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Abstract

:

The development of electric vehicles (EVs) is happening around the world with different goals. Many researchers have worked on various aspects of EVs from technological and supporting policy issues to the development of required infrastructures. However, arguing the proper time to realize the spreading of EVs in each region is neglected. For this purpose, the performance of two contextual factors in each region on the growth of EVs is investigated. Low carbon electricity generation and greenhouse gases emissions are the selected parameters, which are explored in the context of nine European countries, besides Luxembourg, to find their impacts on the issue. These countries have the highest shares of EVs in their energy systems. The achieved results are applied to the Luxembourg case to evaluate how different contextual factors may have hindered the growth of EVs here. In the next step, an analogy between the spreading EVs in Luxembourg and leapfrogging different technologies in the world is made to build a theory of the development of EVs. The theory defines the spreading EVs in Luxembourg as a leapfrogging energy technology to adopt new technology. It is concluded that the development of EVs has a normal priority in Luxembourg.
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1. Introduction


The speed of technological progress in the past few decades in industrializing countries has inspired a renewed optimism about some shorter paths to the planned development. For industrializing countries, the idea is tremendously appealing, because it assumes that if an advanced, cleaner technology exists, it can be transferred to developing countries and widely deployed. Specifically, it is gathering more attention that developing countries do not need to choose necessarily the same path of development as industrialized countries did before [1]. Rather they might well be able to pass over the dirty stages and keep up with clean technologies [2,3]. The idea is known as leapfrogging, which has been applied to several different technological opportunities such as information and communication technologies (ICT) and biotechnology [4].



There is a belief about the role of leapfrogging strategies to avoid the lock-in effect in industrializing countries [5]. Actually, the lock-in effect is a big concern for environmentalists. The effect is describing why hydrocarbon-intensive technologies continue to dominate in developed economies [5]. It describes that taking short-term actions to invest in leapfrogging technologies can be placed to prevent lock-in [5,6]. However, it is still unclear to what extent a leapfrogging strategy could be effective to avoid being locked into hydrocarbon-intensive technologies and infrastructures similar to what happened to developed economies.



In the first look, the concept of technology leapfrogging refers to an idea that today’s developing countries have access to a set of efficient technologies that were not available to developed countries in the past when they were at similar stages of economic development [7,8]. Everything is perfect on the paper. However, several historical failures in projects that followed the idea have been recorded. The challenges would induce a different viewpoint about the success of applying the core idea in any case.



The considered issue in this study is an aspect of future energy systems. The purpose of investigating the future issues is to provide policymakers with the data to facilitate their decisions or assist the researchers to imagine new worlds with the proposed scenarios [9,10]. The main features of these scenarios in Europe have been indicated according to agreed roadmaps in the European Union [11]. Electric vehicles and the growth rate of road transport electrification is a key issue in the future energy system that attracted attention significantly. The use of electric vehicles enhances the application of electricity in the energy system and directly addresses environmental concerns and energy security. However, there is a wide range of registering electric vehicles in the EU member states. The wide range of applying EVs is interpreted as the different penetration rates of EVs in various regions. Despite so many efforts to spread electric vehicles, its market share has expanded less than was expected in some countries [12]. As stated in the literature, the market would not reach a commercial scale over the next 20 years and probably will remain in a niche format [12,13].



An assessment of the effective factors on emerging new trends in different countries to go toward/outward electric vehicles is the subject of this study. Investigating the barriers to the development of EVs in different countries were noticed previously. Indeed, barriers were classified to present different aspects [14]. As identified in the literature, the barriers were presented with the following five categories: technical, policy, economic, infrastructure, and social. For depicting this category, the customers’ viewpoint was referenced. The issue was explored in the literature on a greater scale [15]. They evaluated barriers on a wide-scale of deployment of alternative fuels and technologies, as well as potential policies and actions. An investigation of different policy incentives with the fuzzy-set qualitative comparative analysis methodology was conducted in [16]. The authors concluded that to increase the promotion of EVs, a mix of incentives is needed. A study of the operational difficulties of applying batteries to electric vehicles was conducted in [17]. The purpose was to show how these difficulties negatively affected the interest of individuals or companies to use EVs for their transportation. Discussing the spreading of electric vehicles with the psychological viewpoint was recently noticed [18]. The purpose of this study was to show how different aspects of spreading EVs could be challenged by the psychological consideration. In another study, the conflict of interest between different stakeholders and the inaction of related actors were distinguished as the key barriers inhibiting the further development of EVs [19]. The users’ judgment and their perceptions to use new technology in the transport sector was the subject of another study. Indeed, the customers’ resistance to adopt the unproven technologies of EVs was discussed [20].



