

  energies-13-00475




energies-13-00475







Energies 2020, 13(2), 475; doi:10.3390/en13020475




Article



Forks in the Road to E-Mobility: An Evaluation of Instrument Interaction in National Policy Mixes in Northwest Europe



Marc Dijk 1,*, Eric Iversen 2[image: Orcid], Antje Klitkou 2[image: Orcid], René Kemp 3, Simon Bolwig 4[image: Orcid], Mads Borup 5 and Peter Møllgaard 1





1



School of Business & Economics, Maastricht University, 6200 MD Maastricht, The Netherlands






2



Nordic Institute for Studies in Innovation, Research and Education (NIFU), 0608 Oso, Norway






3



School of Business & Economics, Maastricht University and UNU-Merit, 6200 MD Maastricht, The Netherlands






4



DTU Management, Technical University of Denmark (DTU), 2100 Copenhagen, Denmark






5



Borup Strategi og Analyse, 2100 Copenhagen, Denmark









*



Correspondence: m.dijk@maastrichtuniversity.nl; Tel.: +31-433-88-3301







Received: 19 November 2019 / Accepted: 15 January 2020 / Published: 18 January 2020



Abstract

:

This paper evaluates how policy shaped the emergence of electric mobility in three countries, Norway, the Netherlands and Denmark, between 2010 and 2015. Whereas previous studies have looked at the effects of separate policy instruments, this paper gives insights in the interaction effects of instruments on the diffusion of battery electric cars between five policy areas. Based on analysis of synergetic, contradictory and pre-conditional effects, we find that an effective policy mix includes: fiscal incentives that mirror the actual carbon footprint of the respective vehicles; non-fiscal demand-side incentives; centrally financed and/or coordinated charging infrastructure; clarity regarding the choice of technology that will be supported. Moreover, development of a domestic, e-mobility-related industry and a high share of renewable energy strengthens the legitimization of e-mobility support. The findings help designing policy mixes in the transition to electric mobility.
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1. Introduction


Passenger mobility is one of the most significant contributors to global climate change, and its carbon emissions are still growing. Local air pollution limit values for PM10 and NOx are regularly exceeded at traffic monitoring sites across the European Union [1]. Policy-makers have recognized these problems, which are associated with internal combustion engines (ICEs) and car mobility, and have implemented various policies, most notably regulations regarding vehicle emissions within the EU and also financial and other instruments to support low-carbon fuel and propulsion systems both within the EU and nationally, including electric mobility. Full battery-electric vehicles (FBEVs) have the potential to impose a much lower climate footprint, but this depends on the fraction of renewables in the electricity that fuels the FBEVs and the production of the batteries. In a country like Denmark, for instance, FBEVs currently have approximately half the climate footprint of plug-in hybrid electric vehicles (PHEVs) and efficient ICE vehicles that have approximately the same footprint during their life cycle [2]. If the share of renewable grows in the future, then FBEVs will compare even more favourably with PHEVs.



A major objective of both the EU’s and most national transport policies in European states is to increase the penetration of FBEVs into existing vehicle mobility. The common challenge is to stimulate change in a market that has long been dominated by an incumbent technology, the internal combustion engine (ICE). The mobility system that has grown up around the ICE can be seen as a regime [3,4] that has proved remarkably resilient because of user preferences, sunk costs, infrastructure issues, engineering scepticism about alternatives, scale-economies and lobbying against the introduction of automobile emission regulations, which acted to ‘lock out’ alternatives [5,6]. The emergence of electric mobility therefore faces a ‘web of constraints’ [7] that includes people’s preferences and practices, infrastructure, the character of established business models and the current policy contexts both nationally and within the EU. The emergence of electric mobility requires, among other things, the manufacture of affordable vehicles that are attractive to car drivers and are supported by a recharging infrastructure.



This paper evaluates how policy shaped the emergence of electric (e-)mobility in three countries, Norway, the Netherlands and Denmark, between 2010 and 2015, a period in which all three actively encouraged e-mobility. The countries are also of specific interest because they were the first to show this level of ambition in respect of e-mobility. Our evaluation is based on interviews with stakeholders and experts, supplemented with an analysis of relevant reports and data analysis of the diffusion of battery electric vehicles and relevant alternatives. We seek explanation for the differences in e-mobility use in the three countries in the first five years of policy support. Other studies have evaluated the effects of financial instruments and recharging infrastructure, but separately (e.g., [8] through regression analysis; [9]), but such studies neglect or even ignore the interaction effects of different types of policy. However, the performance of policy instruments depends on their interaction with other measures that may be in place. Instrument interaction effects on e-mobility have not yet been studied. Our aim is to highlight and understand the interaction effects of five policy domains and contribute an empirical, ex-post evaluation of electric mobility to the recent interest in and debate on policy mixes. It is increasingly recognized that a multiplicity of instruments is needed to understand such transitions (see e.g., [10,11,12,13]), but in the main only ex-ante analyses of instrument interaction have been produced so far; we offer an ex-post evaluation instead. Our research question is: how does the composition of the policy mix in each of the three countries explain the respective sales levels of full battery-electric vehicles (FBEVs)? Related to this, we discuss what policy lessons can be drawn regarding the transition to e-mobility.



The paper is organized as follows. The next section reviews the literature on policy mixes and describes our research methods. Section 3 discusses similarities and differences in the national policy mixes of five groups of policy instruments in Norway, the Netherlands and Denmark, including FBEV demand-side (such as financial incentives for FBEV adoption), FBEV supply-side (i.e., FBEV industry policies), FBEV infrastructure, cleaner internal combustion engine (ICE) cars and renewable energy. In Section 4, we analyse and discuss interaction effects within the policy mix in the three countries and their overall impact on electric vehicle (EV) sales. The last Section 5 draws conclusions about the policy mixes we observed and makes recommendations on their use in national transitions to e-mobility and supporting infrastructure within a common EU policy context.




