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Abstract 

Electric vehicles could reduce CO2 emissions from the transport sector but their limited electric driving range 

diminishes their utility to users. Two-car households could be better suited for EV adoption since one vehicle 

could be used for longer trips. However, the number of days requiring adaptation and the differences between 

the cars in a multi-car household have not been systematically analysed yet. Here, we estimate the probability 

of daily driving above a fixed threshold for Swedish and German car driving data. We find the vehicles from 

multi-car-households to require less adaptation and be better suited for EV adoption which we confirm with 

an economic analysis. 
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1 Introduction 
Electric vehicles (EVs) could reduce global and 

local emissions from the transport sector [1]. Yet, 

the limited electric driving range of battery 

electric vehicles is technically and mentally a 

major hurdle for many consumers and impacts the 

EVs utility. The variation in distances travelled by 

one individual on different days of the year is 

important for the utility of EVs [2], [3]. In total, 

the limited range and long recharging times seem 

to impede EV adoption. On the other hand, EVs 

can easily be charged at home for most car 

owners, potentially yielding more comfort since 

extra visits to gas stations become unnecessary 

[4].  

Multi-car households could be potential early 

adopters given the fact that there is always a long 

range vehicle available. In Norway, the country 
with the highest EV share per capita, 91% of the 

EV owners also have another car [5]. Furthermore, 

multi-car households have higher income [6], [7] 

and are thus more likely to afford the higher 

purchase price of EVs. On the other hand, higher 

income is correlated to higher annual mileage and 

could imply more trips that exceed the electric 

driving range of an EV. These trips would either 

have to be replaced by a conventional vehicle in the 

household or by renting another vehicle. In both 

cases the economic viability of the EV is reduced.  

Thus, multi-car households could be better suited 

for EV adoption but a systematic understanding of 

their driving behaviour with respect to the limited 

range of EVs and their role in market evolution does 

not yet exist. The line of argumentation for EVs in 

multi-car households builds on two assumptions. 

First, that the second car is commonly used for 

shorter, everyday trips compared to the first car or 

the car in a one-car household. Second, households 

may be able to shift between the cars to come 

around the range limitations of the EV. In this paper 
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we focus on the first part and address the 

following two questions: .Are the second cars in a 

multi-car household better suited as BEVs from a 

driving pattern point of view? And taking into 

consideration total costs, are these BEVs 

economical?  

We study driving data from single-car and multi-

car households in Sweden and Germany and 

analyse their individual distributions of annual 

and daily vehicle kilometres travelled (VKT). 

This analysis is used to calculate the number of 

days that have a driving distance that is larger than 

the electric range, days requiring adaptation 

(DRA), and to calculate the total costs of 

ownership while taking into consideration the 

extra costs of having to replace the BEV with 

another car.  

 

Several studies have analysed the potential first 

user groups to adopt EVs. It is often stated that 

EVs are most likely to be used in large cities [8], 

due to their limited range and small size. 

However, [9] as well as [10] analyse car owner 

groups in Germany from an economic point of 

view and find that early adopters of EVs are likely 

to be those with a full-time job living in towns and 

cities with less than 100,000 inhabitants. For the 

UK, [11] focused on demographic and attitudinal 

variables in the adoption likelihood of EVs and 

concluded that BEVs are considered as possible 

second household cars by car buyers, whereas 

PHEVs are also taken into account as the main or 

only vehicle. Low range anxiety and an EV 

friendly social environment are found to be strong 

factors in favour of EV adoption. An online 

survey in the US found that early adopters of EVs 

are young or middle-aged and have a bachelor 

degree or higher [12]. They did not find any 

evidence that household income influences the 

likelihood of EV adoption, unlike [13]. The role 

of the availability of more than one car in the 

households seems to be disputed. [4] find that it 

increases the probability of adoption while [12] 

conclude that it does not affect the willingness to 

buy an EV. The same authors also conclude that 

economic motives such as fuel cost savings are 

more decisive for EV adoption than reducing CO2 

emissions. The findings of a survey by [14] 

indicate that costs and range are rated most 

important for adoption, while reducing petroleum 

use was seen as the major advantage. The fact that 

costs are important is not that surprising given that 

it is often one of the determining factors for 

vehicle choice (see e.g., [15]–[18]). A UC Davis 

study [19] finds that range anxiety was not that 

much of a problem during a longer trial period. 

However, it should be noted that these households 

all had an additional conventional vehicle. So did 

the trial households in [20] where they found that 

some trips were shifted between the vehicles in the 

household, however there was still a demand for a 

longer range.  

 

Overall, the findings concerning the early adopters 

of EVs are still not conclusive and most of the 

studies focus on the US. Apart from attitudinal 

factors, the studies suggest that early buyers are 

likely to have a higher-than-average income [21]. 

For the present study, with its focus on multi-car 

households, range anxiety is a relevant finding of 

the studies cited-above since a multi-car household 

has at least one back-up vehicle (which we assume 

to be a conventional vehicle due to the currently low 

market diffusion of EVs). Thus, we take a user 

perspective and analyse the technical and 

economical suitability of EVs in single- and multi-

car households. Surprisingly, the importance of a 

second household car has not received much 

attention in the literature. The present study thus 

differs from previous work by explicitly comparing 

single- and multi-car household with respect to their 

suitability for EV adoption. Furthermore, it is – at 

least to our knowledge – the first study analysing 

the Swedish and German market in this respect.  

The outline of the paper is as follows. In section 2, 

the methodology used, the technical and economic 

assumptions as well as the driving data are 

described. Section 3 contains the results and is 

followed by a discussion in section 4. We close with 

a summary in section 5. 

