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1 Total Cost of Ownership (TCO)

The perception that battery electric vehicles (BEV) are more expensive than
conventional propelled cars is quite common. This perception may stem from the
difficulties for businesses and private consumers to assess and evaluate the long-term
operational costs of BEV. In order to comprehensively determine the overall costs of
purchasing and operating a vehicle, various total cost of ownership (TCO) models and
calculation methods have been applied by several researchers (e.g., Lin et al., 2013,
Thiel et al., 2010, Tseng et al., 2013). The total cost of ownership analysis aims to
explore the true costs of purchasing and operating a particular good that arise over the
entire holding period. Therefore, the calculation of the TCO is equally useful for
companies, state authorities as well as private consumers to identify the overall costs
associated with a decision to purchase. An exclusive consideration and comparison of
the purchase prices of vehicles, excluding long-term cost positions, may cause
uneconomical buying decisions resulting in serious financial consequences for
businesses and private customers (Hagman et al., 2016).

However, existing studies in this area often neglect to consider specific use cases and
hence, cannot provide meaningful recommendations for particular sectors, such as the
taxi industry (Wu et al., 2015). Therefore, a closer examination of the specific TCO of
BEV for taxi operators seems to be advisable and crucial in order to investigate the
economic feasibility of electric taxis. The aim of this chapter is to develop an Excel-
based TCO model and to compare the total cost of ownership of conventional driven
taxi vehicles with that of equivalent BEV. For this purpose, the overall cost positions
that arise to the taxi operator due to the vehicle ownership as well as data from the taxi
industry in Hannover are used to calculate the TCO values of battery electric taxi
vehicles and conventional propelled taxis. The used data regarding the taxi industry in
Hannover was obtained and validated through discussions with managing directors of
the Hallo Taxi 3811 GmbH Hannover, which is responsible for the entire taxi
dispatching system in Hannover.

Consequently, the purchase price does not represent the total buying and owning costs
of a vehicle. In addition, various operating and capital cost need to be taken into
consideration. Capital costs are associated with the vehicle purchase and comprise
cost categories, such as depreciation, tax and interest payments. Operating costs on
the other hand, are tied with ongoing driving costs, namely: fuel or electricity expanses
as well as maintenance and repair costs (Consumer Report, 2012).

The underlying TCO model in this study constist of the following elements visualized
in Table 1:



Table 1. TCO elements

Parameter Description

IPC Initial purchase price

RV Resale price after the vehicle holding period
I Interest costs
T Taxes

FC Fuel or electricity consumption costs

MR Maintenance and repair costs

CIC Charging infrastructure costs
S Environmental subsidies

The following calculation approach is used for this study:
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where TCO is the total cost of ownership of a particular vehicle over the holding period,
IPC is the initial buying price of the vehicle and RV constitutes the future resell value
after the holding period. Thus, the difference between IPC and the discounted resell
price represents the car specific depreciation. N is the vehicle holding period in years.
| depicts the total interest expanses over the vehicle holding period (see 3.2 for a
detailed presentation of the total interest paid formula). FC stands for the fuel or
electricity costs and MR represents the maintenance and repair costs of a vehicle.
Further, CIC describes the charging infrastructure costs, whereby both the initial
purchasing costs as well as maintenance costs for charging infrastructure are
considered. Finally, S displays the environmental subsidy. In order to achieve
comparability between the occurring costs, a discounting of all future costs to their
present values was performed, as illustrated in the Formula (1) above.

(1)

These different cost positions depend on the particular vehicle category, the vehicle
use as well as defined general conditions. In the next sections, the vehicle use case
(taxi operation), all elements of the TCO model as well as all input variables and
assumptions for the TCO calculation are described. The TCO model will be used to
compare the total cost of ownership between conventional diesel taxi vehicles and
equivalent electric driven taxi vehicles in consideration of the specific conditions and
driving data of the taxi industry in Hannover, which will be outlined in the following
section.



2 Characteristics of Hannover’s Taxi Industry

In the state capital Hannover, there exist 248 taxi companies which operate a total of
amount of 637 taxis. The number and size of taxi companies in Hannover is illustrated
in Table 2 and Figure 1.

Table 2. Number and share of companies per taxi ownership®

Taxis per Number of Relative share of
company companies companies
1 144 58,1%
2 35 14,1%
3 24 9,7%
4 9 3,6%
5 6 2,4%
6 11 4,4%
7 2 0,8%
8 1 0,4%
9 4 1,6%
10 1 0,4%
1" 3 1,2%
12 5 2,0%
15 2 0,8%
28 1 0,4%
Total 248 100%
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Figure 1. Companies by size and aggregated taxi ownership®

About 58% of the taxi operators are companies with only one vehicle, which own 144
(23%) of the overall taxi vehicles in Hannover. The largest taxi company operates 28
taxis (4,4% of all taxis in Hannover) and the average number of taxi vehicles per
company amounts to 2,6 vehicles. Regarding the age structure of the taxi companies
it is noticeable that a large part of the taxi businesses has only been on the market for

5 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).
6 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).



a few years and there exists a relatively high fluctuation level in the taxi industry of
Hannover. While only 23% of the companies have started their taxi business before
1995, more than 41% of the current companies have entered the taxi industry since
2008. The average age of taxi companies in Hannover is around twelve years (ISUP,
2015).

Based on 637 taxi licenses in Hannover a taxi-density (TD) of 1,22 taxis per 1000
inhabitants resulted for the year 2014. The TD constitutes a measure of the existing
taxi supply and competition in a particular city. The development of the TD in Hannover
and other German cities of similar size is provided by Figure 2. The diagram illustrates,
that Hannover is characterized by a relatively high TD and that there is a large range
of TD between the considered cities. This is mainly due to the specific characteristics
of the regional environment, e.g., size of airports or trade fairs (ISUP, 2015).
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Figure 2. Development of the taxi-density in selected German mid-sized cities”

Regarding the vehicle fleet of taxi companies in Hannover it can be stated that vehicles
of the brand Mercedes Benz, which are strongly represented in the German taxi
industry, are also used in Hannover to a high share. About 46% of the taxi vehicles in
Hannover are part of the brand Mercedes Benz. However, the high proportion of taxi
vehicles from Volkswagen is remarkable in comparison with other German cities.
Approximately 47% of the overall taxis in Hannover belong to the Volkswagen brand,
whereas in other cities, such as Regensburg and Potsdam this proportion amounts to
merely 17% and 9%, respectively. This high share of taxis from Volkswagen may be
explained due to the proximity to Wolfsburg and other production facilities of
Volkswagen as well as to the cheaper price compared to vehicles of Mercedes Benz.

7 Own illustration bason on ISUP (2015).



Furthermore, 6% of the entire taxi vehicles in Hannover are specified as mini-van taxis,
which can transport more than five people (ISUP, 2015). Figure 3 depicts the structure
of the taxi fleet in Hannover by vehicle manufacturer.
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Figure 3. Share of taxi vehicles in Hannover by manufacturers®

A recent survey among taxi companies in Hannover indicated that the average
operating time of taxi vehicles amounts to 4,3 years. The following Table 3 summarizes
the average operating time and vehicle age of taxi vehicles in Hannover by size of taxi
companies. According to these figures, an average rounded taxi vehicle holding period
of 4 years is assumed for the following TCO calculations.

Table 3. Average vehicle age and operating time per company size’®

. Average vehicle
. Average vehicle age . .
Company size operating time
(years)
(years)
1 taxi without employees 3,9 55
1 taxi with employees 3.1 4,3
2<3 2,8 3,9
24 3,0 4,2
Average 3,1 4,3

The average holding period and average vehicle age for companies equipped with only
one vehicle without employees (single-driver) exceeds the values for other company
sizes due to the lower annual mileage (vehicles are used only by the taxi operator
himself). Hence, the lower annual driving distance increases the vehicle holding time

8 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).
9 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).



as less vehicle abrasion is caused given a lower mileage. The annual mileage of
companies equipped with only one vehicle without employees is on average 19%
below that of the multiple vehicle companies in Hannover (ISUP, 2015).

During day and night hours from Sunday to Thursday almost the same amount of taxi
rides per hour (1.0 to 1.1) are reached per taxi vehicle in Hannover. Only on Friday and
Saturday nights better values of 1,5 taxi rides per hour can be reached due to the more
frequent leisure activities of the citizens. The average number of taxi rides per taxi and
hour in 2013 is outlined in the following Table 4.

Table 4. Average rides per day and shift!°

Average over
all weekdays

Weekdays Mon-Thu Friday Saturday Sunday

Day-/night
shift

Taxi  rides
per hour [h])

DEYY, N[fe]g)s Day Night | Day @ Night Day @ Night | Day  Night

1,2

However, it must be noted that on Friday and Saturday nights mainly short driving
distances are demanded by passengers, which are characterized by lower profits in
comparison with longer taxi rides (ISUP, 2015). The average driving distance of a taxi
ride in Hannover from the customers pick-up location to the customers destination
amounted to 6,1km in 2013. Further, the share of empty-trip kilometers per taxi of the
total yearly mileage amounted to 53% (ISUP, 2015). Therefore, in Hannover the entire
driving distance regarding one passenger transportation by taxi is about an average of
13km (sum of empty-trip kilometers per ride (6,9km), e.g., distance from the taxi rank
to the pick up location of the customer and occupied-trip kilometers per ride (6,1km),
e.g., the distance from the pick-up location to the customers destination).