The significance of this study is to investigate the drivers to promote electric vehicles and not to argue the facing difficulties of EVs. Alternatively, the study addresses the issue from a policy maker’s point of view and not a user of EVs. Usually, barriers are referred to as difficulties that face the growth of EVs, but sometimes a lack of push or weak ambition has the same function. The latest point is rarely focused on, especially in the context of a specific country, which is the subject of this study.



To study the considered idea, the nine European countries with the highest share of electric vehicles are investigated to find the function of the contextual factors.



To increase the precision of studying the function of the selected parameters, it is assumed that the impact of the user’s behavior to adopt the technology is not varied considerably in the studied countries. Alternatively, it is supposed that people with various origins in the studied countries more or less behave similarly to adopt electric vehicles. Indeed, this assumption is not generally applicable because nationality or borders may distinguish people in behavior in some cases [21]. However, the assumption across Europe, regarding the Schengen agreement, with a considerable intra-Europe labor mobility rate, is not far from the reality [22]. Therefore, it is hypothesized that the high penetration rate of electric vehicles in the European market could not be largely attributed to differences among various nationalities. Rather, it is recognized as the decision of the governments to encourage people toward a favorable path based on available local potentials.



The comparison results are used to explain the growth rate of EVs in Luxembourg.



The transport sector in Luxembourg is responsible for a big fraction of total oil-products’ consumption. It draws more attention when the rapid growth of an annual number of registered passenger cars received attention in Luxembourg in the last three decades. From 1990 to 2016, the growth of registered cars was significant, more than 213% [23]. This figure is further highlighted when the highest number of passenger cars per thousand inhabitants in Luxembourg in comparison with other European countries is noticed [24]. Therefore, it is interpreted as a unique opportunity, which is inclined to advanced energy technologies.



To accelerate the spreading of electric vehicles, the government has introduced single-purpose funds. It has aimed at decreasing the purchasing cost of the technologies. Thus, Luxembourg can take advantage of electric vehicles to move toward a cleaner system quickly, before sinking into an entire hydrocarbon infrastructure.



However, it is questioned to what extent introducing EVs in Luxembourg could be similar to forerunner countries in Europe such as Norway, Finland, and Denmark. Alternatively, how are the initiatives of the development of electric vehicles in Luxembourg similar to other countries?



Explaining Luxembourg’s initiatives to pursue EVs is the next considered topic in the paper. Generally, if the conditions of a country are not similar to the leading countries in this field, how initiatives to spread EVs could be described.



To address the issue, the promotion of EVs is assumed as a leapfrogging technology-based project to be compared with historical leapfrogging cases. The purpose of exploration is to characterize the development theory of EVs in Luxembourg.



The outcome would be contributed to responding to the following questions,



	-

	
To what extent would the initiatives of transferring electric vehicles in Luxembourg be comparable with other similar projects elsewhere?




	-

	
What could the incentives and barriers to a leapfrogging argument in Luxembourg be?




	-

	
What can be inferred about Luxembourg’s ability to leapfrog?







In this study, the theory of spreading electric vehicles in terms of purpose is addressed.



Studying the link between the growth of low carbon electricity generation and the promotion of electric vehicles in diverse regions leads to a preliminary yet holistic conceptualization of the topic. Furthermore, it provides a comprehensive understanding of how the interactions of contextual factors cause a move toward/outward the development of EVs.



The expected contribution of this study focuses on characterizing the theory of spreading electric vehicles in the context of Luxembourg. The study explores the impact of two specific contextual factors on the growth of EVs to characterize the theory of spreading in Luxembourg. To the best knowledge of the authors, there is no published research in the scope of the study in the context of Luxembourg. This paper is organized into the following eight sections: In Section 2, the applied procedure is described. The analysis of two contextual factors in the nine countries with the highest share of EVs is conducted in Section 3. In Section 4, leapfrogging processes are explored. The initiatives of spreading EVs in Luxembourg in a theoretical template is discussed in Section 5. In Section 6, alternative scenarios to invest in instead of spreading EVs are explored. In Section 7, the results are discussed. Finally, Section 8 includes the conclusion.




2. Research Design


The employed methodology in the study is a comparative research method based on the evidence in the existing literature, which is a distinctive form of research. It is applied to study the literature with a consistent concept.



The comparative method provides access to valid theories in the scope of the project in the world. The main function of the method is to prevent researchers from over-generalizing based on their own, or what is called idiosyncratic [25].