2. Policy Mixes for Low-Carbon Innovation and Transition


2.1. Policy Mixes


The motivation for a policy-mix perspective is that policies ‘do not work in isolation’, i.e., their effect depends on the (policy) situation at implementation, and therefore on their interference with existing instruments and with those implemented simultaneously or later [12]. A large part of the older literature on climate change concentrated on debates about specific instruments appropriate for internalizing the negative externalities that follow from greenhouse gas emissions (e.g., tax versus trading), but it has increasingly been recognized that a variety of instruments is needed to foster low-carbon transitions effectively [13]. System approaches to environmental innovation have highlighted the interrelatedness of individual behavioural and collective social factors both within and between different consumption domains, as well as supply-side factors and infrastructure [14,15]. To address this ‘web of constraints’ on environmental innovation, these studies call for policy mixes and consistently address a number of factors hampering innovation, attempting to anticipate the potential rebound effects between behavioural factors, supply-side and infrastructure and to take advantage of synergetic effects across consumption domains where possible. After all, a single instrument is unlikely to align multiple actors, factors and policy goals, and, moreover, the practical realities of the policy process, in which new policies are introduced in the context of established policies, in effect does deliver policy mixes [16].



Car mobility policy already consists of a complex mix of policies, including emissions regulation, road taxes, infrastructure policy, toll roads etc., mostly nationally, but also locally and on the EU level, although it was not designed deliberately in a single moment, but was rather the result of a range of decisions and considerations over a period of a few decades, which has not necessarily led to an effective and efficient mix. Our definition of ‘policy mix’ is therefore in accordance with Kern and Howlett [17], who refer to policy mixes as complex arrangements of multiple goals and instruments that, in many cases, have developed gradually over many years. Nevertheless, in our analysis we foreground the instrument mix while backgrounding policy goals (so taking a more ‘narrow’ approach, in the words of Rogge and Reichardt [12]. We argue that in our case this makes sense because, as we shall show, policy aims were often formulated in rather general terms. For example, in the Netherlands the aim was declared to be ‘stimulate economic growth, decrease environmental impact’, so every ministry emphasized what best fitted its own interests).



A policy mix perspective draws significant attention to relations between policies to understand the effects of the overall mix [18]. The influence of one instrument involves direct effects and also indirect effects through interference with the operation of other instruments [19,20]. This mutual dependency of instruments means that policy analysis should focus the combined effect of the instrument mixes when evaluating the accomplishment of policy aims [10].



The older literature provides some guidance on how to establish a connection between policy mixes and policy coordination. Painter [21] argues that effective policy coordination entails: (1) avoiding or minimizing duplication and overlap, (2) avoiding policy inconsistencies, (3) minimizing bureaucratic or political conflicts, (4) striving for coherence, cohesion and consensus about priorities, and (5) promoting a comprehensive or ‘whole government’ perspective against the dominant advocacy of narrower perspectives (cited in [22], p. 230).



A specialist literature has developed on policy interactions for energy and climate matters [20,23,24] and innovation [10,18,25]. These studies call for the creation of positive or complementary interactions of policies towards policy aims and the need to avoid negative interactions. In the environment domain, literature on policy mixes primarily concerns ex-ante studies [26,27,28,29] addressing potential and projected interactions and associated design questions, but barely ex-post evaluations. Therefore, this study offers an ex-post evaluation to this body of research by foregrounding the relations between a range of policy domains and instruments related to electric mobility (i.e., both newly introduced and established ones that affect all cars) and explaining the emergence of electric mobility in three countries, Norway, the Netherlands and Denmark, between 2010 and 2015. Our question is: How does the composition of the car mobility policy mix relate to trends in FBEV sales levels in these three countries?




2.2. Methods and Data


We opted for a qualitative approach to answering this question because quantitative evaluations of policy mixes are usually not capable to comprehend effects of mixes that involve non-economic instruments, which tend to be significant in low-carbon transitions [30]. The complexity of policy systems calls for a qualitative approach which takes account of the details of policy instruments and interaction effects together with relevant mobility situational characteristics (charging infrastructure, special lanes for battery cars, etc.) and the competition of battery electric vehicles with plug-in hybrids and green ICE cars. The integration of all these aspects into the analysis requires a consideration of multiple types of evidence (interview survey information about arguments for policy instruments and their effects, about arguments for buying an electric car and for installing charging/battery exchange stations, supplemented with information on diffusion rates, total cost of ownership for different types of cars, etc.).



2.2.1. Interviews


As already noted, interviewing was a key method used in this research. We started by interviewing national policy-makers involved in e-mobility policy and then went on to select (relevant) stakeholders by combining the opinions of other interviewees (‘snow-balling’) with what followed from the analysis of written sources (positional approach). As Table 1 shows, this gave us a list of 27 stakeholders. Accordingly, we conducted semi-structured, personal interviews with policy-makers, researchers, non-governmental organizations (NGOs), project managers, business employees and branch organizations in Denmark (11), Norway (8) and the Netherlands (8) during 2013–2015. The group of interviewees included both those directly involved in policy decisions and implementation (‘insiders’—indicated by ‘ins’ in Table 1) and experts and stakeholders who had good knowledge of e-mobility policies but were not directly engaged in their making or implementation (‘outsiders’). This happened to result in a balance between ‘insiders’ and ‘outsiders’. Interviews lasted between forty and ninety minutes and were transcribed. As the interview format shows (see Appendix A), we asked interviewees what they consider to be the policy instruments that are shaping sales of FBEV, how, and how these interact; whether the amount of resources and effort allocated to or invested in a policy instrument was strong, medium or weak; and also what they consider to be the most relevant stakeholders and policy or other reports regarding electric mobility.




2.2.2. Interview Analysis


The interview transcriptions were coded to identify ‘policy instruments shaping sales of FBEV’. In each of the three countries one person initially coded all the interviews held in that country individually. This was followed by a joint Skype discussion to compare and align the coding. Based on this discussion we agreed on five types of policy that were relevant for e-mobility: FBEV demand-side, FBEV supply-side, FBEV infrastructure, cleaner internal combustion engine (ICE) cars and renewable energy. Four of the five types had been identified in each country: in the Netherlands ‘renewable energy policy’ had not been mentioned as a relevant policy type, but it was added to the analysis at this stage.



