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1. Introduction: Why Reduce CO2 Emissions from cars?

The concept of global warming caused by human emissions of greenhouse gases (the most important being CO2) has been widely known since the 1980s. However, it has taken nearly two decades for virtually the entire scientific and political community to accept and embrace the evidence for the great likelihood of a significant human contribution to the warming of the earth. The Fourth Assessment Report of the United Nations Intergovernmental Panel on Climate Change (IPCC), published in February 2007, clearly signified a turning point in convincing even the most stubborn climate change sceptics (the Bush administration, among others) that there is an urgent need to act, even if it is based only on a precautionary principle. In a leader in the Economist
, reducing greenhouse gas emissions even under uncertainty is justified as a form of insurance: “Governments do it all the time. They spend a small slice of tax revenue on keeping standing armies not because they think their countries are in imminent danger of invasion but because, if it happened, the consequences would be catastrophic. […] Similarly, a growing body of scientific evidence suggests that the risk of a climatic catastrophe is high enough for the world to spend a small proportion of its income trying to prevent one from happening.” This argument spells out why even people who are convinced that the risk of a global climate change catastrophe is minimal should support reductions in carbon emissions. Inactivity because of uncertainty cannot be justified.

World leaders seem to be more and more convinced by this argument: at the June 2007 G8 summit in Germany, six of the eight countries (excluding the US and Russia) committed themselves to at least halve global carbon dioxide emissions by 2050. The EU has also been pushing for a 50% reduction for the period between 1990 and 2050
. Although the G8 has been known to sign non-binding agreements that were not acted upon, the leaders have indicated the will to tackle the climate change problem. Now the question is what to do about it.

There are various ways to reduce the amount of greenhouse gases emitted into the atmosphere, such as energy conservation through greater efficiency (in all sectors) and increased consumer awareness, switching to renewable energy sources, reforestation and CO2 storage. None of the available solutions represents the panacea to climate change. Rather, according to a study by the Swedish utilities firm Vattenfall (2007), in which a global plan to by 2030 reduce annual carbon dioxide emissions by 26.7 billion tonnes is presented, in order to achieve a sufficient reduction of greenhouse gas emissions, most of the available measures will have to be conducted. Reducing fuel consumption in transport by increasing fuel efficiency is one of them. Critics like Mayeres and Proost (2004) often point out that making cars more fuel efficient is a relatively costly way of reducing greenhouse gas emissions and that other measures (such as energy conservation in the residential sector) should get priority. However, according to the Vattenfall study
, the marginal abatement cost of greater fuel efficiency for commercial and private vehicles is negative (as it is for energy conservation in the residential sector), meaning cutting emissions in that way actually saves money. There may be more attractive and effective ways to reduce emissions, but given the urgent need to act on the global warming problem, using all possible measures seems necessary.

Apart from the climate change problem, there are also other reasons why reducing fuel consumption could be a cause worthwhile pursuing. An often-heard argument is the dependence of OECD countries on imported energy: most of the energy resources consumed in OECD countries are imported. Among these imported resources, the most important one is oil, of which in turn the largest part is consumed by cars and trucks. Reducing the demand for oil is therefore an effective way of reducing energy dependence. Given the fact that the great oil-thirst of modern economies is met by imports from unstable regions, this might be a smart idea. Besides, oil prices fluctuate a lot, causing instability. Lately, oil prices have been rising to record highs because of instability in the Middle East and Nigeria, state intervention in Venezuela and Russia, and surging demand in China and India. At the moment, it doesn’t look like these trends are going to change direction soon, making a permanent high oil price likely, thereby increasing the incentives for dependence reduction. Additionally, less and less conventional oil wells are being found, meaning that in the future, oil will have to come more and more from more expensive sources like tar sands, which also contributes to a high price.

Lastly, reducing fuel consumption by cars and trucks just appears to make common sense when one dislikes waste. Why should well-off Dutch parents with a preference for Volkswagen diesels haul around their children in a Touareg, a Sports Utility Vehicle costing € 60,000 in the Netherlands and consuming 10.1 litres of diesel per 100 kilometres, when a Passat Variant (at € 37,000 and 6.0 l/100km), a comfortable family car offering the same space and safety, will also do the trick
? The reason is that big cars provide a feeling of safety and also give a certain status to their drivers. Car purchase decisions are among the most emotionally driven decisions taken by economic actors, and so fuel economy is often considered less important than a car’s looks or comfort. As long as demand is determined in this way, manufacturers are unlikely not to supply the big, fast and shiny cars that people want.

