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Abstract: Global warming and CO, emissions have become increasingly pressing concerns, with the
aviation industry contributing significantly to these issues. In response, efforts have been made to
develop environmentally sustainable aviation solutions. This paper examines the Direct Operating
Costs (DOC) of the Wright Spirit, one of the options for electric flight, compared to the conventional
BAe 146 on which the Wright Spirit is based. Utilizing methodologies adapted from previous
studies (largely the AEA method), the analysis investigates various factors influencing DOC,
including battery prices, flight duration, and charging time. Results indicate a 73% increase in
overall DOC from the BAe 146 to the Wright Spirit, largely influenced by battery costs and lifespan.
However, an 83% reduction in fuel/energy costs suggests the potential viability of the Wright Spirit,
particularly with anticipated reductions in battery prices. For instance, a quartering of battery prices
could result in a £5 increase in costs for 1-hour flights, compared to the BAe 146. Moreover, the
analysis finds the battery lifespan and charging time to be the most important factors to control, in
order to increase commercial feasibility. Ticket price comparisons suggest that the Wright Spirit's
costs align closely with current market prices, with a flight from Paris to Heathrow predicted to cost
the airline £136.10 per passenger. Future research could explore alternative electric aircraft designs,
to further assess their impact on DOC and ticket prices.

Keywords: electrification; direct operating cost; passenger ticket price; battery life cycle

1. Introduction

Global warming and CO, emissions are becoming increasingly prevalent issues in society with
92% of EU citizens considering climate change a serious problem in 2017 [1]. With the increasing
popularity of air travel, it is currently estimated that 2-3% of global CO, emissions are caused by the
aviation industry [2]. For the well-being of our planet and future generations, it is essential that
environmentally sustainable aviation solutions are found. In 2007, The International Air Transport
Association (IATA) stated a vision to eliminate greenhouse gas emissions from the aviation industry,
this included an ambition to ‘build a zero-emissions commercial aircraft within 50 years’ [3]. A key
part of the design and implementation of any aircraft is an estimation of the direct operating costs
(DOC) to ensure the aircraft is financially viable.

To understand the methodology for calculating DOC for a future all-electric aircraft, it is
essential to first grasp how DOC is modelled for conventional aircraft. Lee et al. conducted a study
to determine the DOC of all wide-body passenger aircraft currently in production across a large range
of scenarios [4]. The team then plotted DOC in cents per nautical mile per passenger against the
number of passengers. The results clearly show the impact of different scenarios, such as the flight
distance, on the cost per passenger. In order to reach the IATA’s zero-emission goal, electric aircraft
are an attractive and sustainable alternative. A similar study, instead focusing on electric aircraft,
would provide valuable insights into the reality of achieving this goal.

To date, several studies have aimed to find DOC of sustainable alternatives for a 19- seat aircraft.
Shahwan investigated operating costs of Heart Aerospace’s ES-19 conceptual aircraft. He found that,
for flights within 400km, the all-electric aircraft was 15-22% cheaper than a similar conventional
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aircraft over six regional routes [2]. However it is worth noting that, although the ES-19 is designed
as a 19-seat aircraft, Shahwan’s results reveal a passenger count of only eight. This is highly unlikely
for commercial flights, even on regional routes.

Marksel et al. conducted a comparative analysis of DOC for a 19-seat aircraft powered solely by
a hydrogen fuel cell and a traditionally powered aircraft. They plotted the total annual DOC against
the years spanning from 2030 to 2050. The research found hydrogen fuel cells to become an
increasingly more cost-effective substitute to conventional fuel sources [5]. However, in 2030, the
DOC analysis revealed a traditional 19-seat aircraft to be slightly cheaper than the hydrogen fuel cell
alternative. Marksel at al. made no conclusions regarding the implications of this cost difference for
the customer and only quantitative data of DOC for an entire year. The ultimate impact for customers
may vary depending on the specific airline and its operational context.

Medeiros et al. developed a DOC model for their own conceptual design of an all electric 19-seat
aircraft with a range of 500km. Their investigation indicated that the adoption of all-electric aircraft
could reduce fuel costs by 81%. This resulted in an overall 39% reduction in DOC when compared to
a conventional aircraft [6].