Another important taxi data is constituted by the annual mileage of taxi vehicles.
Referring to the data provided by the taxi companies, Table 5 shows the development
of the average annual mileage per taxi in Hannover for the period from 2012 to 2017
(sum of empty-trip kilometers and occupied-trip kilometers). The values from 2014 to
2017 were determined based on discussions with a managing director of the Hallo Taxi
3811 GmbH, under consideration of an annual increase in mileage of approximately
1,5% per year. This is in line with the average increase in mileage from 2012 to 2013.

10 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).



Table 5. Average annual mileage per taxi'’

Year 2013 2014 PAONES 2016

Annual
mileage [km]

As indicated in Table 5, the average mileage per taxi vehicle in Hannover has increased
slightly over the last years. Furthermore, it can be deduced that taxi companies of all
sizes are equally affected by this development. The average annual mileage of 64.765
km per taxi in 2017 is within the range of annual driving distances of taxis in other
German cities with similar size (e.g., Stuttgart 2011: 55.100 kilometers (Linne and
Krause, 2013a) and Essen 2011: 65.300 kilometers (Linne and Krause, 2013b)).
Survey results among taxi operators in Hannover indicated that taxi vehicles were not
used for an average of 57 days in 2013 (ISUP, 2015). Therefore, taking into
consideration an average of 308 operating days per year and taxi vehicle in 2017, a
daily driving distance of about 210 kilometers per taxi is realized in Hannover.
According to this data, an average annual mileage of 64.765 kilometers per taxi will be
included in the TCO model and used as a basis for all upcoming calculations. After the
basic taxi specific parameters were illustrated, the main elements and input variables
of the constructed TCO model will be derived and described in the next section.

3 Total Cost of Ownership Elements

The Excel-based calculation model will be used to determine and contrast the TCO of
various vehicle models with different drive technologies by taking into consideration
the taxi operating characteristics in Hannover. The definition of typical taxi vehicles in
the respective conventional and battery electric variant forms the basis for the
deduction of specific purchasing and operating costs and therefore, is of crucial
importance for the TCO calculation. The TCO is determined among conventional diesel
powered and equivalent electric driven car models from Mercedes Benz and
Volkswagen, which are primarily used by taxi operators in Hannover (see Figure 3).
Additionally, a vehicle model from Tesla Motors was included in this research to enable
a TCO comparison between conventional and electric driven premium taxi cars.
Premium class vehicles are also widely used in the taxi industry to provide customers
with a comfortable driving experience and due to their better resale possibilities. Figure
4 illustrates the key data of the taxi vehicle models, which were considered in this
research sorted by drive technology, brand and taxi vehicle class. It must be noted that
these are manufacturer specifications. Some of this manufacturer data will be adjusted
in this section in order to reflect real world conditions and costs.

1 Own illustration based on ISUP (2015) and conversations with Hallo Taxi GmbH Hannover (2017).



Conventional Drive Technology Fully Electric Drive Technology

Mercedes Benz B 200 d Mercedes Benz B 250 e
Purchasing price: 31.606 € Purchasing price: 39.151 €
Consumption (mixed): 4,5 1/100 km (NEFZ) Consumption (mixed): 16,6 kWh/100 km (NEFZ)
K’.] CO, emissions: 117 g/km (NEF2Z) CO, emissions: 0 g/km (NEFZ)
é Horsepower: 136 hp (100 kW) Horsepower: 179 hp (132 kW)
; Displacement: 2.143 cm3 Electric range: 200 km (NEFZ2)
@ Fuel type: Diesel Battery capacity: 28 kWh
O
'y | Volkswagen Golf VII 1,6 | TDI Volkswagen e-Golf
=)
g Purchasing price: 22.200 € Purchasing price: 35.900 €
Consumption (mixed): 4,1 1/100 km (NEFZ) Consumption (mixed): 12,7 kWh/100 km (NEF2Z)
CO, emissions: 106 g/lkm (NEF2) CO, emissions: 0 g/km (NEFZ)
Horsepower: 115 hp (085 kW) Horsepower: 136 hp (100 kW)
Displacement: 1.598 cm3 Electric range: 300 km (NEFZ)
Fuel type: Diesel Battery capacity: 35,8 kWh
3 Mercedes Benz E 350 d Sedan Tesla Model S 60
©
j= Purchasing price: 55.876 € Purchasing price: 71.019 €
£ Consumption (mixed): 5,2 /100 km (NEFZ) Consumption (mixed): 15 kWh/100 km (NEFZ)
= CO, emissions: 144 g/lkm (NEF2) CO, emissions: 0 g/km (NEFZ)
g Horsepower: 258 hp (190 kW) Horsepower: 262 hp (193 kW)
a Displacement: 2.987 cm3 Electric range: 400 km (NEF2Z)
Fuel type: Diesel Battery capacity: 60 kWh

Figure 4. Description and key data of the analyzed vehicles?

In the following, all cost positions and assumptions will be explained that make up the
TCO of taxi vehicles and which were included in the Excel-based TCO model.

3.1 Depreciation

The first cost category of the vehicle TCO is represented by depreciation. The initial
purchase price less the present value of the resell price of a particular car determines
the amount of depreciation. Among the total cost of vehicle ownership depreciation
constitutes one of the biggest cost positions and hence, is of vital importance for new
car purchasers (Consumer Report, 2012). Depreciation of vehicles is characterized by
a high complexity and dependent on various factors, e.g., vehicle equipment, fuel
prices, color and brand reputation. Consequently, the amount of depreciation is highly
volatile and can vary between drive technologies, car models and brands (Hagman et
al., 2016).

Regarding the development of the depreciation value for conventional vehicles there
exist various research results. Hence, assuming stable conditions and consumer
preferences the depreciation value for conventional vehicles can be assessed and
predicted based on these past analysis. Contrary, due to the low sales figures and lack

12 Own illuastration, data source: Tesla Motors (2017a); Mercedes Benz (2017); Volkswagen (2017).



of BEV in the used-car market, it is not possible today to precisely predict the
depreciation of BEV (Schaufenster Elektromobilitat, 2016). In the scientific literature
various arguments are mentioned justifying either a higher or a lower depreciation rate
of electric cars in comparison to conventional propelled vehicles. For instance,
arguments supporting lower depreciation rates of electric cars state that used car
buyers may have a higher willingness to pay for BEV due to their lower operational
costs and the higher attractiveness of modern technologies. In contrast, higher
depreciation rates of electric cars are justified by existing uncertainties regarding the
battery lifetime and long-term battery capacity (Pfahl, 2012).

In this study, the depreciation costs and rates are calculated based on the depreciation
and used-car values determined by the Deutsche Automobil Treuhand (DAT 2017).
The depreciation of the vehicles will be determined based on basic purchase prices
without considering taxi specific equipment, e.g., costs for the mandatory taxi sign.
This is due to the fact that the taxi specific equipment cost the same for both, the
electric- and internal combustion engine vehicle version (Mercedes Benz, 2016). The
depreciation costs of the sample vehicles (monthly and over the 4-year holding period)
are summarized in the following Table 6 and included in the TCO model.

Table 6. Depreciation and discounted resale values™

Present value of

Depreciation Depreciation

Depreciation rate (% of

Vehicle models resale value e . ,
(monthly) (total) (i — initial purchasing price)
MB B 200 d 416 € 21523 € 10.083 € 32%
MB B 250 e 586 € 29.601 € 9.550 € 24%
I ——
VW Golf VI 1,6 | TDI 324 € 16.440 € 5.760 € 26%
VW e-Golf 506 € 25.839 € 10.061 € 28%
MB E 350 d Sedan 758 € 38.988 € 16.888 € 30%
Tesla Model S 60 962 € 49.492 € 21.526 € 30%

3.2 Interest Costs

In Hannover, 85% of the purchased taxi vehicles are financed by bank loans repaid in
monthly installments. The remaining 15% of taxi vehicle purchases financed solely with
own resources are mainly related to used-cars. The vast majority of the granted bank
loans required an average down payment with own resources in the amount of 20%
(ISUP, 2015). Therefore, it is assumed that 80 % of the initial purchasing price of a new
taxi vehicle in Hannover is financed by a loan with a term of 48 month and an effective
interest rate of 3,65% p.a., which constitutes the current interest rate of collateralized
loans for consumption in Germany (status February 2017: Deutsche Bundesbank,
2017). This effective interest rate can also be considered as the opportunity cost of

13 Own representation and calculation based on DAT (2017).



capital and hence, will be used to discount future costs to their present values within
the developed TCO model. The occurring interest payments over the loan period of
four years will be calculated via the following formulas.

Table 7. Interest payments formulas based on Hagman (2015)

Monthly payment formula Total interest paid formula
rXP Pxr(1+r)N
Cc = = (2) I=cXN-P (3)
1-1+nNN A+nrNN-1
c: Monthly payment I: Interest paid over the lifetime of the loan
r: Monthly interest rate c: Monthly payment
N: Number of monthly payments N: Number of monthly payments
P: Amount borrowed P: Amount borrowed

3.3 Vehicle Taxes

In Germany, the calculation of the vehicle tax rates for passenger cars takes into
account the engine displacement and the produced carbon dioxide emissions per
kilometer. The vehicle tax for light commercial vehicles depends solely on their
permissible total weight (Plotz et al., 2013). Against that, fully BEV are currently
exempted from vehicle taxation in Germany according to §3d of the
Kraftfahrtsteuergesetz (Generalzolldirektion, 2017). Figure 5 shows the vehicle tax
calculation scheme for passenger vehicles in dependence of the drive technology. The
calculation of the CO2-dependent cost position for passenger vehicles is based on
standardized fuel consumption data resulting from the New European Driving Cycle
test procedure (NEDC) and thereof, does not refer to real-world fuel consumption
values that will be used for the calculation of the fuel and electricity consumption costs
in the TCO-model (see 3.4).