The goal of this thesis is to explore policy options for European countries that give incentives to both car manufacturers and consumers to choose cars that consume less fuel and thus emit less CO2. The main focus will be on feebates, a system of rebates and taxes (‘feebate’ being a contraction of ‘fee’ and ‘rebate’) that through the workings of the market may have the potential to significantly improve the fuel economy of cars.
2. Feebates as an Instrument to Reduce CO2 Emissions 
Feebates stimulate the purchase and production of fuel efficient cars through subsidies and taxes. However, there are also other instruments that can reduce fuel consumption for road transport within an economy. Section 2 therefore starts with a consideration of fuel taxes and fuel economy standards. I then give an overview over the available literature on feebates, continue with a short study on very efficient cars and how well they did on the market, and finally analyse five different possibilities for feebate schemes.  

2.1 Current non-feebate approaches

There are several externalities involved with road transport: congestion, air pollution and greenhouse gas emissions are considered the most important. The central question in this thesis is whether feebates offer a good way to improve fuel efficiency of the new car fleet in the European Union, which can lead to substantial reductions in CO2 emissions and decrease dependency on imported oil. 

There are basically two ways for a government to reduce the fuel consumption (and thereby the CO2 emissions) of automobiles: one is regulation (e.g. banning cars that emit more than a certain amount of greenhouse gases, or more radical, prohibiting driving on Sundays in order to avoid emissions), another is giving market incentives (e.g. through fuel taxes). Traditionally, for economists, market incentives are preferable because they let the invisible hand of the market do its work within the framework set by the government, while politicians prefer regulation since it is easier for them to implement (the public will complain more if they have to pay a tax for something, while they often accept rules as such). Emission trading schemes use both regulatory and market instruments: the government prohibits emissions of CO2 above a certain level for every actor involved and then allows actors that emit less than the upper limit amount to sell the right to emit to other actors. These schemes are especially popular with politicians today because they divert the direct blame for higher energy costs to the market forces in the trading scheme, while taxes are attributed directly to the government. Before I continue to the core topic of this paper, namely feebates, a system of taxes and subsidies for cars depending on CO2 emissions, I will give a short overview over the most common policy approaches to the improvement of fuel economy, namely fuel taxes and fuel efficiency standards.

Fuel taxes

Thus far, fuel taxes have always been the most-used fiscal incentive for reducing any type of externality of road transport, including greenhouse gas emissions. The idea is that by making petrol (or gasoline, as it is called in the US) and diesel more expensive, people will switch to more efficient cars and use them less or more efficiently once they have them. Intuitively, the latter makes a lot of sense: given that in most of Europe there is no variable road pricing, fuel costs clearly represent the largest part of the variable costs of a car trip. If fuel becomes more expensive, I may consider leaving my car at home and using some other form of transport, or I may use the gas pedal less when driving. The former (switching cars) is more complicated: it depends on how much I am willing to pay extra for future fuel savings at the moment I purchase a car. Of course this amount rises with rising fuel taxes, but we still might expect people to be less rational about saving money in the future than about saving it right now.

The fact that fuel prices have been rising very quickly over the past few years, with petrol prices across Europe in many cases doubling between the early 1990s and now, appears not to have significantly affected consumption of automotive fuels and the resulting amount of greenhouse gases emitted (see Fig. ##). Indeed, Graham and Glaister (2002), in a survey of several empirical studies resulting in hundreds of short- and long term price elasticities for mainly OECD countries, find that the demand for fuel is inelastic both in the short and long run, with the majority of elasticities lying respectively between -0.2 and –0.3 (for the short run) and between -0.6 and –0.8 (for the long run).  The main component of a reduction in fuel consumption induced by higher fuel prices stems not from less traffic but from adjustments by drivers that make driving more fuel-efficient, such as using the gas pedal and brakes less in the short run and buying a more efficient car in the long run. The study also found an income elasticity of fuel demand between 0.3 and 0.5 in the short run and between 0.5 and 1.5 in the long run. This implies that an increase in income may easily offset the effect of an increase in fuel prices on automotive fuel demand. 
	Figure 1: Petrol prices and road transport greenhouse gas emissions in three European countries
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The price inelasticity of fuel demand implies that a substantial decrease in the amount of petrol and diesel consumed necessitates a very large increase in fuel taxes. However, while an increase should definitely be recommended to American policy-makers, in most of Europe, fuel taxes might already be above their social optimum rates. According to Parry and Small (2005), the optimal petrol tax (taking into account all externalities) should be around $1.01 per gallon (around € 0.21 per litre at 2005 exchange rates) in the US and $1.34 per gallon (€ 0.28 per litre) in the UK, which is much lower than the rate for the U.K. and much higher than the rate for the US. Automotive fuel taxes in the UK are the highest in the EU, but most ‘old member states’ reach similar rates (see Fig. A1 in the appendix). So how do Parry and Small arrive at their optimal tax rate, and why is it higher for the UK than for the US? It consists of two main components: the costs per gallon of externalities and a so-called Ramsey component. For externalities, fuel taxes are treated as a proxy for a Pigovian tax. A Pigovian tax for an externality is basically a tax that is raised on the very activity or object that causes the externality. So for congestion, it would be kilometres travelled on busy roads during peak hours, or for air pollution it would be the amount of pollutants emitted (ideally taxing each pollutant separately). In many cases, however, Pigovian taxes are impossible or very cumbersome to administer. The following externalities involved with automotive transport are considered by Parry and Small: congestion, accidents, pollution (be it air pollution dependent on distance travelled or other types of pollution related to the fuel production chain) and greenhouse gas emissions. Greenhouse gas emissions are the sole externality mentioned here for which the fuel tax actually works as a true Pivogian tax: the relationship between fuel consumption and CO2 emissions is as good as linear because it is the carbon contained in the fuel that enters the atmosphere in the combustion process. The ‘Ramsey component’ in the authors’ calculations refers to the concept of the Ramsey tax: according to this principle, taxes should be collected on objects that will lead to as little market distortions as possible. E.g., when it is known that workers’ supply of labour is quite inelastic, it is a good idea to tax labour, first of all because labour supply (and its productive input) will only decrease slightly, and secondly because the tax revenue goes up (while with more mobile tax objects such as a capital gains tax, the tax base may erode because of actors evading the tax, e.g. through investing abroad). 