When considering the DOC estimations of 19-seat all-electric and conventional aircraft, there is
a significant disparity in the results obtained. Medeiros et al. reported a final percentage reduction in
DOC nearly twice as high the results found by Shahwan (39% and 22% respectively). These
considerable variations across studies show the clear need for further research to gain a more accurate
understanding of the cost implications associated with all-electric aircraft.

Shahwan stated that only 2% of all domestic travel have a seating capacity of fewer than 20
passengers. On regional routes, the majority of aircraft carry a minimum of 50 passengers. Commonly
utilised aircraft for short range commercial flights include the ATR-72, which typically seats 50-99
passengers, and the Boeing 737-800, designed for 150-199 passengers [2]. From this it is clear that
much more research needs to be conducted to find DOC for larger electric aircraft, operating on
regional routes.

Ploetner et al. conducted a study focused on the Ce-Liner, a conceptual electric aircraft designed
by Bauhaus Luftfahrt. The aircraft is designed to accommodate 190 passengers, with a range on
1700km [7]. The report compared the DOC of the CeLiner to a projection of a Boeing 737-300 in the
year 2035. Surprisingly, Ploetner et al. found a 0.8% increase in DOC when compared to the
conventional Boeing 737-300. When looking at the breakdown of costs within the study’s DOC model,
the Ce-Liner was found to have marginally less energy costs than the Boeing 737-300. This finding
contradicts the results of other studies that have shown a substantial decrease in energy costs for
electric aircraft. A recent study by Kafui Ayetor et al. highlighted that electric cars cost 83% less per
mile compared to conventional cars [8]. While this is not a direct comparison, it is consistent with
results found in the studies concerning 19-seat aircraft, and therefore raises questions about the
accuracy of the DOC model used by Ploetner et al.

Various methods exist for calculating DOC, these can differ among researchers. For example,
Lee et al. employ the Association of European Airlines (AEA) method [4], Shahwan compiled a
method from the International Civil Aviation Organisation (ICAO) [2], Medeiros et al. adapted a
method from NASA [6] and Marksel et al. took inspiration from the Lufthansa, AEA, Airbus
Industries and Fokker methods [5]. These models are primarily designed for large commercial
aircraft, and their application to smaller scale aircraft may lead to inaccuracies [5].

Shahwan, Medeiros et al. and Poetner et al. all built their DOC models around different
conceptual aircraft, all of which were powered solely by a lithium ion battery. Lithium ion batteries
have a higher energy density than other high quality rechargeable batteries, such as nickel-cadmium
and nickel-metal-hydride [9].

This literature review has highlighted a significant gap in the current literature regarding DOC
for commercial use of electric aircraft. While there is a considerable amount of research around 19-
seat aircraft, there are few studies for larger aircraft on regional routes. Furthermore, the literature
review also brought to light a lack of definitive conclusions regarding the implications of electric
aircraft usage on customers and how it may influence future ticket prices. After a review of current
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conceptual designs for electric aircraft, the Wright Spirit was chosen to review within this research.
The design by Wright Electric is the only reasonably sized aircraft currently proposed. The aircraft is
an adaptation of the BAe 146, seating 100 passengers, and will be utilized for 1-2 hour flights.

e Based on the above review and research needs identified, the research questions of this paper
are:

e  How will the DOC of the Wright Spirit compare to the BAe 146?

e How will a shift to electric aircraft within commercial flight affect ticket prices in today’s
market?

. What are the governing factors when determining DOC?

2. Materials and Methods

The method used to calculate DOC in this study is largely based off that proposed by the
Association of European Airlines (AEA). Unless stated otherwise, the equations are sourced from [4].

2.1. Utilisation

The utilisation (U) of the aircraft is defined as the number of flights per year (Equation (1))
_ _tavailable
- tplock tTAT (1)

where the available hours per year (t4yqi14p1¢) 1S assumed to be 3500 [10], block time (t,5c) is found
by adding 0.25 to the flight time (t;) [4] and turnaround time (T'AT) is assumed to be 1.5 [6] unless

stated otherwise.

