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Effect of incentives on the purchases of electric vehicles 

Abstract:
CO2 emissions keeps increasing, hereby the transport sector plays an important role. The introduction of the electric vehicle (EV) is an important way to reduce emissions, to successfully introduce the EV into the market, different subsidies and tax benefits are given to consumers. This raises the question how effective these incentives are to increase the sales of EVs. For this a panel data is used, which contains 28 countries in Europe over a time period of 10 years. The main findings in this study is that subsidies have a negative effect on the purchases of EV and tax benefits have a positive effect on the sales of EV, however there could also be seen that charging points also effect the sales. In addition, the relationship between GDP and the car sales follows a U-shaped curve.
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In 2015 it was the beginning of the Paris Agreement. The central aim of this agreement is to strengthen the global response to the threat of climate change by limiting the temperature increase to 1.5 degrees Celsius. It also aims at increasing the ability of countries to deal with the impact of climate change and at making finance flows consistent with a low GHG emissions and climate- resilient pathway. So reducing carbon dioxide (CO2) emissions is an important policy goal, both at a national and EU level (Unfccc, 2018). In this paper the focus will be on the mobility sector, especially passenger cars. In the EU, CO2 emissions from transport increased by 31% between 1990 and 2008 and these emissions continue to grow strongly. In 2004 25% of the CO2 emission was due to the transport sector. Road transport produces over 70 % of transport CO2 emissions, of which passenger cars make up over half (Ryan, Ferreira & Convery, 2009). The need to support different ways of transport that reduces CO2 emission is necessary in way to achieve the environmental goals. 

The introduction of the electric vehicle (EV) brings a lot of opportunities with it, for example reducing local air pollution and reduced traffic noise (Bakker & Trip, 2013). For example a research of van Vliet,Brouwer,Kuramochi & van den Broek showed that using plug in hybrid vehicle (PHEV) could reduce emissions from diving by more than 70% and 55% compared to diesel and petrol respectively (2011).  In figure x there is a ranking of the different types of fuel and the effect of it on the climate (dark blue) and health (light blue). There can be seen that with grey energy the CO2 reduction will be around the 50 %. The least consuming alternative reduce 80% of CO2 reduction and the most consuming alternative will reduce the CO2 emission with 25 % (Natuur & Milieu, 2018). China, the largest automotive output and sales country in the world is strongly focusing on EVs, which will solve the problems of sustainable transportation and give them a leading position in automotive industry. There is also a strong policy support system to promote market penetration in both the public and private sectors (Du & Ouyang, 2017). Due to the Paris Agreement several countries in Europe have already set goals within the mobility sector. For instance, in the Netherlands the goal for 2030 is that driving cars on electricity is the norm and stimulating the purchase of an electric vehicle is part of their policy (Klimaatakkoord, 2018).

 According to Baker and Trip there are several policies to support electric mobility. The government could support citizens and businesses through subsidies and tax benefits, support the charging-infrastructure build up, regulatory measures like free parking, raising awareness or governing the transition with other level of governments. In this paper the focus is on the government supporting citizens and businesses through subsidies and tax benefits, however this didn’t reach the top 10 which is based on effectiveness, efficiency and feasibility (2013). In addition there is also a difference between subsidies and tax benefits, where subsidies are more desirable than tax benefit (Surrey, 1970). This leads us to the main research question: 

“What is the effect of subsidies/tax benefits on the purchases of electric vehicles?” 

To get a better understanding of the answer of the research question, there will also be some sub-questions. There are several policies which could influence the purchases of electric vehicles. Cooperation between the governances all over the EU scored the highest in the ranking based on their effectiveness efficiency and their feasibility. Other policies that scored high were build-up of infrastructure and privileges like reserving on-street parking spaces for EV’s and allow EV’s to drive on bus/taxi lanes (Baker & Trip, 2013). These policies will be discussed further in the literature review: 

Another interesting aspect is that according to a research of Grossman and Krueger there is an inverted U-shaped relationship between income and environmental pollution. This is also known as the environmental Kuznets curve (EKC). This means that big cities in newly industrializing countries are more polluted than ever, however big cities in an already industrial countries are becoming cleaner than they were before (1995). In Turkey the relationship between income and environmental pollution was examined and as Kuznets predicted there was an invert U-shaped relationship. In addition, the provinces who were less developed and has a lower income per capita, also used old vehicle technology with no emission control equipment (Abkostanci, Türüt-Aşık & Tunç, 2009).   This leads us to the sub-question:

“Is there a relationship between car sales of electric and the GDP of a country?”  	

In this paper the effect of subsidies/tax benefits on the purchase of electric vehicles will be determined. First there will be a literature review that will explain several subjects like the environmental impact of electric vehicles, the several factors that have impact on the purchase of an electric vehicle and the differences between the countries. In the following chapter the empirical research is represented. The dataset consists out of 28 countries, over a period of ten years with data about GDP, subsidies, tax benefits and the sales numbers. The aim of this chapter is to review the effectiveness of the subsidies/tax benefit on the purchases of electric vehicles in Europe. Finally, there will be a conclusion and the limitations of this research with suggestions for further research
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[bookmark: _Toc13689320]Types of electric vehicles
Consumers have a choice between several different types of hybrids, pure battery electric vehicles and vehicles powered by fuel cells. In this section the main electric vehicle and hybrid technology types will be described with their advantages and disadvantages. 