The reason for applying the research method is the lack of studying the issue in the context of Luxembourg in the scope of this study. The purpose to conduct the literature review is to synthesize the literature and integrate diverse and sometimes conflicting perspectives from the literature to build a theory in the field. The theory is about the purpose of the development of electric vehicles in Luxembourg. The applied logic in this research method is to explore different outcomes with different contextual conditions as factors of influence [25].



The methodology includes determining the scope of the review, identifying the relevant literature, and structuring and synthesizing the literature to build a theory in the context of Luxembourg [26,27]. The expected theory is a generalization from the literature review.



In this study, it is aimed to find the impact of generating low carbon electricity and GHG emissions as two contextual factors on the spreading of EVs in Luxembourg. For this purpose, the nine European countries with the highest share of EVs in the energy systems are focused on. The objective is to understand the strength of each parameter in the case studies to find to what extent these parameters would drive the spreading of EVs in Luxembourg. In the next step, spreading the electric vehicles in Luxembourg is compared to leapfrogging technologies in the world using available case studies with the purpose of analyzing the drivers and limiting factors to contribute toward building a theory. An overview of the different steps of the paper is shown in Figure 1.




3. Case Studies


In this section, two contextual factors are selected to compare the countries with the highest share of EVs in their energy system. It is intended to show the impact of the considered factors on driving the development of electric vehicles in different countries rather than measuring it.



3.1. The Relation of Local Generation of Low Carbon Electricity and Total Number of Registered Electric Vehicles


In this part, we intend to show the relationship between the capacity of generating electricity using low-carbon energy sources and the total number of registered electric vehicles in the countries listed in Table 1.



There is an overview of the studied countries with a focus on the share of low-carbon sources of energy, including renewables, in generating electricity in Table 1. The table shows the current condition as well as the future targets for the studied countries.



The relationship between the total number of registered new electric vehicles and the share of electricity generated by low carbon energy sources and renewable energy in each region is shown in Figure 2 and Figure 3. It is important to mention that there are two recognizable relationships between these two parameters in the studied countries. However, for finding the strength of the relationship between these two sets of data, the concept of the correlating coefficient is used. The formula used to calculate the coefficient is known as Pearson’s Formula (1), which is used as a basic formula in Excel software, as well [28].


  C o r r e l  (  X , Y  )  =     ∑   i = 1  n   x i   y i  − n  x ¯   y ¯      (   ∑   i = 1  n   x i    2  − n   x ¯  2  ) (   ∑   i = 1  n   y i    2  − n   y ¯  2  )      



(1)




where X, Y are two sets of independent variables and    x ¯  ,  y ¯    are the average for array X and Y, respectively.



The calculated correlation coefficients, shown in Table 2, are to represent how the strength of the coefficients could divide countries into two groups.



In six countries, i.e., Norway, Iceland, Sweden, Finland, France, and Belgium, the development of EVs was independent of generating low carbon electricity. The first remark in Figure 2 is about the share of low-carbon electricity in these countries. Based on Figure 2, the contribution of low-carbon electricity in Sweden, Norway, and Finland was more than 90%. The share of this parameter in Iceland and France was more than 80%. In this group, Belgium had the lowest share of low-carbon electricity, around 62%. It could be concluded that the existing capacity in these countries has encouraged the government to design incentives for switching the fuel in their transport sectors. It should be noted, based on Table 1, that all these countries have planned to reach 100% low-carbon electricity in their energy system by 2050. Therefore, the main issue in this group is to develop electrification in the transport sector. It is worth noting that there is a negative value for the coefficient related to Iceland in Table 2. The negative value means with an increase in the capacity of low-carbon electricity generation, the number of registered electric vehicles will decrease. This happened due to the occurrence of a higher growth of registered electric vehicles in the lower capacity of generating low-carbon electricity. However, the graph in Figure 2e could confirm that the decision of the authors regarding the group of countries Iceland was placed within was correct.



In the remaining countries besides Luxembourg, i.e., Germany, Denmark, and the Netherlands, the increase in the number of EVs depends on the enhancement of the capacity of low-carbon electricity generation (Figure 3a–d). The calculated correlating factors shown in Table 2 confirm the strong relationship between the number of EVs and the low-carbon generation of electricity. In comparison with the previous group, these countries had a lower capacity for the generation of low-carbon electricity internally. The Netherlands had the lowest share with around 20% and the contribution of low-carbon sources in the generation of electricity in Germany and Denmark was higher, respectively.



