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In a 2015 study, policy measures to promote electric mobility were examined with regard to their acceptance by consumers in 20 countries on five continents. results of a choice-based conjoint analysis showed that people appreciate monetary incentives; however, the application of the Kano method to detect dissatisfaction with missing features revealed that charging networks are absolute must-haves. 

In the same 20 countries, the present article examines the actual effects of three kinds of policy measures: monetary incentives, traffic regulations in favour of electric vehicles (eVs), and investments in charging infrastructure. The outcome variable was the percentage of new registered eVs in 2016. 

all policy measures had positive direct effects; however, the number of existing charging stations as a moderator increased the effect of monetary measures over proportionately. The widespread uptake of eVs has been challenged by the problem that people do not accept eVs as long as the number of charging stations is insufficient, and the low number of eVs has not stimulated sufficient demand for charging stations yet. The results demonstrate how this ‘chicken or the egg’ dilemma will be resolved over time as soon as a sufficient number of charging stations are available. because the effects of monetary measures and charging stations reinforce each other and the number of charging stations is accumulative, governments will be able to offer fewer and fewer monetary incentives to produce the same promoting effects. 

 Keywords: charging infrastructure, electric vehicles, monetary incentives, policy measures. 

1 INTrODucTION

although the global share of electric vehicles (eVs) has been rising over the past years, their uptake is still relatively low in most countries around the world [1]. In order to support more widespread use of eVs, various governments have begun to offer incentives, such as financial subsidies or tax exemptions for new eV purchases, traffic regulations favouring eVs, as well as investments in the charging infrastructure [1, 2]. The types and extents of such policy measures, however, differ significantly across countries, as does the share of eVs in the respective markets. 

regarding the effects of various types of policy measures, the results of lieven’s [3] 2015 

study across 20 countries showed that monetary grants are the most appreciated incentives for individuals to purchase an eV. In addition, although charging networks on freeways are assumed to be absolute necessities, the free use of bus or fast lanes and city parking are not considered attractive incentives. furthermore, the study showed that potential eV buyers prefer a charging network over a net cash grant of $6,000. Thus, investment in charging infrastructure is probably more effective for promoting the uptake of eVs than the provision of cash grants. 

referring to this study, this article aims at further investigating these empirical findings by comparing them with actual data from 2016. Specifically, the study examines how and to what extent numerous factors, such as monetary incentives, traffic regulations, investments in infrastructure, and the number of charging stations, influence the market share of eVs. a similar study published by Sierzchula et al. [4] pointed out that financial incentives and charging infrastructure are positively correlated with eV market shares; however, there 
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 T. Lieven & N. Rietmann, Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) was no evidence of a causal effect. as the authors used data from 2012 with only very small eV market shares, in the current study, these market shares are significantly higher after four years (e.g. Norway in 2012 was 3%, in 2016 nearly 30% of new car registrations). The chance of finding true causal effects thus should be higher in this study. furthermore, this study incorporates empirical data from research in the respective 20 countries assessing people’s average driven mileage per day and dissatisfaction when specific policy measures are not available. results have a clear message to policy makers regarding effective and efficient measures to promote electric mobility. 

2  meThOD aND PrOceDure

This study uses secondary data collected from several sources for the year 2016. The dependent variable in the subsequent analyses was the percentage of pure eVs and plug-in hybrid electric vehicles (PheVs) registered during 2016 compared to the total number of registrations in the respective 20 countries (australia, belgium, brazil, canada, Switzerland, china, Germany, france, hong Kong, India, Italy, Japan, Korea, the Netherlands, Norway, russia, Taiwan, Great britain, the united States [uSa], and South africa). The number of total vehicle sales was derived from one of the earliest motor vehicle manufac-turer organizations, founded in 1919 as the Organisation Internationale des constructeurs d’automobiles (OIca [5]). These data distinguish between passenger cars and commercial vehicles. Only the number of passenger cars was used in this article because small trucks or pick-ups are not in a competitive position with passenger cars. This distinction is particularly important for the united States where the total number of all vehicles registered is as high as 17.9 million, but the number of passenger cars is only 6.9 million. With 158,212 

eVs sold in the uSa in 2016, the proportion of eVs in this study is 2.3% which is significantly higher than in other reports in which the total number of vehicles includes commercial cars. Information about eVs sold in 2016 was obtained from the Swedish consulting firm eV-Volumes [6]. These data list all vehicles by brand and model. PheVs and eVs were considered. This might be a bias towards higher market penetration of electric mobility. 

however, the data include all consumers who are interested in electric propulsion. It can be expected that many of those buying PheVs now will switch to eVs as soon as the range is long enough for the latter. a recent study in the uSa with 204 participants showed that a majority of 57% (χ2 = 3.9,  p < 0.05) would prefer a pure eV over a PheV as soon as the eV has a range of 300 miles. 