Convention vehicles (CVs) have an internal combustion engines (ICEs) that burns fossil fuels, for example petroleum or diesel. The advantages of this vehicle that there is a wide range of choice and there are many refilling stations. The downside is that it also brings a lot of emissions and noise while driving.  In addition, it is also inefficient, only about 18 to 25% of the energy available from the fuel is converted into motion (EEA, 2016).

Alternative fuel vehicles (AFVs) are vehicles that operates on at least one alternative for petroleum or diesel. EVs, bio-fuel vehicles, fuel cell vehicles, compressed natural gas vehicles etc. are all examples of AFVs (Egbue & Long, 2012). For this paper the focus will only be on EVs, whereas the other types are less relevant.  
· Battery electric vehicles (BEVs): BEVs are powered solely by an electric motor, which can be recharged through the storage of electricity in an on-board battery.  BEVs have the highest energy efficiency of all vehicle propulsion system and it has a low engine noise. Their driving range with a fully charged battery is around the 160 km. The vehicle is able to convert around 80% of more of the energy available into movement on the road. Another advantage is that there is no emissions while driving. The greatest benefit would occur when BEVs are powered by electricity from renewable sources, but even if the electricity comes from fossil fuels there is still less emissions. The downside is that compared to CVs there are less recharging stations and a shorter driving range. Also recharging the battery would cost some time (EEA, 2016).
· Plug-in hybrid electric vehicles (PHEVs): The PHEVs is a combination between a CVs and BEVs. It has an ICEs as well as an electric motor. The internal combustion engine is needed when higher operating power is required or when the battery’s state of charge is low. The driving range is 20-85 km, which is smaller than for BEV. It is more designed for short trips in city or commuting than for long-distance journeys. The batteries have a smaller capacity and tend to be more expensive. The environmental impact of PHEVs depends on their operation mode (EEA, 2016)

[bookmark: _Toc13689321]Environmental impact EVs:

In a study of Gausen, Hawkins & Stromman the following three types of cars are compared. The BEV, HEV and the ICE. Life cycle assessment (LCA) is the tool that is used for comparing the environmental impacts of transportation options because it explicitly quantifies recourse use and environmental releases along the entire life cycle of a product.  In figure 1 a simplified flow chart of the LCA is shown. There are four phases for an EV: production of the vehicle, the use phase, production and distribution of the use phase energy consisting of transmission and distribution of electricity and the production and distribution of other fuels in the case of HEVs and the end of life. 

The production of electronics is listed because if EVs are compared with ICEs, they probably require more additional electronics.  In the case of BEVS if the focus is on the inventory several adjustments are made, fuel tanks are replaced with batteries and temperature control systems, fuel lines are replaced with wires, the ICE is replaced with an electric motor etc.

The results of comparing BEVs with ICEVs can be seen in figure 2. It is expressed in CO2 equivalents, with this unit it’s able to compare the contribution of green gasses to the greenhouse effect. It is based on the Global Warming Potential (GWP), which is the extent to which a gas contributes to greenhouse effect The general trend is that BEVs or PHEVs in charge depleting mode using low GWP electricity perform best; followed by HEVs, PHEVs operating in charge sustaining mode and highly efficient ICEVS; followed by BEVS and PHEVS in charge depleting mode using conventional coal electricity and finally followed by conventional ICEVs. There can also be seen that the effectiveness of a BEVs depends on the electricity generation technologies. The EV batteries can have huge differences between them and for the environmental impact they must be considered because GHG and possibly more importantly toxic emissions are connected to the processing of materials and manufacture of the batteries. However, in overall EVs performs better than conventional ICEVSs, it is possible that we are not comparing apples to apples as the typical size of an EV is likely smaller than an ICEV (2012).

According to a calculation the integration of the electric power and transportation sectors would reduce transportation related CO2 emissions by 85% in Denmark. The use of EVs compared with ICEVs will even decrease CO2 emissions if there is no wind energy present in the generation mix.  Even under a simple charge plan EVs reduce CO2 emission by roughly 10% compared to the base case with gasoline vehicles.  In China EVs were analysed in three regions of China, with CO2 reductions occurring under all scenarios, even in regions that rely heavily on coal power. In general, there can be seen that EVs reduce total CO2 emissions even in electricity systems with a high fraction of fossil fuel generation, due to the high efficiency of an electric motor in comparison to an internal combustion engine (Richardson, 2013). 

[bookmark: _Toc13689322]Network effects:

Even though the great environmental impacts of EVs, they still face several barriers to wider adoption. Some examples of the barriers are high purchase cost, limited driving range, the lack of charging infrastructure and long charging time.  EV owners can charge their vehicles during the night at home, but due to their limited driving range, consumers may still worry about running out of electricity before reaching their destination. This anxiety could lead to less demand of EVs, especially when public charging station are scarce. However, at the same time, private investors don’t have the incentive to build charging stations, because the EV fleet and the market potential are small. The demand and supply side are both scare to invest, the interdependence between the two sides of this market can be characterized as indirect network effects: the benefit of investment on one side of the market increases with the network size of the other side of the market.  In the case of the EV market, the indirect network effect exists on both sides of the market. Two policies are compared, one policy subsidies the EV purchase and the other policy subsidies charging station investments. Both the policies use the same budget during the same time period.  If the subsidies is used for the purchases of EVs, in the first three years the sale would increase with 56,690 and in the long term (45 years) this would be 184,049. If the subsidies would’ve been used for subsidizing charging stations by purchasing and installing charging infrastructure, EV sales would’ve increased by 124,904 in the first three years and in the long term this would be 403,558. However, if the government would also be responsible for the maintaining and operation those charging station, the sales of EV would be lower compared to only purchasing and installing but still higher than subsidizing the EV purchase. In the first three years it would increase by 75,199 and in the long term this would be 267,741. The results indicate that building charging stations is a more effective way to boost EV sales. Indirect network effect on the EV demand side are much stronger than those on the charging station side and consumers are not very sensitive to prices. However, this is not always the case, sometimes the indirect network effects on EV demand are not strong since drivers have shorter commuting distances and charging at home is enough for them. In the long run it is also hard to tell if this will hold, since the technology keeps improving and the driving range is also likely to increase, which will weaken the indirect network effects from charging stations to EV demand.  However, it is still recommended that policy makers must take these effects into consideration while making an optimal policy design (Li, Tong, Xing & Zhou, 2017)  