The next step was to code the transcriptions regarding the intensity of each policy type, i.e., the amount of resources and effort allocated to or invested in a policy instrument (so we follow [31] in a more qualitative definition of intensity, see also [32]; we use three categories: strong, medium or weak. Initially one person in each of the three countries coded all the interviews held in that country individually. This was followed by a joint Skype discussion to explain what we took to be strong, medium and weak, and after this ‘qualitative calibration’, everyone gave final scores to his/her own country policies.



Finally, we coded the transcriptions regarding the type of interaction between the five policy types. We used a coding framework for this following the types of policy interaction set out by [33], who distinguish three types of relationship: (1) preconditioned linkages, where the successful implementation of one measure is completely contingent on another; (2) synergetic linkages, where the functional capacity of a measure is enhanced by another; and (3) contradictory linkages, where two or more countervailing policy measures undermine the functional capacity of both or either. We added a fourth ‘neutral’ relationship in case none of the above three was applicable. Here too, initially one person in each of the three countries coded all the interviews held in that country individually. This was followed by a joint Skype discussion to explain what we took to be pre-conditional, synergetic, contradictory and neutral, and after this ‘qualitative calibration’ everyone gave final labels to the interactions in his/her own country.




2.2.3. Written Sources and Analysis


As noted above, we asked interviewees what they considered to be the most relevant policy reports or other reports regarding electric mobility. This gave us a list of about twenty reports that we included in the analysis (see Appendix A). These reports were not coded, but relevant data (numbers of sales, recharging spots, prices, cost, etc.) were used to give more context to the interaction effects and intensities observed by the interviewees and make them more specific. Additionally, based on the written sources, descriptions were made of the policy instruments that stakeholders mentioned in each of the three countries.



As a last analytical step, the policy intensities and interaction effects noted above were correlated with sales figures for FBEVs. The first author drafted an explanatory narrative for each of the three countries, including a discussion of similarities and differences. In a second step, all the other authors jointly revised these narratives on paper, based on their interpretation of the policy intensities and interaction effects.



Finally, we organized stakeholder round tables in each country (in 2015) to reflect on our understanding of the relation within and subsequent effects of the policy mixes with stakeholders. This confirmed the core of our analysis and conclusions.






3. Divergent Policy Paths in Norway, the Netherlands and Denmark


3.1. Policy Mixes


Which policies were relevant to e-mobility? In the interviews stakeholders reported five types of policy as the main ones shaping e-mobility: policies designed to stimulate FBEV mobility (demand policies, supply policies and infrastructure policies), as well as ICE car demand-side policies and renewable energy policies. Table 2 provides details of these policies in the three countries. Here we discuss the main similarities and differences, starting with (ICE and energy) policies that were already established when FBEV support was being implemented. (The Danish Council on Climate Change [34] provides an updated overview of goals, policies and market shares for FBEV and PHEV in eight EU member states (Denmark, Norway, the Netherlands, Sweden, Finland, Britain, Belgium, Germany) as well as California (2014–2018). The market shares of FBEV and PHEV have gone down in Denmark and the Netherlands compared to 2015 but have continued to go up in Norway. This is consistent with the relative policy mixes outlined in this article.)



3.1.1. ICE Car Demand-Side Policies


When the three countries started to actively encourage e-mobility (broadly) after 2010, this took place in the context of an established demand policy for ICE cars. As Table 2 shows in more detail, all three countries have a history of relatively high taxes on car mobility, Denmark’s being the highest. These high taxes indicate that tax exemptions for electric cars would provide a relatively high financial benefit for electric car buyers in all three countries (highest in Denmark, followed by Norway, then the Netherlands).




3.1.2. Renewable Energy Policies


Denmark and especially Norway are strongly committed to renewable energy, with Norway generating more than 95% of its electricity through hydropower, thus providing carbon-free electricity for e-mobility. Denmark has been decarbonizing its energy system mainly through wind energy from the 1990s onwards, reaching 43% of renewables by 2013, and it regards electric mobility as a possible instrument for stabilizing the grid and therefore favouring the electrification of road transport over, for example, biofuels (see details in Table 2). The Netherlands has a tradition of domestic gas exploitation and revenues, and has accordingly showed much less ambition to promote renewable energy in recent decades. Its current target is 14% by 2020, but even this was relaxed before 2013, having been 20% earlier. This implies that in the Netherlands the debate about e-mobility was disconnected from the debate over renewable energy policy, whereas in Norway and Denmark supporting e-mobility was seen as creating synergies with their renewable energy policy.




3.1.3. FBEV Demand-Side Policies


As noted, each county actively encourage the demand for e-mobility. As Table 3 shows, they use similar demand-side instruments, especially exemptions on sales and annual road taxes. In the Netherlands, these tax benefits are equally high for plug-in hybrid electric vehicles (PHEVs) as for FBEVs, whereas in Denmark and Norway PHEVs have smaller benefits than FBEVs. Another significant difference involves the drivers of company vehicles. Dutch commercial drivers benefit from additional tax exemptions (the MIA/VAMIL and KIA schemes) that amount to thousands of euros over the vehicle’s lifetime. As noted above, absolute tax savings differ as each country starts from different sales and annual tax levels, these being highest in Denmark, followed by Norway, then the Netherlands [8,37]. (Sierzchula et al. [8] compare overall tax savings in various countries for a Nissan Leaf in 2012. In absolute terms, they find Denmark has the strongest financial incentives (around 33,000 USD in sales and annual taxes per vehicle), followed by Norway (15,000 USD) and the Netherlands (10,000 USD). The high reduction in Denmark is due to a proportionally higher vehicle sales tax to begin with, although when demand benefits like free toll roads, free parking, etc. are included, total demand side incentives in Norway are slightly higher than in Denmark [37]).



In each of the three countries, excise duties on petrol and diesel are well above the EU average (Table 4). This gives FBEVs a relative advantage over ICEs in terms of operating costs. Furthermore, in Denmark the tax rate of electricity delivered by charging stations was lower than the rate for private households. This rebate was phased out from 2016.



Norway is an exception in terms of the various FBEV driver benefits that are available in addition to the tax benefits, namely free municipal parking (since 1993), free use of toll roads (since 1996), access to bus lanes (since 2008), free ferries (since 2008) and free charging at public charging points (since 2009). Such benefits targeting the car owner have not been established elsewhere on the same scale. Dutch law does not allow free parking for FBEVs, although Amsterdam tried it in a pilot project until 2012. Amsterdam and other cities favour FBEV- and PHEV-owning residents with the immediate issue of a parking permit, which normally takes about a year to obtain, and a charging spot in their street. In Denmark, prior to 2014 municipalities were not allowed to charge different parking fees based on environmental impact.




