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Abstract

In this paper a small exercise investigating the socio-economic consequences of a mass introduction of electric vehicles supported by a registration tax exemption and a massive investment in charging infrastructure is presented. The analysis is carried out using a combination of a car choice model and standard socio-economic prices organised in an excel model structuring the socio-economic assessment. 
The car choice model calculates the share of new car sales that are electric based on price, taxes, driving range, acceleration and access to recharging both privately, public and through high speed charging (or battery swap). The model predicts that without the tax exemption after 2012 only 11,000 electric vehicles are on the streets in 2020. However, due to the announced prolongation of the tax exemption to 2015 we can expect an increased private investment in charging infrastructure. When we use this as the base situation the model predicts 19,000 electric vehicles in 2020. When the tax exemption is introduced and with the complementary private investments in charging infrastructure the model predicts an electric car fleet of 125,000, which corresponds to about 5 % of the Danish passenger car fleet –excluding cars owned by the state and the municipalities.
The socioeconomic analysis calculates the ‘shadow price’ of the tax exemption. The shadow price is the socioeconomic costs of a reduction of one ton CO2 taking account of both investment costs, changes in private user benefits, external costs and public financial costs. 
Our calculations indicate a relatively high shadow price in the area of 3.500 DKK per ton CO2 when the above mentioned bases are used. The shadow prices are dependent on the assumed prices of infrastructures and the actual level of the charging infrastructure. Our calculations do not indicate large variations in the shadow price. The level of the shadow price is in the high end when we compare to prices in other sectors like the housing and agriculture sector as well as with other types of initiatives in the transport sector.
1 Introduction
The Ministry of Transport identified in 2009 electric vehicles as a relatively cost-effective CO2 policy with a considerable contribution to emission reductions.

In order to contribute constructively to the debate, DTU transport compiled in 2009 a small car choice model for DE (The Danish Energy Association) with the objective to project future sales of electric vehicles to 2020 and to assess the effect of a number of political initiatives on the sales. In addition, DTU Transport made a link to the welfare economic tool Teresa
 and carried out a welfare economic analysis for every initiative.

Since 2009 a lot has happened. Now, a number of electric vehicles matching ordinary conventional (i.e. diesel and petrol) cars is on (or close to) the market and the knowledge of the costs of the charging stations has increased. The first facilities for fast charging and battery swap have now been opened in Denmark. In addition, a Danish stated preference experiment with focus on electric vehicles has been carried out in 2010 in relation to a master thesis at DTU Transport. In the experiments, the respondents are presented with choice scenarios including two alternatives; a conventional gasoline or diesel car and an electric car. In particular, the knowledge of car buyer’s preferences with respect to driving range and access to charging stations has been improved considerably. 

Therefore the car choice model has been updated at DTU Transport and the calculations revised. This paper describes in brief the new model and presents some results. 

A main element in the analyses is the demand model throwing light on car buyer’s choice which is assumed to be determined by characteristics such as prices, driving range, top speed and a number of measures for access to battery charging. These include charging at home, at work, at public parking facilities and battery swap/fast charging.
In the Danish Government’s plan for the future of transport in Denmark Sustainable transport – better infrastructure of December 2008, and in the traffic settlement of January 2009, electric vehicles were highlighted as part of the solution for future CO2 problems. The target for the transport sector is a reduction of greenhouse gas emissions by 20% in 2020 compared to 2005. It is the plan to obtain part of this reduction through the EU targets of 10% renewable energy (including electricity) by 2020 in surface transport and a demand to EU car producers that average CO2 emissions from new cars have to go down to 95 g/km on average in 2020. However, no specific target has been set for the share of electric vehicles.
In the opinion of the Danish Energy Association, an electric fleet of a certain size is necessary to provide a basis for financing the necessary infrastructure and a major fleet will not be achieved without further action. Electric vehicles are a new technology and much will be needed to shift consumers from a familiar product like petrol-driven cars to a new product like the electric vehicle. These facts alone will make it difficult to build up a large fleet of electric vehicles in the relatively short time-horizon (up to 2020), unless government actively supports their phasing in.
Below, the calculations are described in two parts according to the tool applied. First, the results from the car choice model are presented and the sales under different conditions are shown. Secondly, the socioeconomic effects of different assumptions on prices etc. are presented using the Teresa-tool. These results are summarized as the net social costs per ton of CO2 emissions reduced.
2 The car choice model
The present model used by DTU Transport is a logit model based on a stated preference (SP) experiment carried out in 2010. The model is a further developed version of the 2009-model used in the report published by DTU Transport and Dansk Energi in 2009.