2.2. Total Investment

The total investment (TI) is the sum of the cost of the aircraft and all initial spares (Equation (2)).
TI = MSP + AFS + SPU )
Where the manufacturers study price (MSP) is assumed to be £23,000,000 for the BAe 146 [11,12], the
airframe spares (AFS) are estimated to be 10% of the airframe price (Equation (3)).
AFS = % _ MSP—(I:ZPXTLP_S‘) 3)
Where PSP is the propulsion system price and nps is the number of propulsion systems. For the BAe
146 this is the engine price and is assumed to be £500,000. For the Wright Spirit, this is estimated
using the following method. 8 MW of power is required for a 1-2 hour flight [13]. Assuming the
aircraft uses full power for 5 mins during take-off and the rest of the flight at a reduce power of 4MW.
At full power:

8 x é = § MWh, this is doubled to account for the power required in the event of go
around.

At half power:

4 x % = % MWHM, for a 1 hour flight. If this is increased to 2 hours 4 X % = ? MWh.

Therefore a total of 5 MWh (9 MWh for 2 hour flights). Assuming a price of £1000 per 1 kWh
[14,15], this equates to £5million per battery. The motor is assumed to cost £215,669 [10,16,17]. With
two motors per battery this adds to $5950000 per propulsion system.

The spare propulsion units (SPU) are estimated to be 30% [4] of the total propulsion system price
(Equation (4))

SPU = 0.3 X PSP X npg 4)

2.3. Depreciation, Insurance and Interest

The depreciation (DEP), insurance (INS) and interest (INT) costs are all direct functions of the
initial investment of the aircraft and its utilisation. Assuming a lifetime of 14 years [4,5], the
depreciation (Equation (5)) represents the reduction in cost of the aircraft is it was sold at the end of
its lifetime.
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DEP =

©)

Assuming interest and insurance rates of 5% and 1% respectively [5]:
0.05xTI

INT = =—="— (6)
INS — 0.06>l<]MSP (7)

2.4. Crew

The crew costs do not differ between the BAE 146 and the Wright Spirit. Total crew costs are the
sum of cabin crew costs (CAC) and pilot costs (CPC) (Equation 8,9). As there are up to 100 passengers
on board, only two cabin crew are required [18]. According to British airways, the average cabin crew
salary is £27/hour [19] and the average salary of a first officer and a captain is £84.80/hour [20].

CAC = 27 X Negp X tprock (8)
CPC = 84.8 X 2 X tpipck )

2.5. Fees and Charges

The navigation charges (NAV) and landing fees (LAF) for commercial flight are governed by the
country and airport for that flight. Navigation charges are calculated from Equation (10) [21].

0.7

NAV = 12.87 x (Mng) (10)
The maximum take-off mass (MTOM) is assumed to be 42 tonnes for both the Bae 146 and the

Wright Spirit. At Heathrow airport the landing fee is £26.31 per passenger [22]. Total fees and charges

is the sum of navigation charges and landing fees.

2.6. Airframe Maintenance

Airframe maintenance costs (AMC) is the sum of airframe labour costs (AFL) and airframe
materials (AFM) where:
350

AFL = (0.09 X AFW + 6.7 — (AFw+75)) X (0.8 + 0.68 X tr) X Rigpour (1)

_ AFPx(4.2422xtf)
- (14xU)L5 (12)

Where the labour rate (Rj4p0y,) Of an aircraft engineer is £26.67/hour [23] and the airframe weight is
the operating empty weight [24] of the aircraft minus the weight of the engines [25]. This is equal to
2.13 tonnes.

The airframe price (AFP) is the MSP minus the price of all engines of the BAe 146. This is equal
to £21,400,000 for both the BAe 146 and the Wright Spirit.

AFM

2.7. Propulsion System Maintenance

The propulsion system maintenance costs (PMC), is a function of propulsion system labour
(PSL), propulsion system materials (PSM) and flight time (Equations (13)—(18)).

PMC = npg x (PSL + PSM) x (t; +1.3) (13)
PSL =0.21 X C; X C3 X (1 + Te))%* X Rigpor (14)
PSM = 2.56 X (1 + Tg)*8 X C; x (C, + C3) (15)

C; =127 —02 x BPR (16)
C, = 04 x (%)1'3 +04 17)
C; = 0.032 X n, + 057 (18)

The same values are used for both the Wright Spirit and the BAe 146. There are 4 propulsion
systems (nps) and the thrust at sea level (Ty;) is assumed to be 37.23kN [25]. The bypass ratio (BPR),
overall pressure ratio (OPR) and number of compressor stages (n.) are assumed to be 5.7, 20 and 2
respectively [26, 27].
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2.8. Fuel/ Energy
The fuel costs for the BAE 146 are calculated using Equation (19).
Fuel = Fuel price X (%) (19)

Where the fuel burn per hour (F,ocr) is 4188lbs [28] and fuel price is assumed to be £3 per gallon [4].
The energy costs are calculated using the previous assumption that a 1 hour flight would require
5MWh of energy. Unless stated otherwise the costs of energy is assumed to be £65 per MWh [29].

