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Summary

E-bikes are often mentioned as interesting commuter vehicles for distances up to 30 km, yet individual perceived
barriers such as high purchase costs and the fear for longer commuting times, often overrule societal motivators
such as CO; reduction and health benefits. Quantifying the benefits in a multi-criteria calculation tool can replace
perception by facts and convince more individual commuters to make the switch from car to e-bike, contributing
to active, cleaner mobility. The paper illustrates the outcome for four personae, based on realistic Belgian

commuters and shows that switching to an e-bike is beneficial for three out of four criteria.
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1 Introduction

In Belgium, the e-bike has become a popular mode of transport. Already now, more than half of all bicycles sold
in Belgium are electric and, within this category, the speed pedelec (SP) gains popularity each year. Belgium is
a small country with a population living close to work (83% of workers has a commute distance of less than 30
km [1]). E-bikes, i.e. pedelecs and SPs, have the potential to get commuters out of their car and to commute
actively.

Switching from a car to an e-bike is for many a big step, with high purchase costs and perceived time loss as
main barriers to switch to a more active way of transport such as SPs [2]. These perceived barriers still weigh
heavier than the obvious health benefits and the lower CO»-emissions of commuting with an e-bike. This raises
the question: Is it possible to quantify those costs and benefits in an easy-to-understand way to reach the general
public?

Several sources already identify the financial costs related to owning a car [1]-[5]. [6] even looks at the cost for
society of several car types and states that the cost for society for battery electric vehicles (BEVs) will become
more favorable as purchase prices evolve to similar prices as for internal combustion engine vehicles (ICEVs).
Total cost of ownership (TCO) studies for pedelecs are less prevalent in literature [7]-[11], and scientific
publications on the TCO for SPs are, to the best of the authors’ knowledge, not existing. However communication
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on TCO can help the general public to switch commuting vehicle as [12] states: ... providing information on
total cost of ownership increases the probability that small/mid-sized car consumers express a preference to
acquire a conventional hybrid, plug-in hybrid, or a battery-electric vehicle.”.

With regards to the CO, emissions, studies on the environmental impact of ICEVs and BEVs [13]-[15] and
studies on pedelecs [9], [16]-[21] are available, but only [9] estimates the impact of SPs. The potential time
savings [22]-[24] and health benefits [25]-[28] of riding an e-bike are also documented, however, few
publications combine these different topics in one study and include SPs. [9] studies the potential of light electric
vehicles, which includes e-bikes and reports on the costs, emissions and time savings, [29] reports on the impact
a shift away from thermal vehicles would have on mobility, economic and energy aspects in Brussels and [30]
makes an assessment of urban transport with the criteria of travel time, cost, CO, emissions and external costs
for the case of Munich. However no study, to the best of the authors’ knowledge, fully reports on the costs,
emissions, time savings and health benefits a switch from a car to a pedelec or SP would bring.
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Figure 1: Visualisation of multi-criteria calculation tool

To that end, this paper proposes a multi-criteria calculation tool that quantifies the impact of switching to an e-
bike in four criteria: money, CO, emissions, time and health.

Based on a limited number of input questions, the calculation tool is designed to answer following research
questions: How much does an e-bike cost compared to an ICEV or BEV? How much CO;-emissions would a
switch to an e-bike save annually, looking at the total life cycle, compared to ICEVs or BEVs? To what extent is
time gain possible with an e-bike, considering regular traffic jams which lower your overall travel speed? What
would be the impact on a person’s physical health when cycling to work on a daily basis instead of going by car?

2 Methodology & calculations

The tool uses different approaches for each criterion. The output-accuracy is determined by the detail provided
by the user. Many in-depth questions increases the accuracy, but decreases the willingness of the respondents to
use the tool. Therefore, the user is asked a minimum of 11 questions, in attempt to not comprise too much on
depth. Following sections will elaborate on the approach for each criterion. In each section, the calculation will
be made up for a generic pedelec, SP, petrol ICEV and BEV of the city car segment. The final section elaborates
on the development of personae to assess the actual impact of switching to an e-bike.

