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1. Executive Summary 

This report describes and quantifies the Key Performance Indicators that will be used to 
evaluate the results obtained during the project and at the end of it. Based on them, the 
success of the LPH storage system will be analysed at the end of the project development. 
 
In addition, a brief introduction to future lines of work that will be developed during the project 
is made, defining the present state of aeronautics and the development forecasts that are 
expected for the implementation of hydrogen in the aviation sector. 
 
Keywords: Indicators, requirements, business case 
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2. Specifications and requirements 
definition  

2.1. General specifications 

Table 1 gathers the selected specifications to perform the design of the tank. These 
specifications were defined in order to meet the project objective: maximizing the gravimetric 
index of the storage system. 
 
 

Table 1: General specifications 

Parameter Objective 

H2 storage capacity 95 Kg 

Fill in conditions ≤ 1 bar 
≤ 20.3K 

Tank max pressure  6 bar  

Boil-off rate  1% of the stored mass in 24h  

 

2.2. Requirements 

Additionally to the previous specifications, the selected conceptual design of the tank, see 
Figure 1, has taken into account the following requirements: 
 

 The intermediate temperatures, and therefore insulating layers thicknesses, are 
defined to minimize the thermal conductivity: 

o T1 = 96.4K 
o T2 = 148.2K 
o T3 = 203.8K 

 

 All the liquid must be contained inside the inner tank. To ensure this, the following 
maximum utilization criteria has been enforced: The volume of the gaseous hydrogen 
(at any moment) in the inner tank must represent at least 1% of the inner tank volume. 
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Figure 1: Selected concept 

 
An alternative conceptual design, shown in Figure 2, has been dismissed at this stage. 

 

Figure 2: Alternative concept 

 
The key difference between both concepts is the arrangement of the close cell insulating 
layers. Having them inside the outer tank presents the following advantages: 

 The outer tank, the main loaded component, does not have to work at cryogenic 
temperatures (better material behaviour) 

 The close cell insulating layers, fragile parts, are protected inside the outer tank, 
easing installation, handling… 

 
On the other hand, this arrangement also creates an important challenge: 
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 The close cell insulating layers must be able to work properly at tank higher than 
external pressure. 

 
Thinking about the future applicability of the concept to a commercial aircraft, the 
advantages of the selected concept seem clearly to be worth the effort of facing the 
challenge, at least in this initial stage. 
 
Finally, minimum equipment required to operate the tank is shown in Figure 3: 

 

Figure 3: OVERLEAF tank with operating equipment 

 
As a remainder, Figure 4 schematically shows that every component installed on the tank 
must be properly insulated:   

 

Figure 4: Fill in valve schematic insulation 
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3. KPI Definition 

Key performance indicators for the development and the success of the project have been 
identified. These KPIs have been organized in three groups: 

3.1. Tank KPI 

This group only contains one KPI: 

 Gravimetric index 
 

3.1.1. Specific definition of the KPI 

The gravimetric index is defined as the ratio between the mass of hydrogen stored inside 
the tank and the mass of the tank fully loaded, including all equipment needed to make the 
tank operative. 
 

3.1.2. Calculation methodology for the evaluation of the KPI 

This KPI will be empirically obtained, weighting the tank prototype, and it will be considered 
met if it reaches a value of 40% or higher. 
 

3.1.3. Data needed to calculate the KPI 

This gravimetric index must be evaluated in conjunction with the tank boil-off rate. If the 
measured boil off rate is below the value specified in section 2.1, it will mean that it is still 
possible to maximize the gravimetric index without harming the tank performance and 
viceversa. 
 

3.2. Insulating layers KPIs 

This group contains two KPIs: 

 Thermal conductivity (K) 

 Density (ρ) 
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Figure 5: KPIs: Insulating Layers 

 

3.2.1. Specific definition of the KPI 

The thermal conductivity (K) is a measure of the ability of a material to conduct heat. 
 
The density (ρ) of a material is its mass per unit of volume. 
 

3.2.2. Calculation methodology for the evaluation of the KPI 

These KPIs will be empirically obtained at laboratory. Minimum expected values, based on 
currently available commercial solutions, are given in Table 3. 
 

3.2.3. Data needed to calculate the KPI 

Temperature and pressure conditions at which the insulating layers properties must be 
evaluated: 
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Table 2: KPIs: Insulating layers – Ranges of application 

KPI Open Cell Close Cell 

Range of application Range of application 

Thermal conductivity (K) 20.3K < T < 96.4K 
1 bar < P < 6 bar 

96.4K < T < 293K 
1 bar < P < 6 bar Density (ρ) 

 

Table 3: KPIs: Insulating layers – Reference values to be met or exceeded 

KPI Open Cell Close Cell 

Reference value Reference value 

Thermal conductivity (K) 0.019 [W/(K*m)] 0.010 [W/(K*m)] 

Density (ρ) 130 [kg/m3] 30 [kg/m3] 

 
 
The range of application is given by the operational conditions of the current concept and it 
is, therefore, preliminary. 
 