In the experiment, the respondents are presented with a choice between a conventional car and an electric vehicle. The two vehicles presented in each choice situation are assumed to be similar in all aspects except for the attributes included in the survey. Therefore a basic assumption is that there are electric vehicles available comparable to conventional cars in terms of quality and size. The choice to be made then has to be based solely on the attribute values that differ between the choice sets according to the constructed design.

The study has focus on electric vehicles and therefore technology specific attributes for electric vehicles are included in the questions. These attributes cover several aspects of recharging procedures of an electric vehicle in order to get a more detailed view of the preferences towards electric vehicles. In order to describe the two alternatives, the following attributes were included in the survey: 
	Gasoline or diesel vehicle
	Electric vehicle

	· Purchase price
	· Purchase price

	· Fuel cost
	· Fuel cost

	· Top speed
	· Top speed

	· Driving range
	· Driving range

	· Carbon emissions
	· Carbon emissions

	· Acceleration
	· Acceleration

	
	· Battery life

	
	· Recharge at home

	
	· Recharge at work

	
	· Public recharge stations

	
	· Fast charge/swap stations


The model is especially suited for analysing initiatives affecting variables such as prices and taxes as well as the charging infrastructure and thereby linking policy initiatives to the demand for electric vehicles. 

There will of course be great uncertainties related to such analyses as there always will to results from statistical models. However, DTU Transport estimates that the obtained results are within a credible range. The main limitation to the analyses is the data. The number of interviewed persons relating directly to electric vehicles is very small (only 244). At present there is work going on to increase this number considerably, but these additional data has not been ready to be included in the present model version. Further, the range of the number of fast charging stations is 0-30 in the questionnaire, which is well below the number now expected in the near future.

In all calculations an annual reduction of the price of the batteries of 6% until 2020 is assumed based on ENS, 2011: Redegørelse om rammebetingelser for opstilling af ladestandere til elbiler. Correspondingly, the price of the electric vehicle (without battery) is assumed to decrease to the level of an average conventional car in 2020. This implies an annual price reduction of 5¼% till then. The driving range is assumed to grow by 2% a year until 2020, since there are physical limitations to the potential of the lithium batteries with known technology, but from 2020 we follow the indications from the industry that entirely new technologies will emerge, which is predicted to increase the range up to 500 km.
The registration tax on conventional cars is assumed to remain at the present level (apart from reductions due to lower CO2 emissions in the future) although there may be a reduction on the way if road user charging is implemented. In addition, the loss of public revenue from a shift from conventional cars to electric vehicles may lead to a pressure for an increase in the tax on conventional cars. At present the likelihood for such policy reforms is assessed to be small.

When a base case is defined we can in principle do this in two ways. Even though we can already now in 2011 see that private operators have invested in infrastructure. Better Place has installed their first battery swap station and are preparing a number of additional stations to be installed during the next year. Another operator in Denmark – ChooseEV – has also installed their first fast charge facility and have said that they will set up further stations within the next year. However, none of these installations would have been put in place if the Danish government had not indicated that the purchase tax exemption would be prolonged to 2015. Hence, we can use a base case on the now existing facilities including those in the pipe line for 2012 (denoted Base case b in the tables below); or we can use a base case, where no installations are in place (denoted Base case a in the tables below).

