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Abstract 

In this paper, the possible development of a drone for mobile crane inspection is investigated. 

Since the flying time of the drones currently in commerce is too short for the designed application, 

proton exchange membrane fuel cells and lithium-ion batteries are considered as alternative power 

systems to extend the flying time. Both systems are analyzed from an economical point of view 

and a life cycle assessment is performed to identify the main contributors to the environmental 

impact. From a commercial point of view, the lightweight fuel cell, being a niche product, results 

more expensive with respect to the Li-ion battery. On the other hand, the life cycle assessment 

results show a lower burdens of both technologies with respect to other components of the two 

systems, as carbon fiber. The source of the hydrogen and the electricity mix play a critical role as 

well. 
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1 Introduction 

Unmanned Air Vehicles (UAVs) have traditionally been used in military operations for a number of 

years [1]. Recently, UAVs have generated increasing interests due to their potential application in 

civilian domains [2], such us glaciology [3], agriculture [4,5], monitoring of erosion phenomena [6], 

geothermal environments [7], surveillance of open cut mining sites [8] and archaeological areas [9]. 

In recent years, electric propulsion systems become popular among small or mini UAVs for several 

reasons, i.e. quiet operation, easy and safe handling and storage, precise power management and 

control [10]. The main drawback of this solution, however, is the limited flying range of the device. 

A lot of efforts have been dedicated to the estimation and optimization of the flying range in 

electrical UAVs [11,12]. As pointed out by Simic et al. [13], increasing the battery size is not a 



viable solution, since the weight becomes a limiting factor. Rajendran et al. [14] suggested a solar-

powered UAV for areas having considerably high irradiation. In this case the device could fly 

ideally all the day, powered directly with the electrical current produced by the photovoltaic panels 

and the excess of energy can be used to charge a buffer battery. Chang et al. [15] obtained an 

increase of the flying range up to 17.6 % dividing the battery in small modules and introducing the 

possibility of dumping some exhausted modules during the flight, reducing the weight of the drone. 

This solution, however, is not generally applicable. In a study by Simic et al. [13] the possibility of 

charging the UAV on the job using wireless energy transfer (WET) is suggested. In this case, in 

fact, the drone might be used for inspection of power transmission lines and towers. This possibility 

was not tested yet on a power line, but the authors performed several lab experiments on wireless 

energy transfer, obtaining encouraging results. Also this solution, which still needs some further 

developments, is not widely applicable. 

Another option to increase the flying range of a UAV is the use of a fuel cell to generate electricity. 

In this case, once the power is defined according to the needed features of the UAV, the only limit 

of the flying range is given by the amount of fuel that the device can carry. This possibility has 

been explored in many works: Renau et al. [16] studied the integration of a HT-PEM (high 

temperature PEM fuel cell) on a UAV for high altitude (about 10 km) missions, Brandley et al. [17] 

integrated a conventional PEM fuel cell on an unmanned aircraft for lower altitude missions, with 

respect to the previous case. PEM fuel cell stacks seem to be the most appropriate solution for 

UAVs, due to accomplished high operational parameters, reliability and commercial availability [18-

20]. Dudek et al. [10] tested a hybrid PEM fuel cell and Li-ion battery system. In a study by Kim et 

al. [2], a PEM fuel cell is coupled to a metal hydride storage tank for application on UAVs. 

A comparison of performances of battery and fuel cell systems has been reported, for both mobile 

[21] and stationary [22] applications. Battery systems are usually more efficient than those based 

on fuel cells, but require higher recharging times. Fuel cells are usually less flexible in operations, 

as evidenced by the need of suitable start-up procedures before reaching the best performances. 

Fuel cells have intrinsically higher running times, only limited by the fuel feeding. Up to date, no 

direct comparison between battery and fuel cell systems for UAV applications are available.  

In this paper, a feasibility study is carried out to evaluate the application of a PEM fuel cell to 

increase the flying range for a UAV. Unlike the previous reports, however, the PEM system is 

considered to be set up into an octocopter instead of a monoplane. In this study, not only the 

planning of the system is considered, but also a cost analysis has been performed. In addition, a 

Life Cycle Assessment (LCA) analysis is carried out to evaluate the most important contributors to 

the environmental impact relative to the production of the drone and to its use. Together with the 

fuel cell-powered UAV, a similar battery powered device is considered, representing in fact the 

most used and commercially widespread technology. A comparison between the two systems is 

made, considering technical aspects, costs and environmental impacts. 