However, Luxembourg is structurally different (Figure 3e). It is already a net importer of electricity. By 2019, 87% of consumed electricity was imported [23,29]. Moreover, Luxembourg has a limited potential for generating renewable electricity locally [23]. In other words, local electricity generation by low-carbon sources will not exceed a limited level in the future. It is concluded that importing electricity is a permanent need to meet the needs of residents in Luxembourg. Regarding the correlating factors shown in Table 2, the expected pattern in Luxembourg needs to be similar to the countries in the second group. However, comparing the initiatives to spread electric cars in Luxembourg with leading countries will lead to confusing results. As, in all members of the second group, the targeted share of low-carbon electricity is 100% in the future, based on Table 1, while the local potential to generate low-carbon electricity is limited in Luxembourg. Thus, in the first step, it is concluded that there is a need to characterize new initiatives to describe the promotion of electric vehicles, which are independent of the local generation of electricity. Furthermore, regarding different contextual factors in various regions, the necessity of non-unique versions of changes in the ongoing energy transition is highlighted.




3.2. Exploring Considered Countries in Terms of GHG Emissions


In this section, the emission of GHGs in the considered countries is explored. The goal is to assess the strength of this parameter to drive the development of electric vehicles. Simply, do the countries with the highest GHG emissions in absolute quantity have the highest penetration of EVs?



The depicted parameter in Figure 4 is the absolute quantity of GHG emissions in the transport sector. This sector in Germany, France, the Netherlands, and Belgium was the biggest emitter of GHGs, respectively. However, this order is not the same as the countries’ order with the highest share of EVs in their markets [23].



In Figure 5, the ratio of ‘share of emission of CO2 in the transport sector to total emitted CO2’ is shown in each country. The transport sector of Sweden, France, Luxembourg, Denmark, and Belgium, respectively, are responsible for the highest ratio. However, none of the countries in this order as the emitters of polluting gasses had the same position in the list of the countries with the highest share of EVs. It is concluded that GHG emissions have not been a strong enough parameter to drive the growth of EVs. In other words, GHG emissions are not a decisive factor to cause changes in the available shares of different vehicles based on their fuel types, despite the local generation of low-carbon electricity discussed in Section 3.1, which has had a sensible impact on the growth of the number of EVs.



In Figure 6, the relationship of GHG emissions and spreading electric vehicles in each of the considered countries is shown to support the claim for identifying GHG emissions as a non-determinant factor.



The main finding in Figure 6 is the lack of a recognizable relationship between the growth of electric vehicles and the growth of GHGs emissions in the transport sector in the studied countries. The correlating coefficients between GHG emissions and the number of electric vehicles in each region are shown in Table 3. The correlating coefficients, in Table 3, confirm that there is no recognizable pattern between GHGs emissions and the number of electric vehicles in the considered countries.



The reason for the complex reaction of GHG emissions to the penetration of EVs might refer to the different shares of passenger cars in each transport sector. In Figure 7, the change in the number of passenger cars per 1000 inhabitants in the studied countries is shown. Comparing the growth rate of passenger vehicles in Figure 7 and the relevant graphs in Figure 6 reveals the impact of road transport on GHG emissions in each region. If the growth rate of GHG emissions follows the changes of passenger vehicles per 1000 inhabitants, it could be interpreted as the main role of road transport in GHG emissions. However, in none of the studied countries could road transport be distinguished as the main role.



For a better understanding of the issue, the share of different modes of transport in GHG emissions in Europe is shown in Figure 8. Based on Figure 8, aviation and maritime had a higher share of GHG emissions than road transport. Alternatively, to affect greenhouse gas emissions in the transport sector, addressing road transport by introducing EVs without paying attention to other modes of transportation will not be beneficial.



In Section 3.2, it was revealed that the high emission of GHGs in the transport sector in the studied countries did not drive the growth of EVs in the studied countries. It could be concluded that the considerable share of GHG emissions in the transport sector of Luxembourg could not affect the growth of EVs, too.





4. Exploring Leapfrogging Processes in the Term of Purposes


It has already been deduced that the initiatives of diffusing electric vehicles in Luxembourg could not be the same as similar cases in some European countries. The dissimilarity was attributed to different contextual factors. The considered pathway to characterize the initiatives of diffusing EVs in Luxembourg is to assume the growth of EVs as a technology-based leapfrogging case. The purpose is to explore historical initiatives used to describe diffusing technologies and to find a template to characterize the spreading EVs in the format of a leapfrogging strategy.



