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Abstract 

Passenger jet airplane propulsion systems are today dominated by turbo-jet engines that burn fossil 

fuels. The unsustainability of this is a concern both from an economic and environmental point of 

view. This research identifies the limiting factors in achieving to build a compelling battery-electric 

passenger jet airplane, and predict the range that can be achieved today and in the foreseeable 

future.  

A literature study was performed to find the necessary performance data for all technical 

components. To analyze the performance of an electric propulsion system, the Boeing 787-8 was 

chosen as a reference and comparison. Piano-X, a program used for simulating the performance of 

different aircrafts under different conditions was then used to get data for fuel consumption and 

performance data for the airplane.  

The gravimetric energy density of the batteries was found to be the greatest limiting factor. Electric 

motors and power electronics were found to have about the same performance as a modern turbo-

fan engine in terms of gravimetric power density. The results also showed that with today’s batteries, 

that present an energy density of 250 Wh/kg, the range is limited to about 600 km, assuming a 40% 

cell-mass-fraction and 25% improvement in flight efficiency.  

In conclusion, the challenge in creating a compelling all-electric passenger jet airplane is a big one, 

but not impossible. Assuming battery technology continues to improve at current rate, and design 

optimizations are done to the airplanes, a range over 1400 km seems to be possible within the next 

decade.  
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Sammanfatting 

Passagerarflygplans framdrivningssystem är idag dominerat av turbo-jetmotorer som använder sig av 

fossila bränslen. Denna icke hållbara lösning är ett bekymmer både ur en ekonomisk och en 

miljömässig synvinkel. Denna forskningsstudie identifiera de begränsande faktorerna för att uppnå 

tillverkning och användningen av elektriska passagerarflygplan med hjälp av batteri, och förutsäga 

omfånget som går att uppnås i dag och inom överskådlig framtid. 

En litteraturstudie genomfördes för att hitta nödvändiga prestanda-data för alla tekniska 

komponenter. För att analysera resultatet av ett elektriskt framdrivningssystem, var Boeing 787-8 

valts som en referens och en jämförelse. Piano-X är ett program som används för att simulera 

prestanda hos olika flygplan under olika förhållanden. Detta program användes för att få uppgifter 

om bränsleförbrukning och för att få fram prestanda-data för flygplanet. 

Den gravimetriska energi-densiteten hos batterierna upptäcktes att vara den störst begränsande 

faktorn. Elektriska motorer och kraftelektronik befanns sig ha ungefär samma prestanda som en 

modern turbo-fläktmotor, i befattning av gravimetrisk effekttäthet. Resultaten visade att med 

dagens batterier, som har en energitäthet av 250 Wh/kg, är räckvidden begränsad till ca 600 km, 

med antagande av en 40 % cellmassfraktion och 25 % förminskning av total energiåtgång under 

flygning. 

Sammanfattningsvis är utmaningen i att skapa en övertygande hel-elektrisk passagerarflygplan stor, 

men inte omöjligt. Förutsatt att batteriteknologin fortsätter att förbättras i nuvarande takt, och 

designoptimeringar görs för flygplanen, är en räckvidd över 1400 km möjligt inom de närmaste tio 

åren. 
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1 Introduction 

The introduction describes the background, broad goals and the overall approach taken in this work. 

1.1 Background 

Transportation systems on our planet have been dependent on fossil fuels for over a hundred years. 

This energy resource has been so plentiful, cheap and energy-dense that for a long time the benefits 

of this fuel have outweighed the drawbacks (Environmental and Energy Study institute, 2016). Over 

the last decade however, the negative impacts of fossil fuels have become more apparent because of 

increased cost of extraction, pollution and the threat of global warming (Environmental and Energy 

Study institute, 2016). This has spurred the development of new and improved technologies within 

energy storage, energy transformation and alternative propulsion technologies. 

Electric propulsion has for many years been held back by the available energy storage technology. 

Batteries have had too low energy density, power density, and too high cost. The improvement and 

cost reduction in battery technology over the last few decades has made it possible for road 

transport vehicles to start a transition to electric propulsion systems. An airplane however has higher 

requirements than cars in terms of energy density and power density. Electrifying air transport is 

therefore a much bigger challenge. 

Electric motors and especially power electronics have also improved over the last few decades, both 

in terms of power density and efficiencies. Because airplanes are highly sensitive to increases in 

weight, these drivetrain components could in spite of this still be a limiting factor for the 

performance of a hypothetical electric passenger jet airplane.  