 In table 1a and b the most important assumptions are summarized (where a and b relate to the two bases just described).
Table 1a
Main assumptions in base case a 
	
	2012
	2015
	2020
	2030

	No. of fast charge/swap stations
	0
	0
	0
	0

	No. of ordinary public charging stations
	330
	1000
	1000
	1000

	   of which semi-public
	265
	900
	900
	900

	Price of conventional car (1000 DKK)
	269
	266
	260
	248

	Energy efficiency of new conventional car (km/l)
	19.7
	20.6
	22.0
	25.2

	Driving range of conventional car (km)
	700
	700
	700
	700

	Price of electric vehicle w. battery (1000 DKK)
	280
	385
	212
	199

	   of which registration tax (1000 DKK)
	0
	148
	33
	20

	Energy efficiency of new electric vehicle (km/kWh)
	7.5
	7.7
	8.0
	8.7

	Driving range of electric vehicle (km)
	170
	180
	199
	500


Sources: Dansk Energi and Transport Economic Unit Prices 2010.

Table 1b
Main assumptions in base case b 
	
	2012
	2015
	2020
	2030

	
	
	
	
	

	
	
	
	
	

	No. of fast charge/swap stations
	25
	25
	25
	25

	No. of ordinary public charging stations
	2000
	6000
	6000
	6000

	   of which semi-public
	1600
	5000
	5000
	5000

	Price of conventional car (1000 DKK)
	269
	266
	260
	248

	Energy efficiency of new conventional car (km/l)
	19.7
	20.6
	22.0
	25.2

	Driving range of conventional car (km)
	700
	700
	700
	700

	Price of electric vehicle w. battery (1000 DKK)
	280
	385
	212
	199

	   of which registration tax (1000 DKK)
	0
	148
	33
	20

	Energy efficiency of new electric vehicle (km/kWh)
	7.5
	7.7
	8.0
	8.7

	Driving range of electric vehicle (km)
	170
	180
	199
	500


Sources: Dansk Energi and Transport Economic Unit Prices 2010.

The sources for these assumptions are numerous. The charging infrastructure investments are approximately the ones planned by the big operators in the near future, but still relying on the extension of the tax exemption. Other assumptions are based on the characteristics of the vehicles on the market today and on the official transport economic key figures of the Ministry of Transport. Here, the level chosen is based on new and higher prices of electrical vehicles and the assumption that the effectiveness of electric propulsion corresponds to 64 km/l petrol today increasing by 1% a year. With the current rules this gives a registration tax of 203,000 DKK in 2013 decreasing to 33,000 DKK in 2020 since the tax is value based (and progressive) and the price of electric vehicles is assumed to decrease and reach the same level as conventional cars in 2020. 
The current tax exemption is valid to the end of 2012. The Minister of Climate and Energy has announced that it will be prolonged to the end of 2015, but this has not been confirmed by parliament and therefore the year 2012 is used here.
Since the model is constructed in a hypothetical setting it is necessary to adjust it to the observed sales. The model is therefore calibrated to forecast a sale in 2012 of 1,500 electric vehicles based on the recent development in sales. This level of vehicles include private cars, company cars for commercial and publicity use as well as employer paid private cars. We have done this even though there are differences in both the price mechanisms for these different types of cars and probably also the parameters that influence the choice. However, since we do not have specific knowledge of these individual parameters and since the respondents of the Sp survey include all types of car owners and users, the estimated parameters reflect both private car owners’ preferences and company car users’ preferences. 
The model only covers private households and companies and therefore this number does not include the acquisitions made by the authorities. Many public authorities (mainly municipalities) with large car fleets are already well under way in shifting their conventional car fleet with electric vehicles. We do not expect that the sales to public authorities will continue to grow. We do not have any specific knowledge of how large a share of the vehicle fleet in municipalities and state authorities will be changed to electric vehicles. In 2010 these authorities had a fleet of approximately 50.000 vehicles.
Under these assumptions (the “Base Cases”), the analyses show that electric vehicles will make up less than around 0.5% of the car fleet in 2020 (some 11,000 units in case b and 19,000 in case a), unless initiatives are taken, which go beyond the current exemption from the car tax up to 2012 and the expected normal levy thereafter. 
We analyse an initiative, where the tax exemption is continued after 2012 and until 2030. Following such an exemption is the private operators, who are assumed to increase their investments in charge infrastructure. The outcomes of the initiatives are shown in table 3a and 3b below.
Under this initiative our model predicts that by 2020 there are 125,000 electric vehicles. Without the expansion of infrastructure (but maintaining the tax exemption) the number of electric vehicles would, according to the model, be around 46,000 and 26,000 electric vehicles in 2020 in the two cases respectively. 
The continued expansion of the charging infrastructure implies that all purchasers of an electric vehicle will buy a charging point for erection at their private address. In addition around 25 fast charging or battery swap stations will need to be established in 2012, this number being increased to around 110 by 2015. This number is based on the published long term plans of the operators and is to be compared with 25 and 0 in the base cases respectively, since facilities close to this number is expected to be installed according to the published plans of the investors without further policy measures.