Ironically, in Parry and Small’s optimal tax, greenhouse gas emissions form the smallest cost component because the other externalities are affected only indirectly by the fuel tax and therefore need a higher rate for the tax to have an effect. The biggest component is formed by congestion costs, followed by the Ramsey component and accident costs. However, in a paper Parry wrote with two other authors
, while sticking to a maximum of a cost of $50 per tonne of CO2 (translating into an optimal tax component of only around €0.03 per litre), he also cites studies that assume more catastrophic consequences of global warming, with costs of around $300 per ton of carbon emitted (which would translate into a tax component of around € 0.16 per litre). Then, according to Parry’s work, even when we use this extreme estimate for global warming costs, optimal petrol taxes for the UK should definitely not exceed € 0.50 per litre. At the moment they do, also in several other Western European countries, including Germany and France. Yet, even in those countries, the high taxes do not appear to have significantly affected greenhouse gas emissions, not even in combination with a steep rise in fuel prices due to surging crude oil prices.

Besides, fuel taxes traditionally are quite unpopular among the public (as became apparent when angry British motorists blocked filling stations in 2000 in protest against high petrol taxes), limiting the political will to actually implement the tax increase. Part of the unpopularity of fuel taxes stems from the fact that they are also considered to be regressive, since an increase hits hardest those who spend a large percentage of their income on fuel. This is a much bigger problem for the US, where there are a lot of poor living at large distances from centres of economic activity and where public transport is very limited, than for Europe, where it is generally easier to get around without a car.

Another disadvantage of fuel taxes is a probable undervaluation of fuel economy by consumers. Often, more efficient cars are more expensive because they make use of advanced technologies or expensive light materials. For example, in Germany, one of the most fuel-efficient cars currently for sale on the European market
, the Blue Motion edition of the Volkswagen Polo
 is €850 more expensive than its counterpart with the same engine power that does not have the special environmentally friendly design characteristics, the Polo Trendline. The Blue Motion consumes 4.0 litres per 100 kilometres, while its counterpart consumes half a litre more, meaning that by buying the Blue Motion instead of the Trendline, someone who drives 30,000 km a year could save around €170 a year at the current German diesel price of €1.15 per litre. Over the lifetime of the car, that seems like a good investment (e.g. over a six year lifespan at a discount rate of 5%), especially for society, since each year over half a tonne of CO2 is prevented from entering the atmosphere. However, individual actors may not be that rational. Greene et al. cite several studies that concluded that consumers in the US who take decisions about the fuel economy of their car take into account only the fuel savings during the first three or five years, or use a discount rate of 10% or even up to 30%. Although the authors do not embrace these specific results as proof, they do signal that bounded rationality is likely to be a strong factor in a car buyer’s decision process. 

It thus seems that in order to achieve the steep reduction of CO2 emissions from road transport envisioned by European governments, other instruments will have to be considered.  

Emission and fuel economy standards

In the US, increasing fuel taxes is considered political suicide by many, so the debate about greater fuel efficiency mainly concentrates on a regulatory instrument: Corporate Average Fuel Economy (CAFE) standards. The CAFE standards were introduced in the 1970s after the first oil crisis, and set a required minimum for the average fuel efficiency of all vehicles sold by a manufacturer. Those manufacturers that do not meet the requirements must pay a fine. The standards appear to have worked quite well during the first ten years of their existence, with fuel efficiency for normal cars on American roads doubling between 1975 and 1984
, although a large part of that improvement may also stem from consumers’ preference for lighter and more efficient cars because of the large increase in oil prices after the oil shocks. 

