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Electrification of aircraft is a rapidly developing area of the aerospace industry. Thus, 
there are many electric aircrafts in development, testing, or production. Electric 
aircrafts are currently viable for short range and short time flight missions due to 
battery-specific energy limitations.  Hence, training and commuter aircrafts are feasible 
targets for electrification. Pipistrel Velis Electro is the world's first certified crewed 
electric aircraft for pilot training. In this work, Pipistrel Velis Electro aircraft range is 
evaluated based on solution of longitudinal equations of motion. A simple flight mission 
that includes take-off, climb, cruise, descent and landing is considered. Electric 
propulsion components are modelled. The predicted range of the aircraft is 63 nm for 
a flight time of 43 minutes, which matches favourably with aircraft published data. The 
study showed that the Breguet range equation overestimates range, particularly at 
high altitudes. Hence, the proposed approach in this article is necessary for accurate 
prediction of range for short-range aircraft. Battery capacity-payload-range charts are 
developed for present and future battery technologies.  Aircraft range can be extended 
to 150 nm if battery capacity is increased to 166 Ah and the payload is only the pilot. 
Doubling battery specific energy would extend the range to 193 nm with a flight time 
of 130 minutes. 
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1. Introduction 
 

The shift towards electric propulsion is underway in air transportation sector. After the success 
in electrification of transportation using cars [1-4], trucks, buses and trains, the obvious target is 
aircrafts. Hydrocarbon fuels like JP-8 and Jet A-1 are currently used in aviation. Their average specific 
energy is 43 MJ/kg [5]. Lithium-ion batteries hold the highest position for transportation applications 
in terms of specific energy. It has a specific energy around 0.9 MJ/kg with maximum projected value 
of 1.7 MJ/kg [6]. Thus, jet fuels specific energy is nearly 24 to 50 times greater than specific energy 
for Lithium-ion batteries. Other types of batteries show promising specific energy values but they 
suffer from many problems including the capability to recharge, e.g., lithium carbon-fluoride 
batteries (2.3 MJ/kg) and lithium-sulphur batteries (9 MJ/kg) [7,8]. Electric propulsion offers many 
advantages compared to jet engine [9-11]. It is well known that electric propulsion has a higher 
energy conversion efficiency (from chemical energy in fuel or battery to mechanical energy) when 
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compared with jet propulsion engines. Advantages of electric aircrafts are zero-emission 
decarbonization of air transportation, engine performance is independent of altitude, designer is free 
to split up and position the propulsion system as there is no weight change during flight, and 
consequently no change in the centre of gravity, excellent motor efficiency over wide operation 
ranges, simpler system architecture and reduced complexity (reduction of parts and especially 
reduction of rotating parts). The main challenges are the thermal control of all power electric 
components, the magnetic fields including the electromagnetic compatibility (EMC) and 
electromagnetic interference (EMI) issues, and insulation problems for higher voltage.  

Based on present technology, electric aircrafts are limited to short range and short flight 
applications, such as training or commuter aircrafts engine [11-14]. Promising examples of these 
aircrafts are Pipistrel Velis Electro [15,16], Eviation Alice [17,18] and Heart ES-30 [19,20]. Pipistrel 
Velis Electro [15] is a two-seater aircraft for pilot training. It is the world’s first and currently only in 
service, commercially available, type-certified electric aircraft, having achieved EASA type-
certification in 2020 and UK CAA certification in 2022. It has a cruise speed of 90 kts (nautical miles 
per hour), a 50 minutes flight time with additional reserve time and a flight range of about 65 nm 
(nautical miles). Eviation Alice aircraft [17,18] is a commuter aircraft for 9 passengers with a range of 
250 nm and a cruise speed of 260 kts. It is currently in testing phase with many purchase orders and 
a scheduled in-service date of 2027.  Heart ES-30 [19,20] is a transport aircraft for 30 passengers with 
a range of 190 nm and a cruise speed of 190 kts. It is in testing phase with many purchase orders and 
a scheduled in-service date of 2028.  