If the tax exemption isn’t continued, the described extra investments (110 stations as opposed to 25 and 0 respectively) will yield 53,000 electric vehicles in 2020. 

The assumed number of charging stations is far below the number of conventional gas stations today, but since most charging will take place at home at night, a comparison with the number of gas stations is perhaps not the most relevant. 
Analyses carried out by DTU Transport show that with an effective battery range of 120 km, less than 10% of all motorists will need one or more high-speed charges on a given day. When considering how many will need to recharge the battery per day to complete the day’s transport tasks, the proportion of motorists goes up to over 20%. This number includes both fast charging and normal charging at e.g. the work place or a shopping centre etc. The remaining charging will be performed at the charging point at the private home (at night). This indicates a lower requirement for high-speed charging stations.  The important thing for the potential electric vehicle buyer is that the public charging facilities exist (primarily along the big corridors) and that they are not congested.

Here, fast charge and swap stations are considered to be equal although the technology is very different. Although fast charging today takes around 20 minutes, it is assumed that the duration of fast charging is reduced to less than 5 minutes within few years, so that they become equally attractive from a user’s point of view although there may remain incompatibilities between charging stations and swap stations as well as other technological constraints differing between the two types of recharging.
There is also a need for publicly accessible ordinary charging points in addition to the high-speed charging stations and the private charging points in order to achieve a high degree of accessibility for recharging. The analyses set a requirement of 1,000 or 6,000 respectively publicly available charging points by 2020 in the base cases and 20,000 in the investment scenarios. 20,000 points corresponds to just about 2% of the number of public parking spaces in Denmark, and is thus considered sufficient for fleets of electric vehicles of the magnitudes considered here.
One important condition for the relatively high number of electrical vehicles is that the supply of different types and sizes of electric vehicles should be sufficiently large. If this is not the case, demand for electric vehicles will be smaller than is justified by the extent of the extra investments
. Whether the supply will be large enough is something the analyses cannot shed light on. 
Investments in charging facilities may be implemented with public funds (the state) or by private investors. In the latter case, investments would be paid for by users when charging their batteries at the charging stations in question. This would lead to higher travel costs compared to just the cost of the electricity. The selection model takes no account of this, as only a small proportion of recharges would be carried out at publicly accessible charging points, so the effect on average cost of electricity would rise only minimally. In addition, the choice of electric vehicle is only slightly affected by travelling costs. In turn the total effect on choice of electric vehicle would thus only be slightly affected.
In the next section, the paper looks at the socio-economic consequences of implementing these initiatives. Analyses of the consequences for socio economics have previously been carried out, for instance as part of the Government’s transport action plan of December 2008. Apart from the report made by DTU Transport in 2009, none of these previous analyses assessed the relationship between proposed initiatives and actual demand for electric vehicles, as this possibility did not exist. In all previous analyses it was implicitly assumed that the proposed initiatives (mainly tax exemption and public investment in charging infrastructure) would be sufficient to reach a target of 200,000 or 400,000 electric vehicles.

