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SHORT SUMMARY 

The goal to limit global warming requires a shift to electric vehicles and a reduction of vehicles 

in total. To achieve this transition, governments could design price regulations effectively. The 

potential effect of different price regulations has been assessed by surveying 466 respondents. 

After providing detailed information on all mobility tools in the household, respondents were 

faced with four scenarios with varying price regulations concerning prices for fuel, CO2, electric-

ity, and public transport. Given the reported mobility tools and supported by live calculation of 

resulting cost changes, respondents were asked to adapt their household fleet while being allowed 

to choose the mobility tools at a high level of detail. Results of a multinomial logit model show 

that increasing fuel prices, very low electricity prices, high EV subsidies and low public transport 

prices have the potential to decarbonize household fleets (remove conventional vehicles and/or 

replace by an electric vehicle). 
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1. INTRODUCTION 

To reduce greenhouse gas emissions in the transport sector a shift from vehicles with internal 

combustion engine (ICE) to electric vehicles (EV) is required. For this purpose, governments are 

implementing policies to promote EVs. However, several studies investigate either isolated eco-

nomic interventions such as fuel prices (see e.g. Erath and Axhausen, 2010; Jäggi et al., 2012; 

Liao et al., 2017). They show that only a great increase of fuel prices have the potential to increase 

the market share of alternative fuel vehicles (Jäggi, 2015; Lebeau et al., 2012). However, not only 

fuel price is of relevance to promote the shift from ICEs to EVs. Research has shown that higher 

operating costs have a negative effect on the preference of a vehicle (Beck et al., 2017; Helveston 

et al., 2015; Higgins et al., 2017; Jensen et al., 2020; Li et al., 2020). Free charging has a positive 

effect on adoption of EV and is after free parking the incentive with the highest willingness-to-

pay for a vehicle (Langbroek et al., 2016). Further, persons intending to buy a new vehicle prefer 

lower purchase costs (Helveston et al., 2015). Studies show that price subsidies have a positive 

effect on the choice of EVs (Bjerkan et al., 2016; Higgins et al., 2017; Lebeau et al., 2012) and 

on the diffusion of EVs in general (Buchmann et al., 2021; Melton, 2020). Therefore, not only 

effects of fuel prices, but also EV purchase subsidies and electricity prices need to be investigated. 
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However, large majority of research either conduct stated preference studies to show, which prices 

have an effect on the choice of a vehicle type (Beck et al., 2017; Bjerkan et al., 2016; Helveston 

et al., 2015; Higgins et al., 2017; Jäggi, 2015; Jensen et al., 2020; Langbroek et al., 2016; Lebeau 

et al., 2012; Li et al., 2020) or simulation studies on market diffusion potentials (Buchmann et al., 

2021; Melton, 2020). Revealed preferences studies mostly investigate the effect of socio-de-

mographics (Brückmann et al., 2021; Jakobsson et al., 2016). However, to our best knowledge, 

there are no studies, which would model the effects of price regulations on fostering households’ 

adaption of their household fleet. Therefore, this study is aiming to analyze the effectiveness of 

fuel prices, CO2 surcharge on fuel prices, electricity prices, and EV purchase subsidies on house-

hold’s stated decisions to either adopt an EV, replace an ICE by an EV, and to remove an ICE. 

Besides that, the effect of reduced prices for public transport will be considered, since the decar-

bonization of the transport sector requires not only the adoption of EVs but a general reduction in 

vehicle usage. 

METHODOLOGY 

Data and sample 

Adults of 18 years and older were recruited via an introduction letter and a follow-up recruitment 

phone call from a sample of 6,107 addresses in the South-West of Germany. Computer-assisted 

personal interviews were conducted from January to December 2020. In total, 466 individuals 

completed the survey providing information on the household (for details on fieldwork see Gutjar 

et al. (2021); Gutjar and Kowald (2021a)). After data cleaning and exclusion of households with-

out persons owning a driver license, data from 444 respondents will be considered for analyses. 