[bookmark: _Toc13689323]Other factors that influences purchases of electric vehicles (EV’S)

There are also several other factors that influences purchases of electric vehicles, some of them have a greater impact than others. 

Technological aspects: Energy storage is a constraint to the commercialization of EVs. Battery technology is limited by trade-off between five major attributes including power, energy, longevity, cost and safety. The battery range limits the distance an EV can travel on all-electric range and on a single charge. Battery cost is a key determinant in the economic viability of PHEVs and BEVs.The range issue has the greatest impact on BEVs, which do not have the flexibility of fuel source like HEVs and PHEVS and therefore may require charging on route during long trips that exceed the range of the batteries. (Egbue & Long, 2012).

Supporting citizens and businesses through subsidies: Consumers are more likely to choose options that maximize utility based on their preferences, knowledge of alternatives and budget. Eco-innovations are different from other new products and services; they provide a lower environmental impact than the conventional technology. The benefits from lower pollution levels are not included in the products price, despite the fact that many societal members profit from these innovations through improved health. This results that eco-innovations have lower adaption level than if societal benefits from decreased benefits were included in the product cost (Bakker, Maat, Sierzchula & van Wee, 2014).  The initial cost of an EV is significantly higher when compared to a gasoline powered ICE vehicle and this cost increases linearly with battery size or the range of the car (Egbue & Long, 2012). By providing subsidies or tax redemption this problem might be solved. A great example of this is Norway, where the growth rate of EV’s has been formidable. Norway, along with Denmark has the highest purchase taxes on new cars in the world. Heavy financial incentives bring the purchase cost of a BEV to the same level as a comparable ICEV, this is due to the fact that there is tax exemption for buying a BEV (Bjerkan, Norbech & Nordtomme,2016). However, there is also a downside of this method, because if the EV’s remain too expensive for most private customers, the subsidies might not work and this will only be costly and ineffective (Baker & Trip,2013). The fact that Norway was such a success was due to its high level of vehicle taxation. For countries with lower vehicle taxation the direct adaption of the tax exemption incentive would not yield in the same price competitiveness compared to ICE vehicles. Many countries also have direct subsidies for purchase of EVs, however in general these incentives are weaker in strengthening EV price competitiveness than in the Norwegian case (Bjerkan, Norbech & Nordtomme, 2016).

Regulatory measures are another way to stimulate the purchases of EV’s. This also demand a direct investment by a municipality. The most popular one is providing free parking spaces for EV’s in the city centres. Most of the time these free parking spaces are also charging points, which may lead to the problem that people will occupy this charging point without charging. Cities with bus lanes or similar limited-access roads can allow EV’s to make use of them, this reduces the travel time of those who uses EV’s (Baker & Trip,2013). Another regulatory measure which is more an indirect effect is increasing the gasoline prices. If the gasoline price in U.S. had stayed the same in 2006 as in 1999 (1, 53 dollars instead of 2, 60 dollars on average), hybrid vehicle sales would’ve been 37% less in 2006 (Beresteanu & Li, 2011). 

Raising awareness would also help people by deciding whether to buy an EV’s or fuel vehicle. Consumers tend to be resistant to new technology that is considered unfamiliar or unproven. The theory of planned behaviour (TPB) explains the factors that influences consumer behaviour. The main determinant of behavioural intention is attitude and this is influenced by knowledge and experience, subjective norms that the consumer believes is acceptable by society and the perceived impact of the behaviour. Especially the environment can have a great impact on the purchases of EVs. Environmental values are powerful predictors of certain consumer actions and positively influence willingness to engage in actions that protect the environment. So in the case of electric vehicles, consumer acceptance of the technology is considered an intention to adopt, use, or support the development (Egbue & Long, 2012). However, most people only have limited information about the vehicles and their performances, the cost of owning and using the vehicle, the technology or the practical aspects like recharging etc. Most of the consumers rely on heuristics to guide their purchasing behaviour. Consumers put too much weight on the purchase price and not on the accurately value operating expensive. The role of the government in this could be providing information through the city’s website or during events. Some cities also have set-up a semi-permanent EV information Centre, where people can test-drive vehicle throughout the year. Another way to create awareness is supporting car-sharing initiative to use EV’s, because this will reach a greater network (Baker & Trip, 2013).

Government as lead user: A city may include a number of EVs in its vehicle fleet. This is way of showing the public and businesses that the city is not just talking about EVs but is willing to use them as well. Also it will show that EVs can make sense from a financial perspective (Baker & Trip, 2013). This will also have great impact on the market share. An example of this is Estonia, consumers adopted 55 EVs in 2011, but the federal government decided to purchase approximately 500 MIEVs in 2012 (Bakker, Maat, Sierzchula & van Wee, 2014).  