2 Data and Methods 

2.1 German and Swedish driving data 

We use two data sets to analyse the differences 

between single-car and two-car households. The 

data sets comprise vehicle motion data from 

Germany [22] and Sweden and the average 

observation periods range from 7 days for the 

German data to 58 days for the Swedish drivers. The 

different data sets are summarised in Table 1. 

 

Table 1: Summary of data sets. 

Name of 

data set 

Mobility 

Panel 

SCMD 

Location  Germany Sweden 
 

Collection 
Method 

Questionnaire GPS 
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Sample 

Size 

6,339 429 

Avg. 

observation 

period 

7 days 58 days 

 

The German Mobility Panel [22] is an annual 

household travel survey which was initiated in 

1994 and is available to the authors until 2010.  

Since MOP is a household travel survey which 

focuses on people and their trips, we have to 

assign trips to vehicles if unambiguously possible 

(see [23], [24] for details). By using all data from 

1994 until 2010, we obtain 6,339 vehicle driving 

profiles with 172,978 trips in total. Besides the 

driving, the profiles contain socio-economic 

information of the driver (e. g. age, sex, 

occupation, household income, education) and the 

vehicle (e. g. vehicle size, vehicle owner, garage 

availability). 

The Swedish Car Movement Data (SCMD) 

consists of GPS measurements of 429 privately 

driven cars in western Sweden. Measurements 

were evenly distributed over the years 2010-2012. 

The cars were randomly sampled from the 

Swedish vehicle registry with an age restriction on 

the car of maximum 8 years. Western Sweden is 

representative for Sweden in general in terms of 

urban and rural areas, city sizes and population 

density. The sample is representative in terms of car 

size and car fuel type. In relation to the household 

of the cars there is a slight overrepresentation of 

cars being a first car in a household compared to the 

national average, this is due to the age inclusion 

criteria in the sampling. Similarly the cars in the 

data have a higher annual VKT of 17154 km 

compared to about 13,000 km for the national 

average, this is also due to the younger age of the 

cars compared to the national average. With regards 

to the age of the drivers, there is a slight over-

representation of senior citizens. A full description 

of the data including pre-processing is available in 

[25].  

The SCMD data distinguish between cars belonging 

to single car households as well as first and second 

cars in multi-car households based on the annual 

VKT. Thus first cars on average have a higher 

annual VKT compared to second cars, which has 

implications for both the DRA analysis and the 

economic analysis. 

Table 2 contains an overview of the summary 

statistics of both data sets. Note that average daily 

VKT are the user-specific averages and range from 

0.29 km per day to up to 469 km per day for the one 

week data from Germany.

 

Table 2: Summary statistics of driving behaviour. 

 Min 0.25 Median Mean 0.75 Max 

SCMD data (N = 429) 
Observation period [days] 30 51 59 58 64 147 
Share of driving days  0.21 0.67 0.83 0.8 0.96 1 
Daily VKT [km] 6.9 38.4 51.9 57.1 72.3 172.0 
Annual VKT [km] 1,715 9,570 14,933 17,154 21,903 71,347 

Mobility panel data (N = 6339) 
Observation period [days]                Seven for all drivers by design  
Share of driving days  1/7 6/7 7 0.92 7 7 
Daily VKT [km] 0.29 22 28.3 50.6 65 469 
Annual VKT [km] 15 8,000 12,000 13,830 17,000 260,000 

 

2.2 Methods 

In the innovation adoption literature, both the 

adopter characteristics and the characteristics of 

the innovation have been found to be important 

predictors of innovation adoption [26], [27]. Here, 

we focus on the innovation itself, i.e. the EV, and 

try to estimate for which potential users an EV is 

more suitable – single- or multi-car households. 

We focus on a technical and economical 

evaluation. These characteristics are easily 

measurable and likely to play an important role in 

the purchase decision for EVs [10], [12]. 

Furthermore, we analyse suitability on an individual 

user level instead of discussing average values and 

average driving patterns. This is particularly 

important for EVs in the presently early market 

phase when this new technology is not economical 

for all users but only in certain niches. To identify 

these niches, a large data base of individual users 

with their wide range of vehicle usage and 

economics is studied. 
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It should be clearly noted that we do not do any 

optimization of car selection for different trips 

within a household (since neither of the data sets 

have data on both cars in a two-car household). 

This limits the study in the sense that a two-car 

household may be able to do more short trips with 

their BEV and more (or possibly all) of the longer 

trips with the alternative car. Methodologically, 

our analysis uses standard methods of technology 

assessment (as in [28]) including scenarios and 

model-based assessment. Similarly, our results are 

no forecast of exact future market shares but are 

an assessment of potential user groups for this new 

propulsion technology. 

 

2.2.1 Estimating the number of days 

requiring adaptation in the German 

data 

An understanding of the distribution of daily VKT 

allows us to estimate the probability of rare long-

distance travel [29]. Here and in the following, we 

only consider daily VKT instead of the length of 

individual trips.  