3 Socio-economic effects
Socio- economic calculations of various factors that could increase the demand for electric vehicles have been conducted using the new car choice model and an updated version of Teresa. The purpose is to estimate the price of reducing CO2 emissions in different cases. The resulting price is called the shadow price and includes all quantifiable costs and benefits to the society.
The socio-economic calculations include the following effects: Direct investment in and operation cost of the charging stations (private or public) and more expensive (before tax) cars together with the revenue loss from registration and fuel sales tax for conventional cars. Further, there are user gains from reduced driving costs compared to conventional cars. Finally, there are side-effects from reduced externalities in the form of reduced air pollution and noise.
Table 2
Main cost assumptions
	
	2012
	2015
	2020
	2030

	
	
	
	
	

	
	
	
	
	

	Price of fast charge/swap stations (1000 DKK)
	6,0
	2,0
	2,0
	2,0

	Price of ordinary public stations (1000 DKK)
	50
	20
	20
	20

	Price of semi-public stations (1000 DKK)
	10
	5
	5
	5

	Air pollution from conventional cars (DKK/km)
	0.026
	0.028
	0.030
	0.035

	Noise from conventional cars (DKK/km)
	0.049
	0.053
	0.056
	0.065

	CO2 from conventional cars (DKK/km)
	0.011
	0.013
	0,016
	0.026

	Air pollution from electric vehicles (DKK/km)
	0.010
	0.011
	0.011
	0.013

	Noise from electric vehicles (DKK/km)
	0.018
	0.020
	0.021
	0.024

	CO2 from electric vehicles (DKK/km)
	0.000
	0.000
	0.000
	0.000


Sources: Dansk Energi and Transport Economic Unit Prices 2010.
The reason why zero CO2 emissions from electric vehicles have been assumed is that power production is covered by the European carbon trading system. Among other important assumptions are the interest rate (5%) and the calculations period (2012-2030). 
The shadow prices presented in table 3a and 3b (again referring to the two base cases described in section 2) are based on the assumption that all investments are private. The model allows for (partly) public financing and in that case the shadow prices increase a little (less than 50 DKK per ton). The increase is due to the fact that public spending has to be financed some way – most likely by a market distorting tax. The private costs for the infrastructure are calculated as user costs. It makes no difference for the calculations whether the cost are paid by the households or by an organisation which transfers the costs to the households.

Table 3a
Main results from the analyses (Base a: 0 fast charge stations)
	
	Base case
	Tax     exemption
	Subsidy
	Further investments
	Tax exemption + invest.
	Half tax on elec. + invest.

	Number of electric vehicles  in 2020
	11,000
	26,000
	32,000
	53,000
	125,000
	56,000

	Reg. tax after 2012, DKK per car
	203,000-33,0001
	0
	-20,000
	203,000-33,0001
	0
	203,000-33,0001

	No of swap / fast stations in 2020
	0
	0
	0
	110
	110
	110

	public stations in 2020
	1,000


	1,000
	1,000
	20,000
	20,000


	20,000



	Access to charge at work in 2020
	5%
	5%
	5%
	50%
	50%
	50%

	CO2 reduction in 2020, kilotons
	0
	31
	43
	86
	234
	92

	Shadow price, DKK/ton CO2 
	Na
	3,349
	3,300
	3,858
	3,593
	3,797


1 Decreasing from 203,000 in 2013 to 33,000 in 2020.
Table 3b
Main results from the analyses (Base b: 25 fast charge stations)
	
	Base case
	Tax     exemption
	Subsidy
	Further investments
	Tax exemption + invest.
	Half tax on elec. + invest.

	Number of electric vehicles  in 2020
	19,000
	46,000
	56,000
	53,000
	125,000
	56,000

	Reg. tax after 2012, DKK per car
	203,000-33,0001
	0
	-20,000
	203,000-33,0001
	0
	203,000-33,0001

