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1 ‐ HYDROGEN
Hydrogen is the lightest element and the most 
abundant chemical substance in nature, constituting 
roughly 75% of the Universe's mass

Fuel Cells are the best system to transform hydrogen into 
electrical energy with efficiency higher of 50%

Furthermore, Fuel Cells consume Hydrogen and Oxygen 
to produce energy without any pollutant emissions

Many kind of Fuel Cells 
are available:
• PEM
• MCFC
• SOFC
• Etc..
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• Small boats market stall (necessity of innovation!)
• Refitting market of existing boats (growing market)
• Low emissions regulation (expected soon)
• Boat owners comfort needs (silence/cooling)

Environmental Issue

Market Opportunity

Innovative Solution
• Fuel Cells
• Electrolyser
• Hydride hydrogen storage
• Renewable energy

2 ‐ PATTERN
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Hybrid Batteries & 
Fuel Cell Systems

3 – Fuel Cell Vehicles

Specific TransportYachting

Boats

Aeronautic

Public Transport

Niche markets but not only.. Automotive
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4 ‐ ENERGY

Energy Storage

Energy Production

WIND

WAVE

SUNThe potential renewable 
energy production can’t be 
totally exploited due to the 
limited electrical storage 
capacity

BATTERY

RICHNESS of 
Energy Production

LIMITED Energy 
Storage

TARGET
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Hydrogen2Boat is an innovative system 
designed to provide electrical energy for 
auxiliary systems and also for the propulsion 
of sailboat up to 40 ft (12 m).

The idea is to exploit the renewable energy that can be produced onboard in 
order to reduce or substitute the diesel propulsion engine and power the electric 
system without the emission of pollutants  making the boat totally carbon free.

IN OUT

5 ‐ SOLUTION
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Tool Power 
[W]

Current 
consumption at 

12 V [A]
Gps Plotter 3 0.25

VHF 5 0.42

Automatic Pilot 60 5.00

Anchor 
Windlass 1000 83.33

Instrument and 
Measurement 1.5 0.13

Navigation 
Lights 30 2.50

Anchor Light 15 1.25
Internal 
Lighting 60 5.00

Fridge 50 4.17
Fresh Water 

Pump 100 8.33

Radio 30 2.50
TV/Computer 45 3.75

Harbour

Navigation

Day Cruise

Cruise

STEP 1: 
analysis of the typical

electrical equipment of a 
boat 

STEP 2: 
analysis of different boat operative 

conditions and electrical load
profile

STEP 3: 
evaluation of renewable energy
production on board by PV, wind

and Hydro generators

STEP 4: 
comparison between energy

production on board and electric
request: HOW MUCH ENERGY CAN 

WE STORE?

UNIGE Software 
WECoMP

6 ‐ ANALYSIS
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NAVIGATION 24h HARBOUR 24h DAY CRUISE 11h CRUISE 24h
Componenti [h] [A] [h] [A] [h] [A] [h] [A]
gps plotter 24 0.25 6 0.25 6 0.25

VHF 24 0.416667 6 0.416667 6 0.416667
Automatic Pilot 8 5 2 5

Anchor Windlass 1* 10.41667 1* 10.41667 1* 10.41667
Instrument and 
Measurements 24 0.125 6 0.125 6 0.125

Navigarion Lights 12 2.5 6 2.5 6 2.5
Anchor Light 24 1.25 4 1.25 18 1.25

Internal Lighting 12 5 12 5 1 5 12 5
Fridge** 24 1.388889 24 1.388889 11 1.388889 24 1.388889

Fresh Water Pump 3 8.333333 3 8.333333 1 8.333333 3 8.333333
Radio 3 2.5 3 2.5

TV/Computer 2 3.75 2 3.75
(*) 7.5 minuts of operation considered

(**) 1/3 of maximum power over 21 hour/day and maximum power over 3 hour/day

7 – ELECTRICAL BALANCE

NAVIGATION
HARBOUR

DAY CRUISE
CRUISE

An assessment of 
the energy 

balance onboard 
has been done

Four operational 
conditions have 
been investigated

OPERATIONAL CONDITION Wh Ah 
(12V)