Survey design 

Firstly, the respondents provided information on the household (e.g. household income, housing 

type), the sociodemographic characteristics, and mobility behavior of every household member 

(e.g. age, gender, car availability). Further, to answer the research question a two-stage process 

was created: 

In the first stage, revealed preferences (RP) for mobility tools in the household fleet were col-

lected. Respondents provided detailed information on all vehicles (e.g. vehicle type, engine type, 

annual vehicle kilometers traveled (VKM)), motorcycles, and public transport subscriptions avail-

able.  

Next, a stated adaptation experiment (Lee-Gosselin, 1996) was designed to assess the effect of 

price regulations, which are presented in Table 1 together with their variation. Based on these 

price attributes and variation levels, an efficient experiment design (Rose and Bliemer, 2014) was 

created in Ngene (Rose et al., 2018) resulting in 20 scenarios divided into five blocks, so that 

every respondent was faced with four different tasks. Each task was designed as an iterative ad-

aptation of the household fleet under a given scenario: Employing the RP data on mobility tools 

in the household, the survey program initially calculated the actual household fleet costs and ad-

ditionally presented changes in monthly and annual costs for the actual household fleet as a con-

sequence of the hypothetical price regulations given in the scenario. Respondents were asked to 

react to the scenario by adapting the household fleet under consideration of the financial re-

strictions and the mobility needs of the household. They could e.g. remove present and/or add 

new vehicle(s), motorcycle(s), and public transport subscriptions and adjust the annual VKM. For 

every adopted vehicle, a vehicle type and an engine type (gasoline, diesel, BEV, PHEV) had to 

be specified. Respondents were supported by a real-time calculation of the monthly and annually 
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household fleet costs to allow a comparison of the resulting and current costs after every adapta-

tion. Thus, they were able to adjust the mobility tools until they found the optimal household fleet 

under given price regulations (for details on the study design see Gutjar and Kowald (2021b) and 

Reckermann et al. (2021)). Finally, n=1,737 observations (stated adaptations) from 466 individ-

uals will be analyzed.   

 

Table 1. Stated adaptation experiment: price attributes and variation levels (Gutjar 

and Kowald, 2021b) 

price attribute variation levels model changes 

fuel price (€/l) 1.50* / 3.00 / 4.50 sum (continuous):  0 / 0.20 / 0.60 

/ 1.50 / 1.70 / 2.10 / 3.00 / 3.20 / 

3.60 
CO2 surcharge (€/liter fuel) 0.00* / 0.20 / 0.60 

electricity price (€/100km) 0.00 / 3.50* / 7.00 -3.50 / 0 (reference) / +3.50 

purchase bonus for EVs (€) 2,000 / 6,000* / 10,000 -4,000 / 0 (reference) / +4,000 

public transport prices rela-

tive to today 

free / 50% of today’s price / as 

today* 

-100 / -50 / 0 (reference) 

Note: * = value at the time of fieldwork  

Estimation 

Since the aim of this study is to model adaptation (changes) of the household fleet, changes in 

price regulations in comparison to the reference values at the time of fieldwork will be modelled. 

For this purpose, fuel prices and CO2 surcharge were summed to one continuous variable, while 

dummy variables were created for the remaining price regulations with no change in prices incor-

porated as reference category. The created variables to model changes in correspondence to the 

variation of the price regulations are presented in Table 1. 

The changes between RP vehicle ownership and the final adapted household fleet as reaction to 

price scenarios will be modelled as the outcome with reference to no change (no adaptation to 

vehicle ownership):  

- add an EV (if an EV was added as an additional vehicle to the household fleet; the alter-

native is always available) 

- remove ICE (if at least one existing ICE was removed from the household fleet; the 

alternative is available to households with min. one ICE) 

- replace ICE by EV (if at least one existing ICE was removed but an EV was included 

instead; the alternative is available to households with min. one ICE) 

- remove and replace ICE (if at least two existing ICEs were removed and an EV included 

instead; the alternative is available to households with min. two ICEs) 

The frequencies (absolute and relative) of alternative availability and actual choices (n=1,737 

observations) are presented in Table 2. 