Electric aircraft range is usually predicted considering only cruise phase of flight [21-23]. Relative 
to other flight phases, cruise consumes most of the energy. For long-range aircraft, energy 
consumption during take-off and climb has a minor contribution to total energy consumption. Hence, 
neglecting these phases is acceptable. On the contrary, climb phase contributions should not be 
neglected for short-range aircraft. In this work, range is predicted by considering a flight mission that 
consists of take-off, climb, cruise, descent and landing [24]. The steady flight longitudinal equations 
of motion are solved for climb, cruise and descent phases while energy consumption during take-off 
and landing phases are estimated. Electric propulsion components are modelled. The modelling 
allows for battery voltage and current variation during flight mission. Range and flight time are 
predicted for Pipistrel Velis Electro aircraft. Different cruise altitudes are considered. Results are 
assessed against the values obtained utilizing Breguet range equation. Consequently, battery 
capacity-payload-range charts are explored for possible battery capacity options.   

 
2. Methodology  

 
This section describes the methodology for electric aircraft modelling and simulation. This 

includes flight mission description, the solution of longitudinal equation of motion for steady flight 
and propulsion system modelling. Figure 1 shows MATLAB Simulink model.  Mission profile block is 
dedicated to the specification of the flight mission. Standard atmosphere properties are obtained in 
Environment block.  Aircraft equation of motion is solved in Aircraft block. Power Subsystem block is 
allocated for propulsion system modelling. Modelling details are explained in the following 
subsections. 
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Fig. 1. Electric aircraft modelling in MATLAB [25] 

 
2.1 Flight Mission  

 
Aircraft is assumed to fly in a longitudinal plane. Simulation starts by assuming flight mission that 

consists of take-off, steady climb, cruise, steady descent and landing phases. Flight mission 
parameters are total travelled distance and flight phases parameters as shown in Table 1.  

 
Table 1 
Flight mission parameters 
 Phase Parameters 
Take-off Take-off altitude and duration 
Climb Climb rate and velocity 
Cruise Cruise altitude and velocity  
Descent Descend rate and velocity 
Landing Landing altitude  

 
2.2 Aircraft Equations of Motion 

 
For a steady flight in a vertical plane without rolling, the longitudinal equations of motion are 

[24,26]: 
 
𝐿 + 𝑇 sin 𝛼 −𝑊 cos 𝛾 = 0             (1) 
 
𝑇	𝑐𝑜𝑠	𝛼 − 𝐷 −𝑊	𝑠𝑖𝑛	 𝛾 = 0             (2) 

 
where 𝐿 is lift force, 𝐷 is drag force, 𝑊 is aircraft weight,  𝑇  is thrust force,  𝛾  is flight path angle and 
α is angle of attack. 
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Aircraft aerodynamic forces are defined as 
 
𝐿 = !

"
	𝜌#	𝑉#"	𝑆	𝐶$              (3) 

 
𝐷 = !

"
	𝜌#	𝑉#"	𝑆	𝐶%              (4) 

 
𝐶$ = 𝐶$& +

'(!
')
	𝛼              (5) 

 

𝐶% = 𝐶%& +
(!
"

*	,-	.
              (6) 

 
where 𝜌# is density, 𝑉# is flight velocity, 𝑆 is wing area, 𝐶% is drag coefficient, 𝐶$ is lift coefficient, 
𝐶$&	 is lift coefficient when 𝛼 = 0,  𝐶%& is drag coefficient when 𝐶$ = 0, 𝐴𝑅 is wing aspect ratio, and 𝑒 
is Oswald efficiency factor. 

Eq. (1) to Eq. (6) represent a nonlinear system of equations in nine variables. Since flight mission 
is specified, 𝛾, 𝜌#	and  𝑉# are known. Subsequently, the six equations can be solved to work out the 
six variables (𝐿, 𝐷, 𝑇, 𝐶$ , 𝐶%, 𝛼) [27].  This procedure is applicable to steady flight phases, i.e., climb, 
cruise and descent. Since take-off and landing phases have minor contribution to total travel distance 
and total energy consumption, no attempt is made to solve unsteady equation of motion. Instead, 
estimates of energy consumption during these phases are used. Finally, flight trajectory is obtained 
by integrating aircraft velocity. 

 
2.3 Propulsion System 
2.3.1 Propeller 

 
Propeller is modelled using propeller efficiency (𝜂/) which is given by 

 
𝜂/ =	

0#
0$

               (7) 

 
where 𝑃1 is available power or thrust power and 𝑃2 is shaft power delivered to propeller from motor. 
Typical values for 𝜂/ are assumed. Solving equation of motion, available power (𝑃1) is known and Eq. 
(7) is used to obtain 𝑃2. 