Vehicle tax cost positions Diesel Battery Electric Vehicle

Basic tax amount

9,50 € 0,00 €
(per 100cm? displacement)
: :
CO2-emission based tax amount (if
vehicle exceeds 95g CO2-Emissions 2,00 € per g/km

per km)

Total annual vehicle tax

Figure 5. Vehicle tax calculation scheme for passenger vehicles based on Pl6tz et al. (2013)



According to this vehicle tax calculation scheme the following annual tax payments
result for the defined vehicles.

Table 8. Vehicle tax payments™

Total vehicle tax payments

Vehicle models Annual vehicle tax payments v s (i)

MB B 200 d 253 € 960 €

MB B 250 e 0€ 0€
I —

VW Golf VII 1,6 | TDI 174 € 660 €

VW e-Golf 0€ 0€

MB E 350 d Sedan 383 € 1.453 €

Tesla Model S 60 0€ 0€

3.4 Fuel and Electricity Consumption Costs

Fuel and energy consumption expenses constitute another important cost position of
the vehicle total cost of ownership. In order to calculate the vehicle specific
consumption cost, assumptions regarding the fuel and energy prices as well as the
consumption level have to be made. The average fuel and energy consumption data
specified and delivered by the vehicle manufacturers (see Figure 4) are determined
according to the New European Driving Cycle (NEDC) test procedure. Recent
empirical analysis found that the fuel and energy consumption data based on the
NEDC does not match with the real world consumption (Mock et al., 2014). For
instance, causes for this deviations may be due to weather-dependent influences, the
energy consumption of auxiliary units or type of tires. However, for the determination
of the TCO real world fuel and energy consumption values are required and of
particular relevance. To address this, a real world adjustment of the fuel and energy
consumption data was included in this study. In order to determine the real world
consumption figures, time series data of private vehicle owners were analyzed
(regarding the sample vehicles included in this study). This time series data sets were
obtained from the online data base Spritmonitor, which contains real world fuel
consumption data of most vehicle models available in Germany (Spritmonitor, 2017a).
This fuel and energy consumption data also comprises long-term influences such as
seasonal fluctuations and different driving profiles. The analysis of the time series data
revealed the following real world consumption figures shown in Table 9, which will be
used to calculate the total fuel and energy consumption costs. The real world
consumption values represent means from cars that have driven not less than 1.500
kilometers.

14 Own illustration and calculation.



Table 9. Real world average consumption figures of the electric and conventional vehicles’

Difference from consumption based on

Vehicle models Real world consumption NEDC test procedure [%]

MB B 200 d 6,68 1/100km + 33%

MB B 250 e 23,65 kWh/100km + 30%
I —

VW Golf VI 1,6 | TDI 6 1/100km +32%

VW e-Golf 16,66 kWh/100km + 24%
I ———

MB E 350 d Sedan 7,65 1/100km +32%

Tesla Model S 60 19,80 kWh/100km +24%

As a TCO comparison for a vehicle holding period from 2017 to 2021 is to be
performed, projections of future fuel and electricity prices need to be estimated in order
to determine realistic fuel and electricity consumption costs. Based on the average
diesel price in 2016, the average prices for the years 2017 to 2020 are calculated
assuming an annual price increase. According to the calculations on behalf of the
Federal Ministry of Transport and Digital Infrastructure (BMVI), an annual increase in
fuel prices of 6% in 2017, followed by an annual increase of 1% until 2020 was included
as a result of rising crude oil prices and mineral oil tax (SSP Consult, 2017). Table 10
shows the predicted average diesel prices for the years 2017 to 2020 based on the
average diesel price in 2016. These predicted diesel prices will be used to calculate
the fuel consumption costs for each vehicle holding year and all diesel taxis considered
in this study.

Table 10. Predicted average diesel prices for the years 2017 to 202076

Year

Diesel [€/1]

The prediction of the electricity prices was carried out as follows. In Germany, the
average electricity price for households amounted to approximately €0,29 per kilowatt
hours in 2016 (BDEW, 2017). Referring to existing prognosis on behalf of the Federal
Ministry for Economic Affairs and Energy (BMWI), the electricity prices in Germany are
forecasted to increase for households up to the year 2025 at an annual rate of 1,4%
(Schlesinger et al., 2014). Hence, based on the average electricity price in 2016, the
average prices regarding the years 2017 to 2020 are estimated in consideration of an
annual increase in electricity prices of 1,4%. Due to the high proportion of individual
taxi operators in Hannover and the high annual electricity expenditure of at least

15 Own illustration, data source: Spritmonitor (2017b-g).
16 Own illustration, data source: SSP Consult (2017).



160 MWh, which is required to obtain industrial electricity tariffs, household electricity
prices are used for the TCO calculation (Schaufenster Elektromobilitat, 2016). Table
11 summarizes the average electricity prices per kilowatt hour for households in
Germany for the years 2016 to 2020, which will be included in the TCO model.

Table 11. Average electricity prices [€/kWh] for households in Germany 2016 to 2020"7

Year

Electricity
[€/kWh]

3.5 Maintenance and Repair Costs

Expanses for vehicle repair and maintenance primarily comprise oil changes, car
inspections, tire replacement and typical wear-and-tear repairs. Due to the lower share
of moving- and wear parts within an electric power train fewer maintenance activities
such as filter- and oil changes are needed in comparison with an conventional
propelled vehicle (Pl6tz et al., 2013). Therefore, within this study it is assumed that the
maintenance and repair costs for an electric vehicle are reduced by approximately
18%. This value is based on an M&R-cost comparison analysis of electric- and
conventional propelled vehicles conducted by the German Aerospace Center in
collaboration with the Transportation Technology R&D Center (Propfe et al., 2012). The
maintenance and repair costs for conventional driven diesel vehicles are derived from
the DAT (2017).

Table 12. Repair and maintenance costs’®

Vehicle Maintenance and repair costs per month | Total maintenance & repair costs over 4-

Models [€] years (discounted)

MB B 200 d 75 € 3.294 €

MB B 250 e 61,5 € 2.701 €
e ———

VW Golf VI

161TDI 49 € 2152 €

VW e-Golf 40,18 € 1.765 €
_DPAAm_—e——e———

MB E 350 d 102 € 4.480 €

Sedan

Tesla Model

S 60 83,64 € 3.674 €

17 Own illustration, data source: BDEW (2017); Schlesinger et al. (2014).
8 Own illustration and calculation, data source: DAT (2017); Propfe et al. (2012).



Since significant changes of repair and maintenance costs are not expected in the
medium term, it is assumed that these values will remain constant during the 4-year
vehicle holding period up to 2020. Table 12 illustrates the repair and maintenance costs
for diesel vehicles and BEV per month and over the entire vehicle owning period of 4-
years. The data includes both, material and labor costs occurring with vehicle
maintenance and repair activities.

3.6 Charging Infrastructure Costs

Finally, a well-developed charging infrastructure is required for the operation of BEV.
Therefore, charging infrastructure costs can have a significant impact on the
profitability of BEV for taxi operators. Consequently, the TCO model is expanded by
the costs related to charging infrastructure. It is assumed that with every purchased
BEV additional costs arise for the procurement and installation of a battery charging
device, e.g., a wallbox. Further, annual maintenance costs are taken into account for
each charging device. These battery charging devices could for instance, be
implemented either at the company premise of a taxi company, taxi ranks in inner cities
or the residence of the electric vehicle purchaser. Due to the high rate of taxi
companies with only one driver in Hannover, it is likely that the majority of charging
devices will be initially installed at the residence of the taxi operators. Hence, for a BEV
purchase in 2017, investment costs of 553€ for a wallbox will be considered in the TCO
model (Tesla, 2017b). In addition, charging device maintenance costs of 50€ p.a. will
be included (Schaufenster Mobilitat, 2016).

3.7 Subsidies

In Germany, companies and private individuals who purchased or ordered a BEV as
of 18.06.2016 are entitled to receive a state- and industry funded environmental
premium. The condition required for obtaining this premium is that the net list price
(price exclusive 19% value-added tax) of the electric vehicle does not exceed 60.000€.
All BEV considered in this study are defined as eligible for funding by the German
Federal Office for Economic Affairs and Export Control (BAFA). For fully BEV the
purchase subsidy amounts to 4.000€ and will be included in the TCO calculation model
(BAFA, 2018).

3.8 Insurance Costs

The insurance costs consist of the monetary contributions for compulsory motor
vehicle insurance as well as the costs of fully- or partial coverage insurance. However,
as the amount of insurance contributions is not based on the type of drive technology
but rather on the vehicle model and individual characteristics of the driver (e.g., age
and accident frequency), the insurance costs are not included in the TCO model (Pl6tz
et al., 2013).