Shown reference values correspond to average values in the range of application. For these 
KPIs the lower the values the better. 
 
In case one KPI needs to be prioritised over the other, it is worth to knowing that the 
gravimetric index is more sensitive to changes in the thermal conductivity than in the density. 
 
Materials deterioration during a reasonable operational time needs to be considered. 
 

3.3. Tank Structural Material KPIs 

This group contains three KPIs: 

 Density (ρ) 

 Leakage 

 Strength 
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Figure 6: KPIs: tank structural materials 

 

3.3.1. Specific definition of the KPI 

The leakage is the amount of substance (Hydrogen) that escapes from the tank per unit of 
time. 
The density of a material is its mass per unit of volume. 
The strength of a material is its ability to withstand an effort. 
 

3.3.2. Calculation methodology for the evaluation of the KPI 

These KPIs will be empirically obtained at laboratory. Minimum expected values, based on 
currently available commercial solutions, are given in Table 5. 
 

3.3.3. Data needed to calculate the KPI 

Temperature and pressure conditions at which the tank structural material properties must 
be evaluated: 
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Table 4: KPIs: Tank structural materials – Ranges of application 

KPI Inner tank Outer tank 

Range of application Range of application 

Leakage (X) 

20.3K < T < 96.4K 
1 bar < P < 6 bar 

96.4K < T < 293K 
1 bar < P < 6 bar 

Density (ρ) 

Strength (X) 

 

Table 5: KPIs: Tank structural materials – Reference values to be met or exceeded 

KPI Inner tank Outer tank 

Reference value Reference value 

Leakage (X) Water tight 4.0x10-7  mol H2/s 

Density (ρ) 1200 [kg/m3] 1750 [kg/m3] 

Strength (X) 10 MPa 350 MPa 

 
 
The range of application and the reference values to be met are given by the operational 
conditions of the current concept and they are, therefore, preliminary. 
 
Shown reference values correspond to average values in the range of application. Except 
for the strength KPIs, the lower the obtained values the better. 
 
Strength reference values are a simplification, which correspond to minimum material 
allowable value in any strain mode. A complete mechanical and thermal characterization of 
the materials must be performed to assess their suitability. Presence of material 
imperfections (delaminations, microcracks…) must be considered in the determination of 
the applicable material properties. 
 
Different loading conditions with their corresponding safety factors must be considered. 
 
Materials deterioration during a reasonable operational time needs to be considered, either 
by optical inspection or by mechanical resistance, among others. 
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3.4. Safety and Monitoring System KPIs 

Sensors are required to monitor the correct performing of the hydrogen tank in operation 
for safe functioning and in the longer term to guide usage and maintenance strategies. 
The strategy of the consortium is to develop a multifunctional fibre optics monitoring 
system, for convenient operation, light weight and avoiding the explosion risk of electrical 
circuits. The following sensor locations were identified in the Description of Work: 
 
External tank 

1. Hydrogen leak detection at various locations 
2. Structural health monitoring (SHM) of external tank structure 

 
The following sub-sections introduce the Technical Readiness Levels (TRLs) of the 
different sensor types for the specified application and the KPIs for the sensor system 
design. 
 

3.4.1. External tank hydrogen leak detection at various locations 

The challenge is to detect leaking hydrogen at various locations at the outer surface of the 
tank at concentrations that could pose a safety risk. The current TRL level is TRL3 for 
temperatures above 0°C and TRL1 for temperatures below 0°C. The KPIs for this sensor 
design are tabulated in Table 4. 
Table 4 Key performance indicators of a hydrogen sensor to detect hydrogen leaks at the 
outer surface of the tank. 
 

Table 6: KPIs: Hydrogen sensor to detect hydrogen leaks at the outer tank surface. 

KPI Definition Specification 

Lower limit 
of detection 

The lowest hydrogen concentration (partial hydrogen 
pressure) that can be detected with a signal that exceeds the 
(noise) level of the optical response in an environment without 
hydrogen by two standard deviations as measured with a 1 s 
acquisition time. 

400 Pa 

Upper limit 
of detection 

The highest hydrogen concentration (partial hydrogen 
pressure) that can be detected with a (relative) resolution of 
at least 5%. 

100% 

Resolution The smallest relative change in hydrogen concentration (or 
equivalent: partial hydrogen concentration) at which the 
change in response signal differs by 2 standard deviations as 
measured with a 1 s acquisition time. 