2.9. Direct Operating Cost

The total DOC is the sum of these components (Equation (20)).
DOC = DEP + INT + INS + Crew + Fees and Charges + AMC + PMC + Fuel/Energy (20)

3. Results

By utilising the methodology shown above for the two different power systems, the direct

operating costs can be calculated. This allows the sensitivity of the model to varying the input costs
to be evaluated.

3.1. Price vs. Flight Time

The DOC against flight length is shown in Figure 1. Each flight time is shown for three variations
of fuel/energy price for both the BAe 146 and the Wright Spirit. The medium fuel/energy prices are
those stated in the method, low fuel/energy prices represent 50% of these and high fuel/energy prices
represent 150% of the stated cost. In each case, the Wright Spirit is only limited to a flight length of 2
hours. The plot for the Wright Spirit when the aircraft is configured to its corresponding flight length
is also shown, labelled “Wright Spirit — Limited Range’ (i.e. if the stage length is 1 hour then the
battery capacity is set for 1 hour flights).

Price vs. Flight Length for Varying Fuel/Energy Prices

—_
[68)
[«

W
S

o

o

0.7 0.9 1.1 1.3 15 1.7 1.9
Flight Length (hours)

Wright Spirit - Low Wright Spirit - Medium
Wright Spirit High BAe 146 - Low

Price per Passenger per Flight (£)

Figure 1. DOC variation with flight length for different fuel/energy prices.

3.2. Comparison of DOC Components in 1 Hour Flights

A breakdown of all DOC components for the Wright Spirit compared to the BAe 146 (Figure 2)
shows the Wright Spirit has higher costs for most components except fuel/energy costs. The

distribution of DOC components (Figure 3) confirms this showing a much higher proportion of costs
attributed to fuel for the BAe 146.
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Comparison of Costs for a 1 Hour Flight

Wright Spirit m BAe 146

DOC per Passenger per 1 Hour Flight
o a 5

B ] -

% X & o
QQ“Q @@e \&o O@“ & o Q@Q S
& DOC Components

Figure 2. A comparison of the components of DOC between the Wright Spirit and BAe 146 for 1 hour

flights.
Wright Spirit BAe 146 Depreciation
o 1% 4%
3% 239% = Interest
\ 34% 28% = Insurance
27% Crew
2% " o
= Fees and Charges
7% . .
= Airframe Maintenance
3% = Propulsion System
2 13% 20% Maintenance
o 249% 3% | |40 = Fuel/Energy

Figure 3. A comparison of the contribution of DOC components for the Wright Spirit and BAe 146 in
1 hour flights.

3.3. Effect of Charging Time and Battery Replacement

The charging time of the battery is included in the TAT within “utilisation’. A minimum charging
time of % hour is used for analysis this is the minimum time required to clean the aircraft ready for
the next flight, therefore a faster charging time would not affect the TAT. The breakdown of DOC
costs for 2 hour charging time is compared with a 3 hour charging time (Figure 4).
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1/2 Hour 3 Hours Depreciation

o = Interest
2% 5%

3%
26%
23%
= Fees and Charges
= Airframe
2% Maintenance
= Propulsion System

4% Maintenance
= Fuel/Energy

= Insurance

Crew
38%

39%

4% 3% 26%

Figure 4. Breakdown of DOC comparing 1/2 hour charging time to 3 hours.

The lifetime of the Wright Spirit’s batteries are assumed to be 14 years throughout the results, a
lifetime of 7-13 years would result in the batteries needing replacing once during the aircraft’s lifetime
whereas a lifetime of 2 years would require 7 battery replacements overall. When calculating the DOC
per passenger of a 1 hour flight against the charging time of the batteries (Figure 5), a battery lifetime
of 14 years is assumed. This means that zero battery replacements are included within these costs.

Price vs. Charging Time
250

200
150
100

50

Price per Passenger per Flight (£)

Chaefging Time (héurs)

Figure 5. The effect of charging time on the DOC of a 1 hour flight.