4 Total Cost of Ownership Analysis

Table 13 presents the calculation results based on the developed TCO-Excel model
and input variables derived in the previous. All costs are displayed in Euro and the
values in brackets indicate the percentage share of the particular cost category in
relation to the TCO of each vehicle. The TCO outcomes are calculated for a vehicle
purchase time in 2017 and under consideration of a 4-year long vehicle holding period.

Table 13. Total cost of ownership calculation results’

TCO model results

VW Golf VII MB E 350 d Tesla
MBB200d MBB250e 161TDI VW e-Golf Sedan Model S 60
Depreciation 21.523€ 29.601€ 16.440€ 25.839€ 38.988€ 49.492¢€
P (47%) (61%) (44%) (67%) (56%) (72%)
Interest costs 1.929€ 2.390€ 1.355€ 2.191€ 3.410€ 4.335€
(4%) (5%) (4%) (6%) (5%) (6%)
Tax costs 960€ 0€ 660€ 0€ 1.453€ 0€
(2%) (0%) (2%) (0%) (2%) (0%)
Consumption 18.258€ 16.824€ 16.400€ 11.852€ 20.910€ 14.085€
costs (40%) (35%) (44%) (31%) (30%) (21%)
M&R-costs 3.294€ 2.701€ 2.152€ 1.765€ 4.480€ 3.674€
(7%) (6%) (6%) (5%) (6%) (5%)
TG 0€ 736€ 0€ 736€ 0€ 736€
e (0%) (2%) (0%) (2%) (0%) (1%)
Subsidies 0€ -4000€ 0€ -4000€ 0€ -4000€
(0%) (-8%) (0%) (-10%) (0%) (-6%)
TCO 45.964€ 48.251€ 37.007€ 38.383€ 69.241€ 68.321€
TCO / month 958€ 1.005€ 771€ 800€ 1.443€ 1.423€
TCO /km 0,177€ 0,186€ 0,143€ 0,148€ 0,267€ 0,264€

The Mercedes Benz E 350 d Sedan has the highest TCO of the sample vehicles,
followed by the Tesla Model S 60 and the middle-class taxi vehicles from Mercedes
Benz. Both middle-class taxis from Volkswagen have the lowest TCO of the entire
investigated vehicles. The computed results show, that the TCO of electric driven
middle-class taxis is higher than that of equivalent conventional driven middle-class
taxis. The Mercedes Benz B 250 e as well as the Volkswagen e-Golf have a TCO
disadvantage over the vehicle holding period compared to the equivalent diesel

19 Own illustration and calculation.



powered models. The TCO of the Mercedes Benz B 250 e is 2.287€ larger than that of
the Mercedes Benz B 200 d and the TCO of the Volkswagen e-Golf exceeds that of
the Volkswagen Golf VII 1,6 | TDI by 1.376€. Only among the analyzed premium-class
taxi vehicles a TCO advantage of the battery electric model was determined. The TCO
advantage of the Tesla Model S 60 in comparison to the Mercedes Benz E 350 d
Sedan amounts to 920€ over the 4-year vehicle holding period.

These figures indicate a discrepancy between the purchasing price and the TCO in the
area of premium-class taxi vehicles. Although the Tesla Model S 60 has a significantly
higher purchasing price than the Mercedes E 350 d Sedan, the TCO of the Tesla is
lower in comparison to the Mercedes Benz premium-class taxi. This result
demonstrates the importance of a holistic TCO comparison for taxi companies to make
cost-efficient purchasing decisions. Despite the considerably higher purchasing price
of the analyzed model from Tesla, the analysis results show that the overall costs over
the 4-year owning period for this vehicle are lower than that for a Mercedes Benz
E 350 d Sedan. Hence, taxi companies in Hannover can benefit from using a Tesla
Model S 60 instead of conventional driven premium-class taxis.

The TCO values of each vehicle comprise seven main cost categories and were
visualized in the following Figure 6. The diagrams show the proportion of the different
cost categories that make up the TCO for every investigated vehicle. The bar graphs
clearly point out the diversity of the cost structures of BEV and diesel driven vehicles.
As can be seen in Figure 6, the TCO advantage of the Tesla Model S 60 is mainly
based on the lower electricity consumption costs compared to the fuel costs of the
Mercedes Benz E 350 d Sedan. The bar graphs in Figure 6 show that the depreciation
represents the largest cost factor for both drive technologies. It can be concluded that
vehicles with high purchasing prices are affected by high absolute depreciation costs.
Therefore, for BEV, the absolute depreciation is significantly larger than for
conventionally driven vehicles due to their higher purchasing prices. On average, the
depreciation is responsible for 67% of the TCO of BEV, while for conventional diesel
vehicles it is responsible for only 49% of the TCO.

Table 13 further depicts that BEV are subject to higher interest payments. Due to the
higher purchasing prices of BEV the loan amount borrowed for buying a BEV is larger,
resulting in higher total interest payments over the vehicle holding period. However,
interest payments constitute a relatively small part of the TCO for vehicles of both drive
technologies because of the current low-interest phase in Germany and other
developed countries.

With regard to the costs associated with vehicle taxes, the results indicate that taxes
have a small impact on the TCO of diesel vehicles. As shown in Table 13, vehicle taxes
account for only 2% of the TCO of diesel vehicles. Hence, the tax exemption for BEV
granted by the German government does not support the TCO performance and
competitiveness of new drive technologies sufficiently.



Figure 6. TCO structure of the analyzed sample vehicles
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The computed values indicate that fuel and electricity consumption costs represent the
second-largest cost position of the TCO for both drive technologies. However, as can
be seen in Figure 6 the fuel consumption costs are significantly higher for all analyzed
diesel vehicles than for the equivalent BEV. The greatest difference in consumption
expenditures over the vehicle owning period can be observed between the investigated
premium-class taxi vehicles. The fuel consumption costs over the 4-year holding period
for the Tesla Model S 60 are more than 6.800€ below those of the Mercedes Benz
E 350 d Sedan. On average, the fuel consumption costs are responsible for 38% of
the TCO of considered diesel vehicles, whereas for the analyzed BEV the electricity
consumption costs account for only 29% of the TCO. Therefore, it can be concluded
that fuel and electricity consumptions costs contribute most to the TCO
competitiveness of BEV.

Maintenance and repair costs constitute another relevant cost category and make up
5 to 7% of the TCO of the analyzed vehicles. Further, the calculated values in Table 6
show that the maintenance and repair costs of diesel vehicles exceed those of BEV by
approximately 18%. The largest absolute difference regarding the maintenance and
repair costs exists between the Tesla Model S 60 and the Mercedes Benz 350 d Sedan
and amounts to 806€ over the entire vehicle holding period.

As visible in Figure 6, costs related to the charging infrastructure do not have a major
impact on the TCO of the examined BEV. Overall, the infrastructure costs are
responsible for only 1 to 2% of their TCO and amount to 736€ per vehicle. Due to
advances in the field of charging technology it can be assumed that the importance of
this cost position will be further reduced in the near future.

Finally, the results illustrate the importance of the environmental subsidy for the TCO
of BEV. As shown in Table 13 and Figure 6, the subsidy reduces the TCO of BEV by 6
to 10%. Since the environmental subsidy for each eligible electric vehicle amounts to
4.000€, independent of the purchase price, it has the greatest relative influence on the
TCO of BEV with low purchase prices. In this study, the Volkswagen e-Golf has the
lowest purchase price among the analyzed BEV. Consequently, the environmental
subsidy has the greatest relative influence of -10% on the TCO of the Volkswagen e-
Golf.

5 Discussion, Implications and Recommendations

From the TCO differences between the analyzed BEV and equivalent diesel driven
ones, several recommendations for the taxi industry, especially the companies in
Hannover, can be derived. Further, policy recommendations can be extrapolated
based on the analysis results.



The aim of this research was to investigate the economic feasibility of electric taxi
vehicles in Hannover. For this purpose, an Excel-based TCO model was developed
and used to calculate the TCO of three conventional driven taxi vehicles and three
equivalent BEV taxis. The results enhance the understanding regarding the cost
structure of conventional and BEV for taxi companies and indicate, which electric
driven taxi model is more cost efficient than an equivalent conventional taxi vehicle.
The calculation results of the developed TCO model reveal, that the TCO of electric
and conventional driven taxi vehicles are strongly dependent on the vehicle class. Only
among the analyzed premium-class taxi vehicles a TCO advantage of the BEV was
determined. The TCO of the investigated electric middle-class taxis is still above that
of conventionally driven ones. The computed values show that the TCO advantage of
the electric driven Tesla Model S 60 in comparison to the diesel driven Mercedes Benz
E 350 d Sedan amounts to 920€ over the 4-year vehicle holding period. In summary, it
can be stated that BEV have advantages in terms of operating costs compared to
diesel vehicles, especially in the field of fuel consumption expanses.

According to the results, taxi operators in Hannover should first switch from
conventional driven vehicles to BEV in the area of premium-class taxis in order to save
costs. An expansion of the taxi fleet with the analyzed electric driven Tesla Model S 60
can improve the economic situation of taxi companies in Hannover. The Tesla Model
S 60 has a range of approximately 400 kilometers and hence, is suitable for driving the
average daily mileage of a conventional taxi in Hannover without recharging.