NAVIGATION 24h 2233.7 186.1
HARBOUR 24h 2036.7 169.7
DAY CRUISE 11h 908.7 75.7
CRUISE 24h 2137.0 178.1
AVERAGE 1829.0 152.4

Daily electrical 
energy demand
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Renewable power sources can produce 
an average of 4.6 kWh of maximum 

energy!
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PV Wind HydroConsidering the sailboat equipped with:
• two photovoltaic modules (100 Wp for each module)
• a wind generator (300 Wp)
• a hydro generator (500 Wp)

Thanks to UNIGE Software WECoMP, 
for all the operative conditions in a 
hour‐by‐hour approach

8 – RENEWABLE ENERGY

• irradiation data in Savona (Liguria, Italy) ‐METEONORM
• wind profile of the port of Savona (Liguria, Italy) ‐ SVPORT
• random sailing speed profile

Renewable Power sources

Renewable Energy
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9 – H2BOAT is an innovative system that is under study at the 
University of Genoa that proposes the use of 
hydrogen technology on sailboat

H2Boat is an energy pack composed of 
a PEM fuel cell, an electrolyser and a 
hydrides hydrogen storage.

H2Boat vs Batteries Volumes

H2Boat vs Batteries Weights

H2Boat 
vs

Batteries

Electricity Hydrogen

Electricity Hydrogen
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A battery system able to store about 4.6 kWh has approximately the same dimensions in 
terms of volume and weight of a Hydrogen2Boat system that however is able to store 30 
kWh instead!

Innovation and smart solution...
Hydrogen2Boat!

PV generator

Hydro generator
Hydride H2 
Storage

Electrolyser & 
Fuel Cells

Wind generator

10 – H2BOAT system
The Hydride Storage inside the keel, 
an intrinsic safety space, improve the 
performance without taking away 
useful spaces nor adding additional 
weight onboard
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11 – H2BOAT sizing

H2Boat #1
Battery Fuel Cell Electrolyser Hydrides

Voltage [V] 12 12-24 24 -
Capacity [Ah] 120 - - 208*
Weight [kg] 41 75 50 19
Volume [l] 21.6 171 125 9.2

Specific Weight [Ah/kg] 1.76 - - 10.95
Density [Ah/l] 3.33 - - 22.61

(*) stechiometry fuel cell consumption

H2Boat #1
30 kWh Battery Fuel Cell Electrolyser Hydrides TOTAL

Total Weight [kg] 1423.61 125.0 228.4 353.4
Total Volume [l] 750.00 296.0 110.6 406.6

Two important factors are 
volume and spaces

5 kW Fuel Cell and 500 Nl/h 
electrolyser , System #1

The system size should be done according to the electrical requirements listed in the following :

Electrolyser hydrogen flow 
rate:
• Maximum available power 
from renewable source
• Time available to completely 
refill the hydrogen tanks

Hydride storage capacity:
• Average energy consumption
• Operational profile

Fuel Cell power:
• Average power required for 
Auxiliary systems
• Propulsion power, depending 
on the required boat speed

H2Boat 
vs

Battery
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12 – H2BOAT sizing

Fuel Cell
# 1 2

Power [kW] 5 3.5
Dimension [mm] 560x500x610 560x500x610

Weight [kg] 75 67

Electrolyser Nl/h kWh/h Power [W] kWh 24 h η
#1 500 0.91 2600 21.9 0.35
#2 300 0.55 1300 13.1 0.42

Fuel Cell

Electrolyser

Hydrides

Two systems have been evaluated

Hydrides
Voltage [V] -

Capacity [Ah] 208
Weight [kg] 19
Volume [l] 9.2

Specific Weight [Ah/kg] 10.95
Density [Ah/l] 22.61

Battery
Voltage [V] 12

Capacity [Ah] 120
Weight [kg] 41
Volume [l] 21.6

Specific Weight [Ah/kg] 1.76
Density [Ah/l] 3.33

Battery

Electrolyser [days]
#1 1.4
#2 2.3

Refilling time for a 30 
kWh storage

In the preliminary sizing of a H2Boat system, two 
systems have been evaluated. System #1 that 
consider more powerful FC and higher rate 
electrolyser and System #2, both with the same 
hydride hydrogen storage of 30 kWh. 