	No of swap / fast stations in 2020
	25
	25
	25
	110
	110
	110

	public stations in 2020
	6,000


	6,000
	6,000
	20,000
	20,000


	20,000



	Access to charge at work in 2020
	25%
	25%
	25%
	50%
	50%
	50%

	CO2 reduction in 2020, kilotons
	0
	54
	76
	69
	218
	76

	Shadow price, DKK/ton CO2 
	Na
	3,348
	3,290
	3,619
	3,448
	3,566


1 Decreasing from 203,000 in 2013 to 33,000 in 2020.
The first observation is that the choice of base case does not have a large impact on the level of the shadow prices. The calculated shadow prices are for all the analysed alternatives close to each other. 
The calculations showed here display shadow prices between 3,300 DKK and 3,900 DKK per ton CO2 for the analysed alternatives (varying between the two base cases). The variation in the shadow price is mainly due to different assumptions on tax incentives and investments costs. Tax instruments seem to be a little less costly than (further) investments. 
If electric vehicles are kept exempt from registration tax and no further investments are done, a fleet of 26,000 is expected in 2020 with a shadow price of 3,349 DKK per ton CO2 in case a and 46,000 cars / 3,348 DKK per ton in case b.  The high shadow prices are mainly due to the large tax revenue loss. The decrease in the private costs of driving and the environmental improvements are not able to counterweigh the tax revenue loss.

If the electric cars are not just exempt from tax, but in addition given a subsidy of 20.000 DKK per car, the effect on the number of cars is increased by either 6,000 or 10,000, and the additional cars come at marginally lower social cost. The shadow price is increased by 100 to 250 DKK/ton if the exemption is combined with further investments. In the figures 1 and 2 the composition of the costs and benefits for these two scenarios are shown (though only for base case b). The benefits stem from reduced driving costs and externalities and the costs from the investments and operation of the infrastructure and from reduced government revenue. This last entry implies an additional cost in the form of tax distortion. From figure 1 we can also see that the level of investments (in infrastructure) is very low. Here they include only private charging stations at home. 
With tax exemption alone (figure 1) the net costs are 1,785 million DKK and the discounted amount of CO2 reduction is 0.54 Mt. This yields the shadow price of 1,785/0.54 = 3,348 DKK per ton displayed in table 3b. When combined with further investments, the extra costs exceed the extra benefits by far (figure 2).
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Figure 1. Costs and benefits. Tax exemption alone
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Figure 2. Costs and benefits. Tax exemption and further investments
We can generally note that one of the largest socio-economic effects of investing in electric vehicles is the changes in the tax revenues. This change does not only come from the tax exemption, but mainly because the registration tax on an electric vehicle is generally lower that the corresponding tax on a conventional vehicle (due to the tax reductions for energy efficient vehicles).

Further investments alone have lower effects (53,000 vehicles) and high costs and therefore have a shadow price above 3,500 DKK per ton depending on the chosen base case. 
This is also the case if further investments are combined with a 50% cut in the tax on electricity for electric vehicles. Here, a fleet of only 56,000 is reached reducing CO2 emissions by 92 kilotons (76 in base case b) at a high price of around 3,700 – 3,800 DKK/ton. Thus, a cut in the electricity tax is not a cost effective instrument compared to reductions in the registration tax.
The case with tax exemption and investments has been repeated with alternative assumptions to indicate the importance of these assumptions on the final result:

Table 4a and b show how the shadow price is sensitive in relation to the costs. It therefore emphasises that caution must be taken with respect to the specific shadow prices found. 
To perform further sensitivity analyses, the case with further investments in infrastructure and tax exemption (second to last columns in table 3a and b) has been changed by doubling and halving the investments in quick charge/swap stations and the results are shown in table 4a and b. The differences in the shadow prices are very small, but the results tend to show 110 stations are a bit closer to optimum than 55 or 220 in terms of costs per ton CO2 However, caution is imperative here since the expansion of charging infrastructure must be assumed to have less and less impact on the choice of electric vehicles, when the level becomes very large. We do not know at what level the marginal influence on the choice is insignificant.  Moreover, when the driving range of the electric vehicles becomes larger (as we have assumed from 2020 an onwards), we would expect that the impact from charging infrastructure will be significantly reduced. Our model does not take this into account.
Table 4a Sensitivity analyses – alternative prices and investment levels
	
	Base case
	Tax exemption +

invest.
	Same but double station price
	Same but half station price
	Same but

extra

invest.
	Same but reduced

invest.