In addition to the economic advantages of using an electric driven premium-class taxi,
further advantages arise. Due to the high annual mileage, the carbon dioxide
emissions of taxis are comparatively large. For example, in Tokio, taxi vehicles are
responsible for 20% of the total quantity of carbon dioxide emissions, although they
contribute for only 2% of the overall vehicles in Tokio city (NBC, 2010). Thus, the
increased use of BEV taxis can be crucial for the improvement of the overall air quality.
Moreover, BEV enable a more pleasant and comfortable taxi ride for customers, as
they are characterized by less vibrating and quieter engines (Wang & Cheu, 2012).
The use of electric taxis can also improve the image of a taxi company and hence,
offers additional potential to increase the number of customers.

Although the Volkswagen e-Golf has a TCO disadvantage over the vehicle holding
period compared to the equivalent diesel powered Golf VII, the TCO gap is not that
high and hence, offers potential for the use of middle-class BEV in the taxi industry.
Therefore, an economic efficient use of electric middle-class taxi vehicles in the near
future can occur, e.g., by a further drop in battery production costs. However, in order
to enable the use of electric driven middle-class taxis in the near future, which do not
have such large battery capacities, sufficient battery charging time windows during a
taxi shift and charging possibilities for electric taxis in Hannover constitute an important
prerequisite. It is often stated that the time needed for battery charging reduces the
operating time of taxi vehicles and hence, diminishes the potential revenues (Dutta,



2014). The following Table 14 displays the average daily standby and waiting time of
taxi vehicles in Hannover.
Table 14. Share of unproductive standby and waiting time within an 8-hour taxi shift?

Average over
all weekdays

Weekdays Mon-Thu Friday Saturday Sunday

Day-/night
shift
Standby and
waiting time
Q)

Day Night DEYY Night Day Night Day Night DEYY Night

61%

The share of unproductive standby and waiting time without a driving order within an
8-hour taxi shift amounts to an average of 61%. The illustrated figures clarify that an
significant part of the daily operating time is not fully utilized and consists of long waiting
periods due to the existing lack of sufficient demand for taxi services in Hannover.
Thus, within an 8-hour shift in Hannover a taxi spends around 4,9 hours waiting without
a driving order. During night hours from Monday to Thursday the unproductive standby
and waiting time without driving orders is even higher. From this figures it can be
deduced, that sufficient time windows for battery charging processes is available within
one working shift of a taxi driver in Hannover.

To ensure a sufficient range of electric middle-class taxis with small battery capacities
for customer requests, an appropriate taxi specific charging infrastructure must be
installed. Due to the long waiting times of taxis at taxi ranks (see Table 14), it would be
a worthwhile option to install a battery charging infrastructure in this areas. As of
September 2014, there exist 131 taxi ranks in Hannover with approximately 540
parking spaces. The taxi ranks are spread over the entire city area, in consideration of
the demand structure. Hence, the taxi ranks are placed primarily near the railway
station, hospitals and shopping centers (ISUP, 2015). After a customer transport, taxi
drivers in Hannover almost always return to central taxi ranks in order to increase the
chance of a new driving job. Consequently, central taxi ranks, e.g., near the central
station of Hannover, would be particular suitable for the expansion of a battery charging
infrastructure, which would be well utilized by various taxi vehicles. Recharging during
waiting times at taxi stands can be one of the main possibilities to overcome the current
range deficits of electric driven middle-class taxi vehicles. As a result, even the
analyzed middle-class BEV with smaller battery capacities than the Tesla Model S 60
would be feasible for the taxi operation in Hannover. Nevertheless, the determined
current TCO disadvantage of electric middle-class taxi vehicles in comparison to
equivalent diesel taxi vehicles must be considered. In order to improve the operating
cost efficiency of electric middle-class taxis and hence, increase their TCO
performance, tax reductions induced by politics could represent a suitable way (Wu et

20 Own illustration based on conversations with Hallo Taxi 3811 GmbH (2017); ISUP (2015).



al., 2015). New tax measures that reduce the relative costs of electricity in comparison
to diesel prices could foster the opportunities for middle-class BEV to become also
most economical for taxi companies in the near future.

Further, in order to enable a smooth taxi operation with BEV, the taxi dispatching
system of the Hallo Taxi 3811 GmbH should be adjusted. The current taxi dispatching
system of the Hallo Taxi 3811 GmbH, with which over 90% of the taxis in Hannover are
coordinated, is not suitable for electric taxis, as the characteristics of BEV are not
considered. To improve the feasibility of electric taxis, a new dispatching system need
to be implemented that takes into account the vehicle specific remaining battery
capacity in conjunction with the requested destination of the customers. In addition,
the new taxi dispatching system should consider the distance of electric taxis to battery
charging stations and their availability, to optimize charging processes during a taxi
shift (Lu et al., 2012). Such an adjusted dispatching system constitutes an important
prerequisite for the efficient use of electric taxis in Hannover. Complementary,
navigation systems with EcoRouting should be implemented in electric taxis to prevent
wrong battery capacity displays, for example due to a sudden increase in electricity
consumption because of steep route sections. EcoRouting systems allow a precise
forecast of available battery capacity based on the topography of a planed route
(Schulz, 2015). As a result, the remaining battery capacity for upcoming taxi rides could
be managed more accurately and without misjudgements by the Hallo Taxi 3811 GmbH
in Hannover. In the next section limitations associated with the analysis will be
reviewed in detail.

6 Limitations and Further Research

Some of the cost categories implemented in the TCO model can be predicted with a
high degree of certainty and are stable over the vehicle holding period. These includes
in particular costs related to taxes, interests as well as maintenance and repair.
However, the development of most TCO categories over the vehicle ownership is
difficult to predict, such as depreciation and fuel costs. For example, the depreciation
of a vehicle depends on many factors that can change unexpectedly and rapidly over
the vehicle holding period. Especially in the case of new drive technologies, it is not
yet clear how the demand for BEV will develop on the used car market and therefore,
makes it even more difficult to estimate the depreciation (Hagman et al., 2016). Hence,
it is possible that the depreciation costs of the six sample vehicles will differ from the
depreciation costs calculated in this study.

The prediction of fuel and electricity costs is challenging mainly because of two
reasons. First, the global fuel market is characterized by high price fluctuations, which
make it difficult or even impossible to make a secure assessment of future fuel prices.
Second, fuel and electricity consumption data of vehicle manufacturers are determined



in an optimized test environment, which lead to fuel consumption specifications that
cannot be achieved under real world conditions (Wu et al., 2015). Within the scope of
this study, this was addressed by including real world fuel and electricity consumption
figures supplied by vehicle owners on an online database. Nevertheless, due to the
significant price volatility in fuel markets future consumption costs of the analyzed
vehicles may differ from the ones determined in this research study. In summary, it is
important to consider that TCO calculations are always subject to uncertainty due to
the variety of required assumptions and forecasts.

Further, it must be noted that the calculated TCO results are based on country specifics
of Germany, e.g., German fuel and electricity prices, as well as characteristics of the
taxi industry in Hannover, e.g., annual mileage and vehicle holding period. Hence, the
results of the developed TCO model can vary across different cities and countries, for
instance due to higher fuel prices or tax rates. Finally, it must be acknowledged that
economic factors, as analyzed in this chapter cannot fully explain buying decisions in
the vehicle sector. Additional factors are also responsible for purchasing decisions,
such as age, education or housing type. Therefore, this TCO study has focused
primarily on an economic factor, which is an important but not the only parameter
influencing the vehicle purchasing decision of customers and taxi companies (Axsen
and Kurani, 2013).

Future research in this area could use the developed TCO model to investigate the
economic feasibility of other alternative drive technologies such as natural gas or fuel
cell vehicles and hence, evaluate their suitability for the taxi industry. In addition,
various assumptions of the TCO model could be varied in order to analyze the impact
of these changes on the vehicle TCO. For example, the average mileage of taxis could
be increased and the influence of this change on the TCO of diesel and electric driven
taxis could be investigated.



References

Axsen, J. and Kurani, K. S. (2013). Hybrid, plug-in hybrid, or electric — what do car buyers
want? In: Energy Policy 61, p. 532-543.

BAFA (2018). Bundesamt flir Wirtschaft und Ausfuhrkontrolle: Elektromobilitat (Umweltbonus).
Retrieved March 21, 2018, from
http://www.bafa.de/DE/Energie/Energieeffizienz/Elektromobilitaet/elektromobilitaet_node.html

BDEW (2017). BDEW-Strompreisanalyse Februar 2017 Haushalte und Industrie, Berlin.
Retrieved April 7, 2017,
fromhttps://www.bdew.de/internet.nsf/res/9729C83961C37094C12580C9003438D3/%file/170
216_BDEW_Strompreisanalyse_Februar2017.pdf

Consumer Reports (2012) What that car really costs to own - Knowing a vehicle's cost over
time can save you thousands in the long haul. Retrieved April 3, 2017, from
http://www.consumerreports.org/cro/2012/12/what-that-car-really-costs-to-own/index.htm

DAT Deutsche Automobil Treuhand GmbH. (2017). Leitfaden Uber den Kraftstoffverbrauch, die
CO2-Emissionen und den Stromverbrauch aller neuen Personenkraftwagenmodelle, die in
Deutschland zum Verkauf angeboten werden - 1. Quartal 2017. Retrieved March 22, 2017,
from https://www.dat.de/leitfaden/LeitfadenCO2.pdf

Deutsche Bundesbank (2017). Zinsstatistik, Gegenuberstellung der Instrumentenkategorien
der MFI-Zinsstatistik (Neugeschaft) und der Erhebungspositionen der friiheren Bundesbank-
Zinsstatistik. Retrieved April 3, 2017, from
https://www.bundesbank.de/Redaktion/EN/Downloads/Statistics/Money_Capital_Markets/Inte
rest_Rates_Yields/S510ATRATE.pdf?__ blob=publicationFile

Dutta, P. (2014). Charge Sharing Model using Inductive Power Transfer to Increase Feasibility
of Electric Vehicle Taxi Fleets. Columbia University.