2.1 Boundaries & general assumptions

First, it is important to determine the papers’ boundaries for reproducibility reasons. The scope of this study limits
itself to Belgium and will discuss the values for each criterion for following vehicles: pedelecs, SPs, ICEVs and
BEVs. Costs calculations are done for the duration of ownership, which [6], [8], [31] state to be eight years for
both an e-bike, an ICEV and a BEV. The accessories are assumed a similar ownership lifetime. For the analysis,
an ICEV and a BEV of a city car segment are considered, based on [6], [32]. For the e-bikes, only the commute
distance is taken as input. Distances travelled outside the commute are based on literature (15 km/week for
pedelecs [33], 20 km/week for SPs [22]). The total distance is calculated by asking the single commute distance
and the frequency of commute. It is assumed that there are 220 working days in a year, and a year is made up of
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52 weeks. Neither the costs of potential accidents, potential fees nor fines or the societal cost of the vehicles are
taken into account. Only the resale value for the cars is taken into account. A real discount rate of -0.5% was used
[34] in following formula to calculate the value of money in present time:

1
PV = At « EI:;S?

(D
With PV = present value, A7 = one-time cost at time t, » = real discount rate and ¢ = time expressed in years.

For the CO,-emissions calculations, only the production process and usage are taken into account, the end-of-
life is not. The time savings are calculated with speed values based on literature and the input of users, but are
not linked to the exact trajectory of the user. The activity hours are calculated on the basis of the commute time,
independently of the number of hours of activity already carried out by the user.

2.2 Monetary savings over ownership

To determine the monetary savings a switch from car to e-bike would bring, all costs related to these vehicles
over their respective ownership need to be determined. As mentioned in the introduction, TCO studies on ICEVs
and BEVs are available in literature [1]-[6] and are available as calculators [32], [35], however similar TCO
studies for pedelecs and SPs are scarce [7], [9]-[11] or non-existent respectively. Therefore, a market study of
current purchase prices of e-bikes, an analysis of the energy consumption of an e-bike, a survey of Flemish
bicycle dealers with regards to maintenance costs and ownership, and desktop research into legal benefits and
leasing options were conducted to identify the purchase costs, operational costs and non-operational costs. To
obtain the total cost of ownership, the sum of all present values of costs over the whole period of ownership must
be taken. The cost per kilometre is then calculated by dividing the total cost with the total amount of kilometres
driven during the time of ownership.

2.2.1  Purchase costs

The purchase costs are the costs involved in either buying or leasing an e-bike. When considering the former, the
purchase costs consist of the initial purchase price of the e-bike (charging adaptor included) and necessary
accessories (i.e. a bike bag, rain clothes, ... for a total of € 100) [8] and in case of the SP, the price of an obligatory
helmet (€ 50) [36] and a license plate. The cost of a license plate in Belgium is € 30 [37]. For the latter, only the
accessories (and helmet in case of the SP) are taken into account, as the other costs are assimilated into the
monthly leasing price. The purchase price of a pedelec (€ 2050) is based on literature [8], as for the SP (€ 5650)
is based on a market study of 131 models of 17 different brands [36]. The purchase costs for ICEVs and EVs are
taken from literature [6], [32].

2.2.2  Operational costs

The operational costs are the costs that are made for the vehicle to operate. In the case of e-bikes, this is the
electricity cost. The annual cost is determined by the price of electricity (0.30 €/kWh) [38], but also the
driving efficiency of the e-bike (pedelec: 10 Wh/km, SP: 19 Wh/km) [39] and the distance travelled during
that year. For the ICEVs and EVs, the values are based on literature [6].

. Price of electricit €
Operational costs [€] = u 24 [ﬂ

Wh .
| *Me-sise [fom] * distancecotas [em] @

year

2.2.3 Non-operational costs

Non-operational costs are the remaining costs that need to be considered. These can be split up into: bicycle
allowance, insurance costs, leasing costs and maintenance costs. The bicycle allowance is a tax-free allowance
paid by the employer to the employee per kilometre travelled by (electric) bicycle [40]. The current maximum
amount is 0.24 €/km [41]. With regards to insurance costs, a civil liability insurance for a (speed) pedelec is not
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obligatory, but is advisable for a SP [42]. 84 € per year is taken as an average [36]. The cost of an omnium
insurance for the pedelec is 3% of the purchase cost and 4% of the purchase cost of the speed pedelec. For ICEVs,
taxes and insurance (omnium and obligatory civil liability insurance) and for BEVs, premiums are taken into
account, based on literature [6].