[bookmark: _Toc13689324]Subsidies and tax benefits for EVs

Subsidies can be seen as a direct expenditure and tax benefits is more indirectly. These two approaches are serving the same goals, which is stimulating certain purchases behaviour. It is desirable that in any particular situation the first approach should be to explore the various direct expenditure alternative, if one still wishes to consider the tax incentive, the question must be what clear advantages can be obtained by using the tax method. The advantages must be clear and compelling to overcome the losses that accompany the use of the tax incentive. Some examples of these drawbacks are confusion and divided authority in the legislative and administrative processes, difficulties in maintaining budgetary control, confusion in perceiving and setting national priorities and danger to the tax structure itself (Surrey, 1970). Direct subsidies are also superior to tax incentives in terms of economic efficiency. Direct subsidies are predictable compared to tax incentives. A direct subsidy is completely predictable because there is 100% certainty that it will be acquired, however tax incentives can never attain that level of predictability so long as there is a risk of an uncompensated termination. The tax incentives is also depended on potential changes in the structural components of the income tax, income levels and market conditions (Goldberg, 1993).  Subsidies have the preferences over tax benefit as a policy of the government, however this also raises the question if subsidies are also more effective than tax benefit. 

China witnessed the world’s most spectacular growth in electric vehicles since 1998.  China launched the Electric Vehicle Subsidy Schema (EVSS) in Jan 2019 (Hao et al, 2014). On the other hand U.S also has an increase in EVs, however not as spectacular as China. Both the U.S and Chinese governments offer numerous incentives for plug-in vehicles, such as tax credits and high occupancy vehicle (HOV) lane exemptions. Their subsidies have similar structure and these are national subsides and state or provincial level incentives are too geographically specific for our scope. The federal subsidies in each country increase proportionally with the vehicle’s battery capacity from a baseline up to a maximum of $7500 in the U.S. and $9400 in China. The research looked at how federal subsidies might influence the competitiveness of plug-in vehicles vs their gasoline counterparts.  As there can be seen in figure 3 the results indicate that share of BEVs is higher in China than in the U.S. and that share of low-range PHEVs is likely higher in the U.S. than in China whenever the two countries have comparable subsidies. If U.S would like to achieve a 50 % plug-in vehicles vs their gasoline counterparts, for the Toyota Prius and Ford C-Max this would acquire a subsidy of 10000 and in China for a Toyota Prius it would need a subsidy of 18000 dollars. With the current subsidies for BEV, China reach a market share of 20 % and U.S. 10%.  In the case of U.S. and China there can be seen that the average plug-in vehicle shares increases with the subsidies, however the same number of subsidies acts differently for the two countries. This is due to the fact that both countries have a range of policies in addition to federal subsidies that influence adoption of electrified vehicles (Helveston et al, 2015).  

Despite the fact that the two countries react differently on the subsidies, the general trend is that the market share of PHEVs and BEVs increases when the subsidies increases. This leads us to the first hypothesis: 

Hypothesis 1: “Subsidies will increase the sales of EVs” 

Norway also has a long history of government incentives for electric vehicles. They offered a lot of vehicle-related tax exemption. They offer a tax credit to buyers. Other countries also have EV incentives, for example purchase incentives (subsidies) which has been discussed before, however none of these amount to the same reduction of costs as the tax exemptions in Norway. However, in the case of Norway there are also a lot of other incentives which plays a role in the sales of EVs (Mersky, Sprei, Samaras & Qian, 2016).  This leads us to the second hypothesis:

Hypothesis 2: “Tax redemptions will increase the sales of EVs”  

[bookmark: _Toc13689325]Kuznets curve

Kuznets predicted that there was a relationship between income per capita and income inequality.  This could be graphically presented as an invert U-shaped curve. As income per capita increases, income inequality also increases at first and then start declining after a turning point (Kuznets, 1995).  This is how the Kuznets curve started, however it took on a new existence.  The level of environmental degradation and income per capita follows the same inverted U-shaped relationship as the income per capita and income inequality.  Now Kuznets describes the relationship between measured levels of environmental quality (for example, concentration of CO2) and income per capita. It’s also called the Environmental Kuznets Curve (EKC). Income growth is driven by accumulation of production factors which increases firms demand for polluting input. At the same time, demand for environmental quality rises with income as the willingness to pay for a clean environment increases. Economic growth may be associated with worsening environmental conditions in less developed or poor countries but air and water quality appears to be benefited from economic growth if the critical level of income has been reached.  It is assumed that each country should follow EKC with am shape but level of the curve may vary across countries due to social and political factors that forms the EKC. (Dinda, 2004).

In a study of Abkostanci, Türüt-Aşık & Tunç the relationship between income and environmental quality was examined. The study shows that air pollution and income relationship follows an N shape. Provinces that had income under the 2000 tend to increase as income increases, where provinces with a per capita income between 2000 and 6000 air pollution declines. In the provinces where the per capita income was between 2000 and 6000 there were newer vehicles that pollutes air at lower degrees and in provinces that have per capita income less than 2000 it was more likely that they used old vehicle technology with no emission control equipment (2009).