Generalzolldirektion (2017). Steuerverglnstigungen fur reine Elektrofahrzeuge. Retrieved
April 3, 2017, from
http://www.zoll.de/DE/Fachthemen/Steuern/Verkehrsteuern/Kraftfahrzeugsteuer/Steuervergu
enstigung/Elektrofahrzeuge/elektrofahrzeuge node.htmi

Hagman, J., Ritzén, S., Stier, J. J., and Susilo, Y. (2016). Total cost of ownership and its
potential implications for battery electric vehicle diffusion, In: Research in Transportation
Business & Management 18 (2016) 11-17.

ISUP (2015). Gutachten gemalt § 13 Abs. 4 PBefG uber die Funktionsfahigkeit des
Taxigewerbes in der Landeshauptstadt Hannover.

Lin, C., Wu, T., Ou, X., Zhang, Q., Zhang, X., and Zhang, X. (2013). Life-cycle private costs of
hybrid electric vehicles in the current Chinese market. In EnergyPolicy 55, p. 501-510.

Linne and Krause (2013a), Gutachten gemaR § 13 Abs. 4 PbefG Uber die Funktionsfahigkeit
des Taxigewerbes in der Landeshauptstadt Stuttgart sowie in den Stadten Filderstadt und
Leinfelden — Echterdingen.



Linne and Krause (2013b), Fortschreibungsgutachten gemall § 13 Abs. 4 PbefG Uber die
Funktionsfahigkeit des Taxigewerbes in der Stadt Essen.

Lu, J., Yeh, M., Hsu, Y., Yang, S, Gan, C., and Chen, M. (2012). Operating Electric Taxi Fleets:
A New Dispatching Strategy with Charging Plans.

Mercedes Benz (2016). Taxi und Mietwagen Preisliste: Gultig ab 21. November 2016.
Retrieved April 6, 2017, from
http://www.mercedesbenz.de/content/germany/mpc/mpc_germany_website/de/home_mpc/p
assengercars/home/geschaeftskunden/taxi/preise.html

Mercedes Benz (2017). E-Klasse Limousine. Retrieved April 2, 2017, from
http://www.mercedes-
benz.de/content/germany/mpc/mpc_germany_website/de/home_mpc/passengercars/home/n
ew_cars/models/e-class/w213/configurator/configurator_w213.htmI#/p3501

Mock, P., Tietge U., Franco, V., German, J., Bandivadekar, A., Ligterink, N., Lambrecht, U.,
Kuhlwein, J., and Riemersma, I. (2014). From Laboratory to Road. A 2014 update of offical and
“real-world” fuel consumption and CO2 values for passenger cars in Europe. Berlin:
International Council of Clean Transportation (ICCT); Netherlands Organisation for Applied
Scientific Research (TNO); Institut fir Energie- und Umweltforschung (IFEU).

NBC (2010). Tokyo's Taxis Try Electric Cars. Retrieved February 16, 2017, from
http://worldblog.nbcnews.com/news/2010/ 30 07/13/466904 3-tokyos-taxis-try-electriccars.

Pfahl, S. (2012). Alternative Antriebskonzepte: Stand der Technik und Perspektiven-Die Sicht
der Automobilindustrie. In P. Jochem, W.-R. Poganietz, A. Grunwald & W. Fichtner (Hrsg.)
LAlternative Antriebskonzepte bei sich wandelnden Mobilitatsstilen®. Tagungsbeitrage vom 08.
und 09. Marz 2012 am KIT, Karlsruhe (S. 81-108). Karlsruhe.

Pl6tz, P., Gnann, T., Kihn, A., and Wietschel, M. (2013). Markthochlaufszenarien fir
Elektrofahrzeuge Langfassung. Studie im Auftrag der acatech — Deutsche Akademie der
Technikwissenschaften und der Arbeitsgruppe 7 der Nationalen Plattform Elektromobilitat
(NPE)

Schaufenster Elektromobilitat (2016), Wirtschaftlichkeit von Elektromobilitéat in gewerblichen
Anwendungen - Anleitung und Hintergrundinformationen zum Online-TCO-Rechner
Ergebnispapier der Begleit- und Wirkungsforschung 29.

Schlesinger, M., Hofer, P., Kemmler, A., Kirchner, A., Koziel, S., Ley, A.,Piégsa, A., Seefeldt,
F., StralBburg, S., Weinert, K., Lindenberger, D., Knaut, A., Malischek, R., Nick, S., Panke, T.,
Paulus, S., Tode, C., Wagner, J., Lutz, C., Lehr, U., and Ulrich, P. (2014). Entwicklung der
Energiemarkte — Energiereferenzprognose. Endbericht. Basel, Kéln, Osnabriick: Prognos AG;
Energiewirtschaftliches Institut an der Universitat zu Koln (EWI); Gesellschaft fur
Wirtschaftliche Strukturforschun (GWS).

Schulz, A. (2015). Batterieelektrische Fahrzeuge im gewerblichen Flottenbetrieb (2015),
Berlin.

Spritmonitor (2017a). Spritverbrauch und Autokosten berechnen und vergleichen. Retrieved
April 2, 2017, from https://www.spritmonitor.de/



Spritmonitor (2017b). Dieselverbrauch Mercedes Benz B 200 d. Retrieved April 3, 2017, from
https://www.spritmonitor.de/de/uebersicht/28-Mercedes-Benz/636-B-
Klasse.html?fueltype=5&fuelsort=19&power_e=258&powerunit=2

Spritmonitor (2017c). Stromverbrauch Mercedes Benz B 250 e. Retrieved April 3, 2017, from
https://www.spritmonitor.de/de/uebersicht/28-Mercedes-Benz/636-B-
Klasse.html?fueltype=5&fuelsort=19&power_e=258&powerunit=2

Spritmonitor (2017d). Dieselverbrauch: Volkswagen — Golf VIl 1,6 L TDI. Retrieved April 4,
2017, from https://www.spritmonitor.de/de/uebersicht/50-Volkswagen/452-
Golf.html?fueltype=1&fuelsort=1&power_e=85&exactmodel=golf%20Vii1,6%201%20tdi

Spritmonitor (2017e). Stromverbrauch: Volkswagen e-Golf. Retrieved April 4, 2017, from
https://www.spritmonitor.de/de/uebersicht/50-Volkswagen/452-
Golf.html?fueltype=5&fuelsort=19&power_e=258&powerunit=2

Spritmonitor (2017f). Dieselverbrauch Mercedes Benz E 350 d. Retrieved April 5, 2017, from
https://www.spritmonitor.de/de/uebersicht/28-Mercedes-Benz/262-E-
Klasse.html?power_e=258&exactmodel=e%20350%20d&powerunit=2

Spritmonitor (2017g). Stromverbrauch: Tesla Motors - Model S 60 und Tesla Model S 70.
Retrieved  April 3, 2017, from https://www.spritmonitor.de/de/uebersicht/198-
Tesla_Motors/1315-Model_S.html?fueltype=5&fuelsort=19&power_e=330&powerunit=3

SSP Consult (2017). Gleitende Mittelfristprognose flir den Glter- und Personenverkehr-
Mittelfristprognose Winter 2016/2017, Waldkirch / K&lIn.

Tesla (2017a). Model S-Technische Daten. Retrieved Aprii 1, 2017, from
https://www.tesla.com/de_DE/models

Tesla (2017b). Installation der Lademoglichkeiten zu Hause. Retrieved April 14, 2017, from
https://www.tesla.com/de_DE/support/home-charging-installation

Thiel, C. / Perujo, A. / Mercier, A. (2010). Costand CO2 aspects of future vehicle options in
Europe under new energy policy scenarios. In EnergyPolicy 38, p. 7142—7151.

Tseng, H. K. / Wu, J. S. / Liu, X. (2013). Affordability of electric vehicles for a sustainable
transport system—an economic and environmental analysis. In EnergyPolicy 61, p. 441-447.

Volkswagen (2017): Der neue e-Golf. Retrieved April 7, 2017, from
http://app.volkswagen.de/ihdcc/de/configurator.html?mkwid=sNJohVeur|pcrid|145545739350|
pkw|%2Bvolkswagen%20%2Bconfigurator|pmt|b|pdv|c|&tc=sem-
Brand_Volkswagen_Combination+%5BALL%5D+%5BEvaluation%5D+%5BBrand%5D-DE-
google-Brand_Configurator+%5BBMM%5D-b-
%2Bvolkswagen%20%2Bconfigurator&kw=%2Bvolkswagen%20%2Bconfigurator#30315

Wang, H / Cheu, R. L. (2012), Operations of a Taxi Fleet for advance Reservations using 5
Electric Vehicles and Charging Stations, Proceedings of The Annual Meeting of the
Transportation Research Board.