1.2 Broad Goals 

The goal of this master thesis was to evaluate the feasibility for passenger jet airplanes to use 

battery-electric jet propulsion with current technology, as well as in the foreseeable future. The 

following questions were answered: 

 Is current technology in electric propulsion good enough to build an electric passenger jet 
airplane? 

 If not, what components specifically, need improvements to make it feasible? 

 What range can be achieved with current technology? 

 What range can be achieved in the foreseeable future with expected technology 
improvements? 
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1.3 Approach 

To be able to answer the questions stated, a literature study on some key areas was needed. Current 

performance metrics and future trends in the following were gathered. 

 Turbofan engines 

 Electric motors 

 Power electronics 

 Batteries 

 Electric Ducted Fans (EDFs) 

 Passenger Jet Airplane design 

 Electric propulsion airplanes 
 

After these performance metrics were gathered, the limiting factors in electric propulsion was known 

well enough to do a comparative study between an electric propulsion system and a conventional 

turbofan propulsion system. A precise method for doing a comparative study was then developed 

and described in chapter 3. 
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2 Literature study 

A literary study was made to get a deeper understanding of passenger jet airplane design, 

developments in electric propulsion for airplanes, electric ducted fans, and energy storage 

technology.  

2.1 Passenger jet airplane design 

A modern passenger jet airplane was chosen as a reference. The Boeing 787-8 Dreamliner was found 

to be the best fit for this study because of the modern construction and the availability of needed 

performance specifications as well as the data files for simulating flights in Piano-X. 

2.1.1 Weight Distribution 

Weight data on the Boeing 787-8 was gathered so that an understanding of how much weight can be 

reserved for energy storage could be estimated. The main thing to notice about the weight 

distribution, Figure 1, is that the weight of the airplane decreases as the airplane burns fuel 

throughout the flight. 

 

 

Figure 1 - Weight distribution in a Boeing 787-8 

 

The 787-8 has a maximum take-off weight of 228 tons, and a maximum landing weight of 172 tons. 

The longer version that has the same wing area, the 787-9, has a maximum take-off weight (MTOW) 

and maximum landing weight (MLW) of 254 and 193 tons respectively, (Flugzeuginfo, 2016). 

To maximize the energy storage capacity of the airplane, the total weight will have to be maximized 

as well. In a battery-electric airplane that is the same as the take-off weight and landing weight since 

no fuel is leaving the plane in the flight. Since the 787-9 can handle 193 tons and has the same wing 
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area, assuming that can be pushed to 200 tons on the 787-8 with some minor optimizations is not an 

unreasonable assumption. 

2.1.2 Performance 

Range performance data was gathered on the Boeing 787-8, Figure 2, showing how the maximum 

range depends on the payload weight. A standard payload weight is roughly 21 tons, giving a range 

of 13600 km. 

 

 

Figure 2 - Range vs payload weight 

 

2.2 Developments in electric propulsion for airplanes 

Some research was devoted to finding existing designs for electric passenger jet airplanes.  

In 2011, EADS presented an all-electric transport concept platform called the Voltair, Figure 3. In this 

research this was found to be the only fully electric design presented by a large company.  The design 

of the plane has been optimized for electric propulsion, making it more aerodynamic and increasing 

the propulsive efficiency by placing the electric fan at the tail of the aircraft, Figure 5, using contra-

rotating fans, as well as designing the wing to have a high share of laminar flow, (Voltair, 2011).  
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Figure 3 - EADS Voltair 

The electric motors in this design use superconducting materials to achieve a high enough power 

density. Even the transmission cables from the battery to the motors use superconductivity to keep 

the weight of the cables down, Figure 4. The batteries in this design are said to be next generation 

lithium batteries of either lithium-air or lithium-sulfur type. Energy densities of 750-1000 Wh/kg are 

mentioned, (Voltair, 2011). 

 

 

Figure 4 - EADS Voltair with description of parts 

 

The new design results in an estimated 25 % reduction in propulsion energy consumption compared 

to a conventional turbo-prop design (Voltair, 2011). This would indicate an even higher potential for 

improvement compared to a turbo-fan design, although with a lower flight speed. 
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2.3 Turbofan engines 

Some performance metrics such as thermal efficiency, power-to-weight ratio, and an understanding 

of the overall construction and inner workings of the machine was needed. 

A modern turbofan engine is shown in the picture below to the left and the Rolls Royce Trent 1000 is 

shown as an example below to the right, Figure 5.  