4.1. Comparing Spreading EVs in Luxembourg with Historical Leapfrogging Cases in the World


Spreading mobile phones was an early adoption of new technologies [32]. However, the main reason for the successful diffusion of mobile phones was avoiding the construction of costly wire-based infrastructure. Moreover, emerging mobile phones did not threaten the existing stakeholders that support the rapid growth of the diffusion process of mobile phones [33].



The Korean stakeholder fostered a technology with strong governmental support to renovate the structure of the steel industry. It was enabled by investing in technological capabilities [34,35].



Leapfrogging in the automobile sector in Korea and China had the same format as the Luxembourg case but was very different in the drivers. The change was in the automobile industry to drive the manufacturing process. It happened on a large scale by the investment of strong private actors and smaller involvement of local governments apart from domestic market protection. It was coupled with strict environmental regulation to improve the quality of transferred technologies [36].



The Brazilian case in the development of the ethanol program as fuel in the transportation sector was similar to the Korean and Chinese cases. The main driver of this change was the oil crisis in the 1970s, which induced the demand for the change. Therefore, the government policies focused on creating the domestic market as a long-term opportunity for ethanol production [37].



The emerging wind industries in India could be considered as an environmental leapfrogging case. It had direct impacts on the decarbonization of the power generation sector. It caused India to turn into a host for the big manufacturer companies in this field from a net importer position [38]. The major driver was to respond to a drastic increase in energy demand from 1990–2010 by the deployment of clean energy technology locally [39]. There was a definite set of policies supporting the lasting growth of this industry in India [40].



The growth of high voltage grids and improved cook stoves in the east of Africa and the transfer of solar technology to rural areas in South Africa are examples of leapfrogging cases, which faced challenges to be realized. In all cases, the offered solutions were perfect in the theoretical phase. However, a lack of budget and poor knowledge of society to support the projects hindered their successes [41,42,43,44]. The main recognizable driver in these cases was an inherent need to change the relevant infrastructures.




4.2. Lessons Learned from the Case Studies


Exploring the case studies in Section 4.1 provided us with knowledge of the main drivers to leapfrogging projects as discussed in the literature [45].



	-

	
As a pathway to expedite the development process in a region or country.




	-

	
As a strategy to transfer an advanced technology for manufacturing locally.




	-

	
As a tactic to facilitate the adoption and use of a new technology.







In the first case, the purpose is to remove polluting technology quicker and keep growing with lower environmental effects, such as the emerging wind industry in India and the transfer of renewable technology to Africa [46].



In the second type, the objective is to catch up with developed economies and their level of industrial development [47]. In this case, latecomers avoid adopting technology at an early phase of diffusion. Korean and Chinese automotive industries were two examples of this type. Indeed, the concept is to prevent industrializing countries following the resource-intensive path created by industrialized countries. Therefore, leapfrogging to the most advanced available technology is employed.



In the third type, responding to the direct or indirect demand of the user, which may be driven by the infrastructures, is focused [48]. Adopting mobile phones is an example of this type.



In summary, the historical exploration of the case studies shows that meeting the needs was accompanied by economic benefits for the host countries. Moreover, to successfully maintain the transfer, access to external knowledge in the format of technological capabilities and internal parameters is required. One explanation for the failure of technology transfer, even those who had successful experience elsewhere, is the lack of a needed capacity in the hosting countries. It is reflected in the concept of absorptive capacity in the literature [49]. It could be interpreted as the ability to learn and apply the technologies and associated practices of already developed countries.





5. Theory of Spreading Electric Vehicles in Luxembourg


The main goal in this section is to address the necessity or the proper time to support electric vehicles by the Luxembourgish government. However, before explaining the theory, it is necessary to examine whether supporting the spread of electric vehicles just for environmental purposes is valid.



5.1. Examining Spreading Electric Vehicles in Luxembourg for Environmental Purposes


It was revealed in Section 3.2 that GHG emissions have not been a driver to promote the spreading of electric vehicles in the studied countries. In this section, challenges of designing policies to spread a technology just for environmental issues are investigated. In this part, it is assumed that environmental concerns are the main driver to develop EVs.



The case would be different when the purpose of technology transfer is to deal with externalities such as pollution [3], because the transfer does not inherently cause an increase in the profit or efficiency, vividly. For further clarification, the issue is discussed by searching for the disadvantages of technology-led policies.



First of all, there are many factors related to the considered technology that interact strongly, such as consumer behavior, the structure of the automotive market and fuel price, etc. The interactions will determine the cost-effectiveness of policy interventions. In many cases, the result would be very controversial, especially when it is not successful. Consequently, finding justifying reasons for the failure is difficult [50].