Based on the findings in Turkey where provinces with higher GDP uses newer vehicle and provinces with lower GD still use old vehicle technology, the following hypothesis follows:

Hypotheses 3: “The relationship between the car sales and GDP follows a U-shaped curve”
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The panel data consist of 28 countries in Europe over a time period of 10 years. The time period is from 2010 till 2019.  There is data about the sales of BEV and PHEV’s, government incentives, GDP and charging stations. 

The variables sales of the BEV & PHEV are expressed in % of total newly registered cars. The sales % of totally newly registered cars year 2019 is determined based on the sales till may 2019. The data is retrieved from European Alternative Fuels Observatory (EAFO); they collect a large amount of data from involved ministries or national statistic. If that’s not possible the data is collected from different sources and cross checks are made, which makes the data reliable.  Their database consists of almost all the countries in Europe, over a time period of 12 years.  The EAFO collects a large amount of data about alternative vehicles and fuels and they are part of the European Commission. 

The variables acquisition, tax ownership benefit & incentives are ordinal variables due to the fact that all the countries have a wide variety of incentives/tax benefits and different systems. Hereby the easiest way to sort them was in categories. 

For the variable acquisition there are three categories.
· 0= No tax benefit at all
· 1= tax benefit (minimal rate, vat deduction)
· 2= tax exemption

 For the variable incentives there are 5 categories
· 0= No incentives
· 1= 0-1999.
· 2= 2000-3999
· 3= 4000-5999
· 4= >60000

 These variables are retrieved from European Automobile Manufacturers Association (ACEA).  ACEA represent 15 major Europe-based car, van, truck and bus makers.  They have a permanent cooperation with the European Council for Automotive R&D (EUCAR), which is the industry body for collaborative research and development. One of ACEA missions is proving regular and up-to-date statistics to keep track of the extent of the automotive industry’s activities. 

The variable GDP is expressed in 10000 dollars per capita. This indicator is based on nominal GDP.  There is a missing variable for the year 2019, because this is not available yet. The variable is retrieved from The Organization for Economic Co-operation and Development (OECD).  They are an international organization that works on policies facing a range of social, economic and environmental challenges and establishing international norms. They work with governments, policy makers and citizens from all over the world. OECD has a large database with information about population, environment, health, labour etc. 

The variable electric vehicle charging point is expressed in number of electric vehicle charging points per 100000 urban inhabitants. The data is retrieved from the European Commission who is responsible for EU policy on mobility and transport.  There was only data available from 2015 till 2017 about electric vehicle charging points. 

In table 1 the descriptive statistics can be seen. The average is calculated from the average of the countries over a time period of 10 years. The sales of BEV are on average 0,97 % of the total car sales; this is higher compared to the sales of PHEV which has an average sale of 0,64 % of the total car sales.  There are also big differences between the countries, where some countries have an average sale of 0,04 of the total car sales in Europe while others have 15,65 %. The difference is smaller for the sales of PHEV, where one country doesn’t sell PHEVs and another country has an average sale of 6,87 of the total car sales.  On average there are 45.08 charging points per 100000 urban inhabitants in Europe. However, there are big difference between the countries, where the country with the lowest charging points has 0, 71 per 100000 urban inhabitants while the country with the highest charging points has 205.90 per 100000 urban inhabitants. The average GDP of Europe is 38802,42 dollars per capita, however again there are great differences between the countries. The country with a GDP of 17923, 22 dollars per capita is the lowest, while on the other hand the country with the highest GDP is 99087,78 dollars per capita. For this research the GDP is expressed per 10000 and transformed to the log form. The variables acquisition and incentives are on average both higher for BEV than PHEV, this is due to the fact that BEV always has zero emissions and in the case of PHEV it depends on the usage of the car.

Table 1: Descriptive statistics 
	Variable
	Observations
	Mean
	Std. Dev.
	Min
	Max

	Bev car sales
	28
	.971
	2.903
	.040
	15.650

	Phev car sales
	28
	.644
	1.381
	0
	6.870

	Tax benefit Bev
	28
	.657
	.658
	0
	2

	Tax benefit Phev
	28
	.457
	.497
	0
	1.6

	Chargingpoints
	28
	45.083
	51.797
	.707
	205.903

	Incentives Bev
	28
	.514
	.651
	0
	2.2

	Incentives Phev
	28
	.264
	.457
	0
	1.5

	Gdp dollar per capita
	28
	3.880
	1.640
	1.792
	9.908



In table 2 the standard deviations of our variables can be seen.  For the fixed/random effect model uses the variances within the country, where an OLS regression uses the variances within and between the countries. Through this table there can be checked whether a fixed/random effect model is useful, because if there is no variation within a country and only between the countries, there is no need for a random/fixed model to keep a certain policy in a country constant. It can be seen that for all the variables the variances are higher within the country compared to between the countries, thereby a fixed/random effect model is preferred. 

Table 2: Standard deviation variables between/within 
	Variable
	Between/within std.