The individual daily VKT 𝑟𝑙 are assumed to be 

independent and identically distributed (iid) 

random variables. Let 𝑓(𝑟) denote the user-

specific distribution of daily VKT. The 

probability of driving more than 𝐿 km on a driving 

day is then given by ∫ 𝑓(𝑟)d𝑟
∞

𝐿
=  1 − 𝐹(𝐿) 

where 𝐹(𝑟) is the cumulative distribution function 

of 𝑓(𝑟). Let 𝑛 denote the number of driving days 

out of 𝑁 days of observation such that 𝛼 = 𝑛/𝑁 is 

the share of driving days. Thus, 𝐷(𝐿) = 365(𝑛/
𝑁)[1 − 𝐹(𝑟)] is the number of days per year with 

more than 𝐿 km of daily VKT. Accordingly, 𝐷(𝐿) 

is the number of days requiring adaptation for a 

potential BEV user. Following [29], we use the 

log-normal distribution 𝑓(𝑟) =

exp[− (ln 𝑟 − 𝜇)2 (2𝜎2)⁄ ] /(𝑟√2𝜋𝜎) to model 

the random variation in daily VKT of the drivers. 

For each individual driver, the log-normal 

parameters for the typical scale of daily driving  

and the variation in daily VKT  are obtained by 

maximum likelihood estimates. 

The number of days requiring adaptation is 

calculated as follows. For each driver the share of 

driving days is estimated as 𝑛/𝑁 and the driver-

specific log-normal parameters are estimated from 

likelihood maximisation. Using the cumulative 

distribution function of the log-normal 

distribution 𝐹(𝑥) =
1

2
[1 + erf(ln 𝑥−𝜇

√2𝜎
)] the user-

specific number of days requiring adaptation 

𝐷𝑖(𝐿) is calculated. This procedure is repeated for 

each driver in the data base. In very rare cases (37 

out of 6339), there is no variation in daily driving 

distance between the days reported, i.e., 𝜎𝑖 = 0. We 

set 𝜎𝑖 equal to the sample mean in this case. 

However, this has almost no effect on the results 

reported below. Please note that this log-normal 

estimate is expected to be valid for different driving 

ranges 𝐿 but seems to slightly overestimate the 

actual number of days requiring adaptation [29]. 

2.2.2 Estimating the number of days 

requiring adaptation in the Swedish 

data 

In the Swedish data we similarly aggregate the GPS 

measured trips into daily driving distances. The 

number of days requiring adaptation (DRA) for the 

different users is then counted and linearly scaled 

up to a yearly basis. Similarly the annual VKT is 

scaled up from the total driving during the 

measurement period. 

2.2.3 Analysing the economics of potential 

BEVs 

We want to compare the economics of BEVs in 

single- and multi-car-households. Thus, we only 

calculate the TCO as 

𝑇𝐶𝑂𝑎 = 𝑎𝑐𝑎𝑝𝑒𝑥 + 𝑎𝑜𝑝𝑒𝑥 

which consist of annual capital (𝑎𝑐𝑎𝑝𝑒𝑥) and annual 

operating expenditure (𝑎𝑜𝑝𝑒𝑥) for pure battery 

electric vehicles (BEV) and – as reference cases – 

two conventional vehicles (powered with gasoline 

and diesel). 

For the capital expenditure, we use the discounted 

cash-flow method and calculate the investment 

annuity for user 𝑖 as 

𝑎𝑖
𝑐𝑎𝑝𝑒𝑥

= 𝑝 ∙
𝐿𝑃𝑖 ∙ (1 + 𝑝)𝑇1 − 𝑆𝑃𝑖

(1 + 𝑝)𝑇1 − 1
 

where 𝑝 stands for the interest rate, 𝐿𝑃𝑖 for the net 

list price for vehicle 𝑖 and 𝑆𝑃𝑖 for its resale price, 

while 𝑇1 is the vehicle investment horizon for the 

first vehicle purchase. 

The operating expenditure (𝑎𝑜𝑝𝑒𝑥) for user 𝑖 is 

calculated as: 

𝑎𝑖
𝑜𝑝𝑒𝑥

= 𝑉𝐾𝑇𝑖 ∙ (𝑐𝑒/𝑐 ∙ 𝑘𝑒/𝑐 + 𝑘𝑂𝑀) + 𝑘𝑡𝑎𝑥

+ 𝑘𝑟𝑒𝑛𝑡𝑖
∙ 𝐷𝑖 

It comprises driving dependent and driving 

independent costs. The cost for driving consists of 

the specific consumption for electric or 

conventional driving (𝑐𝑒/𝑐) in kWh/km or l/km and 

the specific cost for electricity or fuel (𝑘𝑒/𝑐) in 

EUR/kWh or EUR/l. By adding the cost for 

operations and maintenance (𝑘𝑂𝑀) we obtain the 

specific costs per kilometre which are multiplied by 



EEVC European Electric Vehicle Congress  5 

the annual vehicle kilometres travelled (𝑉𝐾𝑇𝑖) for 

the driving dependent cost. 

Driving independent costs consist of annual 

vehicle tax (𝑘𝑡𝑎𝑥) and the cost for a rental car 

(𝑘𝐶𝐼𝑖
) multiplied by the number of days that 

exceed the driving range of a BEV (𝐷𝑖) deriving 

from the first part of this analysis. For more details 

on this, see [24], [30]. 

In the economic analysis we distinguish between 

economic BEVs, uneconomic BEVs, and non-

BEVs. A car is considered a BEV if it has a 

number of DRA below a certain limit (such as 

maximum 12 DRAs per year), then it can be either 

an economic or uneconomic BEV according to the 

economic analysis. All cars with more DRAs than 

the limit are counted as non-BEVs. 

 

2.3 Technical and economic 

assumptions 

While the estimation of the number of trips for 

which battery electric vehicles are not suited is 

mainly based on the driving profiles (sec. 2.1) and 

the assumption that log-normal is the best fit for this 

analysis, we need several technical and economic 

assumptions for the economic analysis. 