 
2.3.2 Electric motor 

 
Electric motor is modelled as a brushless motor with closed-loop torque control based on a typical 

torque-speed envelope [28]. Knowing required shaft power (𝑃2), motor reference rpm is used to 
calculate required motor torque.  Hence, motor rpm is obtained from torque-speed envelope. 

 
2.3.3 Battery 

 
Battery is modelled using equivalent circuit approach where Voltage (𝑉) is a function of charge 

and has the following relationship: 
 
𝑉 = 𝑉& 	 @

34(
!56(!534()

A              (8) 
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where 𝑉& is nominal voltage, SOC is battery state of charge and 𝛽 is a constant used to adjust battery 
model to satisfy a specified measured operation point (voltage, Ampere-Hours) [29]. 

 
3. Results  

 
Pipistrel Velis Electro is used as a reference aircraft for this study. It is the first certified electric 

aircraft for pilot training purposes. In section 3.1, aircraft range and flight time are investigated for 
different cruise altitudes. Then, results are compared with the prediction using Breguet equation. In 
section 3.2, the aircraft is modified by changing battery capacity and maximum payload while 
maintaining maximum take-off weight (MTOW). Consequently, battery capacity-payload-range 
charts are explored.  

 
3.1 Aircraft Range  

 
Table 2 presents technical details of Pipistrel Velis Electro [15,16]. The aircraft has a MTOW of 

1320 lbm and a maximum payload of 378 lbm. It can accommodate two persons. Cruise speed ranges 
from 90 kts (46 m/s)  to 106 kts (55 m/s) . Endurance is up to 50 minutes and ceiling is 12000 feet 
(3660 m). It is equipped with one electric motor (maximum power = 57.6 kW), one propeller and two 
liquid-cooled lithium batteries with total battery power rating of 24.5 kWh. Using two batteries 
connected in parallel allows for better mass balance of the aircraft (one battery at front and another 
one at back) and improves reliability.  Battery specific energy is 0.69 MJ/kg. Aerodynamic parameters 
(𝐶%&, 𝐶$&, '(!

')
, 𝑒) and propeller efficiency are assumed using typical values for light propeller aircraft 

[30].   
 

Table 2  
Pipistrel Velis Electro Specifications 
Parameter Description 
Empty weight with battery 942 lbm (427 kg) 
Payload 378 lbm (172 kg) 
Max take-off weight (MTOW) 1320 lbm (599 kg) 
Electric motor Pipistrel E-811, 57.6 kW MTOP at 2500 rpm 
Battery 300 lbm (136 kg), 26 kWh (100 Ah), 348 V (max)   
Propeller efficiency 0.85  
Wing area 102 .4 ft2 (9.51 m2) 
Wing span 35.1 ft (10.71 m) 
Aspect ratio 12.04 
Drag coefficient at zero lift (𝐶%&) 0.02 
Lift coefficient at zero angle of attack (𝐶'&) 0.2 
Wing lift slope (()!

(*
)  0.1 per degree 

Oswald efficiency (𝑒) 0.8   
Cruising speed 90 kts (46 m/s) 
Stall without flaps 51 kts (26 m/s) 
Best climb speed 75 kts (39 m/s) 
Max climb rate 647 ft/min (3.3 m/s) 
Service ceiling 12000 ft (3660 m) 
Endurance  up to 50 minutes plus Visual Flight Rule (VFR) reserve   
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3.1.1 Cruise altitude of 1500 ft  
 
Flight mission is demonstrated in Table 3. For take-off, energy consumption is estimated to be 

equivalent of one minute of cruise energy consumption [24]. For landing, engine is assumed to be off 
after touch down. Both climb rate and descent rate are assumed to be 500 fpm. As stated in aircraft 
specifications, endurance is up to 50 minutes plus VFR reserve. To determine reserve fuel (reserve 
battery energy), we refer to EASA certification requirement [31]. EASA requires that the reserve fuel 
must be enough for the aircraft to fly at altitude 1500 ft (458 m) for 30 minutes with a cruise speed 
of 90 kts (46 m/s). Considering typical Lithium batteries efficiency, the final state of charge is limited 
to 0.1.  