 

2 Designed application 

The application of the drone considered in this study is the periodical inspection of lifting equipment 

and cranes. These inspections have to be performed, in Italy, according to ISO 4301-2:2009 and 

UNI EN 13000 Mobile cranes Normative that individuate some critical components, which have to 

be periodically inspected by qualified technicians. To this purpose, these components are currently 

disassembled and put on the ground, but this procedure is expensive and time consuming. In order 

to avoid this step, video inspection performed by drones can be a valid alternative. This can be 

done by implementing a First-Person-View (FPV) system on the drone. FPV refers to the 

management of a remote control aircraft or vehicle while using an onboard camera that sends real-

time video to either a video monitor or video goggles. 

According to the application, the main features required for the drone are a high stability, a flying 

time of at least 120 minutes and a suitable image acquisition system. These needs address the 

choice towards a mini hexa or octocopter, for their higher stability with respect to quadcopters. 

Hexa and octocopters are more powerful with respect to quadcopters, but also heavier. These 

considerations, together with the need of a long flying time, require a powerful battery or, in the 

case of the fuel cell, not less than 1 kW power output. In both cases, the weight of the battery/fuel 

cell with these requirements is around 1 kg. As image acquisition system concerned, a high 

resolution video camera is needed, with support and transmitter onboard, with a video receiver and 

a screen on the ground. One of the main critical aspects of the camera is its weight, which ranges 

from 0.3 kg of a GoPro-type camera up to 1.5 kg for a full frame reflex camera. Further evaluations 

on the type of drone, as well as the power supply, will be discussed in paragraph 4. 

It must be pointed out that the main purpose of this study, rather than the construction of the drone, 

is the evaluation of the environmental burdens associated with the manufacturing and use of a 

hydrogen-powered PEM fuel cell drone compared with those associated to a similar battery-

powered one. Lithium-ion batteries in fact are currently the most used for propulsion of mini UAVs. 

 

3 Tests 

In order to verify the feasibility of the integration of a PEM fuel cell on a UAV to increase the flight 

time, a preliminary study has been carried out on the electricity consumption of UAV’s engines in 

different flight conditions. This allowed identifying the load variations the fuel cell undergoes. Once 

load variations have been identified, a bench test has been performed on the fuel cell to verify its 

response to the different flight conditions. 



 

3.1 Flight tests 

The flight tests were carried out with a battery-powered hexacopter, having the specifications 

reported in tab. 1. 

 

UAV type hexacopter 

Nominal power per engine 380 W 

Maximum power reached during the tests 360 W 

Battery weight 1050 g 

Empty weight 2440 g 

Extra load used for the tests  1000 g 

 

Tab. 1 Specifications of the UAV used for the tests. 

 

It is worth noting that the main purpose of the flight tests was to identify the energy requirements of 

the engines in different flight conditions, and not to size the system. 

The variation of the electrical current absorbed by the engines is reported in Fig. 1 as a function of 

the time for a flight in “dynamic” conditions (green curve) and in “normal” mode (blue line). The 

“dynamic” flight mode consists of sudden accelerations and quick direction changes, successions 

of landings and take offs, which correspond to the peaks in current intensity. It can be noticed that 

the absorbed electrical current is close to 20 A, but it may vary significantly in few milliseconds. 

The “normal” flight mode, on the other hand, consisted of a flight at constant speed after takeoff. In 

this case, the absorbed electrical current is almost constant at 20 A during the whole flight, except 

for the small changes of 5-10 A that can be associated to repositioning of the UAV.  

 



 

 

Fig. 1 Electrical current absorbed by the drone in flight “dynamic” and “normal” conditions. 

 

The “normal” flight mode is similar to the operating conditions of the drone for the chosen 

application: image acquisition of structural parts of high cranes in fact implies reaching a position, 

which is not necessarily to be performed at the maximum speed, and keeping it for several minutes 

for image acquisition. 

 

3.2 Fuel cell bench tests 

Once performed the flight tests to register the load curves, a bench test was performed on a PEM 

fuel cell in order to verify not only the possibility of using the latter for drone power supply, but also 

to evaluate if electric transient dynamics are compatible with the requirements of the engines. The 

system is composed by a microprocessor-based controller managing contemporarily load flows 

between the fuel cell, the battery and the engines. There is a further part dedicated to power 

supply for the auxiliary components (powered by the battery).  

A small battery pack is needed for the system since, as it will be shown in paragraph 3.2.3, the fuel 

cell is not able to follow instantly the sudden load changes dictated by the engines in certain 

conditions, such as sudden accelerations and direction changes of the UAV. When these 

conditions occur, the current required by the engines is provided by both batteries and fuel cell, 

also contemporarily, as will be described in paragraph 3.2.2. This is done by a DC/DC converter, 

which has 3 separated inputs: fuel cell, engines and battery. On the fuel cell side, an algorithm 

verifies the correct running of the fuel cell, comparing the instant state with the polarization curve 

set by the user, and makes the produced current available taking it with 10 A/s transients in order 

not to damage the fuel cell. For the same reason, when the power demand by the engines 



decreases, the current produced by the fuel cell is not suddenly reduced, but used for battery pack 

charging.  