Firstly the technical assumptions comprise battery 

sizes, depths of discharge of the batteries as well as 

the electric and conventional consumptions. With 

the first three we are able to calculate the electric 

driving ranges (L) of the vehicles. Since current 

prices and economic framework conditions are still 

disadvantageous for EVs, we use a scenario with 

economic and technical parameters for the near 

future (which could be around 2020). The analysis 

could also have been performed for present day 

values, yet some of the parameters, in particular 

battery prices, are quickly changing at the moment 

and more likely to remain at stable values in the near 

future. Furthermore, near future framework 

conditions allow to analyse a higher number of 

economical driving profiles, making the results 

below more robust. All technical parameters are 

given in Table 3 and the economic parameters in 

Table 4 and 5. 

 

Table 3: Technical assumptions for the analysis (all values for 2020) 

Attribute Battery 

capacity 

Depth of 

discharge 

Electric 

consumption 

Electric 

range 

Conventional 

consumption 

(gasoline) 

Conventional 

consumption 

(diesel) 

Unit kWh - kWh/km km l/km l/km 

Parameter 24 95 % 0.211 120 0.065 0.053 

Reference [31] [31] [32] Calculated [32] [32] 

Secondly we make certain assumptions for the 

cost of vehicles. All cost parameters are given 

with VAT and are made for 2020 in Table 4. They 

are different for Swedish and for German vehicles. 

Generally, the parameters are more favorable for 

Sweden with a higher gasoline and diesel price, a 

lower electricity price and a direct subsidy for 

environmental cars to vehicle consumers upon 

purchase. Thirdly we need several assumptions for 

some framework conditions such as electricity 

price, fuel prices, investment horizons and interest 

rates. All these can be found in Table 5. 

 

Table 4:  Vehicle cost assumptions for the analysis (all values for 2020 incl. VAT) 

Attribute Unit Sweden Ref. Germany Ref. 

BEV price w/o battery EUR 23000 [33] 21,500 [33] 

Diesel vehicle price EUR 24630 [33] 23,400 [33] 

Gasoline vehicle price EUR 21900 [33] 20,800 [33] 

O&M BEV EUR/km 0,05 [34] 0.040 [34] 

O&M Diesel EUR/km 0,06 [34] 0.048 [34] 

O&M Gasoline EUR/km 0,06 [34] 0.048 [34] 

Vehicle tax BEV EUR/yr 0 [35] 0 [35] 

Vehicle tax Diesel EUR/yr 209 [35] 209 [35] 

Vehicle tax Gasoline EUR/yr 101 [35] 101 [35] 

Rental car cost EUR/day 60 [36] 60 [36] 

BEV subsidy EUR 4400 [37] -  
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Table 5:  Framework conditions [all prices incl. VAT] 

Attribute Unit Sweden Ref. Germany Ref. 

Electricity price €/kWh 0,175 [38] 0.29 [39] 

Gasoline price €/l 2,06 [40]* 1.65 [34] 

Diesel price €/l 2,10 [40]* 1.58 [34] 

Battery price €/kWh 416 [38] 335 [33] 

Investment horizon years 8  6.2 [33] 

Interest rate - 5%  5% [33] 

VAT - 25% - 19% - 

*Original numbers from 2011 and linearly scaled up to 2020 with the expected increase in prices from [34] 

 

 

3 Results 

3.1 How often are long-distance trips 

performed by first and second cars 

in households? 

We analyse both data sets with respect to the share 

of vehicles with a certain number of days 

requiring adaptation with a battery electric vehicle 

for single and multi-car households. The results 

for a battery range of 120 km are shown in figure 

1 and 2. For the Swedish data, the results are 

extrapolated directly, while for the German data 

we have estimated the best-fitting log-normal 

distribution (see Methods section).  

For the German case, the data set has been limited 

to vehicles including information on the number 

of vehicles in the household and only households 

with one or two vehicles were studied. If the 

household has two vehicles at its disposal, the 

reporting household decides which vehicle’s trips 

they reported first. Since the distinction between 

first and second car is somewhat arbitrary in the 

German data, the household’s decision about the 

first vehicle to report has been used as proxy for 

‘first car’. The other household car, reported as 

second instance, has been identified as ‘second 

car’. For each vehicle, the seven days of 

observation have been used to find the vehicle-

specific best fitting log-normal distribution (by 

maximum likelihood estimates). The resulting μ 

and σ are both individually normal distributed (the 

mean of the μ is 3.3 with a standard deviation 0.7, 

the mean of the σ is 0.9 with a standard deviation 

of 0.4). Following the method described in section 

2.2.1, the individual number of days requiring 

adaptation has been calculated for each vehicle. In 

total, there 6,339 vehicles in the German data 

including 4173 vehicles from single-car 

households, 956 vehicles are first cars in two car 
households, 951 vehicles are second cars in  two-

car households. The remaining 259 vehicles are 

from households with more than two cars and have 

not been analysed here. 

Figure 1 shows the empirical cumulative 

distribution function of the share of vehicles with 

less than a certain number of DRA annually in the 

Swedish data for a range of 120 km. The cars are 

separated into their respective household 

categories. We find the distribution of DRA from 

single car households to be similar to that of all cars. 

 

Figure 1: CDF of days with driving of more than 120 km 

in the Swedish data. 

 

 

Figure 2: CDF of days with driving of more than 120 km 

in the German data. 
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Figure 2 shows the same CDF for the German 

data, here the CDF is estimated from the best-

fitting log-normal distribution for each vehicle. 