5% 

Response 
time 

The time within 90% of the final optical response is achieved 
after a change in hydrogen concentration is introduced as 
measured in an environment containing hydrogen and inert 
gases as determined at a partial hydrogen pressure of PH2 = 

10s 
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400 Pa (0.4% in air under atmospheric conditions) and 
measured in an inert atmosphere. 

Operating 
temperatur
e range 

The range of temperatures at which abovementioned KPIs 
can be fulfilled by the sensor 

-55 < T < 60 °C 

 
 

3.4.2. External tank structural health monitoring (SHM) 

This SHM sensors will monitor global and local strains in the outer wall of the tank. Global 
strains can be used to assess an overall loss of stiffness or deformation. Local strains can 
be used to identify damage (matrix cracking, delamination) close to the sensor location. 
Both global and local strain data is valuable in assessing the structural integrity of the tank 
during its lifetime. The TRL for measuring global strains is at TRL4 and for measuring local 
strains is at TRL3. The combination of global and local strain data for SHM is at TRL2. 
 
 

Table 7: KPIs: SHM sensors to monitor global and local strains in the outer wall 

KPI Definition Specification 

Lower limit 
of detection 

The lowest global strain level that can be detected with a 
signal that exceeds the (noise) level of the optical response 
by two standard deviations as measured with a 1 s 
acquisition time. 

10 με 

Resolution The smallest change in global strain that can be detected 
with a signal that exceeds the (noise) level of the optical 
response by two standard deviations as measured with a 1 
s acquisition time. 

10 με 

Upper limit 
of detection 

The highest global strain level that can be detected. This is 
a conservative physical limit above which the fibre optic is 
subject to brittle failure. 

10000 με (1%) 

Minimum 
damage 
detection 
size 

The minimum size of damage that can be detected with 
90% probability when the damage is at the maximum 
damage location distance in a statically loaded structure. 

5 mm 

Maximum 
damage 
location 
distance 

The maximum damage location distance at which a 
damage of the minimum damage detection size can be 
detected with 90% probability in a statically loaded 
structure. 

1 mm 

Response 
time 

The time within 90% of the final optical response is 
achieved in a statically loaded structure. 

1 s 
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Operating 
temperatur
e range 

The range of temperatures at which abovementioned KPIs 
can be fulfilled by the sensor 

-55 < T < 60 °C 
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4. Accordance with the performance 
levels 

The development of the OVERLEAF project should not be isolated from the needs 
demanded by government institutions and primary aviation agents. For this reason, the link 
between the project and the development pathways set by these agents is explained below. 

4.1. Flightpath 2050 Europe’s Vision for Aviation 

In the report made by the High-Level Groups on Aviation Research where the objectives to 
be achieved by European aviation by 2050 are shown, the needs to which the aeronautical 
and air transport sector must respond in the coming years are reflected: 

 Ensuring suitable and sustainable mobility of passengers and freight 

 Generating wealth and economic growth 

 Significantly contributing to the balance of trade and European competitiveness 

 Providing highly skilled jobs and innovation 

 Fostering Europe’s knowledge economy through substantial research and 
development (R&D) investment 

 Contributing in many ways to global safety, security and self-reliance. 
 
In order to achieve the goals described, the European Commission has carried out a 
segmentation by specific objectives, among which there is harmony and parallel 
development. Although the OVERLEAF Project aims to reach TRL-3 at the end of its 
activities, it is significant for the fulfilment of the objectives set by the European Commission 
that even projects with a technological development without previous experimental support, 
have common objectives to those proposed by the commission to guarantee the fulfilment 
of the same in the marked period.  
 
Regarding the “Maintaining and extending industrial leadership”, two of the three objectives 
are related with the development of the OVERLEAF project: 
 

1. The whole European aviation industry is strongly competitive, delivers the best 
products and services worldwide and has a share of more than 40% of its global 
market. 

2. Europe will maintain leading-edge design, manufacturing and system integration 
capabilities and jobs, supported by high-profile, strategic, flagship projects and 
programmes which cover the whole innovation process from basic research to full-
scale demonstrators. 

 
Regarding the first objective, the development of own technology by the different project 
participants will contribute to European leadership in the aviation industry, contributing to 
maintain the leadership and of course the quality of the products. In addition, in relation to 
both objectives, this new technology is developed from the design to the complete 
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integration of the system, so it encompasses the entire innovative process in the 
development of the demonstrator. 
 
The area with the greatest relationship is generated between the OVERLEAF project and 
the European aviation’s roadmap is “Protecting the environment and the energy supply”, 
from which the following specific objectives are established: 
 

1. In 2050, technologies and procedures available allow a 75% reduction in CO2 
emissions per passenger kilometre to support the Air Transport Action Group 
(ATAG) target (10), and a 90% reduction in nitrogen oxide (NOx) emissions. The 
perceived noise emission of flying aircraft is reduced by 65%. This is relative to the 
capabilities of typical new aircraft in 2000. 