3.1.4. FBEV Infrastructure Policies


To ensure the implementation of charging infrastructure, each country has introduced different policy instruments. In Denmark, the initial costs of installing charging points were fully subsidized by two funding programmes, although the ceiling for subsidies has subsequently fallen to forty percent for fleet projects. As noted in the context of renewable energy policy, FBEV infrastructure policy in Denmark is closely related to the country’s smart grid policy, reflecting the need for flexibility in future electricity systems to handle large amounts of fluctuating wind energy. The development of Denmark’s FBEV charging infrastructure has thus built on the active involvement of both energy companies and infrastructure developers. In contrast, since 2010 the Dutch government has drawn up neither budgets nor targets for constructing charging infrastructure, the general philosophy being that ‘charging spots would follow once the vehicles were there’ [42]. The Formula E-team (see below) stimulated various organizations to implement charging infrastructure, coordinating where possible. Many public charging spots were constructed by (1) semi-public electricity grid operators, (2) a few private firms focusing on fast charging stations along highways, (3) large warehouses (such as IKEA) and businesses, partly co-funded through a ‘green deal’ innovation fund, and (4) local governments, mainly in the four largest cities and near the houses of PHEV or FBEV owners. The team also coordinated an interoperability agreement for the national recognition of vehicle charging cards and ways to overcome legal barriers to developing recharging infrastructure. In Norway, there has been a mix of public–private partnerships and municipal initiatives. The public agency Transnova was charged with developing a strategy for FBEV infrastructure (2009–2014), which FBEV stakeholders have also been involved in constructing. Public funding has been key: 50 million NOK for normal charging infrastructure, about 9 million NOK for fast chargers, and 2.5 million NOK annually for Grønn Bil (see below) [43]. Local and regional authorities acting in parallel have launched their own strategies for charging infrastructure. In sum, these different infrastructure policies and investments have contributed to some striking differences in the density of charging stations and in the uptake of FBEVs in the three countries (Table 5). As of 2012, Norway led in terms of these indicators, followed by the Netherlands and then Denmark.




3.1.5. FBEV Supply-Side Policies


Supply-side policies are designed to stimulate the emergence of businesses around electric mobility, i.e., vehicle manufacturing, technological components or infrastructure installation firms, consultancy, etc. Norway has had these policies in place from the 1990s, and the small domestic FBEV producer (Pivco), which was supported, has triggered a positive public attitude to electric driving, as manifested in the early FBEV driver benefits mentioned above. While the Netherlands has had no domestic FBEV producer, Denmark hosted home-grown FBEV producers CityEL and Kewet in the early 1990s, but because of a lack of support they both moved abroad. In Norway, Pivco benefited from various forms of public support, including public RD&D funding (Norwegian Pollution Control Authority) to develop new models and a risk loan (public investment company, 2009) to stave off bankruptcy, though unsuccessfully (2011), but by then it had already had a profound positive effect. Compared to Norway, supply-side policies in Denmark and the Netherlands are relatively recent. Since 2008, Denmark’s supply-side policy has focused on supporting smart grid development. Several energy RD&D programmes have prioritized the smart grid [44] while also supporting battery and charging management technology. In the Netherlands in 2009 an ‘action plan e-mobility’ was developed by an inter-departmental team that designated about 65 million euros for innovation experiments (R&D funding and more practical ones) and information and coordination activities in 2009–2015, including the Formula-E-team (see below). In contrast to Norway, synergies between supply-side and demand-side instruments in the Netherlands and Denmark only started to show benefits from 2010.




3.1.6. Embedding Governance


In each of the three countries, the policy instruments were embedded in a slightly different way in the governance context. In the Netherlands in 2009, a public-private taskforce on electric mobility, the Formula E-team, was created to increase the interest in electric mobility. It consists of businesses, NGOs, branch organizations, local governments and an ‘ambassador’ from the royal family, but it lacks independent innovation policy experts. The shared aim is to stimulate collaboration among its members and thus to develop electric mobility. In 2011 the taskforce set a target of 15,000–20,000 electric vehicles (FBEV or PHEV) to be sold by 2015, 200,000 by 2020, and a million by 2025. These general targets were set in association with government ministries, with the notable exception of the Ministry of Financial Affairs, which was responsible for the tax regime.



In Norway in 2008, the Ministry of Transport initiated an action plan on clean transport that also launched a public-private initiative, Grønn Bil (‘green car’) [45]. Grønn Bil was founded by a trade association (Energy Norway), a public transport agency (Transnova), a regional authority (KS) and a Norwegian NGO (ZERO). As in the Dutch case, the target was 200,000 FBEVs and PHEVs by 2020 [46]. The initiative also provides systematic data on the registration of FBEVs and PHEVs and installed charging infrastructure.



In Denmark, two support programmes were established in 2008–2009 on the use of electric cars (under the Energy Agency) and on the greening of transport (under the Transport Agency). The programmes were somewhat aligned, and both emphasised the demand side and FBEV use in practice. Issues related to infrastructure and some supply-side factors were also included. Together these programmes funded FBEV projects, supported local electric vehicle partnerships (2013–2015) and funded fleet projects bringing together private and public organizations to establish FBEV fleets and charging points and build experience with practical FBEV use. Among other demand-side initiatives, the Energy Agency has promoted dialogues with local and regional municipalities on the procurement and use of FBEVs and the establishment of charging spaces. It has also established experience-exchange networks for local and regional municipalities and for firms designed to systematically collect, analyse and communicate real-life experiences with FBEVs.





3.2. Policy Outcomes


In this section, we discuss policy outcomes in our period of study (2010–2015). There are striking differences in the market share of FBEVs in Norway, Denmark and the Netherlands, both in terms of absolute level and share (Figure 1a,b). New FBEV registrations in Norway have doubled yearly since 2009, while they have been fairly constant in Denmark since 2012. In 2014 new FBEV registrations were thirty times higher in Norway (almost 20,000) than in Demark (600). The Netherlands has a low market for FBEVs (same as Denmark) but a high market for PHEVs (see Figure 1c).