 

3.2.1 Test apparatus 

The following devices composed the test apparatus: 

 A 500 W fuel cell model Exergy FC_0.5.2, equipped with manually operable auxiliaries; 

 Electronic load Zentro Elektik mod. Ela500; 

 4-channel digital oscilloscope Yokogawa DL1600; 

 3 current clamps; 

 48 V 40 Ah battery pack 

 DC/DC converter. 

 

3.2.2 Tests 

The electronic load has been installed in order to simulate the engines of the UAV. The current 

clamps measured the current of the fuel cell, the batteries and the load. Voltage measurements 

were performed on the load side in order to evaluate variations of the latter caused by the engines. 

3 particular cases have been investigated: 

1. sudden load change; 

2. sudden load interruption; 

3. fuel cell system breakdown with shift to battery. 

The behavior of the system in the case of sudden load changes is reported in fig. 2. It is worth 

noting that when the load (fig. 2a) is switched on, the current supplied by the fuel cell (fig. 2b) does 

not instantly follow the load requirements, but increases with a rate of 10 A/s. Because of the 

sudden load change, the voltage decreases (fig. 2c) and the battery (fig. 2d) provides the required 

power until the fuel cell is at full capacity, as evidenced by a negative current. When the load (fig. 

2a) is switched off, the power demand from the stack is immediately reduced, as confirmed by the 

decreasing values of the current (fig. 2b). As a consequence, the load voltage increases (fig. 2c) 

and  that the battery current becomes positive (fig. 2d) because all the power of the fuel cell is 

used to charge the battery. 



   

Fig. 2 Behavior of the system in the 
case of a sudden load increase. 

Variations of a) current requirements of 
the load, b) current supply by the fuel 

cell, c) load voltage and d) current 
provided to or absorbed by the battery. 

Fig. 3 Behavior of the system in the 
case of load interruption. Variations of 
a) current requirements of the load, b) 
current supply by the fuel cell, c) load 
voltage and d) current provided to or 

absorbed by the battery. 

Fig. 4 Behavior of the system in the 
case of failure of the fuel cell. 

Variations of a) current 
requirements of the load, b) current 

supply by the fuel cell, c) load 
voltage and d) current provided to 

or absorbed by the battery. 

 

In the case of a load interruption, reported in fig. 3, the response of the systems to the variation is 

significantly faster and for this reason the time scale in this case is in ms. When the power drops 

down (fig. 3a), the current taken from the fuel cell (fig. 3b) abruptly decreases and after a 10 ms 

oscillation, it increases again. At the same time an increase in potential of the engines bus (fig. 3c) 

is observed because the current of the battery (fig. 3d), that was supplying power, is put into 

charge. This transient lasts about 15 ms and, in this case, the fuel cell’s current variation has been 

significantly faster than the preset rate (i.e. 10 A/s).  

In the last case, reported in fig. 4, the behavior of the system in the case of fuel cell failure is 

investigated. Maintaining the current requirement from the load constant (fig. 4a), at the beginning, 

only the battery is providing power. After about 10 s, the fuel cell is activated (fig. 4b) and, because 

pf the constant value of the load voltage (fig. 4c), the battery current decrease in absolute value 

(fig. 4c), still remaining negative. The breakdown was simulated at about 25 s, by interrupting the 

hydrogen supply, so that the power output of the fuel cell resulted lower than the minimum value 

set by the controller. The oscillations visible for the fuel cell’s current (fig. 4b) are due to the 

repeated attempts of the DC/DC converter to get power supply from this side. As more current is 



requested, the power of the fuel cell decreases until a critical value, causing an interruption of 

current. After 10 attempts the fuel cell is excluded. It is worth noting that, in order to maintain 

constant the load current (fig 4a) the battery recovered the initial value of the current (fig 4d), in 

order to keep the engines running.  

 

4 System design 

In the following paragraphs the sizing of the main components of the system will be described. In 

particular, according to the results of the flight and bench tests, the size of the fuel cell will be 

defined. Payload issues dictate the choice of a particular type of fuel cell as well. Another point in 

which payload plays a determining role is the hydrogen storage tank. In fact, the fuel must be 

enough to guarantee a sufficient flying range of the device, but, because lacking of a suitable 

infrastructures, the maximum pressure of the fuel into the tank is limited. 