Wu, G. / Inderbitzin, A. / Bening, C. (2015). Total cost of ownership of electric vehicles
compared to conventional vehicles: A probabilistic analysis and projection across market
segments. ETH Zurich, Department of Management, Technology, and Economics, Chair of
Sustainability and Technology, Switzerland. In Energy Policy 80 (2015), p. 196-214.



IWI Discussion Paper Series/Diskussionsbeitrage
ISSN 1612-3646

Michael H. Breitner, Rufus Philip Isaacs and the Early Years of Differential Games, 36 p., #1, January 22, 2003.

Gabriela Hoppe and Michael H. Breitner, Classification and Sustainability Analysis of e-Learning Applications, 26
p., #2, February 13, 2003.

Tobias Briiggemann and Michael H. Breitner, Preisvergleichsdienste: Alternative Konzepte und Geschéftsmodelle,
22 p., #3, February 14, 2003.

Patrick Bartels and Michael H. Breitner, Automatic Extraction of Derivative Prices from Webpages using a Software
Agent, 32 p., #4, May 20, 2003.

Michael H. Breitner and Oliver Kubertin, WARRANT-PRO-2: A GUI-Software for Easy Evaluation, Design and
Visualization of European Double-Barrier Options, 35 p., #5, September 12, 2003.

Dorothée Bott, Gabriela Hoppe and Michael H. Breitner, Nutzenanalyse im Rahmen der Evaluation von
E-Learning Szenarien, 14 p., #6, October 21, 2003.

Gabriela Hoppe and Michael H. Breitner, Sustainable Business Models for E-Learning, 20 p., #7, January 5, 2004.

Heiko Genath, Tobias Briiggemann and Michael H. Breitner, Preisvergleichsdienste im internationalen Vergleich,
40 p.,#8, June 21, 2004.

Dennis Bode and Michael H. Breitner, Neues digitales BOS-Netz fiir Deutschland: Analyse der Probleme und
mdogliche Betriebskonzepte, 21 p. #9, July 5, 2004.

Caroline Neufert and Michael H. Breitner, Mit Zertifizierungen in eine sicherere Informationsgesellschaft, 19 p., #10,
July 5, 2004.

Marcel Heese, Gunter Wohlers and Michael H. Breitner, Privacy Protection against RFID Spying: Challenges and
Countermeasures, 22 p., #11, July 5, 2004.

Liina Stotz, Gabriela Hoppe and Michael H. Breitner, Interaktives Mobile(M)-Learning auf kleinen Endgeréten wie
PDAs und Smartphones, 31 p., #12, August 18, 2004.

Frank Koller and Michael H. Breitner, Optimierung von Warteschlangensystemen in Call Centern auf Basis von
Kennzahlenapproximationen, 24 p., #13, Januarv 10, 2005.

Phillip Maske, Patrick Bartels and Michael H. Breitner, Interactive M(obile)-Learning with UbiLearn 0.2, 21 p., #14,
April 20, 2005.

Robert Pomes and Michael H. Breitner, Strategic Management of Information Security in State-run Organizations,
18 p., #15, May 5, 2005.

Simon Koénig, Frank Kéller and Michael H. Breitner, FAUN 1.1 User Manual, 134 p., #16, August 4, 2005.

Christian von Spreckelsen, Patrick Bartels and Michael H. Breitner, Geschéftsprozessorientierte Analyse und
Bewertung der Potentiale des Nomadic Computing, 38 p., #17, December 14, 2006.

Stefan Hoyer, Robert Pomes, Glinter Wohlers and Michael H. Breitner, Kritische Erfolgsfaktoren fiir ein Computer
Emergency Response Team (CERT) am Beispiel CERT-Niedersachsen, 56 p., #18, December 14, 2006.

Christian Zietz, Karsten Sohns and Michael H. Breitner, Konvergenz von Lern-, Wissens- und
Personalmanagementssystemen: Anforderungen an Instrumente flir integrierte Systeme, 15 p., #19, December 14,
2006.

Christian Zietz and Michael H. Breitner, Expertenbefragung ,Portalbasiertes Wissensmanagement‘: Ausgewéhlte
Ergebnisse, 30 p., #20, February 5, 2008.

Harald Schémburg and Michael H. Breitner, Elektronische Rechnungsstellung: Prozesse, Einsparpotentiale und
kritische Erfolgsfaktoren, 36 p., #21, February 5, 2008.

Halyna Zakhariya, Frank Koller and Michael H. Breitner, Personaleinsatzplanung im Echtzeitbetrieb in Call Centern
mit Kiinstlichen Neuronalen Netzen, 35 p., #22, February 5, 2008.



IWI Discussion Paper Series/Diskussionsbeitrage
ISSN 1612-3646

Jorg Uffen, Robert Pomes, Claudia M. Koénig and Michael H. Breitner, Entwicklung von Security Awareness
Konzepten unter Berlicksichtigung ausgewaéhlter Menschenbilder, 14 p., #23, May 5, 2008.

Johanna Mahimann, Michael H. Breitner and Klaus-Werner Hartmann, Konzept eines Centers der
Informationslogistik im Kontext der Industrialisierung von Finanzdienstleistungen, 19 p., #24, May 5, 2008.

Jon Sprenger, Christian Zietz and Michael H. Breitner, Kritische Erfolgsfaktoren fiir die Einfiihrung und Nutzung von
Portalen zum Wissensmanagement, 44 p., #25, August 20, 2008.

Finn Breuer and Michael H. Breitner, ,Aufzeichnung und Podcasting akademischer Veranstaltungen in der Region
D-A-CH*: Ausgewéhite Ergebnisse und Benchmark einer Expertenbefragung, 30 p., #26, August 20, 2008.

Harald Schoémburg, Gerrit Hoppen and Michael H. Breitner, Expertenbefragung  zur
Rechnungseingangsbearbeitung: Status quo und Akzeptanz der elektronischen Rechnung, 40 p., #27, October 15,
2008.

Hans-Jorg von Mettenheim, Matthias Paul and Michael H. Breitner, Akzeptanz von SicherheitsmalRnahmen:
Modellierung, Numerische Simulation und Optimierung, 30 p., #28, October 16, 2008.

Markus Neumann, Bernd Hohler and Michael H. Breitner, Bestimmung der IT-Effektivitdt und I|T-Effizienz
serviceorientierten IT-Managements, 20 p., #29, November 30, 2008.

Matthias Kehlenbeck and Michael H. Breitner, Strukturierte Literaturrecherche und -klassifizierung zu den
Forschungsgebieten Business Intelligence und Data Warehousing, 10 p., #30, December 19, 2009.

Michael H. Breitner, Matthias Kehlenbeck, Marc Klages, Harald Schomburg, Jon Sprenger, Jos Toller and Halyna
Zakhariya, Aspekte der Wirtschaftsinformatikforschung 2008, 128 p., #31, February 12, 2009.

Sebastian Schmidt, Hans-Jorg v. Mettenheim and Michael H. Breitner, Entwicklung des Hannoveraner
Referenzmodels fiir Sicherheit und Evaluation an Fallbeispielen, 30 p., #32, February 18, 2009.

Sissi Eklu-Natey, Karsten Sohns and Michael H. Breitner, Buildung-up Human Capital in Senegal - E-Learning for
School drop-outs, Possibilities of Lifelong Learning Vision, 39 p., #33, July 1, 2009.

Horst-Oliver Hofmann, Hans-Jérg von Mettenheim and Michael H. Breitner, Prognose und Handel von Derivaten
auf Strom mit Kiinstlichen Neuronalen Netzen, 34 p., #34, September 11, 2009.

Christoph Polus, Hans-Jérg von Mettenheim and Michael H. Breitner, Prognose und Handel von Ol-Future-Spreads
durch Multi-Layer-Perceptrons und High-Order-Neuronalnetze mit Faun 1.1, 55 p., #35, September 18, 2009

Jorg Uffen and Michael H. Breitner, Stdrkung des IT-Sicherheitsbewusstseins unter Berlicksichtigung
psychologischer und péddagogischer Merkmale, 37 p., #36, October 24, 2009.

Christian Fischer and Michael H. Breitner, MaschinenMenschen — reine Science Fiction oder bald Realitat? 36 P.,
#37, December 13, 2009.

Tim Rickenberg, Hans-Jorg von Mettenheim and Michael H. Breitner, Plattformunabhéngiges Softwareengineering
eines Transportmodells zur ganzheitlichen Disposition von Strecken- und Fldchenverkehren, 38 p., #38, January
11, 2010.

Bjérn Semmelhaack, Jon Sprenger and Michael H. Breitner, Ein ganzheitliches Konzept fiir Informationssicherheit
unter besonderer Berlicksichtigung des Schwachpunktes Mensch, 56 p., #39, February 3, 2009.

Markus Neumann, Achim Plickebaum, Jorg Uffen and Michael H. Breitner, Aspekte der
Wirtschaftsinformatikforschung 2009, 70 p., #40, February 12, 2010.

Markus Neumann, Bernd Hohler and Michael H. Breitner, Wertbeitrag interner IT — Theoretische Einordnung und
empirische Ergebnisse, 38 p., #41, May 31, 2010.

Daniel Wenzel, Karsten Sohns and Michael H. Breitner, Open Innovation 2.5: Trendforschung mit Social Network
Analysis, 46 p., #42, June 1, 2010.