The distribution of days requiring adaptation is 

similar for single-car households and the second 

car in a two-car household. The first car in a two-

car household, however, is more likely to require 

adaptation since a higher share of users drives 

more than 120 km daily VKT on a fixed number 

of days. For example, only 25 % of the single-car 

household vehicles drive more than 120 km on 

more than 50 days per year compared to 35 % of 

the first cars in two-car households. 

In both data sets we find that at least 30% of the 

second cars in multi-car households have no days 

requiring adaptation. For the Swedish data, this 

can be compared with about 8% for the first car in 

multi-car households or about 15% for cars in 

single car households. For the majority of the cars 

in the Swedish dataset a second car typically has 

half, or less than half, of the number of days 

requiring adaptation compared to a single car, and 

even less in relation to a first car. For the German 

dataset the results are similar. This confirms that 

multi-car households are better suited for adopting 

EVs, though it should be remembered that, 

without a change in driving patterns, the second 

vehicle still has a number of days requiring 

adaptation. 

To understand what causes some second cars to 

perform better than others we have analysed the 

Swedish data for the number of days requiring 

adaptation for different annual VKT. The results are 

shown in figure 3. Again the vehicles are separated 

on single car households, first cars, and, second cars 

in multi-car households and displayed as triplets of 

bars w.r.t. annual VKT. As expected there are fewer 

first cars with a low annual VKT, and fewer second 

cars with a high annual VKT. The number of days 

requiring adaptation grows with the annual VKT as 

expected. It can be noted that for annual VKT up to 

10,000 km, more than half of the second cars have 

no days requiring adaptation, while for first cars, 

there is a much smaller fraction requiring no 

adaptation. This hints at second cars have more 

regular daily driving distances compared to first 

cars, and thus, are more suited to be replaced by 

battery EVs. For annual VKT above 30,000 km, 

there are no cars with less than one day per week 

requiring adaptation. Thus, annual VKT is 

important for the probability that a car is easily 

replaced by a battery EV. 

 

 

Figure 3: Number of cars for which a range of 120 km require adaptation for the specified number of days 
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3.2 Can BEVs economize as second 

cars in the households? 

The results for the economic analysis for Germany 

can be found in Figure 4. We show the total 

number of driving profiles with a DRA limit of 52 

days (once per week) with circles using the left y-

axis and distinguish by cars in single car 

households, first and non-first cars in multi-car-

households. On the right y-axis, we find the 

market shares of BEVs distinguished in the same 

manner. Within this part of the analysis a multi-

car-household is defined when it was stated in the 

questionnaire that the household contains more 

than one vehicle. This is different to the definition 

in section 3.1 where we defined a multi-car-

household when more than two vehicles were 

driving. As not all vehicles of each household 

were reported, we cannot tell if all the “first cars” 

are included in the analysis. 

Observing the number of vehicles in the 

households in figure 4, we find that the number of 

single car households is always higher than the 

number of first or non-first cars in multi-car-

households and that the difference decreases with 

increasing VKT. This is mainly a result from a 

higher number of single cars in the data. First cars 

in multi-car-households seem to drive slightly 

more per year than other cars, although this is an 

unsteady interpretation keeping the difficulty to 

distinguish between first and other cars in mind. 

The shares of economic BEVs increase with 

increasing VKT since BEVs then are able to 

economize due to lower running cost. Although the 

shares rise up to 100% the total number of vehicles 

is low (52 out of 6339 vehicles are economic BEVs 

for the German data set). Nonetheless, the share of 

vehicles in multi-car-households is always higher 

than in single-car-households while the numbers of 

vehicles within these VKT-classes are almost equal 

to each other. This gives a first hint that BEVs might 

be better suited for multi-car-households in 

Germany, though we cannot make a distinction 

between first and second cars in this case. 

Figure 5 uses a similar display for the Swedish data 

and shows the number of economic and 

uneconomic BEVs for a DRA limit of 12 days and 

a battery range of 120 km. We use 12 instead of 52 

days, since increasing the DRA would not lead to 

more economic BEVs, since the cost for DRAs lets 

BEVs become less economic compared to 

conventional fuel vehicles. As can be seen, a low 

annual VKT yields more BEVs because of the fewer 

DRAs that follow a low driving distance, but a 

higher annual VKT is needed to make these cars 

economical. The result is that a plateau of most 

economic BEVs occurs at annual VKTs from 

10,000 to 20,000 km. This range is lower than for 

Germany which results from different assumptions 

for costs. A slightly higher share of second cars turn 

out as economical BEVs compared to first cars or 

single cars, but the difference between the 

household categories is not as pronounced as when 

we only measure DRAs (figure 3). 
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Figure 4: Total number of profiles (circles, left y-axis) and share of economic BEV (crosses, right y-axis) distinguished 

by household category w.r.t. annual vehicle km travelled for German data. Range 120 km, accepting 52 DRA per year. 

  

 

Figure 5: Number of economic BEVs, uneconomic BEVs, and Non-BEVs w.r.t. annual vehicle km travelled. Range 120 

km, accepting 12 DRA per year. 

 

Figure 6 shows more directly how the different 
household categories perform relative to each 

other with market shares of BEVs within their 

household categories with respect to DRA for 

Sweden on the left and Germany on the right panel.  
For Sweden second cars perform best relative to the 

others when accepting fewer DRAs, this is an effect 
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of second cars having more regular driving 

compared to first cars, with fewer really long 

driving days. Again, it should be noted that this 

effect holds true even when first and second cars 

have the same annual VKT. First cars outperform 

the other categories when many DRAs are 

accepted, this is because a higher DRA limit 

enables many more first car with a high annual 

VKT to come into play compared to second cars. 