assessing monetary policy measures was more complicated in particular because even within countries the measures may not be similar in all regions. There exist many ways to provide incentives, such as direct subsidies or road tax exemptions. Some countries raise one-time taxes on the registration of vehicles which can be very high, as in Norway. all monetary measures were added for a longer period of several years. even countries with only small one-time monetary incentives show a reasonable total monetary measure, such as Switzerland, where only a low yearly road tax must be paid instead of hundreds of Swiss francs for regular cars. Within ten years, this total adds up to 5,000 (note that the uS dollar, the euro and Swiss francs are treated as being of equal value). Investments in infrastructure and traffic regulations, such as free use of fast or bus lanes, were expressed with dummy variables. 

Numbers of charging stations were derived from several publications. however, some-times whether figures mean charging locations (with one or more single charging points) or whether figures represent single plugs was indeterminate. finally, comparing several sources 
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[1, 2, 7–9] led to reasonable results that represent at least the prevalence of such infrastructure. The quotient between the number of charging stations and the total population [10] can be seen as a measure of dissemination in the respective countries. 

The same holds for the number of charging stations per highway kilometre [24]. In addition, the national purchasing power indices were added to the analyses [25]. from a worldwide survey in the respective 20 countries, the daily driving distances were known, as well as drivers’ range anxiety [3]. The complete set of data is depicted in Table 1. 

The data were analysed in a simultaneous equation model with partial least squares regression (PlS [26]). The respective model is depicted in fig. 1. The bold variables in Table 1 

were included in the model and data from a worldwide study with 8,147 participants in the above-mentioned countries [3]. These were the results of a conjoint analysis with respondents’ utilities of monetary measures, traffic regulations such as free use of bus lanes or city parking and charging infrastructure. furthermore, dissatisfaction indices derived from the Kano model [27] were included in the PlS regression. These indices measured the degree to which respondents were disappointed if these measures were not available. In fig. 1, the interaction term of monetary measures and number of charging stations is included. In the initial model, this was not the case. 

3 reSulTS

We do not report significances in the PlS model because the limited number of cases (20) makes the  t-values quite low. however, the significance of the bivariate correlations can be seen in Table 2. 

We report cohen’s effect size  f 2 [28] which is independent of sample size [29] and is an evaluation of the increase in the coefficient of determination when the respective variable is included. This  R 2 value is a measure of the portion of the dependent variable’s variance that could be explained. In the initial model without interaction terms, all three utilities positively influenced the respective measures (b

= 0.29,  f 2 = 0.11; b

= 0.15,  f 2 = 0.02; 

monetary

Traffic regulations

b

= 0.22,  f 2 = 0.09). The effect of utilities on measures means that the higher the Infrastructure

consumers’ utility of policy measures, the more such policy measures exist. This measure reveals governments’ willingness to follow their populations’ needs and requests. This result is supported by a decline in dissatisfaction with stronger measures (b

= –0.56,  f 2 = 0.45; 

monetary

b

= –0.36,  f 2 = 0.15; b

= –0.09,  f 2 = 0.01). 

Traffic regulations

Infrastructure

as can be expected, national purchase power positively supports policy measures (b monetary

= 0.73,  f 2 = 0.78; b

= 0.29,  f 2 = 0.09; b

= 0.63,  f 2 = 0.72). according to Traffic regulations

Infrastructure

the  R 2 values, 42% of the variance in the monetary measures can be explained, 12% of the variation in the traffic regulations by 12%, and 45% of the variation in the infrastructure investments. 

Two of the three measures positively affect the eV market share (b

= 0.73,  f 2 = 0.37; 

monetary

b

= 0.19,  f 2 = 0.09). The number of charging stations seems to mediate the direct Traffic regulations

effect of infrastructure measures (b

= 0.16,  f 2 = 0.05). This mediation indicates that chargers

infrastructure measures increase the number of charging stations, which, in turn, increases the eV market share. a look at the control variables reveals that the more miles people drive the lower their range anxiety (b

= –0.43,  f 2 = 0.23). This range anxiety, however, Distance

increases the number of installed charging stations (b

= 0.27,  f 2 = 0.09). 

range anxiety

eighty-nine per cent of the variation in the eV market share was explained in this model ( R 2 = 0.89). a further examination included the interaction term of monetary measures and the number of installed charging stations as can be seen in fig. 1. This interaction suppresses 
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figure 2:  Percentage of eVs in 20 countries (interaction included). 

the effect of traffic regulations and the direct effect of the number of charging stations. The direct effect of monetary measures is reduced (b