Secondly, generalizing the application of the policy instruments to any case is another concern. Simply, expecting to address a wide range of issues using policy instruments from single changes in public transport to change protective tariffs on fuel might happen as a result [51,52].



Finally, supervising the execution of the strategy by controlling the feedback of the policy is another issue. Feedback, especially in the case of environmental concerns, has weak mechanisms, as emission standards are seldom enforced in developing countries, particularly when it is a push-market case [3].




5.2. Characterizing the Spreading Theory of EVs in Luxembourg Regarding the Purpose


It has already been discussed that supporting the development of electric vehicles because of environmental issues has not been performed, historically. Moreover, it faces significant challenges to be implemented by policy means. Therefore, there is a need to explore the purpose of developing electric vehicles in Luxembourg.



By reducing gasoline consumption, or oil products in general, more money will remain in the country and could be used to boost the local economy. As the U.S. Energy Information Administration confirmed, over 80 percent of the cost of an imported gallon of gas immediately leaves the local economy [53]. Switching from imported oil products to local electricity generated using low carbon energy sources will lead to an improving energy security and economic growth. However, it could not be a driver for the Luxembourg case because Luxembourg is a net importer of electricity and has limited potential for generating low carbon electricity locally. Therefore, it is not expected that Luxembourg will become a country reliant on the local production of electricity in the future. Therefore, switching to local potentials of energy resources could not be a driver for the development of EVs in Luxembourg.



Moreover, becoming involved in the production chain of electric vehicles is not conceivable in Luxembourg, as well. Economic growth and energy consumption as two key parameters are not dependent on each other in Luxembourg. Indeed, the relation between total final energy consumption (TFEC) and gross domestic product (GDP) per capita in Luxembourg has had a downward trend after 2004. Figure 9 shows the decoupled relation between TFEC and GDP in Luxembourg. It is concluded, following the existing trend, that involvement in manufacturing processes is not conceivable in Luxembourg. Thus, promoting electric vehicles for involvement in the manufacturing process is not a driver for Luxembourg.



It is hypothesized that the goal of diffusing EVs in Luxembourg is the early adoption of new technology. Indeed, this theory addresses the time of supporting the considered technology in the context of Luxembourg, regarding existing potentials. Alternatively, increasing the share of electric vehicles by designing policy instruments in Luxembourg is not recommended until the application of electric vehicles causes added value for the national economy.



The principle of the suggested theory is following Potter’s theory about the factor-based advantage [55]. Potter’s theory categorizes the world into the following two circumstances: situations in which a factor-based advantage exists, and those in which it does not. Based on the literature, Potter’s theory has been applied to conduct the strategic planning of countries such as Singapore [56].




5.3. Challenges of the Proposed Theory of Diffusing Electric Vehicles Facing Luxembourg


In this section, the limitations of the spreading of the technology regarding the suggested theory are discussed.



Regarding the built theory, the difference between transferring electric vehicles to Luxembourg compared with transferring EVs to other countries is about the time of transfer. Indeed, a high-priority transfer of EVs in other countries becomes a normal transfer in Luxembourg.



Change in the meaning of transferring electric vehicles from a ‘need’ in the transport sector to a ‘novel’ concept with less priority has its disadvantages that limit the transfer. For example,



	-

	
The performance of a novel technology is uncertain and can only be assessed after months or typically after years [57].




	-

	
The cost of novel technology falls considerably with greater volume [58].




	-

	
The facilitation of adopting the path of one novel technology may distort the development path of another one [59].







As highlighted, the technological diffusion of a novel technology might be hindered or limited by uncertainty issues [57]. This uncertainty might stem from two sources. The first one would be the future efficiency or the future quality of questioned technology [60]. The other source is the unclear condition of evaluating saving resources because the future price of fuel and technology are completely unknown to the purchaser [61].



Furthermore, uncertainty does not just exist at an individual level. The government is challenged by issuing a policy in favor of a specific technology when there are no data about its future condition. They are deeply afraid of getting into a technological lock-in by supporting a monopoly [62]. Indeed, the ideal condition for leapfrogging technology is being led by the market, where technological advances are driven by market demand [63].





6. Scenarios


This section discusses the question raised in Section 1 regarding what scenarios will be invested in if the government does not need to intervene in diffusing EVs in Luxembourg in the short or mid-term. The scenarios represent a wide range of activities in the short- to long-term. They include immediate responses to replace supporting electric vehicle technologies and long-term strategies to affect the future behavior toward public transportation. Moreover, it is attempted to draw attention to two points. The first one is the lack of absorptive capacity to spread EVs and the second is the inconsistency of the current institutions with an electrification strategy.