In the remainder of this section, we first offer an explanation for the observed differences. Policy interaction effects are discussed in more detail in Section 4, where we discuss the synergetic policy effects, conditional effects and contradictory effects. The main reason why FBEV diffusion is so high in Norway is the large fiscal stimulus and ‘fringe benefits’. In Norway, electric car owners do not pay the road tolls, ferry fees or city emissions charges that other Norwegian car owners face. Other important perks include parking for free and being able to bypass traffic by driving in some bus lanes [47]. In the Netherlands, FBEV sales were limited by a subsidy scheme that made no distinction between PHEVs and FBEVs, which led people to opt for the former as the more attractive option. PHEVs were overwhelmingly bought by company drivers who benefitted from multiple subsidy schemes. The advantages of PHEVs were reduced relative to FBEVs in 2014 upon discovery that PHEV emissions were not low in practice, in part because these vehicles were not driven in electric mode very much, leading to a peak in PHEV sales in December 2013.



In Denmark, the diffusion of FBEVs was slow, especially among private households, which were reluctant to buy FBEVs given the competition between two incompatible recharging standards. The public funding for recharging infrastructure led to a unique joint venture between the largest electricity distributor in Denmark, Dong Energy, and the Israeli-American start-up Better Place, which introduced battery-swapping stations at a number of sites, though they were only compatible with a limited number of models, namely Renault and Nissan. In addition, recharging spots were constructed for other EVs, including Tesla’s. Both Better Place and Tesla promised to ‘revolutionize automobility’, but with many potential customers reluctant to choose, the Better Place scheme went bankrupt. The FBEVs that were sold were often in the fleets of municipalities, regional authorities and large private firms, not owned by private households. Government support to fleet establishment (dialogues, procurement, etc.), noted above, may have been effective here.



The differences in FBEV diffusion curves can partly be explained by comparing the total costs of ownership (TCO, euro/km). Kley et al. [38] show that in most countries, despite incentives, the TCO for mid-sized FBEVs is higher than for ICEs. Exceptions are Denmark and Norway, and for PHEVs the Netherlands and Norway. For smaller city vehicles the total costs for FBEVs are lower in Belgium, Denmark, Spain and Norway (Oslo). This is an important element of the explanation of the relative effectiveness of the three policy mixes. (Evaluating the effectiveness of a policy instrument or mix assumes an unambiguous policy aim, but as our study shows, in the case of FBEVs various policy departments in the same national government had their own particular aims. Therefore our indications of effectiveness in the three countries adopts a relative approach, taking the relative level of FBEV sales as the benchmark, hence it does not necessarily reflects the effectiveness of any government department in particular). Although the nature of financial demand instruments in Norway and the Netherlands are clearly significant (to explain the high FBEV sales and high PHEV sales, respectively), however, the fact that this did not also lead to strong FBEV sales in Denmark (and, to a lesser extent, why there were not more PHEV sales in Norway) is an anomaly. It is therefore important to take into consideration other instruments in the policy mix, as we shall now do.





4. Policy Interaction Effects and Discussion


This section compares the composition of the policy mixes that affect e-mobility in the three countries in terms of policy synergies, contradictions and conditional effects to explain EV sales. We show in Table 6 below how stakeholders evaluated the intensity of the five policy types that were reported to be relevant for e-mobility, as discussed in the previous section. Figure 2 indicates these intensities through the size of the ‘bubbles’, as well as showing how, on average, stakeholders qualified the interactions between the five policy areas.



A key difference in the policy mixes of Norway and Denmark has been the relationship of infrastructure policy to demand and supply policies. In Denmark, it was generally left up to local actors to establish the infrastructure. An innovative battery-swapping system was introduced with so many promises that its success was effectively a pre-condition for demand and supply to remain confident in e-mobility as such (see relationship coloured blue in Figure 2). This risky strategy turned out to be unfortunate because the system failed to deliver an affordable scheme and this affected suppliers and consumers negatively. In Norway, the recharging infrastructure (paid for with public money) was well aligned with demand measures and vehicle adoption levels (see relationship coloured green in Figure 2). In the Netherlands, the building of infrastructure was a private-public matter with little oversight or planning. The Dutch government created an organization called the Formula E-team to stimulate others to build infrastructure. The philosophy was that ‘the recharging spots will follow when we stimulate the vehicle sales’. The team seems to have performed its coordination role well, and none of the experts suggested that this zero-budget infra-strategy delayed FBEV/PHEV adoption to any extent (see relationship coloured green in Figure 2). There was an unplanned positive interaction with air-quality policy as national funds for improvements to air quality could be used by local governments to build recharging infrastructure. In sum, some central support (fiscal or organizational) for recharging infrastructure is an essential element of an effective policy mix promoting FBEVs.



The alignment of FBEV policies with those for PHEVs and ICEs also proved to be an important factor behind the observed differences. In the Netherlands, PHEVs were treated equally with FBEVs until 2014, and there were significant financial incentives, including tax exemptions, for the most efficient a-label ICE cars, which made these very attractive both for manufacturers in enabling them to offer more models, and for consumers, and sales levels were accordingly high. Cleaner ICEs (i.e., emitting 80–100 gr CO2 per km) were financially most attractive, in the sense that the TCO was lowest, reducing the attraction of zero-emission FBEVs. The same was to some extent true in Denmark [48]. In our scheme of policy interaction effects, the support policies for cleaner ICEs are an example of a clash with support of FBEV demand (as indicated in red in Figure 2). In Norway, the high taxes for all ICE vehicles, although distributed according to CO2 emissions, and fiscal stimulation policies for FBEVs meant that the TCO for FBEVs has been lower than for ICEs, giving FBEVs a competitive advantage, as indicated by the green relationship between FBEV demand and ICE demand policies. In sum, to be an effective element of the policy mix promoting FBEVs, financial incentives should mirror the life-cycle carbon footprint of the respective vehicles.