Light trucks (a category that in the US includes the very popular SUVs, minivans and pickup trucks) have much less strict standards, and their popularity, combined with the fact that CAFE standards for normal cars were not increased, explain why the fuel efficiency of the American car fleet has been decreasing ever since the late 1980s. 

West and Williams (2005) point out several disadvantages of CAFE standards as compared to higher fuel taxes for the US: higher fuel efficiency may make driving cheaper, thus potentially offsetting the gains in emissions per mile with an increased number of miles driven. Also, because driving a certain distance becomes cheaper under tightened CAFE standards, employees see their disposable income not spent on fuel rise and thus may have an incentive to supply less labour, whereas higher fuel taxes would actually work the other way round, while at the same time increasing government revenue. A great disadvantage of fuel economy standards is that while they can be effective at lowering the average fuel consumption economy to the desired average, they give no incentive for improvements beyond this level. As we will see, feebates give a continuous incentive for fuel efficiency improvements.
In Europe, while the strict Euro emissions norms have helped to considerably reduce the amount of non-greenhouse gas pollutants (such as particulate matter and nitrogen oxides) emitted by cars
, there are no binding fuel economy standards that car manufacturers have to adhere to. However, in 1998, a voluntary agreement between the European Commission and European, Japanese and Korean car manufacturers was reached in which the goal is to reduce CO2 emissions from the 1995 sales-weighed average of 187 grams of CO2 per kilometre to 140 g/km by 2009, with the Commission desiring a further reduction to 120 g/km by 2012
. At the moment, it does not seem likely that the 2009 or 2012 goal will be met. There are dozens of models on the market already that can attain emissions below 140 g/km, but for the average among cars sold to come down to that number within less than two years, we would need either a strong shift in car demand towards smaller cars or a sudden radical improvement in fuel efficiency of new models. Either would be miraculous. Because of the voluntary nature of the agreement between the European Commission and the car manufacturers, the incentive to make more efficient cars is apparently not strong enough in a market where bigger cars (especially cars with higher roofs) are increasingly popular. Since the industry has failed to keep its promise, the Commission could claim that it is justified in introducing legally binding standards, i.e. a law that mandates their goal of an average of 120 g/km for 2012, or in taking some market measures to attain it.

Other policies that deal with the externalities of road transport may also to some extent mitigate greenhouse gas emissions. Road pricing systems, aimed at battling congestion on busy roads, are becoming more and more technically feasible, and are likely to reduce the amount of traffic on currently congested roads during rush hours, thereby reducing emissions because of the lower number of cars on the road and the lower amount of time spent on the road by those cars. 

A lot of attention has also been paid to the development of renewable fuels lately. Although renewable fuels offer considerable CO2 abatement opportunities (a car running on 100% biofuel is theoretically carbon-neutral), I will not go into this matter, since it goes beyond the scope of this thesis, which is about promoting fuel economy. Given the scarcity of the agricultural resources required to produce biofuels and the large costs involved in their production, fuel efficiency is also a very important issue for biofuel-driven transport, and therefore I suggest that stimulating biofuels should not occur through treating biofuel vehicles differently in a feebate system but rather through affecting the price at the pump.

Including private car owners in the European emission trading scheme seems like a cumbersome enterprise, and is not likely to become technically feasible too soon.

Having considered the most important measures currently used to improve fuel economy and thereby reduce CO2 emissions, we find that there are considerable disadvantages to both fuel taxes and emission standards. It now is time to focus on the policy instrument that this thesis is all about: feebates. 

2.2 Feebates in Literature

Feebates are a concept that can be used for any product that causes an externality. The idea is that there is a certain level of an externality that has been defined as acceptable, the pivot or zero point; those who cause more than that level have to pay a tax, and those who produce less of the externality get a subsidy. Usually, the systems are quite simple, often linear: each additional unit of the externality in question is punished with a certain amount of money, and each unit that is saved is subsidised with the same amount. Feebates have been successfully applied to nitrogen oxide
 pollution by big combustion plants in Sweden
, and to some extent for fuel consumption by automobiles in a number of regions. In the latter case, fuel consumption serves as a proxy for a range of negative effects of road transport that I identified in the introduction. The focus in this thesis is on the externality of carbon dioxide as a greenhouse gas.