It should also be noted that the derivative of the 

second car curve is smaller compared to the first 

cars, specifically the share of second cars that turn 

out as economic BEVs doubles when increasing 

the DRA limit, while for first cars it increases by 

a factor of six. This has two reasons: one is again 

the higher regularity for the driving of second 

cars, and the other is that more second cars have a 

low annual VKT compared to first cars. 

For Germany the results are different: We find 

many more first cars in multi-car-households to be 

economic as BEVs (about 2.5 %) than in the two 

other household groups (~0.2 %). This is again 

subject to the unclear distinction of first and other 

cars in multi-car-households performed by the 

panel participants. However, this evidently shows 

that vehicles from multi-car-households are more 

interesting for BEVs than in single-car-

households within the German data set. 

To summarize, we find an increasing share of 

BEV users with rising VKT until the number of 

days requiring adaptation is too high for BEVs to 

economize. The difference in economic outcomes 

for BEVs in Sweden and Germany is mostly due 

to the strongly differing economic parameters. 

The different annual VKT (due to the age of the 

included cars analysed) plays a role, but not as 

strong one as the economic parameters. However, 

our economic analysis shows that BEVs are 

slightly better suited for multi-car-households in 

Sweden and much better in Germany. 

A note can be made about the direct subsidy in 

Sweden, were we to remove this subsidy, we 

would still have some economical BEVs, but the 

total number would be about one fifth of what it is 

now. 

 

 

 

Figure 6: Comparison of share of economical BEVs w.r.t 

household and accepted DRAs. The shares are calculated 

as quotients of all cars in a specific household category. 

Swedish results above, German below. 

 

 

4 Discussion 

We assessed the suitability of EVs in single-car 

households as well as for the first and second car in 

multi-car households. We find that EVs are 

technically and economically better suited for 

multi-car households. However, our analysis relies 

on several assumptions that need to be addressed. 

First, the distinction between first and second car is 

– to a certain extent – arbitrary, In the Swedish data 

set the first car is defined as the one that is driven 

the most, whereas in the German data set the first 

car is identified as the car first described by the 

survey participants.  Despite this vagueness of the 

first-second car distinction, our results show clear 

differences between the technical suitability – as 

measured by the days per year requiring adaption – 

according to both definitions. This indicates 

robustness of our findings. Furthermore, the sole 

existence of a second car that could be used as back-

up increases the suitability of vehicle with limited 
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range in these households. Of course, the two 

vehicles could show a long-distance trip on the 

same days. However, further research is required 

to analyse the likelihood of such events.  

We presume that the cars are only recharged at 

night; giving possibility for daytime charging, e.g. 

at the workplace, would imply more days for 

which all the driving requirement is fulfilled. This 

would also have consequences for the economic 

analysis since more driving on electricity would 

make more BEVs economically viable.  

We find that annual VKT is an important factor 

when looking at the number of DRAs. As a 

vehicle ages the annual VKT decreases, it is thus 

likely that the vehicles with fewest DRAs are also 

the oldest vehicles. However, when an EV is 

purchased one will presume that it’s new and 

would have a profile more similar to the new 

vehicles with longer VKTs and more DRAs. This 

is not taken into account in our analysis. 

In our economic analysis we compare a 

conventional vehicle and an EV only based on 

costs and do not at all take into consideration the 

socio-economic characteristics of the owner. The 

willingness to pay for EVs in some groups might 

be higher than in others. This was, e.g., found in 

early adopters of hybrids in California [41]. Thus 

a targeting of potential early adopters may lead to 

higher adoption rates. 

5 Summary and conclusions 
The argument that BEVs are better suited for two-

car households rests on two assumptions. One is 

that the second car of a household has fewer long 

driving days and more regular driving compared 

to the first car or to cars belonging to one-car 

households. The second argument is that the 

household may be able to optimize their driving in 

such a way so that the BEV takes the majority of 

short trips and the conventional car takes the 

majority, or all, of the long distance trips. In this 

paper we have analysed the validity of the first of 

these arguments with real world driving data from 

Sweden and Germany. We find that the second 

cars have slightly more regular driving patterns 

with fewer long distance driving days and thus are 

better suited to be replaced by a BEV compared to 

the first car. This is especially true for the car 

groups with a low annual VKT since these have 

few DRA. However, even within these groups 

there are many second cars that are not suited for 

replacement by a BEV from a daily driving 

distance perspective.  

When restrictions on economic viability are 

implemented, the difference in performance 

between second, first and single cars are reduced 

further, though still, the second car fits the 

requirements of the BEV better than the others. In 

the German data it is not clear that it is specifically 

the second car that is better, rather cars in multi-car 

households in general.  

There are differences in the results between the 

Swedish and German data, these differences are 

however most pronounced in the economic analysis 

and are thus caused mainly by the economic 

parameters rather than differences in driving 

behaviour. To fully answer the question of how 

much better a multi-car household is for adopting a 

BEV one needs to address the second argument 

above as well. To do this, one should analyse the 

driving patterns of both cars in a two-car household 

and see how they can be optimized in relation to the 

limited range of a battery electric vehicle.  

 

 

Acknowledgments 
PP would like to acknowledge funding by the 

project Get eReady as part of the show case regions 

of the Federal Government of Germany. The Area 

of Advance of Transport, Chalmers, is gratefully 

acknowledged for the funding of NJ, FS and SK. 

References 
[1] C. C. Chan, “The State of the Art of Electric, 

Hybrid, and Fuel Cell Vehicles,” Proc. IEEE, vol. 