2. Aircraft movements are emission-free when taxiing. 
3. Air vehicles are designed and manufactured to be recyclable. 
4. Europe is established as a centre of excellence on sustainable alternative fuels, 

including those for aviation, based on a strong European energy policy. 
5. Europe is at the forefront of atmospheric research and takes the lead in the 

formulation of a prioritised environmental action plan and establishment of global 
environmental standards. 

 
The best way to reduce CO2 emissions derived from air transport is the use of fuels that do 
not generate it, as in this case Hydrogen. However, the use of hydrogen still has difficult 
challenges to solve in order to be operational, one of them is the efficient and safe storage 
of hydrogen in the aircraft. That is why the fulfilment of the five previously described 
objectives are aligned with the specific objectives of the OVERLEAF project. It is noteworthy 
that the OVERLEAF project not only aims to store a fuel that does not generate emissions, 
but also covers activities related to the sustainability of the materials used for hydrogen 
storage. Guaranteeing the recyclability of new products entering the market is an objective 
that not only affects the aeronautical industry but also applies to any emerging technology. 
 
Finally, the following list of objectives deals with the “Prioritising research, testing capabilities 
and education”: 
 

1. European research and innovation strategies are jointly defined by all stakeholders, 
public and private, and are implemented in a coordinated way that covers the entire 
innovation chain. 

2. A network of multidisciplinary technology clusters exists, based on collaboration 
between industry, universities and research institutes. 

 
 
The consortium in charge of the development of OVERLEAF was formed under the 
premise of the necessary multidisciplinarity, bringing together members from research and 
technical development centres and universities to private sector companies, all of them 
with the aim of innovating and contributing their knowledge to the development of the 
project. 
 
 



KEY PERFORMANCE INDICATORS 
 

Funded by the European Union. Views and opinions expressed are 
however those of the author(s) only and do not necessarily reflect 
those of the European Union or CINEA. Neither the European Union 
not the granting authority can be held responsible for them. 

22 

5. Exploitation Forecast 

The objective of this section is to establish the bases for the realization of a more detailed 
business plan in Work Package 5. In the business plan that will be developed, not only the 
implementation of the hydrogen tank developed in the market should be considered, but 
also the implementation of the materials developed, and the manufacturing techniques 
carried out. 
 
First it is required to make a general analysis of the aviation market, it will be carried out 
based on the study of  “Hydrogen-powered aviation1” carried out not only by companies in 
the aeronautical sector but has also been developed with the knowledge of the hydrogen 
and other fuels industry partners. 
 

5.1. Five aircraft segments  

The commercial aviation sector is divided into the following five main segments based on 
the number of passengers carried by flight. 

Table 8: Five aircraft segments and model selection 

Segment Pax 

Commuter (Piaggio) <19 

Regional (Embraer 170) 20-80 

Short-range (Embraer 190) 81-165 

Medium-range (A320) 166-250 

Long-range (A350) >250 

 
Not all segments have the same demand, either not all the segments generate the same 
CO2 emissions. The data obtained in the study carried out between Clean Sky 2 and Fuel 
Cells and Hydrogen2 in 2020 are shown below: 
 
 
 
 
 
 
 
 
 

                                            
1Mckinsey and company. (2020). Hydrogen-powered aviation. Clean Sky 2 and FCH 2 JU.  
2https://cleansky.paddlecms.net/sites/default/files/2021-10/20200507_Hydrogen-Powered-Aviation-report.pdf 
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Table 9: Segment demand and CO2 Emission 

Segment Global fleet CO2 emissions (2018) 

Commuter 4%  <1% 

Regional 13%  3% 

Short-range 53%  24% 

Medium-range 18%  43% 

Long-range 12% 30% 

 
 
 
 
An aircraft model is selected within each segment to find out the amount of kerosene that is 
stored in each of them and the equivalence amount of hydrogen that would be necessary to 
store to guarantee the same amount of energy. In addition, the necessary volume for the 
same amount of Hydrogen in four different states will be calculated, from where the length 
of the fuselage necessary to storage the hydrogen can be calculated. 
 
The calculations are made based on the maximum m3 of kerosene that each aircraft can 
store, assuming that the density of the kerosene is 800 kg/m3, thus being able to calculate 
the mass of kerosene available in the tank. 
 
 
Knowing the mass of kerosene stored in each tank and that its lower calorific power is 42.8 
MJ/kg, the equivalent mass amount of hydrogen in kg is calculated, knowing that the specific 
heat of hydrogen is 120 MJ/kg. 
 