The concept of using a system of taxes and feebates to improve fuel economy of cars and reduce greenhouse gas emissions was covered extensively in academic literature in the late 1980s and early 1990s in response to a feebate proposal for the state of California called DRIVE+ that in the end wasn’t implemented. Train, Davis and Levine (1997) pick up the concept. In their study, they find that introducing a feebate system in the US, with most subsidies or extra tax fees amounting to less than 1% of the sales price of the cars and light trucks involved, could lead to fuel efficiency improvements of over 10%. Over 90% of these fuel savings are due to manufacturers improving the efficiency of the cars produced rather than decisions by consumers to shift to vehicles with higher efficiency. The authors use a supply model developed by Duleep and a demand model by Train himself
, applying it to a market with 95 subclasses for passenger vehicles in order to calculate the impact on demand and supply of seven different revenue-neutral feebate scenarios. The different types depend on the height of the feebate, whether normal cars are treated differently than light trucks, whether the feebate is based on gallons per mile or miles per gallon and whether the feebate scheme is linear or not. The scenario that they focus on, in which the feebate is $50,000 for each gallon per mile ($212.50 for each litre/100km) that the vehicle consumes above or below the pivot point (with a higher pivot point for light trucks), yields an efficiency improvement of 14% for new cars and 11% for new light trucks, which means an annual CO2 emission reduction of 68.3 million tonnes by 2010, taking into account the take-back effect that results from an increase in driving because it has become cheaper. Doubling the feebate to 100,000 leads to an efficiency enhancement of 18% for cars and 13% for light trucks (with annual CO2 emissions that are 81.2 million tonnes lower). There thus appear to be considerable decreasing returns to increasing the feebate. 

A different scenario, in which the feebate is also $50,000 but without a difference between the pivot point for cars and light trucks, leads to the same efficiency increases but a somewhat higher CO2 emission reduction (70.3 million tonnes). This is due to the fact that the manufacturers care only about the height of the feebate, not the pivot point: if making a car more efficient costs them less than the amount by which it will become cheaper because of the feebate (be it because of a lower tax or a higher subsidy), they will do it. Consumers do care about the choice of the pivot point because it determines how much subsidy they get or the extra tax they have to pay when buying the car. In the scenario with the same pivot point for cars and light trucks, this leads to a shift away from the latter towards the former. However, since the impact on the consumers’ choice is only slight in the model used, this results in a relatively small CO2 emission reduction. The authors also find that, for all the scenarios, consumer surplus increases against the baseline scenario because car manufacturers are stimulated by the feebates to produce vehicles that consumers prefer to those produced under the baseline scenario. The reason why they are not willing to produce these vehicles in the absence of feebates is that investing in the development of fuel-savings techniques is risky. Feebates give an incentive to take that risk. Also, consumers who have a vehicle with characteristics that they like will wait longer until they buy a new one, and the vehicle will be worth more when sold on the second hand market, thus leading to some sort of competition between the manufacturers’ new and old products.

Because the consumers’ reaction is very small compared to the manufacturers’, Train, Davis and Levine suggest that, for feebates to have a significant effect on the fuel efficiency of the American car fleet, feebates should be introduced at the federal level in the United States. An introduction at a State level would not give enough incentives to manufacturers because the size of the market with feebates would then be relatively small (except perhaps in the case of California).

Greene et al. (2005) use a nested multinomial logit (NMNL) model of vehicle choice combined with a model for the relationship between fuel economy and vehicle price to determine the effects of feebate schemes on fuel efficiency. Like with Train, Davis and Levine, the main scenario is a feebate of $50,000 for each gallon per mile ($212.50 for each litre/100km) consumed, with different pivot points for cars and light trucks. For this scenario, efficiency improvements are 12% for cars and 19% for light trucks. So unlike the Train, Davis and Levine outcome, fuel economy increases more for trucks than for cars. Annual carbon dioxide emissions are reduced by 66 million tonnes by 2020, which is comparable. 

A big difference between Greene et al. and Train, Davis and Levine are the returns of doubling the feebate to $100,000: in this case, it does lead to a near doubling of the improvements in efficiency, reaching values that are similar to those for the decisions taken by rational consumers that fully value fuel efficiency at a feebate of $50,000. This is likely to be mainly due to the assumptions about consumer rationality. Train, Davis and Levine, who derive the consumers’ willingness to pay for fuel efficiency from the parameters in the discrete choice model based on empirical data used, deduce that “consumers do indeed behave fairly rationally in their choice of fuel efficiency in vehicles”
. Greene et al., when they assume rationality (i.e. consumers take into account fuel savings over the car’s lifespan instead of three years only), also find decreasing returns to increasing the feebate. Apparently, at a higher feebate level, consumer response gains importance against producer response because the number of fuel efficiency improvements at a reasonable price is limited for manufacturers. When determining the right feebate rate, the question is then whether consumers are rational or not. If they are, they will take into account the true economic value of fuel savings anyway, and won’t need feebates to steer their decision in the right direction. The feebate rate must then be chosen carefully in order to maximise results. If they are not, the danger of choosing a rate that is too high is much smaller. 

A recent study by Turrentine and Kurani (2007) that is based on household surveys finds that consumers in California on average do not track how much money they spend on petrol over longer time periods and therefore make large errors when taking fuel costs into account upon vehicle purchase. This stands in sharp contrast to Espey and Nair (2005) who find that the outcomes of purchase decisions suggest that consumers do actually fully internalise fuel costs when deciding upon a car to buy. 