95, no. 4, pp. 704–718, Apr. 2007. 

[2] D. L. Greene, “Estimating daily vehicle usage 

distributions and the implications for limited-range 

vehicles,” Transp. Res. Part B Methodol., vol. 19, 

no. 4, pp. 347–358, Aug. 1985. 

[3] N. S. Pearre, W. Kempton, R. L. Guensler, and V. 

V. Elango, “Electric vehicles: How much range is 

required for a day’s driving?,” Transp. Res. Part C 

Emerg. Technol., vol. 19, no. 6, pp. 1171–1184, 

Dec. 2011. 

[4] K. S. Kurani, T. Turrentine, and D. Sperling, 

“Testing electric vehicle demand in ‘hybrid 

households’ using a reflexive survey,” Transp. Res. 

Part Transp. Environ., vol. 1, no. 2, pp. 131–150, 

Dec. 1996. 

[5] E. Figenbaum and M. Kolbenstvedt, 

“Electromobility in Norway - Experiences and 

Opportunities With Electric Vehicles,” TØI Rep., 

no. 1281/2013, Nov. 2013. 

[6] J. M. Dargay, “Determinants of car ownership in 

rural and urban areas: a pseudo-panel analysis,” 

Transp. Res. Part E Logist. Transp. Rev., vol. 38, 

no. 5, pp. 351–366, Sep. 2002. 

[7] G. D. JONG, J. FOX, A. DALY, M. PIETERS, and 

R. SMIT, “Comparison of car ownership models,” 

Transp. Rev., vol. 24, no. 4, pp. 379–408, Jul. 2004. 



EEVC European Electric Vehicle Congress  12 

[8] D. D. Parrish, H. B. Singh, L. Molina, and S. 

Madronich, “Air quality progress in North 

American megacities: A review,” Atmos. 

Environ., vol. 45, no. 39, pp. 7015–7025, Dec. 

2011. 

[9] D. Biere, D. Dallinger, and M. Wietschel, 

“Ökonomische Analyse der Erstnutzer von 

Elektrofahrzeugen,” Z. Für Energiewirtschaft, 

vol. 33, no. 2, pp. 173–181, Jun. 2009. 

[10] P. Plötz, U. Schneider, J. Globisch, and E. 

Dütschke, “Who will buy electric vehicles? 

Identifying early adopters in Germany,” Transp. 

Res. Part Policy Pract., vol. 67, pp. 96–109, Sep. 

2014. 

[11] J. Anable, G. Schuitema, S. Skippon, and N. 

Kinnear, “Who will adopt electric vehicles? A 

segmentation approach of UK consumers.,” 

presented at the ECEEE 2011 Summer Study, 

Belambra Presqu’lle de Giens, France, 2011. 

[12] M. K. Hidrue, G. R. Parsons, W. Kempton, and M. 

P. Gardner, “Willingness to pay for electric 

vehicles and their attributes,” Resour. Energy 

Econ., vol. 33, no. 3, pp. 686–705, Sep. 2011. 

[13] R. Curtin, G. Schuitema, S. Skippon, and N. 

Kinnear, “Plug-in Hybrid Electric Vehicles,” 

University of Michigan (Ed.), 2009. 

[14] O. Egbue and S. Long, “Barriers to widespread 

adoption of electric vehicles: An analysis of 

consumer attitudes and perceptions,” Energy 

Policy, vol. 48, pp. 717–729, Sep. 2012. 

[15] D. Bolduc, N. Boucher, and R. Alvarez-Daziano, 

“Hybrid Choice Modeling of New Technologies 

for Car Choice in Canada,” Transp. Res. Rec. J. 

Transp. Res. Board, vol. 2082, pp. 63–71, Dec. 

2008. 

[16] M. Horne, M. Jaccard, and K. Tiedemann, 

“Improving behavioral realism in hybrid energy-

economy models using discrete choice studies of 

personal transportation decisions,” Energy Econ., 

vol. 27, no. 1, pp. 59–77, Jan. 2005. 

[17] P. Mau, J. Eyzaguirre, M. Jaccard, C. Collins-

Dodd, and K. Tiedemann, “The ‘neighbor effect’: 

Simulating dynamics in consumer preferences for 

new vehicle technologies,” Ecol. Econ., vol. 68, 

no. 1–2, pp. 504–516, Dec. 2008. 

[18] F. Sprei, C. Macharis, K. Lebeau, and M. 

Karlström, “Policy incentives for market 

introduction of electric vehicles,” in System 

perspectives on Electromobility, Göteborg: 

Chalmers, 2013. 

[19] T. Turrentine, D. Garas, A. Lentz, and J. 

Woodjack, “The UC Davis MINI E Consumer 

Study,” Inst. Transp. Stud. Univ. Calif. UC Davis 

Inst. Transp. Stud. Res. Rep., vol. 5, 2011. 

[20] T. F. Golob and J. Gould, “Projecting use of 

electric vehicles from household vehicle trials,” 

Transp. Res. Part B Methodol., vol. 32, no. 7, pp. 

441–454, Sep. 1998. 

[21] A. R. Campbell, T. Ryley, and R. Thring, 

“Identifying the early adopters of alternative fuel 

vehicles: A case study of Birmingham, United 

Kingdom,” Transp. Res. Part Policy Pract., vol. 46, 

no. 8, pp. 1318–1327, Oct. 2012. 

[22] “MOP. Mobilitätspanel Deutschland 1994-2010,” 

Karlsruhe, Project conducted by the Institute for 

Transport Studies at the Karlsruhe Institute of 

Technology (KIT), 2010. 