6.1. Scenario One; toward Electric Buses


Buses are probably the key applications of electricity as the drivers of the engine and power system in the transport sector [64]. They do not need to have a specific route as a tram does. Usually, they run on fixed routes; therefore, planning for charging is easily feasible. The supporting facilities for maintenance could be much more economically realistic than private vehicles. Moreover, they could be purchased in large quantities. Therefore, the client could influence the technological options to improve the quality of services.




6.2. Scenario Two; from Technology Push to the Market Pull


Increasing the chance of success in the diffusion of new technology could be improved by decreasing the cost of supporting facilities or devices [19]. Deciding to increase electrification in the transport sector needs to be accumulated with some activities to improve access-charging facilities in the country. In addition, the needed regulations need to be created or imported. Improving network externalities is the main idea in this scenario. It is a matter of creating or improving the relationship between technologies, infrastructures, interdependent industries, and users. The significance of this point could be understood by reviewing the literature, where it is emphasized that physical and informational networks have a high degree of importance with growing sizes [49,65].




6.3. Scenario Three; Polluter Pays Principle


Generally, fuel consumption for moving is a growing contributor to air pollution and environmental health risk. One method is applying the ‘polluter pays’ concept to adjust fuel taxes to reflect environmental externalities [66]. The benefits of this principle for the government are numerous such as improving the efficiency of resource use, achieving a proper source to finance the maintenance of road congestion impact, redistributing income. However, the share of tax in fuel in Luxembourg compared to other European countries is lower [67]. Figure 10 represents the fuel tax in Luxembourg compared with other countries in the European Union. The growth of fuel taxation is aligned with facing transportation externalities.




6.4. Scenario Four; Affecting the Future Behavior, from the Transfer of the End-of-Pipe Technologies to Change the Institutions in the Transport Sector


Affecting the future behavior toward applying collective technologies is another scenario. It is needed to recognize the cultural habit of society to understand that the society is geared toward a single-family unit or has a strong allegiance to its local community [68]. It would be beneficial to have some insights about accepting the rate of public proposals for any modal shift in transport demand.





7. Discussion of the Results


This paper presented a different viewpoint on the purpose of spreading electric vehicles in Luxembourg. The study showed how an appraised technology in some countries is challenged to be developed in other regions. It is not a matter of the availability of barriers, as discussed in the literature in different aspects. It is about the driving factors, which encourage the policymakers to design incentives to spread the technology. Arguing the drivers and their strength to spread EVs highlights the role of contextual factors in different regions. This study provided an opportunity to show how uncertain aspects of the considered technology and the different contextual factors of the region can cast doubt on the benefits of applying the technology in a certain period.



Electrification in different sectors of the energy system is accelerating. In the transport sector, electric vehicles are applied to switch the consumption between fossil fuels and electricity. However, the issue for countries with a low capacity of generation of electricity to use their internal resources for this purpose is different. It is not a matter of finding another pathway. Electrification is a predictable fate and an ultimate choice in energy systems. It is a matter of time to decide to go toward this choice. Uncertainties of the technology and the stability of the conventional energy system play a great role in the timing of this decision in these countries. The theory in the context of Luxembourg was built but could be generalized to similar cases.




8. Conclusions


This study addressed the spreading of EVs from a policy maker’s viewpoint. We tried to analyze an argument about the supporting reasons to spread EVs in different regions. Therefore, the initiatives of the leading countries were explored. For this purpose, it was assumed that contextual factors have decisive roles.



The capacity of the studied countries to generate low carbon electricity was chosen as the first criterion for the comparison. The countries were divided into two groups based on the high or low dependence of the number of registered EVs on the capacity of generating low-carbon electricity. It was revealed that available or planned capacity to generate low-carbon electricity is effective on the growth of electrification in the transport sector. However, it was shown that Luxembourg is structurally different from the studied countries.



The second selected criterion to compare the countries was GHG emissions. It was intended to explore whether the countries with the highest share of EVs in their market have the highest share of GHG emissions in the transport sector or not. The results revealed that there is no meaningful relationship between the growth of EVs in the studied countries and GHG emissions. It was deduced that GHG emissions have not been a driver in the studied countries to spread EVs.



The historical diffusions of different technologies, especially energy technologies, were explored to know the drivers of the transfers. Moreover, it was shown how designing a policy to address environmental concerns would be challenging. As a result, it was hypothesized that the spreading of EVs in Luxembourg is similar to the transfer of a novel technology. The theory was built to address the proper time to support the spreading of EVs in Luxembourg. Indeed, different contextual factors in Luxembourg compared with the studied countries caused a change in the necessity of spreading EVs and decreased the priority of this transfer.



