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Abstract
The aviation sector is now facing one of its biggest challenges as it aims to reduce its carbon emissions close
to zero and decarbonization of air mobility requires to lower the carbon intensity of its energy. Several tech-
nologies are potential candidates both at aircraft level, including configurations and at propulsion system level,
including architectures and energy sources. Biofuels will, of course, play an important role, but other low carbon
energy carriers based on electricity will be also considered.

This study focuses on small helicopter aircraft and on propulsion system by looking at the six main propulsion
systems known as conventional turboshaft engine with either standard jet fuel, sustainable aviation fuel or
electro fuel issued from hydrogen or direct hydrogen combustion, full electric supplied by batteries and full
electric supplied by fuel cell and hydrogen. Each energy has its own conversion steps and losses and its own
integration effects. Hence, the aircraft will be sized for a given mission, depending on the propulsion system
weight and efficiency and each solution will be compared with respects to energy consumption.

Then the different energy will expressed in CO2 emissions using the Well To Wake methodology that will lead
to significant differences in greenhouse gas emissions and electricity needs. We will focused how the electricity
carbon intensity will affects the CO2 emissions of an air mobility mission.

1. NOTATION H2B Hydrogen To Burn
HEFA Hydroprocessed Esters and Fatty Acids
Symbols and acronyms LH2 Liquid Hydrogen
dow Downwash coefficient (-) PCI Pouvoir Calorifique Inférieur
aTR Tail rotor coefficient (-) Ewii E:Jas(:etlaa%r: fggv\?gmi\r/\g( W)
BAT Battery
CAF Conventionnal Aviation Fuel PWino Induced power (kW)
Nece Gearbox efficiency (%) gﬁ; f/ll;?rt]arlgz)brlzlﬁ}/;igo&g)u el
u Advance ratio (-) SCx Helicopter drag (m?)
Qair Air density (kg/m?) T Rotor vertical thrust (N)
bmr Number of blade of the main rotor (-) TtW Tank to Wake
Cmr Main rotor chord (m) TS TurboShaft engine
CAF Conventional Aviation Fuel UMR End tip blade velocity (m/s)
Dmr Main rotor diameter (m) Vi Induced velocity (m/s)
DOD Depth Of. Discharge Vio Induced velocity in hover (m/s)
EOL End Of Life Vx Aircraft horizontal speed (m/s)
EU Europe Vz Aircraft vertical speed (m/s)
FC Fuel Cell Wcr Crew Weight (kg)
FR France Wep Empty Weight (kg)
GT Gas Turbine WL Fuel Weight (kg)
H2 Dihydrogen WL PayLoad Weight (kg)
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Wes Propulsion System Weight (kg)
Wro Take Off Weight (kg)

WIT Well to Tank

Witw Well to Wake

2. INTRODUCTION

The aviation sector is now facing one of its biggest
challenges as it aims to reduce its carbon emissions
close to zero. Several technologies are potential can-
didates both at aircraft level, including configuration
and at propulsion system level, including architec-
tures and energy sources.

This study focuses on helicopter aircraft and on pro-
pulsion system by looking at the six main propulsion
systems known as conventional turboshaft engine
with either standard jet fuel, sustainable aviation fuel
or electro fuel issued from hydrogen or direct hydro-
gen combustion, full electric supplied by batteries and
full electric supplied by fuel cell and hydrogen. The
aircraft will be sized for a given mission, depending
on the propulsion system weight and efficiency and
each solution will be compared with respects to en-
ergy consumption.

3. AIRCRAFT MISSION

The selected mission is a transport path for four pas-
sengers and a pilot over 80 nm and including a 20 mn
loitering reserve. All the calculation are performed in
standard atmosphere. The mission is illustrated in
Figure 1.
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Figure 1: Mission profile

4. HELICOPTER PERFORMANCES MODELING

The modelling of the aircraft performance is based on
the state of the art knowledge to determine the re-
quired power at the main gearbox input. No modifica-

tion are assumed on the aircraft and a standard con-
figuration including a large main rotor and tail rotor to
counter the main rotor torque is used. The modelling
is based on the two main known principles: the
Froude-Rankin theory and the statistical design
method for helicopter in the range of 1 500 to 3 000

kg.
The theoretical formulation used for the calculations

are detailed with the equations in Figure 2 and Figure
3 (Reference 1 and Reference 2).