In all three countries, demand-side policies and supply-side innovation policies were pursued synergetically, at least to some extent (see Figure 2, all green). In Norway, free municipal parking (since 1993), free toll roads (since 1996) and free access to bus lanes (2008) had great significance for early adopters [49]. These policies resulted from a coming together of the industrial and climate rationales in Norway [50], showing that non-fiscal incentives may be an important element in the policy mix promoting FBEVs.



Denmark and the Netherlands are both small, densely populated countries that tend to drive relatively small and fuel-efficient cars. The fact that supply-side support for e-mobility emerged only after 2009 meant that domestic businesses related to e-mobility were still in their infancy in our study period, while the associated public familiarity with FBEVs remained at an order of magnitude lower than in Norway. The strong demand-side financial instruments for e-mobility in Norway and Denmark were well aligned with their renewable energy policies (indicated in green in Figure 2), and these synergies have also tended to strengthen the legitimation of e-mobility support. In the Netherlands such synergies were absent (indicated grey in Figure 2), although more general arguments for lower oil dependency, green growth potential and environmental benefits (climate, air and noise) were highlighted as key reasons for the policy support.



Although it did not conduct an exhaustive analysis of the reasons for policy consistency or imperfections, ‘level of coordination’ comes out as a relevant factor here. The Dutch e-mobility strategy was introduced at a time when electric vehicles were ‘hot’ and every minister announced his own way of stimulating them. With the Ministry of Financial Affairs not being involved in the coordination, this resulted in a policy portfolio with much greater benefits for company car drivers than anticipated, leading to perverse effects on the consumer side (see above). As a positive example, in Norway there was strong alignment between national policies (purchase and annual tax exemptions) and local policies (toll-road and parking exemptions), which, in combination, acted as a significant pull for FBEV adopters.



Another important policy lesson is that over-stimulation of FBEVs leads to perverse effects. For adoption purposes, the TCO of FBEVs should be lower than that of ICEs in promoting uptake, but the difference should not be too great. The Dutch case offers evidence of PHEVs or FBEVs being bought as an additional vehicle instead of an ICEV replacement and of PHEVs being driven in gasoline mode. The case of Denmark also brings home another important lesson for policy, namely the danger of relying too much on a specific technology configuration, as was the case with the battery swapping model, where only one type of vehicle was available (the Renault Fluence Z.E.). Innovation experiments with infrastructure are generally useful unless they increase consumer uncertainty too much.



The reasons why the three countries introduced active support policies for FBEVs differ, being associated with differences in energy supply and ambitions for a domestic car industry. For Norway, with its endowment of large amounts of hydropower, electric cars were an attractive new market. Denmark, seeking to handle fluctuating electricity from its wind-power plants, envisaged FBEVs as a means to store electricity as a component in smart grids, although this has turned out to be more difficult than assumed. The main motivation for the Netherlands, at that time a natural gas producer with a fossil fuel-based electricity system, was to generate commercial opportunities in e-mobility. Cleaner air benefits in cities were an important motiving factor in all three countries too, supplementary to those already mentioned, and more important for local than for national authorities. In summary, the policy mix in Norway is rich in synergies and is very effective for broadly the same overall cost as in the Netherlands. It has a longer history of both supply-side support (primarily Pivco) and benefits for FBEV users (free parking and toll roads). As a result of the combination of high taxation of ICE vehicles with tax exemptions for FBEVs, an FBEV is financially the most attractive option for the Norwegian consumer as small car, primarily as a second car in early adopting households [49].



The Danish policy mix has experienced synergies between the demand-side elements of the high tax benefits of FBEVs and use-oriented funding programmes. Synergies with smart grid efforts have so far been primarily on the strategic and experimental levels and have not yet been realized in practice. Relatively limited infrastructure compared to Norway and the Netherlands and the absence of additional user benefits, as in Norway, help to explain why FBEVs have not been adopted more widely, despite the strong financial demand-side measures.



The Dutch policy mix had various synergies between demand, supply and infrastructure policy, although most of the financial burden had been on the demand side. Little public money had been spent on recharging infrastructure, but the strategy to stimulate other parties to do this was very successful. The Achilles heel was the equal tax exemption for PHEVs until 2014 and also those for clean ICEs, which still left compact ICEs the most attractive option as a second household vehicle (a typical lead market for FBEVs), in spite of tax exemptions for FBEVs. We estimate that the total costs (or forgone tax revenues) of the Dutch policy mix have broadly been in line with those in the Norwegian case (about 400–500 million in 2014) [51].



In terms of governance, Norway and the Netherlands have both relied on stakeholder platforms for e-mobility as a form of governance. The platforms brought together expertise and actors interested in electric driving. In the Dutch case, the important Formula E-team did not include representatives from the Ministry of Financial Affairs, which declined the invitation, nor external experts on innovation policy, who were not approached. The involvement in the team of these two actors (the first being responsible for taxation) might have improved the adaptation of the tax regime and the calibration of forgone taxes for electric vehicles and prevented similar ‘losses’ as for cleaner ICE taxes in 2007–2009. Nevertheless, keeping an arms-length relationship from parties interested in electric driving has proved useful. In general, it is desirable that policy choices should be critically scrutinized by independent experts in the sector (innovation field) in order to build in safeguards against cost inefficiencies. The Dutch experience illustrated the importance of embedding autonomy, discipline (the use of time-bound incentives and programme reviews) and accountability, as identified by industrial policy expert Dani Rodrik [52]. Whereas strategic collaboration and coordination between the private sector and the government helps in learning about the most significant bottlenecks and in identifying and discussing useful interventions, discipline in the support, accountability and legitimacy of policy actions helps to secure the public interest.




5. Conclusions and Policy Implications


Despite apparent similarities in respect of various social aspects, Norway, the Netherlands and Denmark have pursued divergent policy paths in promoting the dissemination of FBEVs and rolling out FBEV infrastructure. These north-western European countries were all early adopters and active propagators of e-mobility. A comparison of their respective policy mixes in terms of the instrument interaction effects can explain to a significant extent the relative FBEV sales levels. What we found is that Norway was most effective due to synergies between sustained supply-side stimulation and comprehensive demand measures rather than tax exemptions. Denmark was least effective due to inconsistencies between its ‘double’ infrastructure strategy and the demand side, while The Netherlands was relatively ineffective due to inconsistencies between FBEVs’ and PHEVs’ demand benefits, which were similar, and to a lesser extent clean ICEs.