When the (speed) pedelec is acquired with a leasing formula, the insurance is included in the leasing costs. The
leasing cost is a monthly amount paid by the employee. After a period of three years, the consumer can buy the
vehicle by paying 16% of the original acquisition price. The monthly amount during those first three years varies
dependent on the original purchase price and the formula used by the leasing company. In this paper, the formula
used by bike-leasing company 020 [43] (acquired through personal communication) is used to calculate the
monthly leasing price:

(purchase price—4000)*5.1992 n accessories pricex1.332 (3)
500 1000

Leasing priceper monen[€] = 55.15 +

The leasing price per year is the leasing price per month multiplied by 13.92 due to the way Belgian salaries are
paid out: employees get a holiday bonus (92% of a monthly salary) around May and a 13th month worth of salary
at the end of the year.

Leasing priceper year = 13.92 * leasing priceper montn 4

At the end of the three-year leasing contract, the user of the e-bike gets the option to purchase the e-bike for 16%
of the acquisition price. This paper will assume that the user will buy the e-bike at the end of the contract.

Determining maintenance costs for e-bikes is more difficult than for (IC)EVs. Maintenance frequency and costs
are not well monitored nor documented as is the case for the car industry. Maintenance on (IC)EVs is typical
carried out by professionals and is periodical, where small maintenance on e-bikes and bikes in general can be
performed by the owner and the frequency is highly dependent on the use, road conditions and care of the users.
Therefore a survey of bicycle dealers was carried out [36], with a response of 36 Flemish dealers, which identified
following aspects as the biggest contributors to maintenance costs: standard check-up (i.e. tightening loose parts,
greasing, checking chain or belt tension, software update and replacing brake pads), replacement of parts (drive
train, inner and outer tires and/or bearings) and the replacement of the battery. The frequency of standard check-
ups and replacements of parts is determined by the driven kilometres, while the battery replacement is determined
by the charging cycles. Table 1 gives an overview of different maintenance costs, frequency of occurrence and
the cost linked to the replacement, which is the cost of the product and the working hours.

Table 1: Maintenance costs

Maintenance Frequency of occurrence Cost
Standard check-up 3000 km €120
Drive train: belt 17 500 km €285
Drive train: chain/cassette 4000 km/6000 km €45/€ 100
Tires 9 000 km €170
Bearings 15 000 km €90
Battery 500 cycles €579

The eventual frequency of occurrence in the time of ownership will depend on total amount of kilometres
travelled. Table 1 shows a difference in frequency of occurrence for the replacement of the drivetrain between a
belt or a chain. The costs of accidents are not included in this paper, due to limited accident numbers for Belgium
with regards to e-bikes [44].

2.3 COz savings

The potential CO-emission reduction related to a switch from car to e-bike is based on literature [9], [13]-[21].
With regards to the e-bike, a distinction was made between the CO; generated during the production of the

35" International Electric Vehicle Symposium and Exhibition 4



vehicle and the CO»-emissions for usage i.e. the energy mix of the country where the e-bike is charged, the
distance travelled and the energy consumption per kilometre travelled.

The CO; generated from the production of the e-bike is split up in the assembly of the e-bike (184 kg CO, eq.)
and the production of the Li-ion battery (143 kg CO, eq./kWh), as the number of times the battery is replaced
will also be taken into account. The numbers originate from personal communication with Bosch e-Bike Benelux
and represent an e-bike with a 500 Wh battery. These numbers are also in large part validated by [17].

COZProduction e-bike [kg] =

kgC02

COZassembly e-bike [kg] T KWhLi tombattery [kWh * BatterYCapacity [kWh] * (Nreplace + 1) (%)

The COz-emissions caused by the commute is calculated by use of the energy consumption and the energy mix
in the country where the charging happens (for Belgium: 0.2 kgCO»/kWh [13]). The energy consumption of an
e-bike is determined by dividing the battery capacity (on average 500 Wh [36]) by the maximum distance that
can be travelled with one battery. The distances (pedelec: 50 km, SP: 27 km) were obtained with the help of the
Bosch eBike Range Assistant [24] with the inputs mentioned in Appendix A.

kWh
km

(6)

C0O, Emissions [kg

= Energy mixcountry [ kWh] Energy consumption,_ blke[

kmysage e-bike Lkm

Energy consumption._pike [%] = Battery capacity [kWh]/Distance; gy patterylkm] (7)

The total amount of CO,-emissions over the time of ownership is then calculated by summing the outcome of
formula 5 with the outcome of formula 7 multiplied by the total number of kilometres travelled over the total
ownership time for the user case.