Studies about US consumers’ consideration of fuel savings thus paint an ambivalent picture. However, there is somewhat of a consensus in most papers (see e.g. the literature survey by Langer, 2005) that the decisions taken by US consumers are limited in their rationality. Nonetheless, we should be cautious when applying this consensus to the European market, because European consumers are used to much higher fuel prices and therefore are more likely to take fuel costs into account. When dealing with feebate rates, we should keep in mind that there may very well be decreasing returns to increasing feebates.
Johnson (2006) offers a study of five different feebate options without actually using any models to simulate the impact on consumer and producer behaviour, but just determines what the effect of different feebate schemes would be on the prices for the 2002 new car fleet in the US. He focuses mainly on mitigating the possibility of a negative popular backlash to the introduction of feebates in the US, proposing schemes that penalise inefficiency of cars given a certain weight, and not heavy cars per sé. The author fears that otherwise the system could be seen as an “SUV tax”. As an alternative to the weight-approach, an idea would be to base the feebate on consumption per unit of footprint surface, but Johnson argues that this could lead to a useless increase in footprints of cars because footprints can be increased relatively easily without increasing consumption too much (e.g. by making the car longer, the aerodynamic drag can remain the same while the car has gotten bigger). Basically, there is a similar argument against a consumption-per-weight-based feebate, but the author argues that increasing the weight of a car makes consumption increase proportionately and thus would also lead to a higher fee or a lower rebate.

There are basically two ways to base feebates on a car’s consumption given its weight: a feebate for each unit of fuel consumed per unit of distance per unit of weight (so e.g. an amount of dollars per gallon per mile for each metric tonne of weight), or using several vehicle classes. Johnson mentions three different class systems: one, in which the classification is similar to that of the current CAFE standard system in the US, in which there are cars and light trucks, one in which there are 21 weight classes, and one in which there are 25 weight classes that are partly overlapping, so a vehicle with a certain weight can fall into up to five classes, with the average of the five feebates applying. The latter scheme avoids for a large part the practice of “weight gaming”, in which manufacturers manipulate the weight of vehicles in order to let them be part of a certain vehicle class.

According to Johnson, the main advantage of basing a feebate system on a consumption per mile per weight measure (be it achieved directly or through using several classes) as opposed to a consumption per mile measure is the possibility to increase the feebate rate significantly without changing the amount of money that is collected and redistributed (assuming we want revenue-neutral feebates), thereby increasing the incentive for both manufacturers and consumers to choose a more efficient car within its weight range. Although this is a valid argument, there is a great downside to Johnson’s approach: while some not-so-efficient lightweight cars could be taxed for poor performance within their weight class, relatively efficient “gas-guzzlers” would get a rebate even though they consume considerably more than the inefficient lightweights.

2.3 A Study: the success and failure of very fuel efficient cars in the past

For knowing the effect of feebates on the fuel economy of the European car fleet, it is useful to consider what efforts have been made by the automotive industry to use their technical know-how in order to produce models that emit significantly less carbon dioxide than the rest of the car fleet and how consumers have responded to these models. 

The automobile industry is capable of producing very fuel efficient vehicles, yet the vast majority of cars on the European market still emit more than the 120 grams of CO2 per kilometre that the European Commission envisions as the average for new vehicles sold in 2012. In fact, the CO2 guide compiled by the Belgian federal public service for health, food chain safety and environment
 lists only 89 versions of some thirty models emitting less than 120 g, among nearly 3,000 versions of current generation vehicles on the market. Among the thirty models, most were French (albeit the number of French models is somewhat distorted by double-counting of virtually identical Peugeot and Citroën models) or Japanese, but the leaders on the list were the diesel versions of the only German cars present: the Smart Fortwo and the Volkswagen Polo Blue Motion. For this section, I will consider cars that emit less than 120 g CO2 per km (less than 5.2 litres of petrol or 4.3 litres of diesel) as very efficient.

As early as the mid-1990s, it was technically possible to produce very efficient cars. In 1997 Greenpeace, in cooperation with the Swiss firm Swissauto Wenko, took the popular Renault Twingo model and turned it into a prototype that had a very comparable performance in terms of acceleration and speed while offering the same interior space, but weighed 200 kg less and consumed less than half as much petrol. The prototype, the Twingo SmILE (Small, Intelligent, Light, Efficient) consumed 3.3 litres of petrol per 100km, emitting 76 grams of CO2
, a value that up till now has not been reached by any car ever sold on the market. The changes were achieved mainly by reducing weight and air resistance, using off-the-shelf technology (i.e. technology that was readily available and did not require extensive research and development) without causing a significant increase in the cost, the biggest cost increase caused by the use of aluminium in the wheels and wheel suspension, and a supercharged engine. The SmILE thus was developed as a prototype that could easily be produced in series by car manufacturers. Thus far, however, no car manufacturer has picked up the concept, and it is unlikely that anyone ever will, given that the concept is ten years old. However, it may still serve as a source of inspiration.