Weight breakdown

Wro = Wgp + Wps + Wep + Wp, + Wiy,

Wep = agpw - Wro

Figure 2: Weight breakdown equations
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Figure 3: Performance equations

5. PROPULSION SYSTEM ASSUMPTIONS

Each propulsion system is design to meet the power
profile and the energy requirement issued from the
aircraft modelling in order to complete the mission in-
cluding the reserve path.

The symbol are presented in Figure 4 and then the
architecture in Figure 5.
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Figure 5: Propulsion system architectures

The components performance projection is based on
different Safran’s and supplier roadmap and literature
for a 2040 EIS (Reference 3).

Table 1: Components assumptions

Gas turbine and fuels

PCI CAF 12 kWh/kg
PCI H2 33 kWh/kg
Power density 7 kW/kg
Efficiency 33%
Installation losses 5%
Battery
Energy density 600 Wh/kg
System integration factor 1,35
DOD 90%
EOL Energy 85%
Fuel cells
System power density 1,5 kW/kg
Efficiency 50%
Electric motor
Power density 8 kWikg
Efficiency 95%
H2 storage
PCI H2 33 kWh/kg
H2 density 70 kg/m3
LH2 gravimetric index 30%

The aircraft sizing method depending on the propul-
sion system is detailed hereafter so that the helicopter
take-off weight, for a given mission, is different from
an energy source to another:
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Figure 6: Design step for calculation



6. CO2 ENERGY INTENSITY

The different energies are then converted in CO2
emissions through their carbon intensity and depend-
ing on the way the electricity is produced for several
countries. The carbon intensity is defined by the ref-
erences [5], [6] and [7].

For the CO2 emissions, we need to both take into ac-
count the production of these energy, wich is known
as the Well to Tank perimeter, and the on-board emis-
sions as known as the Tank to Wake emissions. The
whole emissions are then well to wake global emis-
sions are are taking intaking the full lyfe cycle into ac-
count from profuction to usage including transport,
transformation and storage.

It is important to notice that the global CO2 emissions
are not only linked to the aircraft and propulsion sys-
tem performances but also to the energy production
technology and since most of these energy are linked
to electricity the production area has to be taken into
account.

Table 2: CO2 intensity of energies

WIT TtW
gCO2eqg/kWh gCO2eqg/kWh

CAF 79 259

SAF oil HEFA -209 259
Electricity FR 58 0
Electricity EU 270 0
Electricity WD 425 0
H2 gas 333 0
H2 electrolyze FR 83 0
H2 electrolyze EU 594 0

eFuel FR -152 259

eFuel EU 787 259

7. RESULTS

The analysis was conducted for each propulsion sys-
tem, leading to different helicopter sizings, in order to
perform the same design mission.

The results hereafter are presented first with the
weight breakdown of each propulsion system (Figure
7) and then in energy consumption (figure 8).
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Figure 7: Weight breakdown results
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Figure 8: Total weight and energy results

Finally, each energy consumption is converted into
global CO2 emissions using carbon intensity and de-
pending on the production process and region (Table
3).

Table 3: CO2 emissions results

WIT TtW
Kg CO2 Kg CO2

CAF 60 196

SAF oil HEFA -158 196
Electricity FR 21 0
Electricity EU 94 0
Electricity WD 153 0
H2 gas 444 0
H2 electrolyze FR 110 0




H2 electrolyze EU 550 0
eFuel FR -115 196
eFuel EU 278 196

8. CONCLUSIONS AND WAY FORWARD
The main conclusions from this study are:

1- The SAF id one of the best opportunity to re-
duce greenhouse emissions but the volume
might be limited and use can face the concur-
rence of other transportation means.

2- The electric battery propulsion is promising
and the energy to produce and recycle the
storage device should be further considered.

3- For both the hydrogen and the electrofuel, the
need of production of huge amount of green
electricity is one of the major point.

Based on this study it seems relevant to extend the
perimeter to other aircraft such as any kind of VTOL
or CTOL both conventional and associated to distrib-
uted propulsion. For the propulsion system, the target
is to model hybrid propulsion like association of bat-
tery and fuel cell or thermal engine and electric pro-
pulsion.
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