Total ownership CO, emission [kgCO0,] =

C0O, Emissions "

COZProduction e—bike tlmeownership * dlStancetotal/year (8)

kmysage e-bike

2.4 Time savings

The time savings are determined by calculating the time that will be spent on a single commute on an e-bike. The
user can compare the calculated time with their current commute time. To determine the duration of the daily
single commute, the distance of the commute is divided by the average speed during this single commute. As the
speed of an e-bike varies considerably in an urban versus a non-urban environment [22], [23], the user is asked
to indicate what percentage of the commute is done in the urban environment close to the start and end of the trip
(durations y; and y»). Within this urban environment a ‘city’ speed (pedelec: 20.6 km/h [23], SP: 28.2 km/h [22])
will be taken as average speed, outside the urban environment a cruising speed (pedelec: 22.2 kmv/h [23], SP:
34.2 km/h [22]) is taken as average speed. The total average speed is then the sum of those percentages multiplied
with their respective speeds. When the user lives or works outside an urban environment (i.e. rural), 5 % is
assumed for the y value, when the user lives or works in an urban environment 15 % is assumed for y.!

Speedaverage [km/h] =x % x* Speedcruising + (Y1 + YZ) % speedcity (9)

With the average speed and the commute distance, the time spent on a single commute can easily be calculated
as follows:

! For example: Living and working in urban environment results in 30% of commute riding at city speed. Living in a rural
area, working in urban environment results in 20% of commute at city speed.
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distancecommute (10)

time h) =
commute ( ) Speedaverage

2.5 Activity

Changing from a sedentary way of transport such as the car, to a more active way of transport such as a bike or
e-bike, will have an impact on a person’s physical health. [45] recommends 150 minutes of moderate to vigorous
physical activity (MVPA) each week to be in a normal health condition, above a certain age it is best to perform
more than 210 minutes of MVPA. Activities with a Metabolic Equivalent Task (MET) value of above 3 are
considered MVPA and both cycling and electric cycling have a MET above 3 [46]. Driving a car is not considered
as MVPA as sitting has a MET value of 1 [47].

Only the extra hours of MVPA per week that will be achieved by taking an e-bike to work are calculated in this
criteria with following formula:

#hMVPA_extra/week = 2% Ndays,commute * frequenCYCommute * LIMecommute (11)

2.6 Personae

To capture the variability in outcomes for the four criteria, which depend on the input given by the user, four
different personae are set up as shown in Table 2. Persona 1 is an average Belgian commuter [48], who drives an
ICEV for 22.9 km per trip on daily basis, who will purchase an e-bike with 0.24 €/km bicycle allowance. Persona
2 only differs from persona 1 in the frequency of commuting, four times a week in accordance with a new trend
since the Covid-19 pandemic, being one day working from home, and a bicycle allowance of 0.15 €/km. Persona
3 both works and lives in an urban environment, but in different cities. Persona 3 has a good train connection and
will bike to work occasionally and has a commute distance of 30 km. Persona 4 lives 10 km from work and has
bicycle allowance of 0.24 €/km. All personae buy either a pedelec or a SP.

Table 2: Different personae

Personal Persona2 Persona3 Persona4

Home Rural Rural City Rural
Work City City City Rural

# km commute 22.9 22.9 30 10
Commuting frequency 100% 80% 40% 100%
Bicycle allowance 0.24 €/km 0.15€/km 0.24 €/km 0.24 €/km

3 Results & Discussion

This paper presents a multi-criteria calculation tool which quantifies the impact of a switch from a car to e-bike
in four criteria. To lower the entry barriers for using the tool, the necessary input is limited and can be adjusted
by the user within certain boundaries. This section will first describe the results for each persona and then
compare the cost and kgCO» values for the four vehicles more in depth.

Table 3: Criteria results for each persona buying an e-bike

Criterion Persona 1 Persona 2 Persona 3 Persona 4
pedelec SP pedelec SP pedelec SP pedelec SP
Cost  [€/km] -0.08 0.01 0.03 0.012 -0.04 0.09 -0.01 00.12
CO, [kgCOzkm] 0.0074  0.0114 0.0076 0.0121 0.0087 0.0129 0.0099 0.0138
Time [min] 63 42 63 42 83 56 27 18
Fitness [min/week] 628 416 502 333 331 224 272 179

Table 3 shows for each persona what the values are for each criterion when they either buy a pedelec or buy a SP.
The negative values in the ‘Cost’ criterion indicate that the persona can earn money, this is due to the bicycle
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allowance. Persona 1, 3 and 4 only earn money per kilometre travelled when choosing for a pedelec. When
looking at both Table 2 and Table 3, it is clear that it is more beneficial to commute frequently and greater
distances in terms of costs, CO; and fitness, especially if the person receives the maximum bicycle allowance
(i.e. 0.24 €/km). However larger commute distances have an effect on the time travelled, which most likely has
an effect on the willingness to travel that distance daily.