Additionally, when calculating the DOC per passenger of a 1 hour flight against the battery
lifetime (Figure 6), a charging time of 1.5 hours is assumed.
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Price vs. Battery Lifetime
300

250
200
150
100

50

Price per Passenger per Flight (£)

0 1 2 3 4 5 6 7
No. Battery Replacements

Figure 6. The effect of the battery lifetime on the DOC of a 1 hour flight.

3.4. Comparison with Current Costs

To put the results obtained from the DOC model into context, a comparison against current
ticket prices is shown in Table 1. The prices show the range of tickets available on 5th October 2024,
all flights are economy class with a small under-seat bag and a 23kg hold bag. Easy jet flights are
flown to Gatwick and all others are Heathrow — all prices collected on 5/09/24.

Table 1. A comparison of the Wright Spirit's DOC with current ticket prices.

Departure Easy Jet ticket price British Airways ticket =~ Wright Spirit
Flight time
City range [30] (£) price range [31] (£) DOC (£)
Paris 1:15 90.24-132.21 64.60-231.28 99.83
Edinburgh 1:30 106.47-126.47 69.42-340.42 110.56
Geneva 1:45 62.94-86.47 71.77-134.79 126.81
Munich 2:00 143.48-214.04 138.55-207.78 141.76

4. Discussion
4.1. Comparison to Previous Literature

Building upon the research conducted by Lee et al, the initial step involved replicating their
methodology to validate their findings, during which, a discrepancy in their methodology was
identified. Specifically, their model calculated prices per flight for all DOC factors except airframe
materials. To rectify this issue, the airframe maintenance equation was divided by U 1.5, this
produced consistent results. The assumptions outlined in the methodology section were applied to
the refined model to assess the DOC of the Wright Spirit and a BAe 146.

The calculated cost for a 1-hour flight on the Wright Spirit was £108.91, increasing to £141.76 for
a 2-hour flight. Notably, limiting the flight duration of the Wright Spirit to 1 hour led to a reduction
in the price per passenger to £87.81, attributable to decreased power requirements and therefore
decreased battery costs. In comparison, the DOC per passenger for 1-hour and 2-hour flights on a
BAe 146 were £62.99 and £95.74, respectively. The analysis reveals a 73% increase in price for 1-hour
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flights on the electric aircraft (39% if restricted to 1-hour flights) and a 48% increase for 2-hour flights,
compared to conventional aircraft costs. These findings indicate a significant discrepancy from
previously documented values.

Shahwan and Madeiros et al. found an overall decrease in DOC of 22% and 39%, respectively,
when comparing electric aircraft to conventional aircraft [2,6]. Both studies analysed a 19-seat aircraft
operating on regional flights. While the flight durations are comparable to those in this study, the
weight of their aircraft and consequently, their power requirements, are expected to be significantly
lower than those of the Wright Spirit. The power requirements of the battery significantly influence
its price hence, the aircraft price used in Shahwan and Madeiros et al’s studies is expected to be
notably lower than the estimated price of the Wright Spirit, within this report.

Madeiros' study indicated that the electric aircraft reduced fuel/energy costs by 81% compared
to the conventional aircraft. Similarly, in this study, the Wright Spirit was found to reduce fuel/energy
costs by 83% (84% for 2-hour flights), when compared to the BAe 146. With depreciation, insurance
and interest (all functions of aircraft price) collectively contributing to 59% of the Wright Spirit’s
DOC, and 52% of the BAe 146’s DOC (Figure 3), the increase in aircraft price is likely to have a large
effect on the overall DOC. This underscores the notion that the discrepancies observed between my
results, Shahwan, and Madeiros et al’s are likely attributed to differences in passenger capacity.

4.2. Analysis of Assumptions

Arguably, one of the most significant assumptions made was the battery price. Various methods
were used to decide this. Alrashed et al. estimated a battery price of £285,342,500 [10], this would
increase the price per passenger, on a one-hour flight, to £1567. The method used to derive this
estimate is not explicitly stated in the paper. While it mentions that the battery is hydrogen-powered,
it fails to clarify whether the quoted price pertains to individual batteries or the total price of all
batteries. If assumed to be the overall price, the cost per-passenger would decrease to £468.
Additionally, the battery capacity remains unspecified. Consequently, this price estimate was
disregarded.

