours between 0 en 150KW 0

The waiting time of 2.25 hours at locks does not consume any power in terms of drive, this time can
be used for recharging the battery bank.

It should be noted that during the hours between 350 and 400 KW, no more than
368 KW is absorbed.

It has thus been established that the power consumed by the
propellers for the drive is between 150 and 250 KW for the
largest number of hours (43.5 hours). Also 8 hours 368 KW and
four hours a peak power of 468 KW is required.

In addition to the power absorbed by the propellers, electrical
power is used for the ship's systems and the

hotel consumption. This amounts to approximately 8 — 20 KW/
hour. Bow thruster power is also used during lock passages and
maneuvers in ports.

We also take into account the system losses of the electric drive.
Together with the necessary frequency controllers, the system
consumes 40 KW per hour.

By correctly choosing the dimensions of the battery pack to be
installed, the FC can be used optimally, while sufficient power
remains available to deliver peak powers.

15
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User friendly

The basic principle is that the hydrogen-powered ship responds
to the skipper's input as he is used to from conventional ships.
This means that fast power must be available for maneuvers in
connection with expected nautical conditions.

The fact that the waterway manager demands that the ship can
be kept stationary at all times also requires quickly available
power for the bow thrusters and main drive.

Efficiency

A dual fuel option has been considered, but the efficiency of a
combustion engine with 30% efficiency can be called meager
compared to the efficiency of a fuel cell system with 50% after
deducting the FC system losses. The advantage in terms of
return more than makes up for the higher investment costs of
the FC.

This makes the choice for the Fuelcell clear.

Copyricht Koedood

16
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Electrical System Configuration

Since a fuel cell system generates electricity, the connection
with the other systems is easy to realize.
We prefer a 700V DC bus system.

Back - up 350 KW 1.000 MWH

Bowtruster 2 x 400 KW Propulsion 2 x 600 KW

The following systems are linked to this system:

- Fuel cell

- 2 x electric drive system

- 2 x bow thruster

- battery pack

- 2 x microgrid for the onboard systems and the crew
quarters and ship's galley

- Backup generator system

17
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The systems must at least meet the following specifications and
be suitable to function in an inland vessel in the chosen
configuration. All systems must also be approved by the
Shipping Inspectorate and Lloyds.

PEM Fuelcell 350 KWe output

Should not be larger than 4 x 2,5 x 3 meter (L, W, H)

Voltage DC to the grid:
Voltage DC stack output:
Current DC stack output:
Power to the grid:
Hydrogen consumption:
Dynamics:

Starting:

Lifetime:

Cooling:

Dimensions:

Warranty
System availability

Remote response time in case of
reported failure

Response at the location in case
necessary

Training

600 -750V DC

390-820 vV DC

0 - 800 A (align with Oechies)

350 kWe nominal

16 kwh / H2 Copyricht Koedood
power from 0-100% in 5 seconds.

Fuel cell fully available to the grid within 5 minutes

Stacks al least 25.000 hrs.

Total plant at least 100.000 hrs

Heat exchanger.

Should not be larger than 4 x 2,5 x 3 meter (L, W, H)

1year
95 % per year

immediate

2 hours during working hours 4 hours out of working hours

40 hours

18



D 2.17 Design specifications of the FC-powered Barge boat.

Main drive
2 X600 KW.

Two propellers in nozzles, driven by High Torque Electric
Motors mounted directly on the propeller shaft and equipped
with an integrated thrust bearing.

Nominal power per propellor shaft: 600 KW
Torque: 35000 NM

Cooling by means of heat exchanger.

Safety: IP 32
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D 2.17 Design specifications of the FC-powered Barge boat.

Battery pack
Capacity 1000 KwH.

lithium NMC or similar.

Capacity 1000 MwH

Cycle Life at 80% D.0.D and 80% E.O.L. > 4.600 cycles at 1C charge/discharge
Cycle Life at 50% D.0.D and 80% E.O.L > 20.000 cycles at 1C charge/discharge
Cycle Life at 20% D.0.D and 80% E.O.L > 75.000 cycles at 1C charge/discharge

Max Charge 1C

Max Discharge 1.5C

Module Voltage Minimum 45V

Module Voltage Nominal 52V

Module Voltage Maximum 58V

Balancing Type (BMS) Continuously Active Balancing
Certification DNV-GL Type Approval NMA Level 1 Propagation Approval
Communication ModBus, CANbus or Hardwired /O
Cooling Heat exchanger Cooled

Gas Exhaust System Stainless steel

Racking Aluminum
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D 2.17 Design specifications of the FC-powered Barge boat.

A Steering grid bow thruster system
with 2 x 400 KW power.

Steering grid bowthruster

Steering grid

Bow thruster type

Number of bow thrusters 2

Applied power 400 kW [550 PK]
1800 RPM

Applied speed
Bowthruster (hulpbedrijf) 4 : 1

Application
. 1280 mm
Propellor diameter
II (ISO 484-2:1981)
screw class
30 m/s
Tipspeed

Squirrel-cage motor
Electric motor type

2
Number

404 kW
Power

1800 RPM
Rpm

440V
Voltage 60 Hz
Frequency 52
Bedrijfsduur 30 minuten
Bescherming P23
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D 2.17 Design specifications of the FC-powered Barge boat.

Two microgrids of 60 KvA.

A backup generator system of approx.600 KW.
Certification Stage V

Kooling Heat exchanger

Aftertreatment DPF and NoX catalysator

Example Stage V
After treatment system.

Hydrogen storage system.

In order to be able to absorb the required amount of 1200 kg of
hydrogen on board the ship, we opt for existing technology.
Namely storage under high pressure. H2 containers are offered
in the market, with high-pressure bottles, T3 or T4, in which
hydrogen is stored under high pressure. Six containers are
purchased, three of which are on board the ship and three at the
filling station. The containers that are offered are ADR
approved. In order to be allowed to use these containers on
board the ship as a fuel tank, they must undergo a 'marine
approved' inspection.
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D 2.17 Design specifications of the FC-powered Barge boat.

“This project has received funding from the Fuel Cells and Hydrogen 2 Joint
Undertaking (JU) under grant agreement No 875090. The JU receives support
from the European Union’s Horizon 2020 research and innovation programme
and Netherlands, Denmark, Belgium, Spain, United Kingdom, Germany,
Ireland”.
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