 

4.1 Drone 

Although the flight tests (paragraph 3.1) were carried out with a hexacopter, it was decided to 

consider a coaxial octocopter. With respect to a hexacopter, in fact, an octocopter has a higher 

stability, which is a significant advantage for image acquisition in order to avoid obtaining blurred 

images. Another advantage of octocopters is the power of engines, that allow them to carry heavy 

loads. The main disadvantages are its dimensions and weight, which strongly affect the flying 

range and increases the cost, with respect to the other layouts. To solve this problem, a coaxial 

configuration is suggested. This configuration, which is obtained by mounting two rotors turned in 

opposite directions on every arm of the drone [23] is expected to provide an enhanced stability, an 

increased flying range and to allow transporting an increased payload.  

The calculations for the sizing were performed by means of eCalc, a tool for calculations, 

simulations and design of electric motor driven systems for remote controlled models [24]. 

Focusing on the rotor and the airscrews, there’s availability of a wide range of models, differing on 

size, power and payload: the selected rotor is U-10 model by T-MOTOR [25], with a 29” airscrew. It 

must be pointed out that the airscrew, and in particular its size, have a significant effect on the 

working of the motor. In particular, this airscrew-motor coupling has the following features (Tab. 2): 

 



Engine Tigermotor U-10 

Airscrew 29” 

Voltage 22.2 V 

Current 4.1 A 

Nominal power 91 W 

Max payload  1.47 kg 

rpm 1360 

 

Tab. 2 Features of the motor-airscrew coupling, reference data at 65% of maximum power [25]. 

 

The choice has been made taking into account that the drone will carry about 12 kg load in total, 

trying to limit as much as possible electricity consumption. To allow a device of this weight to fly at 

a constant speed, in conditions similar to those described in fig. 1, a power of at least 750 W is 

needed. The total power requirement is 728 W; the auxiliary equipment, i.e. electro valves, cooling 

fan, etc., uses the remaining 22 W. These components are supposed to be powered by the 

auxiliary battery, even though battery and fuel cell work in parallel. 

An aluminum-carbon fiber structure has been chosen, as these are the most commonly used 

materials for multirotor drones of comparable size [26]. 

 

4.2 Fuel Cell 

A preliminary analysis was carried out on commercial fuel cells in order to evaluate the state of the 

art of these devices. The parameters taken into account were: operating temperature, membrane 

type, power output, fuel consumption, dimensions and weight. Considering that, for UAV 

application, weight is a critical issue, the number of components needed for the fuel cell to operate 

must be minimized. This has a first consequence on the cooling fluid: if it is air, only an additional 

blower will be needed instead of a complete cooling liquid circuit. Furthermore, if the membrane is 

of dry-type, and thus does not need to be humidified, it is possible to simplify the fuel line, further 

limiting the weight. An analysis of the characteristic of the fuel cell with wet-type membrane was 

performed for a Ballard fuel cell [27] and the results are shown in Tab 3, in which the weight 

without cooling fluids and cooling systems are reported versus power. It is evident that weights are 

high and are not suitable for the selected application.  

 



Weight (kg) Power (kW) 

7.1 3.8 

7.2 4.8 

10.7 10.5 

13 14.3 

15 17.2 

17 21.0 

 

Tab 3: weight and power for Ballard fuel cells with wet-type 

membrane 

 

According to these considerations, the commercial Horizon Aerostack [28] was selected for a 

possible development of the drone. The main features of the selected fuel cell are listed in Tab. 4. 

 

Model Aerostack Horizon 

Nominal power 1 kW 

Performance 30 V @ 33.5 A 

Hydrogen consumption 14 l/min @ 1 bar 

Dimensions 22 x 16 x 12 cm 

Weight 2.0 kg 

 

Tab. 4 Features of the PEM fuel cell [28]. 

 

The main advantage of this stack with respect to similar ones is its low weight: 2 kg including 

control units and blower, which acts as coolant and compressor for the air that enters into the fuel 

cell. It is noticeable that the fuel cell has 1 kW power output, while the engines of the drone have 

lower power consumption, as reported in paragraph 4.1. The excess power, in effect, will be used 

to charge the auxiliary battery.  

 

4.3 Hydrogen storage 

As previously reported in paragraph 4.2, the nominal power of the fuel cell is 1 kW and 

corresponding hydrogen consumption is 14 l/min at 1 bar at full load. Considering a flying range of 

120 min, 1680 l of hydrogen at 1 bar are needed. However, an excess of fuel is usually stored into 

the tank, thus a total of 1800 l is considered to be contained in the tank. According to the operating 

pressure of the tank, different sizes can be defined, ranging from 8.0 l at 210 bar, up to 2.4 l at 700 

bar. An operating pressure of 700 bar would be obviously the best solution in order to use the 

smallest, and thus lightest, tanks. On the other hand, a 700 bar operating pressure implies a multi 

step pressure reduction down to 1 bar for feeding the fuel cell and a dedicated infrastructure for the 



refilling of the tanks, which is not widespread. A 300 bar operating pressure was thus chosen, 

since it represents a good compromise between size of the tank (5.6 l) and an easy filling. Thus 2 

tanks with a capacity of 3.0 l each have been planned. They are type III hydrogen tanks [29], with 

an aluminum liner, wrapped into an epoxy resin and carbon fiber composite, and have a weight of 

1.2 kg each. 