Hydrogen can be stored in different states taking into account pressure and temperature, 
which affects its density. Hydrogen storage is analysed in: 

 Compressed Gas (293K, 300 Bar, 20 Kg/ m3) 

 Compressed Gas (293K, 700 Bar, 40 Kg/ m3) 

 Cryogenic Liquid (26 K, 4 Bar, 63 Kg/m3) 

 Cryo-compressed Gas (40 K, 300 Bar, 80 Kg/ m3)  
 
Using the density of hydrogen in each state, and knowing the mass of hydrogen needed in 
each aircraft, the different volumes of hydrogen needed to store in each state is calculated. 
Because of the low density of hydrogen, the volume that needs to be stored is higher for the 
same amount of energy with kerosene. 
 
It can be estimated how many meters of fuselage length would be needed to store hydrogen. 
This calculation is done not only in each aircraft model, but also taking the different hydrogen 
states, the following five scenarios are considered: 

 Non-integral tank: 
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1. Compressed Gas (300 bar) 
2. Compressed Gas (700 bar) 
3. Cryogenic Liquid  
4. Cryo-compressed Gas 

 

 Integral tank  
5. Cryogenic Liquid  

 
An integral tank in an aircraft means that the external tank is at the same time the fuselage 
of the aircraft. The external tank of the storage solution that is developed in this project does 
not have to sustain high vacuum or need to be impermeable, it only has to be watertight, so 
it can be manufactured as an integral tank.  
 
In the following images, it is shown a sketch of the non-integral and integral design concepts 
of a double-tank storage system. The main advantage of the integral tank is that with the 
same fuselage diameter, it can be stored more hydrogen because of the reduction of the 
space between the external tank and the fuselage. 

 

 

Figure 7: Non-integral Tank Schedule 
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Figure 8: Integral tank schematic drawing 

 
The fuselage length for non-integral tanks is calculated by the following formula. 
 

𝐿 =
𝑉𝐻2 −

4
3 × 𝜋 × (

∅ − 1
2 )

3

𝜋 × (
∅ − 1
2 )

2 + ∅ 

 
VH2 is the Hydrogen volume stored, note that for non-integral tanks it cannot be used the 
total diameter of the fuselage length for the diameter of the inner tank, because it is needed 
0.25 metres for the insulation materials between the inner tank and the external tank, and 
0.25 metres extra between the external tank and the fuselage. For this reason, the total 
space needed between the wall of the inner tank and the fuselage is 0.5 metres, this space 
needs to be allocated in both sides of the tank, so it is necessary to subtract 1 meter from 
the fuselage diameter in the calculation. 
 
For integral tanks, instead of subtracting 1 meter to the total diameter of the fuselage, it is 
only needed to subtract 0.5 metres because the space between the inner tank and the 
fuselage is only 0.25 meters for the insulation materials. 

𝐿 =
𝑉𝐻2 −

4
3 × 𝜋 × (

∅ − 0.5
2 )

3

𝜋 × (
∅ − 0.5

2 )
2 + ∅ 

 

5.1.1. Commuter segment 

The selected aircraft is the P180 from the manufacturer Piaggio Aerospace, from which the 
following specifications have been obtained. 
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Table 10: P180 Piaggio aerospace Avanti EVO specifications 

P180 specification- Commuter segment  

Ker [m3] 1.588 

Ker [Kg] 1271 

Fuselage Diameter [m] 1.75 

Length [m] 14.408 

Maximum Take-off Weight [Kg] 5489 

Maximum Passengers 12 

 
Following the calculations explained previously, the mass of hydrogen necessary to 
maintain the same amount of energy, the volume necessary in the three states of hydrogen 
and the length of the fuselage necessary to store the hydrogen in the three states in a non-
integral tank are estimated, in addition, the length for the integral tank for cryogenic liquid. 
 

Table 11: P180 Piaggio Hydrogen Tanks specifications 

P180 Tank- Commuter segment  

Non-integral Tank 

Volume Compressed Gas (300)  [m3]  23 

Fuselage length Compressed Gas (300) [m] 52.62 

Volume Compressed Gas (700) [m3] 11 

Fuselage length Compressed Gas (700) [m] 26.94 

Volume Cryogenic Liquid [m3] 7 

Fuselage length Cryogenic Liquid [m] 17.56 

Volume Cryo-compressed Gas [m3] 6 

Fuselage length Cryo-compressed Gas [m] 14.09 

Integral Tank 
Volume Cryogenic Liquid [m3] 7 

Fuselage length Cryogenic Liquid [m] 6.79 

 

5.1.2. Regional segment 

The selected aircraft is the E170 from the manufacturer Embraer, from which the following 
specifications have been obtained. 
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Table 12: E170 Embraer specifications 

E170 specification - Regional segment 

Ker [m3] 11.625 

Ker [Kg] 9300 

Fuselage Diameter [m] 2 

Length [m] 29.90 

Maximum Take-off Weight [Kg] 38600 

Maximum Passengers 78 

 
 
Following the calculations explained previously, the mass of hydrogen necessary to 
maintain the same amount of energy, the volume necessary in the three states of hydrogen 
and the length of the fuselage necessary to store the hydrogen in the three states in a non-
integral tank are estimated, in addition, the length for the integral tank for cryogenic liquid. 