 
Table 3 
Flight mission for cruise altitude of 1500 ft  
 Phase Description 
Take-off Altitude = 0 ft, duration = 60 seconds 
Steady climb Climb rate = 500 ft/min, velocity 75 kts 
Cruise Altitude = 1500 ft, velocity = 90 kts  
Steady descent Descent rate = 500 ft/min, velocity 85 kts 
Landing Altitude = 0 ft, power off after touch down 

 
Figure 2 shows battery status for a flight mission when the final SOC is 0.1. This corresponds to 

total delivered battery energy of 25 kWh (battery efficiency = 0.96 ) and a range of 109 nm. To 
maintain VFR reserve, 30 minutes are reserved as shown in Figure 2. This corresponds to a reserve 
SOC of 0.54, which is used as a stopping criterion for simulation to uphold VFR reserve policy.  

 

 
Fig. 2. Battery status during mission (cruise altitude = 1500 ft, cruise velocity = 90 kts, total distance = 
109 nm) 
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Retaining VFR reserve policy, the range is predicted as 63 nm and flight time is 43 minutes as 
shown in Figure 3. Referring to  

Table 2, endurance up to 50 minutes is claimed. Although, no range data is given by manufacture, 
an estimate of maximum possible range is 90 kts x 50/60 = 75 nm. Both predicted range and flight 
time are consistent with aircraft published data. A propulsive power of 15.52 kW is required during 
cruise flight while climb requires 27.5 kW. The total consumed propulsive energy is 11.25 kWh.  
 

 
Fig. 3. Propulsive power and energy during flight mission (cruise altitude = 1500 ft, cruise 
velocity = 90 kts, total distance = 63 nm) 

 
Battery status is presented in Figure 4. The final state of charge is 0.54 as required for VFR reserve. 

Higher current is demanded during climb indicating higher required power compared with cruise 
condition. Battery delivered power is 20 kW during cruise and approximately 34 kW during climb. 
Total battery supplied energy during mission is 14.58 kWh. Using average propulsive power and 
average battery supplied power, the overall efficiency of propulsion system is estimated as 0.77 (in 
agreement with typical values for electric propulsion systems [21,32]). 
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Fig. 4. Battery status during flight mission (cruise altitude = 1500 ft, cruise velocity = 90 
kts, total distance = 63 nm) 

 
3.1.2 Cruise altitude of 6000 ft 

 
Cruise altitude is changed to 6000 ft (1830 m), while all other mission parameters are maintained 

(refer to Table 3). Propulsive power and energy are presented in Figure 5. Predicted range is 64 nm 
and flight time is 46 minutes. More time is needed compared with flight mission for cruise altitude 
of 1500 ft because of longer climb time. Compared with flight mission for cruise altitude of 1500 ft, 
aircraft consumes more power during climb and less power during cruise. Propulsive power is 14.74 
kW for cruise and 26.65 kW for climb. Total consumed propulsive energy during mission is 10.83 kWh.   
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Fig. 5. Propulsive power and energy during flight mission (cruise altitude = 6000 ft, cruise 
velocity = 90 kts, total distance = 64 nm) 

 
Battery status during mission is shown in Figure 6. Final SOC is 0.54 as required for reserve flight 

time. Battery supplied power is 19.76 kW during cruise and 33.77 kW during climb. Total energy 
withdrawn from battery is 14.3 kWh. Thus, range is slightly affected by changing cruise altitude. One 
important advantage of electric propulsion is that altitude has minimal effect on its performance. 
Conventional engine for propeller aircraft, such as internal combustion engine or jet engine, relies on 
air for combustion process. Consequently, engine shaft power delivered to propeller decreases as 
altitude increases. When altitude changes, optimum propeller efficiency can be maintained by 
adjusting cruise speed and propeller rotational speed (as long as tip speed does not reach supersonic 
speed). This results in lower propulsive efficiency as altitude increases. For electric propulsion, 
battery replaces combustion process as the source of energy. Theoretically, battery delivers the same 
amount of energy regardless of altitude. Hence, propulsive efficiency is relatively constant across a 
wide range of altitudes.  
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Fig. 6. Battery status during flight mission (cruise altitude = 1500 ft, cruise 
velocity = 90 kts, total distance = 64 nm) 

 
3.1.3 Comparison with Breguet range equation  

 
The range (𝑅) for electric aircraft can be predicted using Breguet equation [21]. 

 
𝑅 = $/%

:;4<
		𝑚=	𝑒=		𝜂>?.@1AA              (9) 

 
where  𝑚= is battery mass, 𝑒=  is battery specific energy, 𝜂>?.@1AA  is overall efficiency of electric 
propulsion system including battery efficiency. 