 

4.4 System powered by fuel cell and by batteries 

In fig. 5a, a scheme of the system powered by fuel cell is reported, together with the list of its 

components.  

The drawing reported in fig. 5a represents only the main structure of the hydrogen – fuel cell UAV 

system, without considering the structure of the drone, the camera and other components of the 

image acquisition system. 

For comparison with the fuel cell powered system, a commercial Li-ion powered UAV has been 

considered, as this system represents the state of art of UAVs for this size and thus the direct 

competitor of the fuel cell-powered system on the market. The scheme of the system powered by 

batteries is reported in fig 5b. It differs from the previous one only for the power system, while the 

main components remain unvaried.  

 



 

 

 

 

Fig. 5: a) scheme of UAV system powered by fuel cell; b)  scheme of UAV system powered by batteries. 

 

For the fuel cell and battery powered systems, a weight analysis was performed and the results are 

reported in Tab. 5 and Tab. 6, respectively. For the battery system, a specific energy of 0.250 

kWh/kg has been considered. 

 



Item Component Quantity Total 

weight (g) 

Weight % 

12 Electric engines 8 3200 30.6 

12 Airscrews 8 1120 10.7 

1 FC controller 1 1900 18.2 

9/16 Air compressor and 

cooling fan 

1 170 1.6 

2 Hydrogen tank 2 1740 16.7 

 Tubing and connectors 1 150 1.4 

5 Pressure reducer 1 170 1.6 

3 High pressure gauge 1 30 0.3 

 High pressure gauge 1 30 0.3 

 HD Camera 1 700 6.7 

 Motors support 1 300 2.9 

6/7 Electrovalves 2 100 1.0 

11 6800 mAh battery 1 163 1.6 

 Chassis components 2 100 1.0 

15 Power distribution 

boxes 

2 100 1.0 

 Security gauge 1 70 0.7 

10 DC/DC converter 1 200 1.9 

8 Air filter 1 50 0.5 

13 Power management 

electronics 

1 150 1.4 

  Total 10433  

 

Tab 5 weight analysis for the FC powered system 

 



Item Component Quantity Total 

weight (g) 

Weight % 

1 Electric engines 8 3200 27.4 

1 Airscrews 8 1120 9.6 

 HD Camera 1 700 6.0 

 Motors support 1 300 2.6 

3 Li-ion battery 1.5 kWh 1 6000 51.4 

 Chassis components 2 100 0.9 

2 Power distribution boxes 2 100 0.9 

4 Power management 

electronics 

1 150 1.3 

  Total 11670  

 

Tab 6: weight analysis for the battery powered system 

 

The total weight of both systems is rather similar. It is evident that, in both cases, the main weight 

contribution is due to the used power system. Even if the fuel cell itself has a relatively limited 

weight, it requires the presence of hydrogen tanks and many other auxiliary components that 

increase the whole weight of the power system. 

 

5 Cost analysis 

In order to estimate the cost of the above-described systems, a cost analysis for the fuel cell-

powered drone and the commercial Li-ion powered UAV has been performed.  

The approximate costs of the components for both drones are listed in table 7, where X and – 

correspond to components used or not, respectively, for the two systems.  

 



Component Fuel cell 

drone 

Battery 

drone 

Cost (€) Location 

Complete fuel cell system X - 13300 Drone 

Type III gas cylinders 2 x 3 l (@ 300 bar) X - 2240 Drone 

Li-ion battery 1.5 kWh - X 1200 Drone 

Engines and structure of the drone 

T motor U10 engines 

X 

2850 Drone 

Motors supports 240 Drone 

Airscrews 1600 Drone 

Chassis components 1200 Drone 

Auxiliary components 

Power distribution box 

X 

60 Drone 

Regulators 320 Drone 

Parachute 850 Drone 

Cables 120 Drone 

Power management electronics 350 Drone 

DC/DC converter X - 150 Drone 

Two-stage pressure reducer for 

hydrogen 
X - 850 Drone 

Tubing, connectors, etc. X - 500 Drone 

Li-ion battery 6800 mAh 3.7 V X - 50 Drone 

Drone control and image acquisition 

GPS 

X 

110 Drone 

Telemetry kit 220 Drone 

HD camera 800 Drone 

TX radio control 390 Ground 

Flight terminator 450 Ground 

Flight control computer 380 Ground 

TX video 70 Ground 

5.8 GHz Monitor 280 Ground 

Monitor support 30 Ground 

Total 27410 € 11320 €  

 

Tab. 7 Costs of the components of the fuel cell and battery powered drones . 