Naum Neuhaus, Karsten Sohns and Michael H. Breitner, Analyse der Potenziale betrieblicher Anwendungen des
Web Content Mining, 44 p., #43, June 8, 2010.



IWI Discussion Paper Series/Diskussionsbeitrage
ISSN 1612-3646

Ina Friedrich, Jon Sprenger and Michael H. Breitner, Discussion of a CRM System Selection Approach wih Experts:
Selected Results from an Empirical Study, 22 p., #44, November 15, 2010.

Jan Biihrig, Angelica Cuylen, Britta Ebeling, Christian Fischer, Nadine Guhr, Eva Hagenmeier, Stefan Hoyer,
Cornelius Kopp, Lubov Lechtchinskaia, Johanna Mahlimann and Michael H. Breitner, Aspekte der
Wirtschaftsinformatikforschung 2010, 202 p., #45, January 3, 2011.

Philipp Maske and Michael H. Breitner, Expertenbefragung: Integrierte, interdisziplindre Entwicklung von M(obile)-
Learning Applikationen, 42 p., #46, February 28, 2011.

Christian Zietz, Jon Sprenger and Michael H. Breitner, Critical Success Factors of Portal-Based Knowledge
Management, 18 p., #47, May 4, 2011.

Hans-Jorg von Mettenheim, Cornelius Kopp, Hannes Munzel and Michael H. Breitner, Integrierte Projekt- und
Risikomanagementunterstiitzung der Projektfinanzierung von Offshore-Windparks, 18 p., #48, September 22, 2011.

Christoph Meyer, Jorg Uffen and Michael H. Breitner, Discussion of an IT-Governance Implementation Project Model
Using COBIT and Val IT, 18 p., #49, September 22, 2011.

Michael H. Breitner, Beitrdge zur Transformation des Energiesystems 2012, 31 p., #50, February 12, 2012.

Angelica Cuylen and Michael H. Breitner, Anforderungen und Herausforderungen der elektronischen
Rechnungsabwicklung: Expertenbefragung und Handlungsempfehlungen, 50 p., #51, May 5, 2012

Helge Holzmann, Kim Lana Kdhler, Séren C. Meyer, Marvin Osterwold, Maria-Isabella Eickenjager and Michael H.
Breitner, Plinc. Facilitates linking. — Ein Accenture Campus Challenge 2012 Projekt, 98 p., #52, August 20, 2012.

André Koukal and Michael H. Breitner, Projektfinanzierung und Risikomanagement Projektfinanzierung und
Risikomanagement von Offshore-Windparks in Deutschland, 40 p., #53, August 31, 2012.

Halyna Zakhariya, Lubov Kosch and Michael H. Breitner, Concept for a Multi-Criteria Decision Support Framework
for Customer Relationship Management System Selection, 14 p., #55, July 22, 2013.

Tamara Rebecca Simon, Nadine Guhr and Michael H. Breitner, User Acceptance of Mobile Services to Support and
Enable Car Sharing: A First Empirical Study, 19 p., #56, August 1, 2013.

Tim A. Rickenberg, Hans-J6érg von Mettenheim and Michael H. Breitner, Design and implementation of a decision
support system for complex scheduling of tests on prototypes, 6 p. #57, August 19, 2013.

Angelica Cuylen, Lubov Kosch, Valentina, B6hm and Michael H. Breitner, Initial Design of a Maturity Model for
Electronic Invoice Processes, 12 p., #58, August 30, 2013.

André Vo3, André Koukal and Michael H. Breitner, Revenue Model for Virtual Clusters within Smart Grids, 12 p.,
#59, September 20, 2013.

Benjamin Kuster, André Koukal and Michael H. Breitner, Towards an Allocation of Revenues in Virtual Clusters
within Smart Grids, 12 p., #60, September 30, 2013.

My Linh Truong, Angelica Cuylen and Michael H. Breitner, Explorative Referenzmodellierung interner
Kontrollverfahren fiir elektronische Rechnungen, 30 p., #61, December 1, 2013.

Cary Edwards, Tim Rickenberg and Michael H. Breitner, Innovation Management: How to drive Innovation through
IT — A conceptual Mode, 34 p., #62, November 29, 2013.

Thomas Volk, Kenan Degirmenci, and Michael H. Breitner, Market Introduction of Electric Cars: A SWOT Analysis,
13 p., #63, July 11, 2014.

Cary Edwards, Tim A. Rickenberg, and Michael H. Breitner, A Process Model to Integrate Data Warehouses and
Enable Business Intelligence: An Applicability Check within the Airline Sector, 14 p., #64, November 11, 2014.

Mina Baburi, Katrin Ginther, Kenan Degirmenci and Michael H. Breitner, Gemeinschaftsgefiihl und
Motivationshintergrund: Eine qualitative Inhaltsanalyse im Bereich des Elektro-Carsharing, 53 p., #65, November
18, 2014.



IWI Discussion Paper Series/Diskussionsbeitrage
ISSN 1612-3646

Mareike Thiessen, Kenan Degirmenci and Michael H. Breitner, Analyzing the Impact of Drivers’ Experience with
Electric Vehicles on the Intention to Use Electric Carsharing: A Qualitative Approach, 22 p., #66, December 2, 2014.

Mathias Ammann, Nadine Guhr and Michael H. Breitner, Design and Evaluation of a Mobile Security Awareness
Campaign — A Perspective of Information Security Executives, 22 p., #67, June 15, 2015.

Raphael Kaut, Kenan Degirmenci and Michael H. Breitner, Elektromobilitét in Deutschland und anderen Léndern:
Vergleich von Akzeptanz und Verbreitung, 75 p., #68, September 29, 2015.

Kenan Degirmenci and Michael H. Breitner, A Systematic Literature Review of Carsharing Research: Concepts and
Critical Success Factors, 12 p., #69, September 29, 2015.

Theresa Friedrich, Nadine Guhr and Michael H. Breitner, Fiihrungsstile: Literaturrecherche und Ausblick fiir die
Informationssicherheitsforschung, 29 p., #70, November 29, 2015.

Maximilian Kreutz, Phillip Lupke, Kathrin Kihne, Kenan Degirmenci and Michael H. Breitner, Ein Smartphone-
Bonussystem zum energieeffizienten Fahren von Carsharing—Elektrofahrzeugen, 11 p., #71, December 9, 2015.

Marc-Oliver Sonneberg, Danny Wei Cao and Michael H. Breitner, Social Network Usage of Financial Institutions: A
SWOT Analysis based on Sparkasse, 12 p., #72, January 14, 2016.

Jan Isermann, Kathrin Kiihne and Michael H. Breitner, Comparison of Standard and Electric Carsharing Processes
and IT-Infrastructures, 21 p., #73, February 19, 2016.

Sonja Dreyer, Séren C. Meyer and Michael H. Breitner, Development of a Mobile Application for Android to Support
Energy-Efficient Driving of Electric Vehicles, 15 p., #74, February 29, 2016.

Claudia M. Kénig and Michael H. Breitner, Abschlussbericht des KIQS-Projekts ,Verbesserung der Koordination
von, der Interaktion Studierende- Lehrende in und der Integration aller Lehrinhalte in sehr grof8er/n
Lehrveranstaltungen im Bachelor Grundstudium®, 45 p., #75, April 27, 2016.

Wilhelm G. N. Jahn, Kenan Degirmenci and Michael H. Breitner, Portallésungen fiir Elektro-Carsharing:
Stakeholderanalyse und Konzepte, 94 p., #76, May 12, 2016.

Mareike Thiessen, Kenan Degirmenci and Michael H. Breitner, Electric Carsharing Usage and Shifting Effects be-
tween Public Transport, Car Ownership, Carsharing, and Electric Carsharing: A Data Mining Analysis and a Survey
of Electric Carsharing Users, 188 p., #77, May 12, 2016.

Bjarne Neels, Marc-Oliver Sonneberg and Michael H. Breitner, JK7T-basierte Geschaftsmodellinnovationen im Giiter-
transport: Marktibersicht und Analyse, 38 p., #78, October 6, 2016.

Ines Thurk, Nadine Guhr and Michael H. Breitner, Unterstiitzung des Wissensmanagements mit Electronic Learning
— Eine Literaturanalyse, 22 p., #79, October 30, 2016.

Vi Kien Dang, Marc-Oliver Sonneberg and Michael H. Breitner, Analyse innovativer Logistikkonzepte fiir urbane
Paketdienstleister, 66 p., #80, November 3, 2016.

Christoph Thermann, Marc-Oliver Sonneberg and Michael H. Breitner, Visualisierung von Verkehrsdaten der
Landeshauptstadt Hannover, 16 p., #81, February 17, 2017.

Rouven-B. Wiegard, Kenan Degirmenci and Michael H. Breitner, What Influences the Adoption of Electronic Medical
Record Systems? An Empirical Study with Healthcare Organizations Executives, 28 p., #82, May 30, 2017.

Jens Passlick, Sonja Dreyer, Daniel Olivotti, Benedikt Lebek and Michael H. Breitner, Assessing Research Projects:
A Framework, 13 p., #83, February 5, 2018.

Michael Stieglitz, Marc-Oliver Sonneberg and Michael H. Breitner, TCO-Comparison of Fuel and Electric Powered
Taxis: Recommendations for Hannover, 30 p., #84, June 2, 2018.



	IWI_Discussion Paper_84a
	1