Hydrides
228.4
110.6

Battery
1423.61
750.00

30 kWh
Total Weight [kg]
Total Volume [l]
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13 – H2BOAT sizing

Lead 11340 [kg/m^3]
Tungsten 19250 [kg/m^3]
Cast Iron 7200 [kg/m^3]
Hydrides 2200 [kg/m^3]

Speed [kts] Power [W]
5 1200
7 2400

One of the lighter 
hydrides available on 
the market  has been 
considered

In Hybrid boat H2Boat 
can provide energy for 
propulsion too

the pivot value that 
influence the FC maximum 
power is the propulsion 
requirement

The hydride system specific 
weight is comparable with that  
of the typical material used at 
the present for the keel

By placing the hydrides 
inside the keel their weights 

and volume can be 
considered outside the 

system

‐ 228.4 kg
‐ 110.6 l
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14 – Renewable exploitation

OPERATIONAL CONDITION

Wh NAVIGATION 
24h

HARBOUR 
24h

NAV DAY CRUISE 
11h

NAV CRUISE 
24h AVERAGE

CONSUMPTION 2233.7 2036.7 908.7 2137.0 1829.0
Production HP 1 6691.4 4529.4 2928.0 4572.4 4680.3
Production HP 2 8187.8 6025.8 4207.0 6068.8 6122.4

Surplus HP1 4457.7 2492.7 2019.3 2435.4 2851.3
Surplus HP2 5954.1 3989.1 3298.3 3931.8 4293.3

2.8 kWh/day are available from renewable sources 
in the case of the presence of only two solar panels 
(HP 1), while an average energy surplus of about 
4.3 kWh/day is available if four solar panels are 
installed (HP2)

Single Battery Total HP 1 Total HP 2
Voltage [V] 12 12 12

Capacity [Ah] 120 650.0 850.3
Specific Weight [Ah/kg] 1.76 1.76 1.76

Density [Ah/l] 3.33 3.33 3.33
Weight [kg] 41 370.2 484.2
Volume [l] 21.6 195.0 255.1

A battery system able to store about 4.6 kWh, has approximately the same 
dimensions in terms of volume and weight of a H2Boat system that however is able 
to store 30 kWh

> H2Boat

Maximum Battery
discharge factor

60%
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15 – Conclusion
A sailboat is a micro‐reality of production and 
usage of energy and it’s the natural target for the 
first large scale application of hydrogen 
technology in a total environmental way Hydrogen technology allows improved 

performance in terms of energy storage 
and generation

SOLAR ENERGY

DRAG ENERGY  
& PROPULSION

ENERGY 
STORAGE

ENERGY 
TRANSFORMATION & 
ENERGY PRODUCTION

WIND ENERGY

Hybrid sailboats point the 
way to a total electric & 
autonomous sailboat

From the assessment:

• From 3 to 8 kWh/day available 
from renewable sources

• An average of 1.8 kWh/day consumption

• 4.6 kWh battery = 30 kWh H2Boat 
In terms of Volume and Weight



The potential of the Hydrogen2Boat energy system allows to define new standards in 
terms of electrical energy available on‐board opening new developments for totally 
green sailboats and eventually equipped with electrical propulsion in order to meet 
even the future restrictive environmental regulations

If a hybrid boat is considered, also the propulsion can be 
considered, with a power request of 1.2 kW, a storage of 30 
kWh could supply energy to the system for 14 days, without 
using internal combustion engines thus in a totally no pollutant 
emission‐free way

16 – Conclusion

Hybrid Boat
GG Product. AUX Prop. Storage

24 [h] [kWh] [kWh] [h] [kWh]
1 4.6 1.8 3 30
2 4.6 1.8 3 27.7
3 4.6 1.8 3 25.4
… … … … …
13 4.6 1.8 3 2.4
14 4.6 1.8 3 0.1

Basic example of H2Boat performance
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