 

It is immediately noticeable that the fuel cell-powered drone has the highest cost, that is more than 

double with respect to the battery-based one. This is mainly due to the cost of the fuel cell, which 



contributes for 49% to the total price of the system. In fact, while Li-ion batteries are already 

commercialized on large scale, fuel cells are still niche products. Furthermore, in the case of this 

study, a lightweight PEM fuel cell was considered, which is suitable for mobile applications. The 

same type of fuel cell, of the same manufacturer, but for stationary use is available at 1/3 of the 

former’s price. This difference is due partly to the use of lightweight materials for mobile 

applications, and partly to the fact that, according to some features of the fuel cell which 

correspond to different application possibilities (i.e. stationary or mobile), there are different grades 

of diffusion on the market, and these have a huge influence on the current price of the product. 

 

6 Environmental impact 

Life Cycle Assessment (LCA) is an important tool to evaluate the environmental impact of a 

product, and follows the ISO 14040 /14044 methodology [30,31]. In the case of drones, as already 

mentioned, no former LCA studies on their production are available, even though the use of these 

devices, is more and more widespread thanks both to the availability of small models for hobbyists, 

and to the increasing interest for these devices by some goods distributing companies. The 

diffusion of UAV’s for commercial purposes determines the necessity of a Life Cycle Assessment 

study in order to establish the corresponding energy and environmental implications [32]. 

 

6.1 Goal and scope 

The goal of this LCA study is to give an indication of the environmental impacts of the components 

of the two types of UAVs from the raw material extraction through to the products end of life 

(cradle-to-grave) and their use, thus individuating possible bottlenecks. The analysis will involve 

the production of the two UAVs sized for a flying range of 120 minutes, without the control and 

image acquisition systems. In addition, the impact of their use, which implies electricity 

consumption for battery charging (for the battery-powered UAV) and  hydrogen consumption and 

maintenance of the fuel cell (for the fuel cell-powered system), will be considered. The 

maintenance of the other parts of the drones, which consists mainly in the replacement of some 

components after a fixed number of operating hours, will not be considered due to the lack of data. 

It is however estimated that the impact of maintenance is small with respect to other phases. This 

statement seems to be confirmed by other LCA studies on PEM fuel cell or battery vehicles in 

which the impact of maintenance is not considered [33-35].  

The analysis was performed by means of the commercial software SimaPro v 8.2 [36]. ILCD 

midpoint 2011 [37] as assessment method has been chosen. 

 

6.2 Inventory 

The data used for this study are taken from Ecoinvent database [38]. In the following paragraphs 

the performed assumptions are briefly described. 



 

6.2.1 Fuel cell 

As formerly discussed in 4.2, the fuel cell is a 1 kW PEM fuel cell, made for lightweight 

applications. Since the latter are still quite uncommon, a 2 kW PEM fuel cell made for stationary 

use has been considered. The main difference between the two devices lies in the air-cooling and 

self-humidification of the lightweight PEM fuel cell, which allows a weight reduction [28]. Since, 

according to previous studies [35, 39, 40] and due to the platinum group metals used, the most 

impacting components of fuel cells are the electrodes but not the auxiliary equipment for cooling 

and humidification, considering a stationary PEM fuel cell instead of a lightweight seems a 

reasonable choice. 

 

6.2.2 Battery 

The considered battery-powered UAV is equipped with a Li-ion battery. A LiMnO2 battery from 

Ecoinvent database has been considered for this case. This battery, consisting in 14 cells, is able 

to produce 2 kWh energy output at 48 V. This is a typical electric car battery [38] but is considered 

suitable for UAVs as well [32]. 

 

6.2.3 Gas tanks 

Data on the materials of the type III hydrogen tanks were taken from a previous LCA study by 

Gerboni et al. [41], where a bigger tank was considered. It is expected that the weight percentage 

of the materials of the tank do not vary with the size of the latter. The inventory for the tank is 

shown in tab. 8. 

All the data are taken from Ecoinvent [38], but data for carbon fibers were taken from GaBi 

database [42]. 

 

Material Quantity (kg)* Data used 

Aluminum liner 1.45 
Aluminum production 

Aluminum sheet rolling 

Carbon fiber 1.21 Carbon fiber production 

Epoxy resin 0.807 
Liquid epoxy resin 

production 

* The quantities refer to the total amount of materials of two tanks. 