To consider VFR reserve, a 45 nm (30-minute cruise flight at 90 kts) is subtracted from range 
calculated using Eq. (9). The comparison between present method and Breguet equation is depicted 
in Table 4. Difference increases as altitude increases. For higher cruise altitude missions, climb 
represents larger portion of the flight mission. When compared to cruise flight, climbing requires 
greater power and a longer period of time. Because the Breguet equation is based solely on cruise 
flight, it overestimates range as altitude increases. 

 
Table 4  
Comparison with Breguet equation 
Cruise altitude (ft) Range (nm)  Difference (%) 

Present method Breguet equation  
1500  63 67 6.35 
6000  64 72 12.5 
12000  63 78 23.8 
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3.2 Battery Capacity-Payload-Range Charts 
 
In this section, we explore the attainable range for different battery capacity-payload 

combinations. While battery and payload exchange masses, the aircraft's MTOW is maintained. 
Reserve battery energy of 54 Ah (10.5 kWh) is maintained for all flight simulations to ensure 
satisfaction of VFR reserve. 

 
3.2.1 Present battery technology 

 
Battery specific energy is 0.69 MJ/kg and battery mass is assumed to change linearly with the 

change in battery capacity. The total mass of the battery and payload is kept fixed in order to maintain 
the same MTOW. It is assumed that aircraft internal volume can accommodate mass exchange 
between battery and payload. Figure 7 presents battery capacity-payload-range (BC-P-R) chart for 
the modified aircraft at cruise altitude of 1500 ft. “Overweight” designates unfeasible area of the 
graph because take-off weight is higher than MTOW of the aircraft. Line ab represents payload-range 
variations using original battery (100 Ah). The airplane at a has a maximum range of 68.5 nm for only 
one occupant, the pilot.  Point b corresponds to maximum payload (378 lbm) with range of 63 nm. 
Line cd represents payload-range combinations for MTOW using different battery capacities. Thus, 
line cd and area below represent the locus of possible (BC-P-R) combinations, if battery is changed 
and MTOW is maintained.  

 

 
Fig. 7. Battery capacity-payload-range chart for Pipistrel Velis Electro aircraft (cruise altitude 
= 1500 ft, cruise velocity = 90 kts) 

 
Payload-range diagram for selected battery capacities (100 Ah, 120 Ah and 140 Ah) is 

demonstrated in Figure 8. As battery capacity increases, range increases, and payload decreases since 
the total mass is maintained.  
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Fig. 8. Payload-range diagram for Pipistrel Velis Electro aircraft for 
selected battery capacities (current battery technology, cruise 
altitude = 1500 ft, cruise velocity = 90 kts) 

 
Table 5 summarizes few possible BC-P-R combinations for the modified aircraft. With just the 

pilot aboard, the range may be extended to 150 nm by increasing the battery capacity to 166 Ah. A 
battery capacity of 80 Ah would increase maximum payload to be 438 lbm (not enough to fit a third 
person), while the range decreases to 35 nm. Ranges for battery capacity under 80 Ah are deemed 
impractical. 

 
Table 5  
Battery capacity-payload-range mapping for Pipistrel Velis Electro 
aircraft 

Battery Capacity (Ah) Maximum Payload (lbm) Range (nm) 
Minimum  Maximum 

80  438 35 40 
100  378 63 70 
120 318 90 95 
140 258 115 119 
166 180 150 150 

 
3.2.2 Future battery technology 

 
To investigate the effect of expected advancement in battery technology, battery specific 

energy is doubled to be 1.38 MJ/kg (projected to be achievable by 2030’s [21,33-35]). The flight 
mission is the same as in  

Table 2. The updated BC-P-R chart is presented in Figure 9. Maximum possible payload is 560 and 
maximum possible battery capacity is 332 Ah. 
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Fig. 9. Battery capacity-payload-range chart for Pipistrel Velis Electro aircraft 
future battery technology (future battery technology, cruise altitude = 1500 ft, 
cruise velocity = 90 kts) 

 
Figure 10 shows payload-range diagram for selected battery capacities (100 Ah, 150 Ah, 200 Ah, 

250 Ah).  
 

 
Fig. 10. Payload-range diagram for Pipistrel Velis Electro 
aircraft for selected battery capacities (future battery 
technology, cruise altitude = 1500 ft, cruise velocity = 90 kts) 

 
Few possible BC-P-R combinations are listed in Table 6. Replacing the old battery (100 Ah) with a 

new one with double the capacity would increase range by 130 nm (87-minute extra flight time). A 
maximum payload of 560 lbm is now possible with a battery capacity of 80 Ah and a range of 35 nm.  
This design can accommodate three persons.  Using a 332 Ah battery and a payload of one person, 
the maximum range increases to 363 nm. With advancements in battery technology, battery-
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powered aircraft will be able to fly longer distances, stay aloft for longer periods, and carry larger 
loads. BC-P-R charts can be used to explore possible battery options for electric aircraft. 
 