= 0.38,  f 2 = 0.30). The interaction, monetary

however, positively affects the percentage of eVs (b

= 0.66,  f 2 = 0.22). This modifica-Interaction

tion results in an explained variance in the outcome variable (eV percentage) of nearly 100%. 

how important the interaction term is can also be seen from fig. 2. In the three- dimensional space, the eV percentages nearly fit the function exactly, including the interaction term ( R 2 = 0.993):

eV% = b + b ∙  M + b  ∙  N + b ∙  M ∙  N 

(1)

0 

1 

2

3 

where   M is the monetary measures and  N is the number of charging stations, b  = 1.23; 0

b  = 2.77,  p < 0.001; b  = –0.45, n.s.; b  = 1.90,  p < 0.001. In the interaction model (fig. 2), 1

2

3

the mere effect of monetary measures is much smaller, as is the effect of charging stations (which is slightly negative but is not statistically significant). an important increase in the eV 

percentage is explained by the interaction term. 

4  DIScuSSION, lImITaTIONS aND cONcluSION

This study with real data is in line with the empirical results. lieven [3] pointed out that monetary policy measures are appreciated by consumers; however, charging infrastructure is a must-have. analyses of the actual percentage of eVs registered in 2016 show that the interaction term contributes significantly. Thus, the finding from consumer research that governments should not concentrate on monetary measures only but should also include infrastructure projects was supported in this study. 

This finding is even more important because investments in infrastructure are more efficient. allowing eVs free use of bus lanes or city parking is effective but is not efficient because of the congestion effects with an increasing number of eVs. because monetary measures are paid individually, no increasing efficiency will occur over time. Installing charging stations, however, becomes increasingly efficient because they not only are used by today’s eV drivers but also will be used by future eV drivers. Thus, the effects of investments in charging infrastructure sum over time while monetary measures are paid once with a one-time effect and do not sum. briefly, a monetary incentive attracts only one eV buyer 

[image: Image 3]
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 T. Lieven & N. Rietmann, Int. J. Transp. Dev. Integr., Vol. 2, No. 1 (2018) while the installation of a charger attracts many potential eV buyers. based on the example in lieven [3], with a uS government budget of $3 billion, such as in the 2009 cash for clun-kers programme, it would be wiser to install 6,000 fast chargers along interstate highways and pay an incentive of $3,000–700,000 eV buyers than to give approximately 333,000 eV 

buyers a grant of $9,000. 

The fact that policy measures are stronger in countries where consumers’ perceived utility of such measures is higher and dissatisfaction about missing measures is lower emphasizes the plausibility of the model and the data. The strong effects that can be seen in figs 1 and 2 point towards a possible limitation of this study concerning problems caused by outliers. 

Such outliers could be the Netherlands and – above all – Norway. Outliers can have serious distortion effects on regression results. especially, outliers can represent the only reason a significant causal effect is falsely identified. however, Norway is not an outlier in the classi-cal sense as a randomly outside situated data point. It is more the political will of Norway’s government than a mere coincidence that the percentage of eV registrations was so high in 2016. Norway offers numerous tax incentives, rebates, subsidies and loosening of traffic restrictions to eV owners [30, 31]. almost one-third of all new registered cars in Norway were eVs. from this outstanding percentage, it can safely be concluded that this result is causally induced by the magnitude of Norwegian policy measures. Thus far, this study could enhance Sierzchula et al.’s [4] warning about the uncritical acceptance of a causal relation-ship between financial incentives, charging infrastructure and eV market share. according to our data, these causal effects exist. The same holds in some way for the Netherlands. The question remains, how the model would perform without these two exceptional examples. 

To examine this point, Norway and the Netherlands were removed from the sample, and the regression from eqn (1) was repeated including the interaction term. The regression itself was statistically significant ( R 2 = 0.84,  F(3, 14) = 24.46,  p < 0.001) with statistically significant positive coefficients (b  = 1.69; b  = 3.92,  p < 0.001; b  = 1.68,  p < 0.01; b  = 5.46,  p < 0.01; 0

1

2

3

fig. 3). This means that even if one assumes Norway and the Netherlands are outliers, the main finding of this study holds with significant and positive causal effects of monetary measures and infrastructure investments on eV market share. 

This study enhances the existing literature as real data in 20 countries from 2016 supported preferences previously stated in these countries in 2014. results are promising and could figure 3:  Percentage of eVs excluding Norway and the Netherlands (interaction included). 
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encourage governments to promote the acceptance of electric mobility with a balanced policy in favour of direct financial subsidies combined with intense support for charging infrastructure. This policy does not necessarily have to be cost intensive as regulations could encourage building owners to implement a sufficient number of charging stations, particularly in metropolitan areas. The direct and interaction effects will increase the percentage of eVs in these countries even more. 
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