The first important policy conclusion of this paper thus is that, in adopting FBEVs, the policy mix is very important: The Norwegian policy mix was most effective, the Danish mix was least effective, while the Dutch mix achieved somewhat more than the Danish. The elements of an effective policy mix are:




	
Fiscal incentives that mirror the actual carbon footprint of the respective vehicles



	
Non-fiscal demand-side incentives, such as free use of toll roads, free parking or free use of bus lanes



	
Centrally financed and/or coordinated charging infrastructure



	
Clarity regarding the choice of technology that will be supported








Moreover, development of a domestic, e-mobility-related industry and a high share of renewable energy strengthens the legitimization of e-mobility support. Whether all these measures are necessary is difficult to say, but each element was positively appreciated by prospective adopters. Contradictory effects were observed in the Netherlands, where the support for cleaner, i.e., more fuel-efficient ICEVs encouraged many people to opt for a cleaner ICEV or PHEV rather than an FBEV. Undesirable synergetic effects were also observed in the Netherlands in the form of the existence of multiple subsidy schemes for company car users, which led them to buy electric vehicles for purely economic reasons, leading to the undesirable effect of cars being driven primarily (80%) in fossil-fuel mode, meaning that a good deal of the money that went on promoting electric mobility and cleaner air was being misspent. It is clear from the comparison of the policy mixes of the three countries that contradictory effects or negative synergies may have very significant effects on adoption. To attain complementarities between the different elements of the policy mix is crucial.



As for the costs incurred in the form of forgone tax revenues and direct expenditure, the total costs of E-mobility support in Norway and the Netherlands are broadly comparable, although the Dutch expenses were mainly on PHEVs. The cost of the Danish mix was lower because fewer vehicles were sold. In Denmark, a large share of the costs was covered by the energy industry.



Limitations and Future Research


The analysis offered in this paper has a number of limitations. We have highlighted the nature of the relationships between the five types of policy instrument, but in practice these are not homogenous. After all, every policy type consists of a few different instruments, so interrelations may be more multifaceted and the indicated nature should be seen as the primary but not necessarily the only one. Second, because of language issues and time limitations, only the researchers in the respective countries analysed the interviews and reports. Interview transcriptions were not translated into English, so the corroboration of the coding was only done in discussions between the researchers and not through reading each other’s interviews (or reports). Third, because we sought a country-level comparison, the level of empirical detail for each country is lower than if looking at only one country. Finally, our data do not include the most recent developments. However, we intend to explain the introductory period of e-mobility in different countries and therefore our policy conclusions are still relevant for countries that are still in an introductory phase. In addition to the policy insights, our qualitative, ex-post, country comparison offers a new direction to the policy-mix literature in terms of methodology. Future research should pursue more country comparisons and seek to integrate more quantitative analyses of particular effects into the qualitative approach that we followed. This may deliver a ‘best of both worlds’ in terms of insights into the socio-political complexities involved through the qualitative methods, combined with econometric insights into particular effects through quantitative analysis.
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Appendix A


Appendix A1. Interview Format


	
What do you consider the policy instruments shaping sales of FBEV, and how (i.e., what was its effect)?



	
How do the policy instruments (see previous question) influence each other? (specify each pair). For example, do they work together or against each other?



	
Was the amount of resources, efforts, activities, etc. that was invested in the policy instrument? (specify for each policy instrument).



	
What do you consider the most relevant stakeholders and policy or other reports regarding electric mobility?







Appendix A2. List of Policy or Other Reports Included in the Analysis, but not Cited in the Text:


	○

	
NL: [53,54,55,56,57]




	○

	
DK: [58,59,60,61,62]




	○

	
NO: [63,64,65,66,67,68]




	○

	
All countries: [69,70];
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Figure 1. (a) Number of newly registered FBEVs in Denmark, Norway and the Netherlands, 2008–2014. Sources: Statistics Denmark, Statistics Norway, RVO. (b) FBEV market shares. (c) Number of new registered plug-in hybrid electric vehicles (PHEVs). 
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Figure 2. Relationships in the national policy mixes (precondition in blue, synergy in green, contradictory in red, neutral in grey). The size of the balloons reflects the intensity of the policy, as indicated in Table 6. 
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Table 1. List of stakeholder interviewees. All experts also joined the round tables within the particular country, unless indicated with an asterisk. Stakeholders we see as ‘policy insiders’ are indicated by ‘ins’.
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	Norway



	
	
Norwegian Electric Vehicle Association (Norsk elbilforening)



	
Energy Norway (Energi Norge)



	
Transnova (agency under the Norwegian Ministry of Transport, now part of Enova SF) (ins)



	
Zero—The Zero Emissions Resource Organisation



	
Trondheim Municipality (Trondheim commune) (ins)



	
EV-Power AS



	
Statoil Retail AS



	
Proxll AS








	The Netherlands



	
	
Ministry of Economic Affairs (Ministerie van Economische Zaken) (ins)



	
Netherlands Enterprise Agency (RVO, Rijksdienst voor Ondernemend Nederland) (ins)



	
Ministry of Infrastructure and the Environment (Ministerie van Infrastructuur en Milieu) (ins)



	
Netherlands Infrastructure Agency (Rijkswaterstaat)



	
Ministry of Financial Affairs (Ministerie van Financiën) (*) (ins)



	
PBL Netherlands Environmental Assessment Agency (Planbureau voor de Leefomgeving) (*)



	
TNO (*)



	
ANWB (national car user club and branch organization) (*)








	Danmark



	
	
Danish Energy Agency (Energistyrelsen) (ins)



	
Danish Transport Authority (Trafikstyrelsen) (ins)



	
Copenhagen Electric, Capital Region of Denmark (Region Hovedstaden) (ins)



	
City of Copenhagen (Københavns Kommune) (ins)



	
Roskilde Municipality (Roskilde Kommune) (ins)



	
Danish Electric Vehicle Alliance (Dansk Elbil Alliance)



	
Clever



	
E.on



	
Better Place



	
LeasePlan



	
Danish Energy Association (Dansk Energi)
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Table 2. Policies shaping electric mobility in Norway, the Netherlands and Denmark, 1990–2015.
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Type or Domain of Policy

	
Country

	
1990s

	
2000s

	
2010–2015






	
FBEV demand—Side

	
NO

	
Strong user benefits

	
Strong financial tax incentives + user benefits.