 

 

Figure 5 - Rolls Royce Trent 1000 Cutout (left) and it mounted on a Boeing 787 (right) 

 

Most of the propulsive force, about 85%, is provided by the fan located in the front of the engine 

which accelerates the air bypassing the engine core, (Priyanka Ojha , K.Raghava. 2014). The rest of 

the propulsive force is a result of the air being accelerated through the core of the engine. 

Performance metrics of this engine are shown in Table 1.  The value of air mass flow when in cruise 

was calculated from other values such as the propulsion efficiency. Thrust numbers were taken from 

Piano-X for both take-off and cruise. The thermal efficiency is one of the most important numbers 

because it was used when comparing the two propulsion systems. How this was calculated is shown 

in Appendix 1. 

 

Table 1. Performance data for Rolls Royce Trent 1000 Engine 
 

Performance Metric (per engine) Cruise (v= Mach 0.85) Take-off (v= 85.4 m/s) Unit 

Thermal Efficiency (from LHV) 50 40 % 

Mechanical Power 15.7 42.8 MW 

Power-to-weight ratio 2.65 7.47 kW/kg 

Weight 5,765 kg 

Thrust 47.9 238 kN 

Thrust-to-weight ratio 0.85:1 4.2:1 - 

Propulsive Efficiency 77 47 % 

Air Mass-flow 315 1,250 kg/s 
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2.4 Electric ducted fans 

The principle of an electric ducted fan (EDF) is similar to a turbofan engine, but instead of using a 

combustion engine to drive the fan, an electric motor is used. There are two main differences in the 

design that should be noted. In an EDF, the fan provides the thrust, compared to the turbofan 

engine, which produces a part of the thrust in the core of the engine. Since an electric motor does 

not get nearly as hot as a jet engine, the materials used do not have to tolerate high temperatures. 

This enables the use of more composites that may have more favorable mechanical properties than 

metal alloys.  

A high performance EDF unit is shown in Figure 6, unfortunately the size is rather small (11 kW), a 
comparison to a big turbofan engine is hard to make. Performance numbers was gathered for the 
EDF unit, Scheubeler DS-94 HST, Table 2. 
 

 

Figure 6 - Scheubeler DS-94 HST, a high performance EDF unit for model airplanes 

 

Table 2. Performance numbers for EDF unit, Scheubeler DS-94 HST 

Performance metric Value Unit 

Peak Electrical Power 9.7 kW 

Static Thrust 100-130 N 

Weight 1,330 g 

Power-to-weight ratio, peak 7.3 kW/kg 

Thrust-to-weight ratio, static 9.95 - 

Overall Efficiency  70-71 % 

 

2.4.1 Electric motors 

There are a lot of different types of electric motors. This research focuses on types that exhibit the 

highest power-to-weight ratios. To compete with a modern jet engine, the electric motor needs a 

really high power-to-weight ratio. High efficiency is also of interest, but is more a secondary 

requirement.  

Two examples of motors will be listed here as a reference as to what can be achieved with today’s 

technology. The first one is a motor that was developed for electric aircraft applications, the Emrax 
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268 motor from Enstroj, Figure 7. The second one is a motor from Siemens that also has been 

developed with aircraft propulsion in mind, Figure 8. Performance metrics of these motors are listed 

in Table 3 and 4 respectively. 

 

 

Figur 7 - Emrax 268 motor 

Table 3. Performance metrics for the Emrax 268 motor 

Performance metric Value Unit 

Continuous Mechanical Power 100 kW 

Peak Mechanical Power 200 kW 

Weight 20.3 kg 

Power-to-weight ratio (continuous and peak) 5, 10 - 

Electrical efficiency 93-98 % 

 

 

Figure 8 - Siemens electric motor 

Table 4. Performance metrics for Siemens electric motor 

Performance metric Value Unit 

Continuous Mechanical Power 260 kW 

Peak Mechanical Power N/A kW 

Weight 50 kg 

Power-to-weight ratio (continuous) 5.2 - 

Electrical efficiency >95 % 
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These types of motors are called brushless permanent magnet axial flux synchronous motors. They 

use permanent magnets arranged in a halbach array to create the magnetic field at the rotating part 

of the machine (Mike Rissi. 2010). This design allows the motor to be constructed without any 

ferromagnetic material. In other words, these motors do not need iron to conduct the magnetic field, 

and this is why they are much lighter than other types of motors with the same performance.  