Around the turn of the century, Volkswagen was the first manufacturer to produce a so called three-litre-car, the Lupo 3L. Equipped with a 1.2 litre 3-cylinder diesel engine, aluminium parts used throughout the vehicle’s architecture (including the engine), low-resistance tyres and a computer system that determined automatically when the car would shift gears and put the engine in stand-by mode when idle, the combined diesel consumption of the model amounted to only 3l/100km (implying CO2 emissions of 84 grams)
. The Lupo was meant to take the position below the Polo as Volkswagen’s smallest car, and the three litre version was meant as a niche product to show what the company was capable of in terms of fuel economy, using far more light materials and more advanced technological aids than the standard Lupo. In the end, the Lupo model didn’t turn out to be very successful, and Volkswagen decided to end production of the whole line, including the 3L version, in 2005. 

Within the Volkswagen group, a second three-litre car was introduced in 2000: the Audi A2 1.2 TDI. Allowing more driving comfort than the Lupo 3L and a surprisingly spacious interior, this small car’s efficiency was based mainly on its excellent air resistance properties (with the Honda Insight, the droplet-shaped A2 shared the lowest drag coefficient of any mass-produced car in history) and on extensive use of aluminium. Meant as a direct competitor to the Mercedes A-class, the A2 failed to attract enough buyers, and, like with the Lupo, all editions of the model were pulled out of the market in 2005. 

What made these two three litre cars fail? Firstly, they were sold under a considerable premium, often reaching thousands of euros – the use of lightweight materials and state-of-the-art technology made them relatively expensive to build, and their ecological properties may have caused Volkswagen to raise the price even further to benefit from the willingness to pay of eco-pioneers. Also, the realisation of the high fuel efficiency required some sacrifices regarding driving comfort, especially in case of the Lupo, which led to bad reviews in auto magazines. As for the general Lupo and A2 editions that were not super-efficient, they apparently did not do too well because they were among the more expensive models in their markets, the Lupo competing with other Spartan models such as the Ford Ka and the Fiat Panda, cars that are generally bought because of their low price rather than their brand esteem, and the A2 struggling with a bit of an identity crisis: was it a supermini or a mini-MPV (multi-purpose vehicle)? 

The Smart, a two-seater city car that was originally developed in a joint venture by Daimler Benz and watchmaker Swatch, was marketed as very small and very hip without focussing much on its ecological properties, even though it also qualifies as very efficient. The two-seater model (now called Smart Fortwo) is quite a success, selling 750,000 times since its introduction in 1997
. Apparently, sophisticated design and a fun-image are the way to go for environmental cars. The four-seater Toyota Aygo/Citroën C1/Peugeot 107 (nearly identical models produced in a joint venture, all emitting 109 grams of CO2 per kilometre) appears to confirm this, as it is selling very well. As a matter of fact, during the first half of 2007 in the Netherlands, the three models combined sold more often than the most popular single model, the Opel Corsa
. Their combined sales figure of over 11,000 during the first two quarters totally eclipses the Smart Fortwo’s 295.

Hybrid-electric cars are a whole new chapter. Having both a relatively small petrol-powered combustion engine and a battery-powered electrical engine, they can achieve very low fuel consumption in urban environments. There, in stop-and-go traffic, the battery is recharged by using energy from regenerative braking, the combustion engine turns off when the car is idle, and the battery also recharges when the vehicle reaches higher speeds while propelled by the combustion engine. When driving long distances on uncongested motorways, hybrids are clearly less efficient than diesel-powered vehicles, since the battery and electrical motor are hardly used at such moments and just make the car heavier. Given that most cars are used for driving both in inner cities and on motorways, the combined consumption for hybrid vehicles is much lower than for comparable petrol cars.

