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1. Introduction

In recent years, there has been a growing demand for
unmanned vehicles in multiple domains, spurred by tasks 
that are inherently repetitive, unpleasant and/or dangerous 
to human operators. This is partly due to their capabilities to 
provide high quality data in a safe way at lower cost than 
other traditional methods. Despite these advantages, the 
limited endurance and operational time achieved by such 
systems, in particular in electric vehicles, are barriers to 
their potential development in new applications. On-board 
energy storage is one of the most relevant issues in the de-
sign, development and operation of these platforms, taking 
into account its direct impact on their endurance and, con-
sequently, overall performance. Nowadays, the electric pro-
pulsion is predominant in small size unmanned vehicles (aer-
ial, ground and marine platforms), and the only feasible so-
lution in some cases, as in unmanned submarines. Usually, 
their energy storage systems are based on lead-acid or lith-
ium-ion batteries. Despite the rapid progress of these tech-
nologies, there are still some gaps to overcome in the elec-
tric power systems [1]. A feasible approach is to combine 
multiple energy storage/conversion technologies on the 
same power plant. A solution particularly attractive is the in-
tegration of fuel cells and batteries in hybrid configurations, 
which have been successfully tested and evaluated in mo-
bile applications [2-7]. 

The project “Optimal design and integration of PEM fuel 
cell-based flexible hybrid powerplants for autonomous and 
remotely piloted electric vehicles (DOVELAR)” aims to de-
velop three PEMFC-based flexible hybrid powerplants with 
optimum control strategies, which will be integrated into 
several electric vehicles remotely operated, including an un-
manned water surface vehicle (USV). This paper addresses 
the design and preliminary characterization of the hybrid 
power plant for such USV, based on active and passive con-
figurations, in order to evaluate and optimize their perfor-
mance for real applications. 

The power systems are based on the coupling of a poly-
mer electrolyte membrane (PEM) fuel cell and Li-ion batter-
ies, either directly or through DC/DC converters. They are 
tested according to the specifications of both the power sys-
tem and the water platform. The most suitable power plant 

will then be selected and optimized to be integrated in the 
final vehicle. 

2. Development of hybrid systems for Unmanned Surface
Vehicles

2.1 Description of the experimental unmanned platform 

The proposed USV platform has been designed to oper-
ate at low speed in shallow fresh water reservoirs and lakes, 
especially for monitoring tasks in wetlands, integrating sci-
entific sensors and equipment for monitoring physical, 
chemical and biological parameters in these locations. Its 
main specifications are summarized in Table I. The photo in 
Fig. 1 depicts the platform and the fuel cell. 

Table I: DOVELAR USV main specifications 

DOVELAR USV 

Dimensions (L x W x H) (cm) 102x63x22 

Draft (cm) 12 cm 

Weight (kg)1 12 kg 

Hull material ABS + Carbon fiber reinforced 

Propulsion 500 W Brushless motor 

Endurance1,2 12 h at 2 knots 
1 Target value, without power system 
2 Based on the hybrid PEM fuel cell + Li-ion battery power plant 

Figure 1: Hull of the USV for the Dovelar project 

The hybrid power plant developed in the project should 
at least guarantee 12 hours of continuous operation in typi-
cal conditions at 2 knots with an average load of 120 W. Two 
options are considered: a passive and an active power plant. 
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The passive configuration implies the direct coupling be-
tween fuel cells and batteries in a common DC bus, as shown 
in Fig. 2. It provides lower losses, reduced cost and a simple 
architecture. However, the capability to optimize the oper-
ating point of the main components is limited, and a careful 
design and integration of the fuel cell and batteries is re-
quired to ensure a similar voltage range operation and 
proper charging conditions of the batteries from the fuel 
cell, if this option is considered. 

 

Figure 2: Electric circuit of the passive hybrid power system 

In an active power plant, a decoupling of the sizing and 
operating conditions in both batteries and fuel cell is possi-
ble thanks to the DC/DC converters, also allowing a better 
control of the power system. Fig. 3 shows the electric circuit 
of an active hybrid power system. 

 

Figure 3: Electric circuit of the active hybrid power system 

The main disadvantages of indirect hybrid (active) con-
figurations are the more complex system topology, a lower 
efficiency due to voltage losses, a higher system cost, and 
higher weight and volume [5]. 

The preliminary characterization of both topologies in-
volves the same fuel cell and batteries, although the active 
configuration would allow more flexibility regarding fuel cell 
specifications. In both cases, a suitable Energy Management 
System (EMS) has been specifically designed and developed, 
which is responsible for the overall monitoring and control 
of the fuel cell system, batteries and DC/DC converter in the 
active configuration. In both cases, the voltage of the DC bus 
will depend on the load operating requirements, in particu-
lar the electric motor.  