Another benefit is the high efficiency that is achieved with this design. The losses that have to do 

with the iron itself, such as eddy currents and hysteris losses are eliminated. The use of Litz wire in 

the static part of the motor (stator) also helps minimize the eddy current losses in the copper wire 

(Mike Rissi. 2010). 

When comparing the performance metrics of an electric motor and EDF to a modern turbo-fan 

engine, the differences are not big and an electric powertrain actually wins out overall. Although 

there might still be an argument to use advanced cooling technologies with super conduction 

technology if the performance can be increases further by such an approach. For this study, the 

assumption will be that electric motors have the same power density as the core of a turbo-fan 

engine. 

2.4.2 Power electronics 

Since the electric motor needs alternating current to operate and batteries can only give direct 

current, an inverter is needed. This is often referred to as the power electronics module. To achieve a 

high overall power-to-weight ratio, the inverter needs to be low weight, and as efficient as possible 

to limit the cooling needs. Current technology has been researched and performance metrics has 

been gathered, (Unitek, Industry Electronics) and are listed below in Table 5. As can be seen from the 

performance metrics, the power electronics does not act as a bottleneck in the electric propulsion 

system. It is actually the least limiting factor.  

 

Table 5. Performance metric for the UniTek BAMOCAR-D3-700-400 
 

Performance metric Value Unit 

Continuous Electrical Power 140 kW 

Peak Electrical Power 224 kW 

Weight 8.5 kg 

Power-to-weight ratio, continuous 16.5 kW/kg 

Power-to-weight ratio, peak 26.4 kW/kg 

Electrical efficiency 97-98 % 

 

2.4.3 Scaling effects 

To be sure that these types of motors could be scaled up to powers in the range of megawatts 

instead of kilowatts, some knowledge about scaling laws on electric motors must be known. In the 

literature, there are conflicting arguments about how the scaling laws affect power-to-weight ratio. 

Some sources seem to indicate that bigger motors tend to have a higher power-to-weight ratio, and 

also that efficiency tends to be higher in larger motors (E. M. H. Kamerbeek, 1975), (LaunchPoint 

Technologies). While other claims that because of heat transfer reasons the reverse is true 
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concerning power-to-weight ratio, without giving any source or further explanation (S. Stückl, J. van 

Toor, H. Lobentanzer. EADS Innovation Works, 2012).  

If there is a fundamental limit to how large an electric motor can be without losing its performances, 

one can have multiple smaller motors working together to solve this problem. The design, Figure 9 

(Mike Rissi. 2010), shows how multiple arrays of axial flux machines can be stacked up to increase 

the power of the motor without increasing the diameter of the motor. 

 

 

Figure 9 - Multiple arrays stacked up to increase power without increasing the diameter 

 

2.5 Energy storage 

The only type of energy storage that will be studied is the use of batteries. Other types such as fuel 

cells are left out. The reason for this is the low efficiency of fuel cells, (Zachary Shahan, 2016). 

2.5.1 State of the art lithium ion batteries 

Current battery technology performance needs to be well understood to make a good comparative 

analysis between combustion engine propulsion system and a battery-electric propulsion system. 

The kinds of batteries that are of interest in this study are those that are available to be bought and 

tested today by anyone (commercially available), in other words proven technology. Performance 

metrics that are of interest are high power density and high energy density. Cycle-life is also of 

interest. 

Lithium ion batteries are currently the technology used in modern electric vehicles and many other 

electronic devices. This technology has been commercially available since the early 1990s, (Sony, 

2016). Since then, steady improvements has been made to the technology in all of the performance 

metrics mentioned above. In Table 6, some performance metrics are listed for one of the highest 

performing cells on the market today.  

 

 

http://energypost.eu/author/zachary-shahan/
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Table 6. Performance metric of Lithium- ion batteries 

Performance metric Value Unit 

Gravimetric energy density 250 Wh/kg 

Gravimetric power density, peak  1.50 kW/kg 

Gravimetric power density, continuous 0.79 kW/kg 

Cycle-life 1000-2000 Cycles 

 

The cell shown in, Figure 10, is rated for 10 Ampere continuous discharge, but for short periods of 

time, such as take-off for an airplane, it can be increased to about 20 Ampere (Appendix B), giving it 

the performance numbers in Table 6. 