	
Strong financial tax incentives + user benefits.




	
NL

	

	

	
Medium to strong financial tax incentives




	
DK

	

	

	
Very strong financial tax incentives




	
FBEV supply-side

	
NO

	
Medium support to small domestic FBEV producers

	
Medium support to small domestic FBEV producers

	
Medium support to small domestic FBEV producers




	
NL

	

	

	
Weak: after 2009 mostly organization measures to stimulate domestic infrastructure and the grid sector. Since 2011, business development goals have gained in prominence after the responsibilities of the Ministry of Economic Affairs (EZ) took over responsibilities for the action plan. By 2012 the Formula E-team had identified twelve promising niches and a list of activities to trigger innovation.




	
DK

	

	

	
Weak: tax reduction for utilities after 2012. Efforts to standardize charging technology and data-exchange systems




	
FBEV infrastructure

	
NO

	
Demonstration projects

	
Demonstration projects

	
Public funds for wider (recharging) infrastructure development




	
NL

	

	

	
Formula E-team encouraging and coordinating organizations to implement infrastructure. Some co-funding available for businesses (‘green deals’) or residents (national air quality fund).




	
DK

	

	

	
Funds that cover part of the cost of recharging infrastructure. Regular dialogue between energy authorities, road authorities and municipalities on establishment and coordination (e.g., data exchange and standardization) of the further development of charging infrastructure.




	
ICE car demand-side

	
NO

	
(Tax scheme unrelated to CO2)

	
Norway has a relatively high car purchase tax based on vehicle weight, engine capacity and NOx emissions. Since 2007, the purchase tax has also been connected to CO2 emissions. To stimulate the introduction of cleaner ICE cars, the CO2 component in the car purchase tax is regularly adjusted.




	
NL

	
(Tax scheme unrelated to CO2)

	
Car purchase (registration) tax was connected to an energy label in 2006 and to the CO2 emissions level after 2010. A ‘feebate’ system gave low-emission ICE vehicles a tax discount (or even exemption), while high-emission vehicles were taxed extra, so ICEs were taxed progressively according to their CO2 emissions. In the policy arena one informant spoke of the ‘greening of the tax regime’.




	
DK

	
(Tax scheme unrelated to CO2)

	
Denmark has the highest vehicle purchase tax in Europe. The tax is 105% on the first €8000 of the import price, and 180% of the price above €8000. The tax is calculated after adding VAT (25%), resulting in double taxation




	
Renewable energy policy

	
NO

	
Norway nurtures a vast hydropower-based electricity system and, together with Sweden, established a common market for certificates for renewable electricity production.




	
NL

	
Relative unambitious targets for renewable energy (in 2013 the target was 14% by 2020). Renewables were stimulated through an unstable subsidy regime that changed from year to year [35] and offered very little certainty for investors. In some years, the subsidies were very low or temporarily non-existent.




	
DK

	
Denmark aims to charge 200,000 electric vehicles at night (i.e., at a time of relative low electricity demand) by 2020 within the current capacity of the Danish energy system [36]. This ‘smart charging’ approach raises overall efficiency of the energy system, improves the economy of wind energy, and reduces pressure on local electric grids (Ibid). The share of renewable sources in electricity generation was about 43% in 2013. The goal is to have 70% of generated electricity from renewables by 2020 (50% wind power, 20% biomass). The long-term policy to become fossil-free by 2035 (excluding transport) and 2050 (including transport) is perceived as robust by industry actors, having been agreed by a broad coalition of political parties. It is also supported by major industrial actors who see it as a key leverage for ‘green’ business strategies.
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Table 3. Overview of full battery-electric vehicles (FBEV) demand-side policies in Norway, the Netherlands and Denmark 2010–2015 (source: adapted from [38]).
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	Norway
	Netherlands
	Denmark





	Tax reduction on vehicle sales price
	Yes
	Yes
	Yes



	Reduction of annual road or vehicle tax
	Yes
	Yes
	Yes



	Tax reduction after purchase (company cars)
	No
	Yes
	No



	Purchase subsidies
	No
	No
	No



	Scrappage scheme
	No
	No
	No



	Fossil transport fuel taxes
	Yes
	Yes
	Yes



	Reduced or exemption from toll charges and parking fees, access to bus lanes, free ferries, free charging at public charging points
	Yes
	No
	No
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Table 4. Fossil transport fuel taxes (unleaded petrol, January 2016).
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	Excise Duty (euro/litre) 1
	VAT (%) 1
	Retail Price 2





	Norway
	0.604
	25
	1.470



	Netherlands
	0.770
	21
	1.415



	Denmark
	0.611
	25
	1.379



	EU 28 Average
	0.546
	-
	1.132







Sources: 1 [39]; 2 [40]. For Norway [41].
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Table 5. Overview of charging station densities and FBEV market shares as of 2012 (Source: [8]).
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	Norway
	The Netherlands
	Denmark





	Charging stations per 100,000 residents
	25
	21
	5



	FBEV market share (%)
	3.2
	1.0
	0.2
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Table 6. Policy areas and their intensity.
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	Type or Domain of Policy
	Norway
	Denmark
	Netherlands





	FEV demand-side
	Strong financial tax incentives + user benefits
	Very strong financial tax incentives
	Medium-strong financial tax incentives



	FEV supply-side
	Medium –support to small domestic FEV producer since 1990s
	Weak– after 2012 support for smart charging infra. Tax reduction for charging/ electricity suppliers
	Weak – after 2009 mostly organization measures to stimulate domestic infrastructure & grid sector



	FEV infrastructure
	Strong: large budgets for infra development
	Medium: some innovation funds for infrastructure development
	Weak: no targets, no budgets, but coordination



	ICE -demand
	Weak – high taxes for all (also clean) ICE
	Medium level incentives for clean ICE
	Very strong feebate system with tax exemption for clean ICE



	Renewable energy
	Very strong
	Strong
	Weak
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