 

 

Table 13: E170 Embraer Hydrogen Tanks specifications 

E170 Tank- Regional segment  

Non-integral Tank 

Volume Compressed Gas (300)  [m3]  166.07 

Fuselage length Compressed Gas (300) [m] 212.782 

Volume Compressed Gas (700) [m3] 83.04 

Fuselage length Compressed Gas (700) [m] 107.06 

Volume Cryogenic Liquid [m3] 52,72 

Fuselage length Cryogenic Liquid [m] 68.46 

Volume Cryo-compressed Gas [m3] 41,52 

Fuselage length Cryo-compressed Gas [m] 54.20 

Integral Tank 
Volume Cryogenic Liquid [m3] 52,72 

Fuselage length Cryogenic Liquid [m] 30.83 
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5.1.3. Short-range segment 

The selected aircraft is the E190 from the manufacturer Embraer, from which the following 
specifications have been obtained3. 
 
 

Table 14: E190 Embraer specifications 

E190 specification - Short-range segment 

Ker [m3] 16.15 

Ker [Kg] 12922.4 

Fuselage Diameter [m] 2 

Length [m] 38.65 

Maximum Take-off Weight [Kg] 51800 

Maximum Passengers 114 

 
Following the calculations explained previously, the mass of hydrogen necessary to 
maintain the same amount of energy, the volume necessary in the three states of hydrogen 
and the length of the fuselage necessary to store the hydrogen in the three states in a non-
integral tank are estimated, in addition, the length for the integral tank for cryogenic liquid. 

Table 15: E190 Embraer Hydrogen Tanks specifications 

E190 Tank- Commuter segment  

Non-integral Tank 

Volume Compressed Gas (300)  [m3]  231 

Fuselage length Compressed Gas (300) [m] 295.14 

Volume Compressed Gas (700) [m3] 115 

Fuselage length Compressed Gas (700) [m] 148.24 

Volume Cryogenic Liquid [m3] 73 

Fuselage length Cryogenic Liquid [m] 94,61 

Volume Cryo-compressed Gas [m3] 58 

Fuselage length Cryo-compressed Gas [m] 74.79 

Integral Tank 
Volume Cryogenic Liquid [m3] 73 

Fuselage length Cryogenic Liquid [m] 42.45 

 

                                            
3 E190 - Embraer (embraercommercialaviation.com) 

https://www.embraercommercialaviation.com/commercial-jets/e190/
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5.1.4. Medium-range segment 

The selected aircraft is the A320neo from the manufacturer Airbus, from which the following 
specifications have been obtained 4. 
 

Table 16: A320neo Airbus specifications 

A320neo specification - Medium-range segment 

Ker [m3] 30 

Ker [Kg] 24000 

Fuselage Diameter [m] 5.6 

Length [m] 73.8 

Maximum Take-off Weight [Kg] 79000 

Maximum Passengers 194 

 
Following the calculations explained previously, the mass of hydrogen necessary to 
maintain the same amount of energy, the volume necessary in the three states of hydrogen 
and the length of the fuselage necessary to store the hydrogen in the three states in a non-
integral tank are estimated, in addition, the length for the integral tank for cryogenic liquid. 

Table 17: A320neo Airbus Hydrogen Tanks specifications 

A320neo Tank- Commuter segment  

Non-integral Tank 

Volume Compressed Gas (300)  [m3]  429 

Fuselage length Compressed Gas (300) [m] 64.69 

Volume Compressed Gas (700) [m3] 214 

Fuselage length Compressed Gas (700) [m] 33.33 

Volume Cryogenic Liquid [m3] 136 

Fuselage length Cryogenic Liquid [m] 21.89 

Volume Cryo-compressed Gas [m3] 107 

Fuselage length Cryo-compressed Gas [m] 17.66 

Integral Tank 
Volume Cryogenic Liquid [m3] 136 

Fuselage length Cryogenic Liquid [m] 16.20 

 

                                            
4 https://aircraft.airbus.com/en/aircraft/a320-the-most-successful-aircraft-family-ever/a320neo  
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5.1.5. Long-range segment 

The selected aircraft is the A350-1000 from the manufacturer Airbus, from which the 
following specifications have been obtained 5. 