 

Tab. 8 Inventory for the gas tanks 

 



6.2.4 Engines and structure of the drone 

Copper coils into a carbon fiber structure, with carbon fiber airscrews, compose the engines of the 

drone. Carbon fiber is also a part of the structure, together with aluminum. The inventory for the 

engines and structure of the drone is shown in tab. 9. 

 

Material Quantity (kg) Data used 

Copper coils 1.6 
Copper production 

Copper wires drawing 

Carbon fiber 2.92 Carbon fiber production 

Aluminum 0.3 
Aluminum production 

Aluminum impact extraction 

 

Tab. 9 Inventory for the engines and structure of the drone. 

 

6.2.5 Auxiliary components 

This category includes all the devices necessary for the operation of the drones, like hydrogen 

distribution circuit (including tubing, fittings, electrovalves, pressure gauge etc.), electronic 

components (printed circuit board, DC/DC converter), air filter, compressor and cooling fan. 

 

Material/Component Quantity (kg) Data used 

Printed circuit board 0.35 Printed wiring board for power supply unit 

Stainless steel 0.33 
Chromium steel production (secondary) 

Impact extrusion of steel 

Plastics 0.30 
Polyethylene production 

Injection-molding 

Copper 0.17 Copper production 

Titanium 0.17 Titanium production 

Brass 0.07 Brass casting 

Air filter 0.05 Polyethylene fleece 

 

Tab. 10 Inventory for the auxiliary components. 

 

For copper, titanium and brass, due to their low amount, only the metal/alloy production was 

considered without further processing. The auxiliary components are almost all referred to the fuel 

cell-powered drone, except for the printed circuit board, which is relative to both systems. 

 



6.2.6 Use phase 

In the use phase, hydrogen supply and electricity for battery charging are considered for the fuel 

cell-powered and the battery-powered UAVs, respectively.  

The hydrogen used by the fuel cell is produced from hydrocarbon cracking in Europe, according to 

[38]. For battery charging, the Italian electricity mix has been chosen. 

 

6.3 Results and discussion 

Both production and use phase of a device may have significant impacts because of different 

reasons. If for the use phase fuel feedstock represents the main bottleneck, environmental impact 

of production is related to the use of particular materials, as well as energy intensive manufacturing 

processes. Due to these differences, in the following sections production will be first discussed 

separately from use. 

 

6.3.1 Production.  

From the results of impact assessment for Global Warming Potential (GWP) and Cumulative 

Energy Demand (CED), reported in fig. 6, it is possible to notice that one of the highest impacts for 

the fuel cell powered drone is given by the fuel cell itself. This is mainly due to the platinum 

extraction (60 % of the total impact), as confirmed also by other studies [39, 43-45] and to the 

treatment of the plastics of the fuel cell electronics at its end of life (14 % of the total impact). The 

LCA in fact considered also the energy required for this step on the final product.  

The structure and engines of the drone give another significant impact. The origin of this impact is 

the carbon fiber (CF) used for both engines and structural parts, followed by copper used in the 

engines. The high impact of carbon fiber on both GWP and CED is mainly due to the energy 

intensive carbonization process of the polyacrylonitrile precursor [46,47]. Carbon fiber production 

has a significant contribution also on the type III gas tanks production even if less than that of 

aluminum production for the liner. The contribution of epoxy resin is negligible, due also to its small 

amount. 

 



 

 

Fig. 6 Impact distribution of Global Warming Potential and Cumulative Energy Demand for the production stage of fuel 

cell and battery-powered drones. 

 

The impact of the auxiliary components is mainly due to the assembly of the printed circuit, and in 

particular to the amount of copper used. Since this component is common to both UAVs, both 

show this contribution. In the case of the fuel cell-powered drone the metals used for valves, 

fittings, tubing and pressure gauge give another important contribution to the impact of the 

auxiliaries. 

Noteworthy is the low impact of the Li-ion battery for the battery-powered drone. This contribution 

is due mainly to the energy intensive assembly process, together with the anode manufacturing, 

and in particular the use of graphite, as confirmed by other studies [44, 48]. Also in this case, as 

seen for the fuel cell, in addition to the impact of the production of the device, the impact of the 

battery disposal treatments was taken into account. The latter, in fact, contributes for about 35% on 

the global impact of the battery, in particular the pyrometallurgical treatment for the recovery of the 

non-ferrous metals contained in the battery. 

 

6.3.2 Use 

When the use phase of a device is studied, the expected lifetime has to be considered, in order to 

account the total amount of fuel or electricity used. 

As lifetime for the fuel cell, 20000 h are considered, while for the battery 6700 h. Since the battery 

provides 1.5 kWh for 1.5 h flying range, the total amount of electrical energy used in 6700 h is 

7035 kWh assuming 5% losses. The fuel cell-powered drone has a hydrogen consumption of 14 

l/min, thus the total amount of hydrogen used in 20000 h is 16800000 l.   