	Acquisition bev
	.219 / .764

	Acquisition phev
	.150 / .567

	Incentives bev
	.036 / -.878

	Incentives phev
	.197 / .606

	Gdp
	.389 / 1.638

	Charging points
	11.855 ./ 52.592
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Panel data is chosen because it allows to control variables that can’t be observed or measured, for example cultural or ethical variables. Panel data is a combination between time series and cross-sectional data. Hsiao (2007) argues that the use of a panel data analysis has multiple advantages. Among those advantages are an increase in the degrees of freedom and that the method gives a more accurate prediction about the parameters of the model. Moreover, is a panel data analysis relatively capable of apprehending complex relations between the variables. For this research two panel models will be used that can be described as follows:
Bevcarsales𝑖𝑡 = 𝛼𝑖 + 𝑋𝑖𝑡𝛽 + 𝑢𝑖𝑡  								 (1)		
&
Phevcarsales𝑖𝑡 = 𝛼𝑖 + 𝑋𝑖𝑡𝛽 + 𝑢𝑖𝑡 								(2)
The time series is represented by t=1,…T and the individual dimensions are represented by i=1,….,N. 𝛼 represent the unknown intercept  for the individuals and 𝑋𝑖𝑡 consist of the variables acquisition BEV/PHEV, charging points, incentives BEV/PHEV and GDPdollar. Lastly, the idiosyncratic error term is expressed as  𝑢𝑖𝑡.
For the analysis an OLS regressions will be ran. First there will be two OLS regressions without charging points,  one for BEV and one for PHEV. After this the variable charging points will be added and then again a regression will be ran. These regressions are separately, because for charging points there is only data available from 2015 till 2017, so the second regression will have less observations. To find out whether there is a Kuznets curve effect for the variable log(GDP), the variable log(GDP)2 will be added to the model. With these variables the marginal effect of GDP can be measured. Due to the fact that panel data is used, controlling for individual, i.e. country-specific, effects that captures unobserved heterogeneity is necessary. Therefore a random effect regression is performed, where it is assumed that the individual effects are uncorrelated with the regressors. However this assumption is not very likely to hold. One such an individual effect could be the importance of the environment in a country, individuals in Norway are more likely to care about the environment than individuals in Hungary. This would also effect the sales of electric vehicles.  Because a RE model estimates the coefficients of the variables holding all other variables constant, the omitted variable, caring about the environment for example, biases the coefficients incentives and tax benefits (since the model cannot hold caring about environment constant if it is not included in the model).  Therefore, a fixed effects regression is ran, where the time-constant variables such as educations etc. are left out. Since FE models control for these. For this fixed effect regression there is no assumption that the individual effect should be uncorrelated with the regressor. This is because a fixed effect model controls for omitted variable bias (for time constant, unobserved, country-specific variables) by using the country as their own controls for these variables.
The Hausman test looks into the specifications of the models and determines whether a fixed or a random effect model would be preferable when estimating the parameters. These models takes away the bias that occurs due unobserved variables, for example the ethical aspect of a country.  Individual effects are assumed to be not linked with one another in the random effect model. In addition, the random effect 𝛼𝑖 and T are uncorrelated.  “Hausman’s essential result is that the covariance of an efficient estimator with its difference from an inefficient estimator is zero”  (Greene,2012). The following equation follows from this:
𝐶𝑜𝑣[𝑏,𝛽]−𝑉𝑎𝑟[𝛽] = 0 										(3)
With the Hausman test the following hypothesis are tested:
H0: Random effects model is appropriate
H1: Fixed effect model is appropriate 
Table 3: The outcome shows the p-value. 
	
	Outcome BEV
	Outcome PHEV

	Hausmantest 
	0.9977
	0.9999



In table 3 there can be seen that for the sales models of BEV and PHEV the p-value are not smaller than 0, 05 which means that H0 can’t be rejected, therefore the random effects model is appropriate.  
Heteroscedasticity can complicate inference of the results provided by the regression analysis.  For a panel data heteroscedasticity can occur in the individual dimension and time. This indicates that the variance of the standard error is not constant. When this problem occurs in an OLS regression the results are less trustworthy (Long & Ervin,2000).  The Breush-Pagan test is used, to test whether heteroscedasticity occurs in the panel data of this research. When there is a connection between the error terms over a time period, there is a presence of serial correlation (Williams,2015). This will result in overly positive estimates of the model (Drukker,2003). The Breusch-Godfey test is used to test of this problem is present in the panel data of this research.  
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In table 4 the results of the Breusch-Pagan test can be seen. For both BEV and PHEV, the p-value is smaller than 0, 05 which means the null hypothesis can be rejected. This indicates that the variances of the standard error are not constant. 
Table 4: The outcome of the Breusch-Pagan test. 
	
	BEV
	PHEV

	Chi2(4)
	207.52
	209.98

	Prob > chi2
	0.000
	0.000



In table 5 the results of the Breusch-Godfrey test can be seen. Both the p-values are higher than 0,05. Which means the null hypothesis can’t be rejected, which indicates that there is no serial autocorrelation.
Table 5: The outcome of the Breusch-Godfrey test
	
	BEV
	PHEV

	Chi2 
	8.960
	7.769

	Prob>chi2
	0.5359
	0.6514



The variances of the standard error weren’t constant; this is fixed due robust. In table 6 the result OLS, fixed effects and random effects of the BEV can be seen. According to the Hausmantest, the random effect model is preferable. The sign is the same for all the three models. The OLS regression and the random effect model results in the same coefficient. However, compared to fixed effect model, the coefficients are different. Due to the fact that the OLS regression and random effect model are the same, this means that there was no need for correction of individual effects. The variable acquisition BEV has a positive effect on the BEV car sales. The regression shows that if the variable acquisition increases with 1, the BEV car sales increases with 1.05 %. On the other side the variable incentives BEV has a negative effect on the BEV car sales. An increase of 1 in the variable incentives decreases the BEV car sales with 0, 252 %.  The marginal effect of the variable GDP is -1.192 (this is the sum of Log(GDP) and Log(GDP)^2). This means that if log(GDP) increases with one percent, this will lead to a marginal effect of -1.192. Due to the fact that Log(GDP) is negative and Log(GDP)^2 is positive, there is a parabola opening up.