Bradley et al. suggested a cost assumption for a lithium-ion battery of £228/kWh [32]. This
assumption significantly reduces the price per passenger to £67 for a one-hour flight (a 23% decrease).
Bradley et al’s research was based on a hybrid electric aircraft, projected to fly by 2035. The battery
used within their analysis had a capacity of 750Wh/kg, considerably lower than the proposed
1000Wh/kg battery for the Wright Spirit [33]. Currently, lithium-ion batteries are priced around
£1000/kWh [14,15]. Given that the analysis within this paper is based upon current pricing, a cost
assumption of £1000/kWh has been used, with £228/kWh serving as a target for 2035.

For the comparison against current flights (Table 1), it is assumed that the Wright Spirit can
maintain a cruising speed equivalent to that of a conventional A320 aircraft. The current speed record
for an all-electric aircraft stands at an average of 555.9 km/h over 3 km, implying that this speed was
sustained for just under 20 seconds [34]. Considering that Heathrow and Paris are approximately 348
km apart, assuming that take-off and landing collectively consume 15 minutes of flight time, the
Wright Spirit would need to maintain an average speed of 348 km/h to align with the cost estimations
provided in the table, this is within the record. Due to a lack of publicly available information
regarding the Wright Spirit’s flight speed, this assumption has been made for simplicity. For
comparison, a train ticket from Paris to Heathrow can cost as little as £60 and take just over 3 hours
[38,39]. If a flight from Paris to Heathrow in the Wright Spirit were to take longer than my assumed
duration of 1 hour and 15 minutes, it is probable that customers seeking a sustainable alternative to
conventional air travel would opt for the train due to its significantly lower price.

4.3. Driving Factors

The DOC of the Wright Spirit is predominantly influenced by the battery price and the lifespan
of the batteries. Varying battery costs dramatically changes the total costs (Table 2). Notably, for a
battery cost of £250/kWh, the cost per passenger, for a 2 hour flight, is just over £2 less than that of
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the BAe 146. For 1 hour flights, the DOC for the Wright Spirit is almost exactly £5 more than the BAe

146.
Table 2. The influence of battery price on the DOC for 1 and 2 hour flights.
Battery
; Cost per passenger % changeto1l  Cost per passenger % change to 2
cost per
P per 1 hour flight (£) hour flight per 2 hour flight (£) hour flights
kWh (£)
250 68.02 -23 93.21 -34
500 74.62 -15 109.39 -23
1000 87.81 0 141.76 0
1500 101.00 15 174.14 23
2000 114.19 30 206.51 46
5000 193.32 120 400.74 183

The lifetime of the battery heavily influences the overall cost, significantly outweighing the
impact of battery price. The model, within this report, does not include battery replacements,
therefore assuming each battery lasts for 14 years. However, a lifetime of 7-13 years would result in
a single replacement during the aircraft’s 14 year lifetime. This effectively doubles the price of each
battery and increases DOC by 30% (46% for 2 hour flights). Bradley et al. assumes a lifespan of 1000-
5000 cycles [32]. This variation has a dramatic change in DOC (Table 3).

Table 3. The effect of battery lifetime on DOC for 1 hour flights.

Number of Cycles Number of battery replacements DOC (£)
1000 17 536.23
2000 8 298.83
5000 3 166.94

Another crucial factor is the charging time of the batteries. Longer charging times result in fewer
feasible flights per day, with overall costs increasing by approximately £19.19 per hour of additional
charging time (Figure 5). This contrasts with an increase of £26.38 per battery replacement over the
aircraft's lifespan (Figure 6).

Notably, when extending the charging time, the only variable affected is the aircraft's utilisation.
Consequently, only depreciation, insurance, interest, and airframe maintenance fluctuate as they are
functions of utilisation. When increasing charging time from %2 hour to 3 hours, these factors
collectively contribute to an extra 21% of the overall DOC (Figure 4). The cost increase due to
increased charging time may lead to research into removable battery packs, which allows charging
and aircraft turn-around to be separated. However, the increase in battery infrastructure in this case
has not been included in this study.