 
2.2 Description of the hydrogen storage system 

 

The hydrogen storage system is based on compressed 
gas, which is a mature and commercially available technol-
ogy. It can offer a more suitable performance in terms of 
specific energy and refueling time than metal hydrides, the 
other option considered. This storage system comprises a 
Type III pressure cylinder, with a weight of 2.8 kg, an internal 
volume of 4.7 l and a service pressure of 300 bar. Assuming 
a 40% fuel cell efficiency, it can store a total energy around 
1,270 Wh, large enough to achieve the target of 12 hours of 
operation if the energy stored in the batteries is added. This 
hybrid configuration will allow to achieve a specific energy 
around 300 Wh/kg. Another critical component of the sys-
tem is the pressure regulator, because its weight and size 

can significantly affect the specific energy target. In this 
case, a light-weight two-step pressure regulator has been 
selected. Suitable temperature and pressure sensors have 
also been assembled to monitor the safe operation and per-
formance of the system, when refueling hydrogen to the 
tank. 

 

2.3 Description of the fuel cell system 

 
The hybrid power system integrates a 500 W open cath-

ode PEM fuel cell, designed and developed in the framework 
of this project. The stack consists of 15 cells with and active 
area of 200 cm2 and it has been designed to provide a nom-
inal electric power of 500 W at 70 A. Bipolar plates have 
been manufactured in JP-945 graphite [8], and parallel chan-
nel flowfield geometries have been used in both sides, as 
can be observed in Fig. 4 i). In this configuration, the air 
stream is propelled throughout the cathode channels by ax-
ial fans both to ensure the amount of oxygen needed for the 
cathodic reaction, and to keep the stack temperature in the 
suitable range specified by the MEA manufacturer (below 

40C), removing the excess heat by forced convection. 

  

Figure 4: i) Parallel channel flow field of the bipolar plates: a) 
cathode side (air); b) anode side (hydrogen); ii) Assembled stack 

with the air cooling system 

Anode sides include 38 channels, with a depth of 1.2 mm 
and 1 mm width, while 70 channels with a width of 3 mm 
and a depth of 2 mm form the geometry for the cathode 
side. This represents 63% of the plate area open to air flow, 
with the remaining 37% for electric contact between GDL 
and ribs. The gas distribution manifolds (inlet and outlet) are 
rectangular ducts 80 mm long and 10 mm wide that ensure 
a homogeneous gas distribution to each cell of the stack. 
The cooling system selected includes two fans assembled in 
parallel configuration as depicted in Fig. 4 ii). 

 
2.4 Description of the battery energy storage system  

 

The battery energy storage system is based on 2S and 3S 
packs, assembled from LiPo cells connected in series, having 
27 Ah of nominal capacity (C), a maximum charge current of 
27 A (1C), a maximum discharge current of 54 A (2C), and a 
peak discharge of 108 A (4C). The expected lifetime for these 
cells is estimated to be higher than 500 cycles, depending on 
the charging/discharging conditions. In this way, to avoid 
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deep discharge, the minimum voltage in the pack when in-
tegrated in the hybrid power system will be 6.4 and 9.6 V, 
for 2S and 3S batteries respectively. Temperature is also a 

critical issue for LiPo batteries, 0-45C being the recom-
mended operating range for these cells. 

3. Components characterization and preliminary integra-
tion 

 
The fuel cell stack and the batteries (cells and packs) 

have been preliminary characterized to evaluate their main 
performance in terms of current, voltage and power. In the 
case of batteries, the cells and packs have been tested ac-
cording to charging/discharging cycles at different C-rates. 
Depending on the operating conditions considered in the 
passive hybrid configuration and the voltage range of the 
electric motor, it is possible to use 2S or 3S packs, connect-
ing some of them in parallel to achieve the required amount 
of energy stored. In this case, the fuel cell voltage has to be 
the sum of the battery and the diode voltages (approxi-
mately a constant value of 1 V in this operating range), as 
shown in Fig. 2. Fig. 5 shows the polarization curve of the 
stack, including also the estimated voltage after the diode, 
and the power. 

Figure 5: Polarization curve of the stack 

The figure shows the two operating areas for the fuel 
cell in a direct coupling with 2S or 3S battery packs, accord-
ing to their voltages. The operating point of the fuel cell de-
pends on the voltage of the batteries. Typically, the fuel cell 
starts operating when the voltage of the battery pack 
reaches a given (low) value, supplying both the electrical en-
ergy to the load and to charge the batteries until the speci-
fied high voltage value is reached. Table II summarizes these 
conditions. 

 
Table II: Operating conditions of fuel cell with 2S and 3S packs 

 2S 3S 

Low value High value Low value High value 

Voltage after 
diode (V) 

6,8 8,4 9,6 12,6 

Current (A) 45 15 5 0 

In the case of the active power plant, both battery packs 
are suitable, although 3S would be preferable due to its 
higher voltage range. This configuration would allow to op-
erate continuously the fuel cell in an optimum point, and to 

adapt the output voltage of the DC/DC converter to the bat-
tery one in the common DC bus, in order to feed the electric 
motor load of the vehicle. 

4. Conclusions 

In the present research, the hybrid power systems for a 
water unmanned surface vehicle based on batteries and fuel 
cells have been designed and preliminary characterised. The 
system has been sized for an endurance of 12 hours in shal-
low water for the monitoring of environmental parameters. 
Next steps include the development of the suitable EMS, 
and the evaluation of the selected power plant integrated in 
the platform in real operating conditions. 
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