[23] F. Kley, “Ladeinfrastrukturen für Elektrofahrzeuge 

- Analyse und Bewertung  einer Aufbaustrategie auf 

Basis des Fahrverhaltens,” Karlsruhe, 2011. 

[24] P. Plötz, T. Gnann, M. Wietschel, and A. Kühn, 

“Markthochlaufszenarien für  Elektrofahrzeuge – 

Langfassung,” Commissioned by acatech - German 

National Academy of Science and Engineering and 

Working Group 7 of the German National Platform 

for Electric Mobility (NPE), 2013. 

[25] S. Karlsson, “The Swedish car movement data 

project Final report.,” Chalmers University of 

Technology, Report, 2013. 

[26] J. W. C. Arts, R. T. Frambach, and T. H. A. Bijmolt, 

“Generalizations on consumer innovation adoption: 

A meta-analysis on drivers of intention and 

behavior,” Int. J. Res. Mark., vol. 28, no. 2, pp. 134–

144, Jun. 2011. 

[27] E. M. Rogers, Diffusion of Innovations, 5th Edition, 

5th edition. New York: Free Press, 2003. 

[28] T. A. Tran and T. Daim, “A taxonomic review of 

methods and tools applied in technology 

assessment,” Technol. Forecast. Soc. Change, vol. 

75, no. 9, pp. 1396–1405, Nov. 2008. 

[29] P. Plötz, “How to estimate the probability of rare 

long-distance trips,” Working Paper Sustainability 

and Innovation, S1/2014, 2014. 

[30] M. Wietschel, P. Plötz, A. Kühn, and T. Gnann, 

“Market evolution scenarios for electric vehicles – 

summary,” Commissioned by acatech - German 

National Academy of Science and Engineering and 

Working Group 7 of the German National Platform 

for Electric Mobility (NPE), 2014. 

[31] J. Linssen, S. Bickert, W. Hennings, and others, 

Netzintegration von Fahrzeugen mit elektrifizierten 

Antriebssystemen in bestehende und zukünftige 

Energieversorgungsstrukturen-Advances in Systems 

Analyses 1, vol. 1. Forschungszentrum Jülich, 2012. 

[32] H. Helms, J. Jöhrens, J. Hanusch, U. Höpfner, U. 

Lambrecht, and M. Pehnt, “UMBReLA 

Umweltbilanzen Elektromobilität,” Institute for 

Energy and Environmental Research, Heidelberg, 

Oct. 2011. 

[33] S. Pfahl and A. G. Daimler, “4. Alternative 

Antriebskonzepte: Stand der Technik und 

Perspektiven–Die Sicht der Automobilindustrie,” 

ALTERNATIVE, p. 81, 2013. 

[34] International Energy Agency, World Energy 

Outlook 2012. 2012. 

[35] Federal Ministry of Finance (BMF), “Übersicht zur 

Kraftfahrzeugsteuer für Personenwagen.” 2014. 

[36] Comparison of different car rental websites. . 

[37] Transportstyrelsen, “Supermiljöbilspremie - 

Transportstyrelsen.” [Online]. Available: 

http://www.transportstyrelsen.se/sv/Kontakta-

oss/Stall-fragor-lamna-synpunkter-eller-



EEVC European Electric Vehicle Congress  13 

information/Vanliga-fragor-till-

Transportstyrelsen/Supermiljobilspremie/. 

[Accessed: 27-Oct-2014]. 

[38] Fossilfrihet på väg. 2013. 

[39] McKinsey & Company, “Die Energiewende in 

Deutschland - Anspruch, Wirklichkeit und 

Perspektiven,” 2012. 

[40] “Svenska Petroleum och Biodrivmedel Institutet.” 

. 

[41] R. R. Heffner, K. S. Kurani, and T. S. Turrentine, 

“Symbolism in California’s early market for 

hybrid electric vehicles,” Transp. Res. Part 

Transp. Environ., vol. 12, no. 6, pp. 396–413, 

Aug. 2007. 

 

 

Authors 

 

Niklas Jakobsson received his M.Sc. in 

Industrial Ecology at Chalmers 

University of Technology and is 

currently a Ph.D. Student at the division 

of Physical Resource Theory at the 

same university. His work is focused on 

private driving patterns as well as the 

effects of subsidies on EV sales. 

 

 

Patrick Plötz received a PhD in 

Theoretical Physics. He is a senior 

scientist in the Competence Center 

Energy Technology and Energy 

Systems at the Fraunhofer Institute for 

Systems and Innovation Research ISI. 

His current research focuses on energy 

efficiency and plug-in electric vehicles. 

 

 

 

Till Gnann studied Industrial 

Engineering at the Karlsruhe Institute 

of Technology (KIT). He works as a 

scientist in the Competence Center 

Energy Technology and Energy 

Systems at the Fraunhofer Institute for 

Systems and Innovation Research ISI. 

His current research focuses on plug-in 

electric vehicles and their charging 

infrastructure. 

 

 

 

Frances Sprei is an Assistant Professor 

in Sustainable Mobility at the 

Department of Energy and 

Environment, Chalmers University of 

Technology, Sweden. Her research 

assesses different innovative personal 

mobility choices. She received her PhD 

in 2010 and has been a visiting 

scholar/post-doc at Stanford 

University. 

 

 

 

Sten Karlsson received a PhD in 1990 

and is senior lecturer at the Department 

of Energy and Environment, Chalmers 

University of Technology, Sweden. His 

current research is focusing on energy 

efficiency and technology assessment, 

especially concerning private cars and 

the electrification of vehicles 

 

 