 

 

Figure 10 - Sanyo/Panasonic NCR18650GA, 18650 lithium ion cell  

 

2.5.2 Future trends of batteries 

The gravimetric energy density of lithium ion batteries, Figure 12, (Yuan Yang, 2010) has been found 

to increase linearly by 11.2 Wh/kg on average every year since 1995 (Tom Raftery, 2015), Figure 11. If 

extrapolated into the future, the energy density would be about 370 Wh/kg in the year 2020. With all 

the development in electric transportation in recent years, the research and development in battery 

technology is higher now than ever. Hopefully this could increase the rate of improvement in energy 

density. 
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Figure 11 – Empirical data of gravimetric energy density of 18650 lithium ion cells 

 

For the purpose of this research, an estimation of how much the energy density can increase in the 

foreseeable future (10 years) was of interest. A good guess based on the information gathered here 

was that 500 Wh/kg is an achievable number within a 10 year timeframe. This is within the 

theoretical limits of lithium ion technology, and will be used as an upper limit in this report.  

 

Figure 12 - Theoretical gravimetric energy densities for different types of lithium ion batteries 
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4 Method 

In this chapter, a method of comparative analysis will be formulated so that the questions stated in 

the goals of this study can be answered. 

Three variables, listed below, are especially of interest when simulating the performance of an 

electric passenger jet airplane. 

1. Cell-mass-fraction 
2. Gravimetric energy density of batteries 
3. Reduction in propulsion energy compared to Boeing 787-8 

 

The first one determines how much of the total weight that is reserved for energy storage in the 

form of batteries. The second one is the energy density of the batteries. The third one is a measure 

of the total efficiency of the aircraft. 

To simulate the range performance of the electric passenger jet airplane in different scenarios, 

Piano-X will be used. This software is described further in Chapter 5. 

The fuel required for a certain flight was calculated by Piano-X, and then recalculated into electrical 

energy by using the efficiencies of the turbofan engine and the electrical efficiency of the motor. 

The electrical energy required for a certain flight could then be translated into a requirement on the 

combination of gravimetric energy density, cell-mass-fraction and reduction in propulsion energy for 

a given range.  
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5 Implementation 

The details of the simulation program used and the inputs and outputs were described in this 

chapter.  

5.1 Aircraft flight simulation modelling (Piano-X) 

Piano-X is a free version of Piano-5, an aircraft analysis tool developed by Lissys Ltd, Figure 13. It can 

be used to calculate emissions, range and other more specific performance metrics of many known 

current and future aircrafts. Performance characteristics can be modelled with any range and 

payload combination, enabling the user to get detailed fuel consumption data for any type of flight. 

Each aircraft model has been calibrated using the best known data from both private and public 

sources. The program has been used in several studies related to aircraft emissions and flight 

optimizations, and for the purpose of this study it seems to be the best source of data for estimating 

fuel consumption of the airplane that was chosen as a reference. 

As a validation of the accuracy of the fuel consumption from Piano-X, a flight was made from 

Stockholm to San Francisco and data was acquired of the fuel consumption from the pilot. A 

simulation of the same flight in Piano-X was then made. The simulation in Piano-X overestimated the 

fuel consumption by 4%, which for the purpose of the study was considered a good result.  

 

 

Figure 13 - Piano-X, a free version of Piano-5, a flight simulation software for estimating fuel burn and detailed 
information about the performance of the aircraft 
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5.2 Assumptions, inputs and variables 

To model different flight scenarios, assumptions about the airplane’s total weight and performance 

are needed so that a good comparison can be made. The total weight was chosen to be 200 tons. In 

Table 7, all the assumptions are listed.  

 

Table 7. Assumptions for constants in mathematical model 

Assumptions Boeing 787-8 Electric Boeing 787-8 Unit 

Thermal/Electrical efficiency 45 95 % 

Fuel consumption taxi, idle Counted Not Counted - 

Total weight 200000 (average) 200000 kg 

Payload weight 21280 21280 kg 

Operating empty weight 120792 Variable (depends on CMF)  

 

In Table 8 the range chosen for each variable is shown. 

 

Table 8. Range for variables in mathematical model 

Variable Range chosen for variables Unit 

Cell-mass-fraction (CMF) 30-70 % 

Gravimetric energy density 200-500 Wh/kg 

Propulsion energy consumption reduction vs 787-8 0,25,50 % 
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7 Results 

Results for 0% reduction in propulsion energy consumption compared to Boeing 787-8. 

 

Results for 25% reduction in propulsion energy consumption compared to Boeing 787-8. 
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Results for 50% reduction in propulsion energy consumption compared to Boeing 787-8. 