Table 6  
Battery capacity-payload-range mapping for Pipistrel Velis Electro 
aircraft employing future battery technology 

Battery Capacity (Ah) Maximum Payload (lbm)  Range (nm) 
  Minimum  Maximum 

80 560 35 40 
100  528 63 70 
150  453 129 142 
200 378 193 210 
250 303 255 269 
332 180 363 363 

 
4. Conclusions 

 
Electric aircraft range and flight time are assessed using longitudinal equations of motion. The 

method includes electric propulsion components modelling. Range and flight time are predicted for 
Pipistrel Velis Electro aircraft.  Results are consistent with the aircraft's published data. Different 
battery capacities are investigated for plausible design modification. Battery capacity-payload-range 
charts are developed for the aircraft.  With just the pilot aboard, the range may be extended to 150 
nm by increasing the battery capacity to 166 Ah. BC-P-R charts are created for twice the original 
battery specific energy to examine how the expected evolution in battery technology will affect the 
aircraft range. Doubling battery specific energy would increase aircraft range to 193 nm (130-minute 
flight time). Other feasible options are a three-person payload and a 363 nm maximum range for one 
person. 
 
Acknowledgement 
This research was funded by International Islamic University Malaysia. 
 
References 
[1] Ahmad, Zishan, Mohammad Junaid Khan, and Md Naqui Akhtar. "A Critical Review of Hybrid Electric 

Vehicles." Journal of Advanced Research in Applied Sciences and Engineering Technology 29, no. 1 (2022): 283-294. 
https://doi.org/10.37934/araset.29.1.283294 

[2] Abd Aziz, Mohd Azri, Mohd Saifizi Saidon, Muhammad Izuan Fahmi Romli, Siti Marhainis Othman, Wan Azani 
Mustafa, Mohd Rizal Manan, and Muhammad Zaid Aihsan. "A review on BLDC motor application in electric vehicle 
(EV) using battery, supercapacitor and hybrid energy storage system: efficiency and future prospects." Journal of 
Advanced Research in Applied Sciences and Engineering Technology 30, no. 2 (2023): 41-59. 
https://doi.org/10.37934/araset.30.2.4159 

[3] Idres, Moumen, Ahmad Hazwan Mohd Nizum, Wan Muhammad Adam Wan Mohamad Fathi, and Mohamed 
Okasha. "Optimization of Fuel Economy for a Multimode Plug-in Hybrid Electric Vehicle using Atkinson 
Thermodynamic Cycle Engine." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 93, no. 2 
(2022): 148-159. https://doi.org/10.37934/arfmts.93.2.148159 

[4] M. Idres and M. Okasha. "Optimization of driving mode switching strategy for a multimode plug-in hybrid electric 
vehicle." International Journal of Recent Technology and Engineering 7, no. 6 (2019): 44-47. 
https://www.ijrte.org/wp-content/uploads/papers/v7i6s/F02120376S19.pdf  

[5] Hileman, James I., Russell W. Stratton, and Pearl E. Donohoo. "Energy content and alternative jet fuel 
viability." Journal of propulsion and Power 26, no. 6 (2010): 1184-1196. https://doi.org/10.2514/1.46232 

[6] Fredericks, William L., Shashank Sripad, Geoffrey C. Bower, and Venkatasubramanian Viswanathan. "Performance 
metrics required of next-generation batteries to electrify vertical takeoff and landing (VTOL) aircraft." ACS Energy 
Letters 3, no. 12 (2018): 2989-2994. https://doi.org/10.1021/acsenergylett.8b02195 

https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.37934/araset.30.2.4159
https://doi.org/10.37934/arfmts.93.2.148159
https://www.ijrte.org/wp-content/uploads/papers/v7i6s/F02120376S19.pdf
https://doi.org/10.2514/1.46232
https://doi.org/10.1021/acsenergylett.8b02195