	Number of electric vehicles  in 2020
	11,000
	125,000
	125,000
	125,000
	271,000
	69,000

	Reg. tax after 2012, DKK per car
	203,000-33,000
	0
	0
	0
	0
	0

	No of swap / fast stations in 2020
	0
	110
	110
	110
	220
	55

	public stations in 2020
	1,000


	20,000


	20,000
	20,000
	20,000
	20,000

	Access to charge at work in 2020
	5%
	50%
	50%
	50%
	50%
	50%

	CO2 reduction in 2020, kilotons
	0
	234
	234
	234
	531
	119

	Shadow price, DKK/ton CO2 
	Na
	3,593
	4,155
	3,312
	3,454
	
3,834


Table 4b Sensitivity analyses – alternative prices and investment levels
	
	Base case
	Tax exemption +

invest.
	Same but double station price
	Same but half station price
	Same but

extra

invest.
	Same but reduced

invest.

	Number of electric vehicles  in 2020
	19,000
	125,000
	125,000
	125,000
	271,000
	69,000

	Reg. tax after 2012, DKK per car
	203,000-33,000
	0
	0
	0
	0
	0

	No of swap / fast stations in 2020
	25
	110
	110
	110
	220
	55

	public stations in 2020
	6,000


	20,000


	20,000


	20,000


	20,000
	20,000

	Access to charge at work in 2020
	25%
	50%
	50%
	50%
	50%
	50%

	CO2 reduction in 2020, kilotons
	0
	218
	218
	218
	514
	103

	Shadow price, DKK/ton CO2 
	Na
	3,448
	3,860
	3,241
	3,385
	3,566


Comparison with other means of CO2 reduction
The socio-economic cost of achieving CO2 reductions using the instrument of more electric vehicles may in some instances appear high. The Danish Energy Agency currently estimates that, according to the Agency’s documentation for the latest energy projections for internationally traded CO2 emission permits, published in spring 2011, the cost will reach a level of approximately DKK 250. In comparison with other sectors, the cost of CO2 reductions in the transport sector is generally relatively high, as the most obvious benefits have already been harvested.
In private households and in the agricultural sector not all the most obvious initiatives have yet been implemented: there are thus still opportunities for relatively low-cost reductions and the shadow prices seldom exceed 2000 per t CO2. Nevertheless, there will be a pressure for the transport sector to contribute to the Danish greenhouse gas reduction obligations 

In the preliminary work on the Government’s action plan, several initiatives were identified with low shadow prices (e.g. spoilers for lorries, optimisation of tyre pressures etc.). Common to these initiatives is that their CO2 reduction potential is limited. Other, more effective, alternatives would be to increase fuel duties and/or road charges. Both of these alternatives turn out to be less expensive to implement than the introduction of electric vehicles (with shadow prices in the order of 2,500 DKK per t).
In the light of the above, the identified shadow prices for electric vehicles are very high. But it should also be remembered that the 20% requirement for CO2 reductions in non-ETS sectors will presumably be subject to further increases. It will therefore be necessary to exercise wide-reaching initiatives to achieve the reductions. In this, electric vehicles, although expensive, could come into play.
3.1 Comparison with DTU’s former electric vehicle calculations
Many things have changed since the 2009 report from Dansk Energi and DTU Transport: The car choice model is new, new cars are on the market, and expectations to the investments in infrastructure even without further policy measures has increased considerably.

The high number of charging stations now expected means that more electrical vehicles are expected in the base case. This is to some extend counterbalanced by the higher prices on the vehicles now observed though they are expected to fall quickly.
The shadow prices now found are much higher than in the first report. This can be attributed to many factors. But the main reason is that the calculations in the first report seriously underestimated the effect on the government budget. This is now corrected. 

There are other minor differences, but they vanish in comparison. The price of fast charge/swap stations is now set much higher than before, but on the other hand the need for stations is now estimated to be much lower than before. Another difference is that the end point of the calculation period is now extended from 2020 to 2030.









� Teresa is the official tool for welfare economic analyses of The Ministry of Transport. �HYPERLINK "http://www.trm.dk/da/publikationer/2006/teresa/"��http://www.trm.dk/da/publikationer/2006/teresa/�	


� Although there are already mass-produced electric vehicles on the market and more are expected in late 2011, the choice is still very limited. 
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