 

Table 2. Description of choices (adaptations) 
choice n available n chosen % chosen 

overall 

% chosen 

when availa-

ble 

no change 1,737 1,191 68.57 68.57 

add an EV 1,737 74 4.26 4.26 

remove ICE(s) 1,605 123 7.08 7.66 

replace ICE(s) by EV 1,605 306 17.62 19.07 

remove & replace ICE(s) by EV 701 43 2.48 6.13 
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Total  1,737 100  
Note: changes not modeled due to a small number of observations (n≤10): add ICE, remove EV, replace ICE by EV 

& add EV 

 

Since the presented adaptation alternatives are discrete choices, they will be analyzed by applying 

the random utility maximization theory, which assumes respondents rationally choose the alter-

native with the highest associated utility (Adamowicz et al., 1994; Louviere et al., 2010). An 

individual n confronted with j alternatives in t choice tasks associates an indirect utility Unjt for 

an alternative and chooses the alternative with the highest utility. The indirect utility Unjt of an 

alternative j is decomposed as  

 𝑈𝑛𝑗𝑡  =  𝑉𝑛𝑗𝑡  +  𝜀𝑛𝑗𝑡  =  𝑥′
𝑛𝑗𝑡𝛽 +  𝜀𝑛𝑗𝑡  (1) 

where Unjt is not observed, Vnjt is the deterministic utility of alternative j, and 𝜀njt is a random 

component not included in Vnjt; Vnjt can be specified by 𝑥′
njt𝛽, where 𝑥 is a vector of explanatory 

variables (e.g. attribute levels, socio-demographics), and 𝛽 are the coefficients to be estimated. 

Further, alternative-specific constants (ASC) (Train, 2009) were estimated.  

2. RESULTS AND DISCUSSION 

Data analyses were performed with R using the package apollo (Hess and Palma, 2019; R Core 

Team, 2020) for the step-wise estimation of a multinomial logit model (MNL) (Louviere et al., 

2000; Train, 2009). The results of the current MNL model are presented in Table 3 (previous 

steps and sample descriptions are available upon request). 

As expected, increasing fuel price (including CO2 surcharge) has a positive effect on the decision 

to remove an ICE, replace an ICE with EV, and do both. A drastic reduction in electricity prices 

(for free) increases the utility to replace an ICE with an EV and to do both, remove and replace 

an ICE. However, it has also a positive effect on the adoption of an EV as an additional vehicle, 

which needs to be considered (rebound effect). Correspondingly, increased electricity prices de-

crease the utility to add an EV but also to adopt one as a replacement for an ICE. Interestingly, 

for the purchase bonus, no strong effects have been found. However, the reduction of the EV 

subsidy by 4,000€ reduces the utility to add an EV and to choose both remove and replace an ICE, 

while an increase by 4,000€ has a positive utility on the replacement of an ICE with an EV. Free 

public transport (-100%) has a positive impact on the removal of an ICE and to do both remove 

and replace existing ICEs.  

In comparison to no change, the utility of adding an EV and doing both removing and replacing 

an ICE is decreasing with age, while it is firstly positive but becomes negative with higher age 

for the alternatives to remove an ICE or to replace an ICE. Interestingly, while highly educated 

respondents (in comparison to low-middle education) prefer to remove an ICE, replace an ICE 

and do both, low-educated persons prefer to adopt an EV as an additional vehicle (e.g. BEV might 

serve as a status symbol). Higher equivalized household income (considering the number and age 

of household members) decreases the utility of removing an ICE and to do both replacing and 

removing an ICE, but no remarkable effect was shown for the replacement of an ICE with an EV. 