Table 6: OLS, FE & RE BEV without charging points
	Bev car sales %
	Coeff OLS
	Coeff FE
	Coeff RE

	Acquisition bev
	1.051* (.243)
	0.998* (.248)
	1.051* (.243)

	Incentives bev
	-.252 (.086)
	-.460* (.136)
	-.252* (.086)

	Log(GDP)
	-2.77*(.528)
	-3.311* (.828)
	-2.770* (.528)

	Log(GDP)^2
	1.578* (.284)
	1.171* (.386)
	1.578* (.284)

	_cons
	.903* (.300)
	1.469* (.435)
	.903* (.300)

	Observations
	252
	252
	252

	R-squared
	.141
	.137
	.144

	F-statistic
	44.61
	6.266
	44.61


*: significant with p-value <0,05. Standard errors in parentheses
In table 7 the result OLS, fixed effects and random effects of the BEV can be seen. According to the Hausmantest, the random effect model is preferable. The sign is the same for all the three models. The OLS regression and the random effect model results in the same coefficient. The fixed effect model gives different coefficient. Due to the fact that the OLS regression and random effect model are the same, this means that there was no need for correction of individual effects. The variable acquisition PHEV has a positive effect on the BEV car sales. The regression shows that an increase of 1 in the acquisition PHEV increases the PHEV car sales with 0, 454 %, this effect is weaker than in the BEV model. However, this isn’t remarkable, since the tax benefits are mostly higher for BEV than for PHEV because the emissions for BEV are zero and the emission for PHEV depends on the usage of the car.  The other variables in this model aren’t significant, which means that nothing can be said about these coefficients. 

Table 7:  OLS, FE & RE PHEV without charging points
	Phev car sales %
	Coeff OLS
	Coeff FE
	Coeff RE

	Acquisition Phev
	0.454* (.092)
	0.374* (.089)
	0.454* (.092)

	Incentives Phev
	-.066 (.110)
	-.219 (.127)
	-.066 (.110)

	Log(GDP)
	.527 (.868)
	-.063 (.826)
	.527 (.868)

	Log(GDP)^2
	.316 (.238)
	.448 (.265)
	.316 (.238)

	_cons
	-.860* (.657)
	-.271 (.703)
	-.860* (.657)

	Observations
	252
	252
	252

	R-squared
	.093
	.089
	.093

	F-statistics
	59.52 (wald chi)
	10.18
	59.52 (wald chi)


*: significant with p-value <0,05. Standard errors in parentheses

In table 8 the result of the OLS, fixed effect model and random effect model of the BEV with charging points can be seen. According to the Hausmantest, the random effect model is preferable. The sign is the same for all the three models. The OLS regression and the random effect model results in the same coefficient. The fixed effects model gives different coefficient. This means that there was no need for correction of individual effects. The variable acquisition BEV has a positive effect on the BEV car sales. The regression shows that an increase of 1 in the acquisition BEV increases the BEV car sales with 0, 826 %, this effect is weaker than in the BEV model without charging points. The variable incentives BEV has a negative effect on the BEV car sales. An increase of 1 in the incentives BEV decreases the BEV car sales with 0, 25 %.  %.  The marginal effect of the variable GDP is -2.43 (this is the sum of Log(GDP) and Log(GDP)^2). This means that if log(GDP) increases with one percent, this will lead to a marginal effect of -2.43. Due to the fact that Log(GDP) is negative and Log(GDP)^2 is positive, there is a parabola opening. The variable charging points has a positive effect on BEV car sales, an increase of 1% in charging points results in an increase of 0, 02% in BEV car sales.
Table 8: OLS, FE & RE BEV with all the variables 
	Bev car sales %
	Coeff OLS
	Coeff FE
	Coeff RE

	Acquisition bev
	0.826* (.141)
	0.821* (.148)
	0.826* (.141)

	Incentives bev
	-.251* (.087)
	-.238 (.091)
	-.251* (.087)

	Log (GDP)
	-3.951* (.709)
	-3.907* (.682)
	-3.951* (.709)

	Log (GDP)^2
	1.521* (.306)
	1.502* (.302)
	1.521* (.306)

	Charging points
	0.023* (.004)
	.023* (.005)
	0.023* (.004)

	_cons
	1.780* (.392)
	1.741*(.368)
	1.780* (.392)

	Observations
	84
	84
	84

	R-squared 
	.261
	.261
	.261

	F-statistic
	-
	-
	-


*: significant with p-value <0,05. Standard errors in parentheses

In table 9 the result of the OLS, fixed effect model and random effect model of the Phev with charging points can be seen. According to the Hausmantest, the random effect model is preferable. The sign is the same for all the three models. The OLS regression and the random effect model results in the same coefficient. The fixed effects model gives different coefficient. This means that there was no need for correction of individual effects. The only two variables who are significant in this model are acquisition and charging points. Acquisition has a positive effect on the car sales, an increase of 1 in acquisition leads to an increase of 0.24 % in car sales. Charging points has a positive effect on the Phev car sales. An increase of 1 in charging points leads to an increase of 0,02% in car sales.  Due to the fact that the other variables are insignificant, nothing can’t be said about the coefficients. 
Table 9:  OLS, RE & FE PHEV with all the variables
	Phev car sales %
	Coeff OLS
	Coeff FE
	Coeff RE