The results illustrate a linear relationship between flight duration and DOC (Figure 1), when the
flight capabilities do not vary. When the flight is configured to its flight length on the graph, the
results are slightly curved. When examining the impact of fuel/energy costs on the comparison
between electric and conventional DOC, it is clear that the electric aircraft is far less influenced by
fluctuations in energy prices, compared to fuel prices for the BAe 146. Specifically, a 50% increase in
fuel price per gallon led to a 16% rise in overall DOC for 2-hour flights, in conventional aircraft,
whereas the Wright Spirit experienced only a 2% increase when energy prices were raised by 50%.
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Notably, both EasyJet and British Airways have undertaken fuel cost hedging for the year 2024 in
response to escalating jet fuel prices, and their significant impact on overall DOC.

4.4. Effect on Ticket Prices

When comparing the results to current ticket prices, it is evident that, with the exception of
Geneva, the estimated DOC for the Wright Spirit aligns with the ticket price range offered by British
Airways (Table 1). However, it is important to note that prices listed represent DOC only, and do not
include other expenses that can impact ticket pricing. ‘Administration” costs and ‘Marketing and
Sales” expenses amount to 10.4% and 8.5% respectively of overall operating costs [37]. Furthermore,
a significant determinant of ticket prices is the profit added by the airline. It is important to
acknowledge that DOC also does not account for air passenger duty, which currently stands at £7 per
passenger for domestic flights, and £13 for flights within and around Europe [38]. These expenses are
added to find a final ticket price, when comparing this to the British Airways price range, a maximum
potential profit can be calculated for each route (Table 4). An airline operating the Wright Spirit could
potentially generate a total profit of up to £19,429 from a flight from Edinburgh to London, assuming
all seats are filled (Table 4).

Table 4. An assessment of ticket price for the Wright Spirit.

Administration, Air British
Departure  DOC . Total . . Potential
. Marketing and Passenger Airways Price .
City (£) (£) Profit (£)
Sales (£) Duty (£) Range (£)
Paris 99.83 23.27 13 136.10  64.60-231.28 95.18
Edinburgh  110.56 26.29 7 146.13  69.42-340.42 194.29
Geneva 126.81 29.55 13 169.36  71.77-134.79 -34.57
Munich 141.76 33.04 13 187.80  138.55-207.78 19.98

Analysis of current ticket prices offered by Easy Jet and British Airways reveals that flight
duration alone does not entirely dictate ticket pricing (Table 1). When transitioning to all-electric
aircraft for commercial flights, airlines may operate only selective routes to maintain low operating
costs and maximise profits. Moreover, the appeal of sustainable air travel may prompt customers to
be more receptive to higher ticket prices. A recent study indicated that individuals are willing to pay
up to 12% more for sustainable alternatives to everyday products [39], a trend likely applicable to air
travel ticket prices.

5. Conclusions

The analysis conducted by this DOC model reveals a 73% overall increase in DOC from the BAe
146 to the Wright Spirit. However, a remarkable 82% reduction in fuel/energy costs indicates the
potential viability of the Wright Spirit for future use. The battery price for the aircraft is likely to
determine this. Assuming a quartering of battery prices, the Wright Spirit could obtain only a £5
increase in costs per passenger for 1- hour flights when compared to the BAe 146. Moreover, for 2-
hour flights, the Wright Spirit emerges as over £2 cheaper than the conventional aircraft. The lifetime
of batteries significantly impacts the DOC of the Wright Spirit, with an additional £26.38 per
passenger, per 1-hour flight incurred for each battery replacement within the aircraft's lifespan.
Furthermore, the charging time of batteries plays a pivotal role in determining the commercial
viability of the Wright Spirit, with every hour of charging time adding £19.19 to the cost per
passenger, per flight. Notably, the electric aircraft demonstrates resilience to fluctuations in energy
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prices, exerting minimal impact on 18 overall DOC. In the context of European routes, this research
indicates that ticket prices would undergo negligible changes when compared to current rates. For
example, a ticket from Paris to Heathrow on the Wright Spirit is projected to cost £136.10.

Future research could explore the effect of weight reduction during flight, considering the
redundance of fuel in electric aircraft. Additionally, further analysis could include alternative
conceptual designs, possibly targeting longer distances or accommodating larger passenger
capacities. It is important to note that developing an electric aircraft is merely the first step towards
commercial implementation. The infrastructure, such as charging stations, will inevitably add
additional costs. Evaluating the implications of this investment would contribute to a comprehensive
understanding of the role electric aircraft can play within the aviation industry.
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