All personae in Table 3 were set-up as if they would buy an e-bike. However, a scenario where the personae lease
their e-bike for the first three years and then purchase the vehicle at 16% of the original purchase price, is also
possible. [49] shows that leasing in Flanders even represents 30% of the newly acquired SPs in 2020. Table 4
presents the cost per kilometre values for each persona if they would either purchase or lease an e-bike.

Table 4: Costs results for each persona buying versus leasing e-bike

Cost [€/km] Persona 1 Persona 2 Persona 3 Persona 4
Ped. SP Ped. SP Ped. SP Ped. SP

Purchase -0.08 0.01 0.03 0.12 -0.04 0.09 -0.01 0.12

Leasing -0.10 -0.03 0.00 0.07 -0.07 0.02 -0.06 0.02

Because the high purchase price of the e-bike can be avoided at the beginning of the use and the lease amount is
partly absorbed by the gross salary, a lease option is, according to the calculations, more advantageous than
buying an e-bike for all personae.

TCO of vehicles with bike allowance
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Figure 2: TCO and €/km for BEVs, petrol ICEVs, pedelecs & speed pedelecs

To put the values of the cost criteria in perspective, Fout! Verwijzingsbron niet gevonden. shows the total cost
of ownership and the cost per kilometre for four different vehicles (petrol ICEV?, BEV?2, pedelec, SP) in the case
of persona 1. The total cost of ownership is split up in to eight different categories similar to [6] and in accordance
with the assumptions described in section 2.1. In Fout! Verwijzingsbron niet gevonden., it can be seen that the
TCO is largest for the petrol ICEV (€ 35 463), mainly due to the high fuel cost (0.2 €/1) [50]. In second, the petrol

2 The petrol ICEV considered is a Renault Twingo Intens 0.9 TCe 90 EDC, the BEV considered is a Renault Twingo R80
Zen [32].
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ICEV (€ 32 984), with the largest cost factor being the purchase cost. For both the pedelec (€12 6722) and the SP
(€20 047°), the largest cost is the maintenance.

This is mainly attributable to the assumptions that were made when estimating the maintenance costs. The figures
that bicycle mechanics reported, were estimations on when a component should be replaced to ensure optimal
performance. In the scenario of this study, the components would always be replaced in time before potential
and/or destructive damage occurs. Consequently, the e-bike will also be in fairly optimal condition at the end of
the ownership period. In reality, with actual users, it may take longer for maintenance to take place, which would
lower the overall TCO and thus the cost per kilometre. The cost per kilometre for the petrol ICEV is 0.40 €/km,
for the BEV it is 0.375 €/km. For the pedelec, with(-out) bicycle allowance, it is -0.08 €/km (0.14 €/km). For the
SP, with(-out) bicycle allowance, it is 0.01 €/km (0.22 €/km). So the average Belgian, can, by switching from a
petrol ICEV to a pedelec, earn 0.48 €/km. When switching to a SP, the average Belgian can earn 0.39 €/km. Note
that in Fout! Verwijzingsbron niet gevonden. the TCOs for the ICEV and BEV are calculated with the TCO
calculator of Flemish government [32] and the total distance travelled is 88 000 km for the cars, 88 928 km for
the SP and 86 848 km for the pedelec.

To now put the values for CO, emissions for persona 1 in perspective, the emission values of the pedelec and SP
are compared to emission values of a BEV and petrol ICEV in Figure 3.
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Figure 3: Total CO2 emissions over ownership and kgCO2/ km for four vehicles

Figure 3 shows the total amount of CO; emissions (bars) over the ownership of the vehicle with the production
of the vehicle included and the kgCO»/km for each vehicle (dots) for persona 1.The petrol ICEV in this case has
the highest value, with a total of 23.121 ton CO2/km over a period of eight years, the result of the multiplication
of 0.26 kgCO, eq./km acquired from [29]* and the distance travelled by persona 1 in eight years (88 928 km).
The BEV has the second highest value with 8.893 ton CO2/km and 0.1 kgCOy/km [29]. The SP has a smaller
kgCOo/km value, being 0.0114 kgCO»/km and a total CO emissions over the period of eight years and 88 928
km of 1013.8 kgCO,. The pedelec has the smallest value with a total of 642.7 kgCO, emitted in 8 years of
ownership. This was calculated with 0.0074 kgCO>/km and the distance travelled in eight years with a pedelec
(86 848 km). Based on these calculations, it can be concluded that pedelecs emit over 13 times less CO; emissions

3 This is a TCO without the bicycle allowance. With bicycle allowance the pedelec has a TCO of -6674 € and the speed
pedelec 701 €.