	Acquisition bev
	.237* (.119)
	.235 (.123)
	.237* (.119)

	Incentives bev
	-.096 (.097)
	-.092 (.103)
	-.096 (.097)

	Log(GDP) 
	.296 (.804)
	.315 (.783)
	.296 (.804)

	Log(GDP)^2
	.048 (.049)
	-.042 (.043)
	.048 (.049)

	Charging points
	.024* (.006)
	.024 (.007)
	.024* (.006)

	_cons
	-.680 (.767)
	-.698 (.730)
	-.680 (.767)

	Observations
	84
	84
	84

	Overall R-squared
	.268
	0.268
	.268

	F-statistic
	-
	-
	-


*: p-value <0,05. Standard errors in parentheses

The variable acquisition has a positive effect on car sales, this can be seen in both the BEV models and in the Phev model without charging points. There can be seen that the effect in the BEV is higher than in the PHEV model, probably due to the fact that the tax benefits are higher for BEV than for PHEV. Also the effect is lower in the model with charging points compared to the model without charging points, this is due to the fact that charging point is an omitted variable and this leads to overestimation of the coefficient.  This is evidence in favour of the second hypothesis: “Tax redemptions will increase the sales of EVs”. On the other side the variable incentive has a negative effect on the car sales. This can be seen in the BEV models, however in the PHEV models this variable was insignificant. Thereby there is no evidence in favour of the first hypothesis: “Subsidies will increase the sales of EVs”. This is in contradiction with the literature, however it might be that the subsidies that are given are too small to give the effect that the government wishes for. In the literature there could be seen that for America and China the effect was small for small amounts of incentives (<5000) and that the effect was bigger as the incentives increase. In addition, incentives might be ineffective at all, as there are other policies that might be more effective for example creating awareness among individuals. In both the BEV models the variable log(Gdp) is negative and log(GDP)^2 is positive, this means that there is a parabola opening up. This is evidence in favour of our third hypothesis: “The relationship between the car sales and GDP follows a U-shaped curve”
 The effect is higher in the models without charging points, again this is due to the fact that charging points is an omitted variable and this leads to overestimation of the coefficient. 
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Conclusion & discussion 
The aim of the study is to look into the relation between subsidies/tax benefits and BEV/PHEV car sales. In order to achieve this, a panel of 28 countries is used and analysed. There were two models for the BEV and two models for the PHEVs. One with the charging points, which has more observable data and one without charging points. Overall the signs of the effects were the same in all the models that were significant, for example the variable acquisition has a positive effect in all the BEV models & Phev model without charging points. For the variable acquisition there can be seen that the effect is higher for BEV than for PHEV, probably because the tax benefit is higher for BEV than for PHEV due to the fact that BEV has zero emission. Thereby there is evidence in favour of the second hypothesis: “Tax redemption increases the sales of EVs”. Incentives has a negative effect for all the BEV models, which is in contradictory with the literature, thereby there is not enough evidence in favour of the first hypothesis: “Subsidies increases the sales of EVs”.  This is in contradiction with the literature that subsidies did have an effect in China and America. However, this could be explained due to the fact that the amount of subsidies is just too small to have an effect. In both the BEV models the variable log(GDP) is negative and log(GDP)^2 is positive, this means that there is a parabola opening up. This is evidence in favour of our third hypothesis: “The relationship between the car sales and GDP follows a U-shaped curve”. If the variable charging point is added to the model, the effect of acquisition and GDP are weaker than in the model without charging points. This can be explained due to the fact that in the model without charging points, charging points is an omitted variable which leads to overestimating of the coefficient. The variable charging points has a positive effect on the car sales, which corresponds to the literature. 

There are a few limitations in this study. First the tax benefits are categorized, however these categories are not precisely, but rather wide which may influence the results. The reason why the categories were wide is due to the fact that all the countries have different types of tax systems and rules, which made it hard to make the categories more precisely. The incentives were also categorized, however in this study a lot of different factors weren’t included which also matters. An example of this is the purchase price of a car, which may be different in the countries and influences the effect of the subsidies/tax benefits. 
In the literature review it was already discussed that there are also a lot of other factors that influences the purchases of an electric vehicle, for example technological aspects, regulatory measures or raising awareness.  These factors will also probably influence the effect of subsidies/tax benefits on EV sales, however these variables are left out in this study which may result in bias. In addition, the sales numbers presented in this study are total sales of EV, which means that company cars are also included. However, the tax benefits of companies are not taken into account in this study.  This leads to bias, because companies often have higher tax benefits than citizens.  Moreover, this study was focused on Europe, however there might be big differences between the countries in Europe. Subsidies might not work in all the countries, but it might work in some countries, therefore conclusions about specific countries can’t be drawn. 
Another limitation is the lack of data of the charging points. In this study there was only data available for the years 2015 till 2017.  For this reason, the results of the regression with charging points could also be coincidence, instead of the real effect.  For further research it is recommended to add more data about the charging points and definitely look at other variables that may influence the purchases of an EV. In this study the focus was only on a small part of the purchase of an EV, however there are many other factors that might be even more important to consider when buying an EV. For example, how the infrastructure is of charging points, if all the countries work together which makes travelling possible or if people are aware about the benefits of EVs.
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Figure 1:  Flow chart of life cycle of a hybrid or electric vehicle
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Figure 2: Comparison of life cycle global warming potential per kilometre driven 
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Figure 3: Reaction of average vehicle share on subsidies
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