 

Table 18: A350-1000 Airbus specifications 

A350-1000 specification - Long-range segment 

Ker [m3] 164 

Ker [Kg] 131200 

Fuselage Diameter [m] 5.6 

Length [m] 73.8 

Maximum Take-off Weight [Kg] 319000 

Maximum Passengers 480 

 
Following the calculations explained previously, the mass of hydrogen necessary to 
maintain the same amount of energy, the volume necessary in the three states of hydrogen 
and the length of the fuselage necessary to store the hydrogen in the three states in a non-
integral tank are estimated, in addition, the length for the integral tank for cryogenic liquid. 

 

Table 19: A350-1000 Airbus Hydrogen Tanks specifications 

A350-1000 Tank- Commuter segment  

Non-integral Tank 

Volume Compressed Gas (300)  [m3]  2343 

Fuselage length Compressed Gas (300) [m] 142.90 

Volume Compressed Gas (700) [m3] 1171 

Fuselage length Compressed Gas (700) [m] 72.72 

Volume Cryogenic Liquid [m3] 744 

Fuselage length Cryogenic Liquid [m] 47.10 

Volume Cryo-compressed Gas [m3] 586 

Fuselage length Cryo-compressed Gas [m] 37.10 

Integral Tank 
Volume Cryogenic Liquid [m3] 744 

Fuselage length Cryogenic Liquid [m] 38,47 

 

                                            
5 https://aircraft.airbus.com/en/aircraft/a320-the-most-successful-aircraft-family-ever/a320neo  
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5.2. Propulsion Systems based on Hydrogen 

In order to be able to know the supply needs that are expected by the propulsion system, 
the different technologies that are being developed for aircraft propulsion must be previously 
identified: fuel cells or direct burn in thermal (gas turbine) engines6. 
 

5.2.1. Fuel cells 

The hydrogen fuel cell converts the chemical energy it receives from the outside into 
electricity and is capable of supplying electrical energy continuously as long as the supply 
of this fuel is maintained. The implementation of this fuel cell system in an aircraft bases its 
operation on the fact that the fuel cell system will convert hydrogen into electricity to supply 
it to electric motors, fans or propellers, which will be the ones who generate the thrust. 
 
In the current developments, the implementation of these hydrogen fuel cell combined with 
another battery system that contributes to the optimization of the system is studied, mainly 
when a rapid response of energy to the engines is necessary. 
 
The implementation of this propulsive system in aviation is considered for the following three 
segments: 

 Commuter 

 Regional 

 Short-range 
 
Aircrafts that belong to the medium-range and long-range segments are not potential 
candidates of fuel cells, since they require a cooling system for their use. This means an 
additional weight added to the aircraft, and significantly penalizes the performance of long 
range aircraft. 
 
Based on the data shown previously in Table 9, where the percentage of the market belongs 
to these 3 segments is explained. Regarding commuter and regional segments, they only 
take 4% and 13% of the total market, respectively. In contrast, the short-range market is 
responsible for 24% of CO2 emissions in 2018, and more than 50% of the market is in this 
segment. Therefore, aircrafts inside this segment are expected to make the greatest number 
of trips powered by fuel cells. 
 
Existing as has been described, a large part of the market is a user of this type of aircraft. 
Therefore, the needs demanded by the fuel cells must be considered for the development 
of tanks in this aircraft. Although the fuel cells that will be implemented in the aviation sector 
are under development, we can briefly describe the needs of current fuel cells. 

 Oxygen (clean air) 

 Cooling systems 

 Hydrogen gas 
 

                                            
6 https://www.clean-aviation.eu/hydrogen-powered-aviation 



KEY PERFORMANCE INDICATORS 
 

Funded by the European Union. Views and opinions expressed are 
however those of the author(s) only and do not necessarily reflect 
those of the European Union or CINEA. Neither the European Union 
not the granting authority can be held responsible for them. 

32 

Although the specific needs of the fuel cells to be installed in the aircraft are not available, 
as it has been outlined before, the cooling of the system is a technological challenge since 
currently hydrogen fuel cells operate in a most optimal form at low temperatures. In addition 
to the fact that they are not operable at temperatures above 80 degrees, on the other hand, 
if these cells were in contact with a cryogenic environment, their operation would be optimal. 
In the long term, and depending on the technological advances made in fuel cell projects, It 
should be analysed the compatibility of the installation of the tank that is developed in this 
project in contact with the fuel cells, to facilitate its cooling. 
 
Although the hydrogen is stored in liquid form in the tank developed in OVERLEAF, in the 
area between the tanks and in the upper part of the inner tank, the hydrogen is in a gaseous 
state. So this can be supplied to fuel cells. 