Further, with increasing income, the utility to add an EV increases. To sum up, with greater in-

come households associate disutility with alternatives required for transport decarbonization, be-

cause they can afford to keep their status quo. Intuitively, households with an equal or greater 

number of vehicles than persons with driver's license associate greater utility with removing and 

replacing an ICE, while they show a lower preference for adding an EV than persons in a house-

hold with fewer vehicles than drivers. Similarly, households with greater VKM associate increas-

ing utility with removing, replacing, and doing both removing and replacing an ICE by EV. 
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Table 3. Results of the MNL 

 add EV remove ICE replace ICE 
remove & replace 

ICE 

 
𝜷 r. se. 

r. t-

val. 
𝜷 r. se. 

r. t-

val. 
𝜷 r. se. 

r. t-

val. 
𝜷 r. se. 

r. t-

val. 

fuel price  - 
  

0.61 0.10 5.94 0.50 0.06 8.78 0.68 0.14 4.96 

electricity price (Ref. no change) 

minus 3.50€ 0.64 0.29 2.23  - 
  

0.85 0.17 5.04 1.29 0.31 4.14 

plus 3.50€ -0.68 0.39 -1.74  - 
  

-0.40 0.22 -1.78 fixed 
  

purchase bonus (Ref: no change) 

minus 4,000€  -0.50 0.23 -2.16 
   

fixed 
  

-0.48 0.31 -1.56 

plus 4,000€ fixed 
     

0.21 0.14 1.47 fixed 
  

public transport (Ref: no change) 

minus 100%  - 
  

0.21 0.19 1.10  - 
     

plus 100%  - 
  

0.45 0.20 2.30  - 
  

0.47 0.35 1.35 

ASC -1.72 0.79 
 

-7.41 2.44 -3.04 -4.19 1.13 -3.72 -2.46 1.07 -2.30 

age -0.03 0.01 -2.18 0.15 0.09 1.68 0.08 0.05 1.68 -0.03 0.02 -1.43 

age2 fixed  -1.99 -0.00 0.00 -1.78 -0.00 0.00 -2.06 fixed 
  

education  
            

low Ref. 
  

Ref. 

  

Ref. 

  

Ref. 

  

middle 

-0.66 0.42 -1.56 

     

high 0.54 0.30 1.78 0.32 0.221 1.44 0.80 0.57 1.41 

equivalised house-
hold income 

0.48 0.16 2.92 -0.25 0.14 -1.76 fixed 
  

-0.61 0.30 -
2.03 

n vehicles ≥ n driv-

ers (Ref: less) 

-0.76 0.35 -2.19 0.45 0.31 1.44 0.23 0.206 1.09 fixed 
  

VKM fixed     0.01 0.01 1.19 0.01 0.008 1.74 0.03 0.01 2.52 

Number of individuals 444 

LL (final) -1452.59     

Adj.Rho-square 0.3976   
   

AIC 2979       
BIC 3181              

Note: r. se. = robust standard error; r. t-val. = robust t-value; - = not estimated (e.g. no previous hypotheses); fixed = parameter fixed 
to zero during the step-wise estimation procedure (e.g. small and insignificant parameter, small number of observations (n<20)), 

Ref.= Reference category 

3. CONCLUSIONS 

Given study contributes to previous research by modeling potential adaptations of vehicle own-

ership as a consequence of political incentives and other price regulations relevant to transport 

decarbonization. Preliminary results have been presented. Next, this model will be extended by 

interactions of price attributes with socio-demographic characteristics to explain taste heteroge-

neity (e.g. are households with greater household income less sensitive towards price increases?). 

Further, an integrated choice latent variable (ICLV) (Abou-Zeid and Ben-Akiva, 2014) model 

will implement the effect of the latent factor intention to buy an EV as a direct predictor of be-

havior (Ajzen, 1991). All results along with policy implications will be presented at the confer-

ence if accepted. 
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