 

Results for the power density needed for take-off are shown. 
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8 Conclusions & Discussion 

8.1 Conclusions 

Out of the different technical components, the energy density of battery is clearly the biggest 

bottleneck in achieving to build a compelling electric passenger airplane. The performance of the 

other components such as the electric motors and power electronic are as good as, or better than 

current propulsion systems. The results show that current battery technology would not be good 

enough to enable flights longer than 600 km without substantial improvements in both aerodynamic 

and structural design. Fortunately, there seems to be room for at least a 25% reduction in the overall 

energy consumption in flight. Combining this with a 50% improvement in energy density and an 

optimized mechanical structure yielding a 50% cell-mass-fraction, a range of 1400 km would be 

possible.  

 

8.2 Discussion 

To assume a total weight of the Boeing 787-8 Dreamliner much above the maximum landing weight 

would not be fair since the landing gear and other structural components would need to be 

strengthened and optimized beyond what is currently possible, or the landing speed would need to 

be too great for landing at certain airports. The assumption about the total weight to be 200 tons 

was a compromise between maximum weight for energy storage and a weight that was not to 

excessive so that the airplane would not be able to land. Keeping this weight constant means that 

any improvements in cell-mass-fraction will have to come from structural design optimizations where 

the battery cells are integrated into the aircraft in a way that increases the structural rigidity rather 

than sitting as a passive weight on the plane. How far the cell-mass-fraction can be increased is up to 

the reader to determine. 
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10 Recommendations and Future work 

10.1 Recommendations 

In order to achieve a range that is good enough to build a compelling passenger jet airplane, both the 

energy density and the cell-mass-fraction needs to be maximized. With current projections of the 

future improvements in the energy density of lithium-ion batteries, and the potential improvements 

in energy efficiency of the aircraft, there seems to be potential to build such an airplane within the 

decade following this study. The low operating costs of an electric airplane, and the possibility to run 

it on 100% renewable energy without any local pollution is the strongest reasons to implement this 

technology in passenger flights. 

10.2 Future work 

This work has focused on a broader picture and a lot of the details on how the technical components 

will be brought together in an optimized design have not been talked about. How the electric 

powertrain should be integrated into the airplane to maximize efficiency, safety and performance is a 

crucial choice that needs to be looked real hard at. Taking a Boeing 787-8 and changing some 

internals to convert it to electric is most definitely not the best choice. A more fair study comparing 

an electric ducted fan with a turbofan engine would be very interesting since there does not at this 

moment exist comparable systems in the same size. How high can the cell-mass-fraction realistically 

be and what type of design will allow it to go highest (rocket type design?). Is vertical take-off and 

landing the way to go for an electric jet or is it more practical with a traditional landing design. 
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Appendix A - Calculation of thermal efficiency of Trent 1000 

 

Known: 

𝐹 = 47918 𝑁 (Piano-X, cruise Mach 0.85) 

𝑐1 = 251 𝑚/𝑠 (Piano-X, cruise Mach 0.85) 

𝑃𝐹𝑢𝑒𝑙 = 31.667 𝑀𝑊 (Piano-X, cruise Mach 0.85) 

 

Estimated: 𝜇𝑝 = 0.8 (ref) 

𝐹 = �̇� ∙ (𝑐2 − 𝑐1) ⇒ 𝑐2 =
𝐹

�̇�
+ 𝑐1 

𝑃𝑀𝑖𝑛 = 𝐹 ∙ 𝑐1 

𝑃𝐾𝑖𝑛𝑒𝑡𝑖𝑐 =
1

2
∙ �̇� ∙ (𝑐2 − 𝑐1)2 

𝜇𝑝 =
𝑃𝑀𝑖𝑛

𝑃𝑀𝑖𝑛 + 𝑃𝐾𝑖𝑛𝑒𝑡𝑖𝑐
=

2

1 −
𝑐1
𝑐2

 

𝑃𝑆ℎ𝑎𝑓𝑡 = 𝑃𝑀𝑖𝑛 + 𝑃𝐾𝑖𝑛𝑒𝑡𝑖𝑐 
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Appendix B - Calculation of peak power output of lithium ion cell 

 

Tesla Model S and X P90D battery pack specifications: 

Number of cells = 7104 

Peak power output = 501 kW 

Power per cell = 501/7104 = 0.0705 kW 

Approximate weight of cell = 0.047 kg 

Peak power density of cell = 0.0705/0.047 = 1.5 kW/kg 

74 cells in parallel, 1500 A => 1500/74 = 20.3 A per cell 

 