5.2.2. Hydrogen direct-turbine engines 

The operation of the hydrogen turbines will be similar to the current ones that use kerosene 
as fuel. Liquid hydrogen will be burned to generate thrust, but it is also proposed in the 
developments to use cryogenic hydrogen itself as a refrigerant to increase efficiency. 
 
The supply of liquid hydrogen in addition to cryogenic hydrogen would be made from the 
inner tank of this project development tank. Therefore, during the development of the tank 
concept and the future implementation in a hydrogen-burning aircraft, the most optimal and 
efficient supply system must be established. 

5.3. Hydrogen cost vs other fuels cost 

Carrying out a cost analysis of the price of the fuels currently used in aviation compared to 
the price of hydrogen is speculative. Not only because of the technological developments 
that are being carried out in obtaining hydrogen in a more efficient way, but also because of 
the increase in costs associated with obtaining other fuels due to the taxes that different 
government entities are implementing on the use of polluting fuels. 
 
However, establishing premises based on the technological developments that are expected 
to be achieved in the future years, an initial prediction can be made. For this analysis, the 
study carried out by KPMG7 will be used, where the way of obtaining hydrogen and the cost 
of 3 hydrogen labels is described. 

 Green hydrogen: zero/low carbon energy source (renewable energies) 

 Blue hydrogen: fossil sources combined with carbon capture and storage 

 Grey hydrogen: fossil sources without carbon capture and storage 
 
 
As stated above, the cost of hydrogen depends on the source it comes from. In the case of 
Blue and Grey hydrogen it depends on the cost of the fossils, so it also depends on the 
region where the study is being carried out. Based on the cost of the fossil nowadays is 

                                            
7 https://home.kpmg/xx/en/home/insights/2020/11/the-hydrogen-trajectory.html 
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around 0.72-0.91 $/kg, the cost of the production of hydrogen from these sources is between 
1-2 $/Kg, again depends on the country and the commercial area. 
 
However, the green hydrogen has a higher price nowadays, and the actual predictions of 
the markets do not forecast a significant change, unless taxes on fossil fuels are increased 
or their cost increases for other reasons. The development of new electrolysers will increase 
the efficiency, therefore reducing the cost associated with obtaining hydrogen. This is the 
main way to optimize costs that is being carried out. 
 
The production of Green hydrogen has an associated cost of 6$/kg nowadays, it is expected 
that in 2050 with the future developments this cost could be reduced at least to 4$/Kg. 
 

5.3.1. Cost impact in the aviation sector 

The change of fuel for the aircraft propulsion will not only have an impact on the development 
of the technology necessary for the implementation of hydrogen in the sector, but also the 
cost of flying associated with the journeys will be increased compared to the cost of flying 
with the current fuel. As previously mentioned, the cost of hydrogen is higher than the cost 
of current fossil fuels. 
 
Another cost that must be taken into account is the added time that is estimated to be 
necessary for the filling of hydrogen tanks, as reducing the filling time is a direct benefit for 
airlines. 
 
It is coherent with the foregoing that the implementation of hydrogen in the aeronautical 
sector does not have a direct economic benefit for the companies. However, the ecological 
need for the implementation of these new means of propulsion is necessary, so it is common 
to promote the different sectors to promote their implementation. This implementation will 
be faster through funding, as it is being done from the different organisms of the European 
Union, supporting the necessary technological development so that mobility through 
hydrogen is effective within the established deadlines. 
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6. Conclusions 

Project main KPI, the gravimetric index, tries to measure the potential of the proposed tank 
as viable solution for the aviation sector. 
 
Sub-components KPIs are defined to keep under control their critical properties. Whenever 
possible, reasonable reference values, based on currently available commercial solutions, 
have been proposed. However, trade-off combinations can be considered if they lead to a 
better gravimetric index than small improvements in the proposed reference values. 
 
The implementation of hydrogen in the aviation sector requires overcoming technological 
challenges, always ensuring the quality and safety of the aircraft. Achieve optimum 
efficiency in all the components that will make up the propulsion system, such as tank filling, 
hydrogen storage in the same distribution system or use of hydrogen to generate thrust. 
 
The cost associated with this new emerging technology is high, which not only hinders its 
development but also its implementation in the market. However, the current environmental 
state reinforces the need to overcome these drawbacks. 
 

In the aeronautical sector, the associated cost per kilo is around 2000€, and in the specific 
case of hydrogen storage in an aircraft, it is not only necessary to reduce the associated 
weight to the minimum as possible, but due to its low density, also it is needed to minimize 
the required volume for storage the hydrogen. The implementation of an integral tank will 
contribute to improve both the weight and the volume required for hydrogen storage. 