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 50, Issue 2 (2025) 155-170 

169 
 

[7] Krause, Frederick C., John-Paul Jones, Simon C. Jones, Jasmina Pasalic, Keith J. Billings, William C. West, Marshall C. 
Smart, Ratnakumar V. Bugga, Erik J. Brandon, and Mario Destephen. "High specific energy lithium primary batteries 
as power sources for deep space exploration." Journal of the Electrochemical Society 165, no. 10 (2018): A2312. 
https://doi.org/10.1149/2.1061810jes 

[8] Park, Jun-Woo, Seong-Chan Jo, Min-Ju Kim, Ik-Hyeon Choi, Byung Gon Kim, You-Jin Lee, Hae-Young Choi, Sung Kang, 
TaeYoung Kim, and Kang-Jun Baeg. "Flexible high-energy-density lithium-sulfur batteries using nanocarbon-
embedded fibrous sulfur cathodes and membrane separators." NPG Asia Materials 13, no. 1 (2021): 30. 
https://doi.org/10.1038/s41427-021-00295-y 

[9] Staack, Ingo, Alejandro Sobron, and Petter Krus. "The potential of full-electric aircraft for civil transportation: from 
the Breguet range equation to operational aspects." CEAS Aeronautical Journal 12, no. 4 (2021): 803-819. 
https://doi.org/10.1007/s13272-021-00530-w 

[10] Adu-Gyamfi, Bright Appiah, and Clara Good. "Electric aviation: A review of concepts and enabling 
technologies." Transportation Engineering 9 (2022): 100134. https://doi.org/10.1016/j.treng.2022.100134 

[11] Schwab, Amy, Anna Thomas, Jesse Bennett, Emma Robertson, and Scott Cary. Electrification of aircraft: Challenges, 
barriers, and potential impacts. No. NREL/TP-6A20-80220. National Renewable Energy Lab.(NREL), Golden, CO 
(United States), 2021. https://doi.org/10.2172/1827628 

[12] Hospodka, Jakub, Helena Bínová, and Stanislav Pleninger. "Assessment of all-electric general aviation 
aircraft." Energies 13, no. 23 (2020): 6206. https://doi.org/10.3390/en13236206 

[13] Jansen, Ralph H., Cheryl L. Bowman, Sean Clarke, David Avanesian, Paula J. Dempsey, and Rodger W. Dyson. "NASA 
electrified aircraft propulsion efforts." Aircraft Engineering and Aerospace Technology 92, no. 5 (2020): 667-673. 
https://doi.org/10.1108/AEAT-05-2019-0098 

[14] Brelje, Benjamin J., and Joaquim RRA Martins. "Electric, hybrid, and turboelectric fixed-wing aircraft: A review of 
concepts, models, and design approaches." Progress in Aerospace Sciences 104 (2019): 1-19. 
https://doi.org/10.1016/j.paerosci.2018.06.004 

[15] Pipistrel by Textron eAviation. “Velis Electro.”  (2023). https://www.pipistrel-aircraft.com/products/velis-electro  
[16] Wikipedia. “Pipistrel Velis Electro.” (2023). https://en.wikipedia.org/wiki/Pipistrel_Velis_Electro  
[17] Eviation. “Eviation Alice.” (2023). https://www.eviation.com/aircraft  
[18] Wikipedia. “Eviation Alice.”  (2023). https://en.wikipedia.org/wiki/Eviation_Alice  
[19] Heart Aerospace. “Heart ES-30.” (2023). https://heartaerospace.com/es-30  
[20] Aviation Week. “Advanced Air Mobility.” https://aviationweek.com/aerospace/advanced-air-mobility/heart-

aerospace-es-30  
[21] Mukhopadhaya, Jayant, and Brandon Graver. "Performance analysis of regional electric aircraft." International 

Council of Clean Transportation white paper (2022). 
[22] Traub, Lance W. "Range and endurance estimates for battery-powered aircraft." Journal of Aircraft 48, no. 2 (2011): 

703-707. https://doi.org/10.2514/1.C031027 
[23] Avanzini, Giulio, and Fabrizio Giulietti. "Maximum range for battery-powered aircraft." Journal of Aircraft 50, no. 1 

(2013): 304-307. https://doi.org/10.2514/1.C031748 
[24] Palaia, Giuseppe, and Karim Abu Salem. "Mission performance analysis of hybrid-electric regional 

aircraft." Aerospace 10, no. 3 (2023): 246. https://doi.org/10.3390/aerospace10030246 
[25] Version, M. A. T. L. A. B. "9.8. 0.1323502 (R2020a), The Mathworks." Inc., Natick, Massachusetts (2020). 
[26] Stevens, Brian L., Frank L. Lewis, and Eric N. Johnson. Aircraft control and simulation: dynamics, controls design, 

and autonomous systems. John Wiley & Sons, 2015. https://doi.org/10.1002/9781119174882 
[27] Garza, Frederico R., and Eugene A. Morelli. A collection of nonlinear aircraft simulations in matlab. No. L-18259. 