Finally, alternative scenarios were suggested rather than supporting the spreading of EVs in Luxembourg. The scenarios included different considerations to be applicable in the short- and long-term.
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Figure 1. An overview of the research methodology. 
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Figure 2. Countries with low dependency on local generation of low-carbon electricity to total number of registered electric vehicles (a) Sweden 2012–2019, (b) Norway 2012–2019, (c) Finland 2014–2019, (d) France 2008–2019, (e) Iceland 2012–2019, (f) Belgium 2011–2019 [8,30]. 
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Figure 3. Countries with high dependency on local generation of low-carbon electricity to total number of registered electric vehicles (a) Germany 2011–2019, (b) Netherlands 2012–2019, (c) Denmark 2011–2019, (d) Luxembourg [8,30]. 
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Figure 4. GHG emissions in transport sector in the considered countries [8]. 
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Figure 5. Comparison of share of CO2 emission in transport sector in nine countries—2008–2018 [8]. 
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Figure 6. Relation between GHG emissions and total number of registered EVs (a) Denmark 2011–2018, (b) Netherlands 2012–2018, (c) Iceland 2012–2018, (d) Belgium 2011–2018, (e) Germany 2011–2018, (f) France 2009–2018, (g) Finland 2014–2018, (h) Norway 2012–2018, (i) Sweden 2009–2018, (j) Luxembourg 2015–2018 [8,30]. 
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Figure 7. Passenger car rate per 1000 inhabitants in studied countries [23]. 
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Figure 8. Emitted GHGs in transport sector in EU by transport mode [31]. 
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Figure 9. Total final energy consumption vs. GDP in Luxembourg 1973–2018 [8,54]. 
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Figure 10. Fuel prices in different European countries [67]. 






Figure 10. Fuel prices in different European countries [67].



[image: Sustainability 13 09068 g010]







[image: Table] 





Table 1. An overview of future perspective of low carbon and renewable electricity in case studies [8].
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	Countries
	The Main Source of Renewable Energy in Total Electricity Consumption in 2019
	Share of Low-Carbon Energy Sources in Electricity Generation 2019
	Targeted Share of Renewable Energy in Total Electricity Consumption in 2050





	Norway
	Hydropower > 69%
	95%—Hydro–Solar–Wind–Waste
	100%—hydropower (not less than 70%)



	Denmark
	Wind > 49%
	70%—Wind–Biofuel–Solar–Waste
	100%—wind offshore



	Finland
	Hydropower > 41%
	65%—Hydro–Nuclear–Wind–Biofuel–Waste
	53%—2030



	Sweden
	Hydropower > 41%
	91%—Hydro–Nuclear–Wind–Biofuel–Waste
	100%—2040



	Iceland
	Hydropower > 73%
	80%—Hydro–other renewables
	100%—2030



	The Netherlands
	Wind > 10%
	20%—Wind–Solar–Biofuels–Nuclear–Hydro
	100%—2050



	Germany
	Wind > 20%
	46%—Wind–Nuclear–Biofuel–Waste–Solar–Hydro
	100%—2050



	France
	Wind < 10%
	90%—Nuclear–Hydro–Wind–Solar–Geothermal
	85–90%—2050 without new reactors



	Belgium
	Wind < 10%
	62%—Nuclear–Wind–Solar–Hydro–Biofuel–Waste
	32%—2030



	Luxembourg
	Hydropower < 8%
	9.1%—Hydro–Wind–Solar–Biofuels
	25%—2030
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Table 2. Correlating coefficients between GHGs emission and low carbon electricity in the studied countries.
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	Correlation Coefficient
	Countries with High Dependency
	Countries with Low Dependency





	0.92
	Denmark
	



	0.96
	Netherlands
	



	0.958
	Germany
	



	0.98
	Luxembourg
	



	−0.747
	
	Iceland



	0.43
	
	Belgium



	0.33
	
	France



	0.282
	
	Finland



	0.36
	
	Norway



	0.502
	
	Sweden
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Table 3. Correlating coefficients between GHG emissions and number of EVs in the studied countries.
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	Correlating Coefficient-GHGs Emission and No. EV
	Countries





	0.134
	France



	0.157
	Finland



	−0.915
	Norway



	−0.592
	Luxembourg



	−0.788
	Sweden



	0.72
	Germany



	0.35
	Belgium



	0.95
	Iceland



	−0.51
	Netherland



	0.744
	Denmark
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