When analyzing the life cycle of a device it can be useful to express the impact assessment results 

divided by its expected lifetime hours. Being the impacts thus spread over the lifetime of the device 

they can become from high to acceptable, in the face of a long lifespan of the device. An example 

is shown in fig 7: the results for Global Warming Potential and Cumulative Energy Demand relative 

to the production and use phase are reported divided by the lifetime hours of the fuel cell and 



battery. It is immediately noticeable that the impact of production of the fuel cell-powered system is 

now similar to that of the battery-powered one (although these systems are not directly 

comparable): respectively 0.0109 kgCO2/h and 0.0139 kgCO2/h for GWP, and 0.146 MJ/h and 

0.226 MJ/h for CED. The reason of this change is the different lifetime of the two devices, which is 

in fact longer for the fuel cell with respect to that of the battery. 

 

 

 

Fig. 7 Impact distribution of the considered life cycle stages for GWP and CED. 

 

It is clear from fig. 7, that for both systems the use stage has a very high impact if compared with 

production. This kind of trend has also been observed in other LCA studies considering production 

and use of electric, fuel cell of internal combustion engines (ICE) powered vehicles [33-35]. 

The key role played by the electricity mix or hydrogen production method appears clear. In 

particular the Italian electricity mix is considered also in the study by Bartolozzi et al. [34], used for 

both battery charging and hydrogen production through electrolysis. In both cases, this electricity 

mix has higher impacts with respect to other sources considered in the study, such as gasification 

of biomass and eolic. 

In a study by Bauer et al. [33], performing a comparison among different methods for electricity or 

hydrogen production from renewable and non-renewable sources, the authors concluded that both 

electric and hydrogen vehicles can reduce environmental burdens only if electricity and hydrogen 

are produced from renewable sources. The study by Donateo et al. [10] is particularly interesting 

as it estimates Well-To-Wing emissions associated to both battery-powered UAV and hydrogen-

fueled PEM-powered one and concludes that CO2 emissions are much greater when the 

powertrain is based on fuel cell particularly if hydrogen is obtained from electrolysis using the 

Italian electricity mix. The use of non renewable energy sources on the other hand could even 

increase the emission of greenhouse gases. Similar conclusions are drawn by Hwang [49].   

 



7 Conclusions 

In this study the use of a PEM fuel cell to extend the flying range of a coaxial octocopter is 

investigated. Also a battery-powered drone, which represents the state of art, is considered. For 

both systems, a cost analysis and life cycle assessment have been performed. 

The cost of the battery-powered drone is certainly the most competitive, as this system is already 

commercially available and more simple, with respect to the fuel cell-powered. and the LCA results 

show that the battery has a very low environmental burdens if compared to other components of 

the same system, the main bottleneck in this case is the source of the electricity used for battery 

charging. 

The main drawback of a battery-powered drone is the weight of the batteries, which increases with 

their size in order to extend the flying time becoming a limiting factor, as pointed out by Simic et al. 

[11]. In the case of a fuel cell powered drone, on the other hand, since the fuel cell size is fixed as 

it depends only on the features of the UAV, the limiting factor is given by the amount of hydrogen 

stored, which is determined by the volume of the pressure vessels and by their operating 

pressures. In this case, an operating pressure of 300 bar has been chosen due to the scarcity of 

refueling stations that allow to reach higher pressures. An operating pressure of 700 bar, already 

possible in refueling stations, could increase about twice the flying range. The main drawback of 

the fuel cell-powered system is however its high cost, which is more than twice that of the battery-

based system, which is partly due to its increased complexity, but mostly to the still low commercial 

diffusion of fuel cells especially in the case of low weight stacks as the Aerostack considered for 

this study.  

If use of drones is considered, it is worth noting that lifetime for fuel cells is about three times that 

of batteries. Therefore, a relative reduction of costs is observed if they are normalised by the 

lifetime hours of the systems. If 20000 h of drone use are considered, 3 batteries are needed and 

the total costs of the fuel cell and battery system are 27410 € and 13720 €, i.e 1.37 €/h and 0.69 

€/h, respectively. Further costs reductions could be expected due to the continuous development 

and spread of fuel cell technology. Same observations can be carry out if environmental impacts 

are considered, so that, even if a direct comparison can not be easily performed, the impact of 

production of the fuel cell-powered system is similar to that of the battery-powered one if life time of 

the two systems is considered. 

It can be concluded that the choice of a final user between the two considered systems will be 

mainly driven by a combination of flying time requirements and costs. If environmental impacts are 

considered, the balance between running time and cost of the drone becomes more challenge, 

suggesting a careful selection of applications and a life cycle impact analysis. 
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