2003. 
[28] The MathWorks Inc. “Motor & Drive (System Level): Generic motor and drive with closed-loop torque control.” The 

MathWorks, Natick, MA (2023). https://www.mathworks.com/help/sps/ref/motordrivesystemlevel.html 
[29] The MathWorks Inc. “Battery: Behavioral battery model.” Natick, Massachusetts, United States (2023). 

https://www.mathworks.com/help/sps/ref/battery.html  
[30] Gudmundsson, Snorri. General aviation aircraft design: Applied Methods and Procedures. Butterworth-Heinemann, 

2013. 
[31] European Union Aviation Safety Agency (EASA). “AMC1 NCO.OP.125(b) Fuel/energy and oil supply — aeroplanes 

and helicopters.” (2022). https://www.easa.europa.eu/en/downloads/136242/en  
[32] Ma, Shaohua, Shuli Wang, Chengning Zhang, and Shuo Zhang. "A method to improve the efficiency of an electric 

aircraft propulsion system." Energy 140 (2017): 436-443. https://doi.org/10.1016/j.energy.2017.08.095 
[33] Bills, Alexander, Shashank Sripad, William Leif Fredericks, Madalsa Singh, and Venkatasubramanian Viswanathan. 

"Performance metrics required of next-generation batteries to electrify commercial aircraft." ACS Energy Letters 5, 
no. 2 (2020): 663-668. https://doi.org/10.1021/acsenergylett.9b02574 

https://doi.org/10.1149/2.1061810jes
https://doi.org/10.1038/s41427-021-00295-y
https://doi.org/10.1007/s13272-021-00530-w
https://doi.org/10.1016/j.treng.2022.100134
https://doi.org/10.2172/1827628
https://doi.org/10.3390/en13236206
https://doi.org/10.1108/AEAT-05-2019-0098
https://doi.org/10.1016/j.paerosci.2018.06.004
https://www.pipistrel-aircraft.com/products/velis-electro
https://en.wikipedia.org/wiki/Pipistrel_Velis_Electro
https://www.eviation.com/aircraft
https://en.wikipedia.org/wiki/Eviation_Alice
https://heartaerospace.com/es-30
https://aviationweek.com/aerospace/advanced-air-mobility/heart-aerospace-es-30
https://aviationweek.com/aerospace/advanced-air-mobility/heart-aerospace-es-30
https://doi.org/10.2514/1.C031027
https://doi.org/10.2514/1.C031748
https://doi.org/10.3390/aerospace10030246
https://doi.org/10.1002/9781119174882
https://www.mathworks.com/help/sps/ref/motordrivesystemlevel.html
https://www.mathworks.com/help/sps/ref/battery.html
https://www.easa.europa.eu/en/downloads/136242/en
https://doi.org/10.1016/j.energy.2017.08.095
https://doi.org/10.1021/acsenergylett.9b02574


Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 50, Issue 2 (2025) 155-170 

170 
 

[34] Placke, Tobias, Richard Kloepsch, Simon Dühnen, and Martin Winter. "Lithium ion, lithium metal, and alternative 
rechargeable battery technologies: the odyssey for high energy density." Journal of Solid State Electrochemistry 21 
(2017): 1939-1964. https://doi.org/10.1007/s10008-017-3610-7 

[35] Gallagher, Kevin G., Steven Goebel, Thomas Greszler, Mark Mathias, Wolfgang Oelerich, Damla Eroglu, and Venkat 
Srinivasan. "Quantifying the promise of lithium–air batteries for electric vehicles." Energy & Environmental 
Science 7, no. 5 (2014): 1555-1563. https://doi.org/10.1039/c3ee43870h 

https://doi.org/10.1007/s10008-017-3610-7
https://doi.org/10.1039/c3ee43870h