4 In [29], the assumption is that the vehicles have an average life span of 14.1 years and a total of 14 856 annual kilometres.
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than BEVs and 36 times less than ICEVs and SPs emit over 8 times less CO; emissions than BEVs and 22 times
less than ICEVs. When the average Belgian would switch from a petrol ICEV to a BEV, the person would save
0.16 kgCO; per kilometre, but a switch from a petrol ICEV to an e-bike would save at least 0.24 kgCO, per
kilometre.

The time values give the users of the calculator an indication of what the commuting time would be if they were
to switch to an e-bike. It is evident from the speeds mentioned in section 5 and the numbers provided in Table 3,
that the commuting times of the pedelec are higher than those of the SP. No comparison has been made with
commuting times by car, as they are fickle due to traffic jams and the user is best suited to estimate their own
commuting time by car. Nonetheless, literature does show that e-bikes are more predictable [22], [51]. Finally,
Table 3 shows the extra minutes MVPA per week the personae would have by taking an e-bike to work. All
personae pass the advisable limit of 150 minutes MVPA per week and only persona 4, if the person would switch
to a SP, would not exceed the 210 minutes MVPA, a threshold to stay in good health.

Conclusions

To help clarify what a switch from a car to an e-bike would mean for a user in terms of benefits, this study
developed a multi-criteria calculation tool with following criteria: money saving, CO> emissions savings, time
savings and fitness benefits. All assumptions, formulas and appropriate key figures used are described in the
methodology. The results are discussed on the basis of four personae, of which the first is an average Belgian
commuter. The costs savings and CO» emissions savings are discussed in more depth by comparing those values
with values from literature for a petrol ICEV and BEV of a city car segment.

The results show that a switch to an e-bike is beneficial for all four personae for the criteria of costs, emissions
and fitness. The benefits in terms of time can only be determined by the user, but the values given are reasonable
estimations of travel time, with high predictability. An average Belgian could save 0.48 €/km and 0.24 kgCO»/km
if they would switch from a petrol ICEV to a pedelec.

To conclude, the multiple available inputs and different criteria make the calculation tool complex to report on
as there are a variety of dimensions to variate on. A full and in-depth study with sensitivity analysis on, for
example, larger e-bike prices and battery cycles is however out of scope for this manuscript and will be taken up
in further publications. The development of an online fully customisable version of the calculator could be an
important step towards further convincing the general public of switching to cheaper and most importantly more
sustainable active transport.

Limitations

Many assumptions were made to assemble this calculator for all criteria. Some aspects of the ownership are not
included in the TCO, such as the cost of accidents, the resale value, the real behaviour of users related to
maintenance, but also the cost for society, the monetary benefit of exercise, the loss of functionality and the cost
of noise reduction. In terms of CO, emissions, the end-of-life was not taken into account. Also other emissions,
for example NOx emissions are not taken into account. For the time savings, the estimation of the commute time
can be more exact, by taking the exact route of the user as input and match the on-road time with speeds achieved
on the chosen paths. Multimodality was also not included. Finally the mental health effects of riding with an e-
bike and the determination of the MET of SP riding were not included. These are aspects on which future research
will focus.
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Appendix A

Inputs used for the Bosch eBike Range Assistant [24]:

For the pedelec: For the SP:

Average speed: 22 km/h [23] - Average speed: 32 km/h [22], [23]

Riding mode: Turbo - Riding mode: Turbo

Effort: 3 stripes - Effort: 3 stripes

Rider: 100kg - 60 rpm - Rider: 100kg - 60 rpm

eBike: Active Line - City bike - eBike: Performance Line Speed - City bike
Hybrid bike tires - Hybrid bike tires

Environment: some inclines - road with - Environment: some inclines - road with
poor quality - light breezes - winter poor quality - light breezes - winter
Starting up middle - Starting up middle
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