Toyota was the first manufacturer to mass-produce a hybrid electric car: the first generation Toyota Prius, a small sedan, was introduced in Japan in 1997 and came to the US market in an updated version in 2000. This version of the Prius consumed 4.9 litres of petrol per kilometre
. The Honda Insight, a very small two-seater, was introduced to the US and Japanese market in 1999 and consumed 4.2 l petrol per 100km. These two models were reasonably successful: the Insight sold at very low numbers (e.g. in 2004, the year that hybrid sales started to really take off, 583 Insights were sold in the US, against a total of over 84,000 hybrid cars
), but Honda continued to produce the model until 2006. The first generation Prius did much better, selling about ten times as many times as the Insight, and setting a standard for hybrid vehicles. In 2004, the second generation Prius was introduced. Larger and performing better in all fields (including fuel economy: 4.3l/100km), this Prius established hybrid cars as a reasonable alternative to standard combustion engine vehicles in the mass-market. 2004 also saw the introduction of the first hybrid SUV on the US market, and the number of hybrid vehicles on the American market has since grown to nine, including three SUVs. Sales of these models (built by Toyota, Honda, Nissan, Ford and their subsidiaries) in May 2007 totalled more than 45,000, 2.9% of all new vehicles sold. The second generation Toyota Prius still absolutely dominates the hybrid market with 24,000 units sold in May. The immensely growing popularity of hybrids in the US can partly be explained by the near absence of diesels and of very small cars. While European consumers are used to diesel versions of models that offer 5-20% higher efficiency than their petrol counterparts and very small cars that emit less than 130 grams of CO2 per kilometre, the hybrid versions of popular models that suddenly offer great fuel efficiency improvements and the Prius (that is considered a small car in the US), emitting only around 105 grams of CO2, are seen as a revolution. According to an article in The International Herald Tribune
, the large market share of the Prius can be explained for some part by the fact that it is the hybrid car. Firstly, it was the first hybrid on the American market that offered more than the Insight’s two seats and the first one that sold in large numbers; secondly it is currently the only model of which there are no non-hybrid versions. Driving a Prius sends out a clear message: “look, I’m driving a hybrid, I care about the environment”. 

In Europe, hybrids catch on a lot slower: as of May 2006, Toyota had sold only 50,000 hybrids there (at that time, the company was selling more than 10,000 each month in the US). Its Prius also dominates the European hybrid market, followed at some distance by the Honda Civic hybrid. Other models (e.g. by Lexus) are being sold, but these remain very much in a niche.

Given the legislative drive towards greater fuel efficiency, high oil prices, and increasing awareness about global warming among the population, manufacturers can be expected to continue developing cars with a good environmental record, and may have more success selling them. Rather than introduce models that are developed to be ecological, like the Lupo and the A2, a likely trend for big manufacturers is to offer ecological versions of popular models that offer very similar performance, in order to avoid the image of poor driving comfort that appears to stick to ecological cars. The Blue Motion line that Volkswagen is introducing for its Polo, Passat and Golf models is an example.

A niche market is emerging for hyper-efficient small cars. An example is the Loremo, a very small car developed by a small German firm of the same name. Shaped like a sports car, this concept offers two seats in combination with either a large trunk or another two seats for children (or two short people) and is designed to consume 1.5l of diesel per 100km, implying CO2 emissions of less than 45 g/km. Emissions of that level are about the same as the emissions per traveller in trains
, meaning that two people in a Loremo theoretically emit less carbon than if they take the train (although of course, because the train is moving anyway, a passenger’s marginal impact is zero). According to the Loremo company, production of the car is scheduled to start in 2009
.

The efficiency and performance of hybrid models is also expected to improve further, especially with the introduction of lithium-ion batteries, the type of batteries found in most handheld electronic devices today, which offer more power and less weight. The coming generations of hybrids is expected to come with plug-in variants, meaning that the car’s battery can also be charged from the electricity grid, significantly decreasing the need for the car to use its fuel-driven engine within urban environments. Also, diesel-hybrids may set a new trend in Europe, with Peugeot planning to introduce a hybrid diesel version of the C4. Marrying a hybrid’s excellent urban fuel economy with the efficiency of diesels on motorways may result in a whole new generation of very efficient cars.

What role can feebates play for these efficient cars? They make it more attractive for manufacturers to incorporate expensive new fuel-efficient technologies in cars and to go the extra mile in perfecting existing technologies, and make it clear to consumers that they will be rewarded for buying a fuel-efficient car and punished for purchasing a fuel-guzzler. Perhaps some of the failed very efficient cars mentioned in this section would still be on the market if feebates had been in place when they were being sold. It is now time to look at a few possible designs for feebate schemes.

2.4 Possible Feebate Designs for European Countries

In order for a feebate scheme to work effectively, the available literature suggests a federal implementation for the US, since the largest effect of feebates on fuel economy is through the manufacturer’s response and to a much lesser extent through a consumer reaction. Therefore, because an implementation at the regional level may very well have too small an effect on the strategy of manufacturers (developing a car model especially for e.g. the Netherlands is often too costly), an implementation at the highest level is likely to be the most effective. For Europe, this would imply that feebates should be introduced by the EU rather than at the national level in order to make a difference. All the feebate scheme variants discussed here therefore refer to an introduction at the European level.

As for the question what the feebate for new vehicles should be based on when we want to increase fuel economy, there are two options: fuel consumption and CO2 emissions. The former has the advantage is that it is easy to grasp intuitively: a buyer knows, for example, that a car that consumes 4 litres of petrol on 100 kilometres is very fuel efficient. If a buyer gets a feebate for that, it is immediately apparent why. This advantage is minor, however. A big disadvantage is that using fuel consumption either means a bias in favour of diesel cars (diesel has a greater energetic value, for a large part because it contains more carbon; this means that CO2 emissions per litre of diesel are higher) or making the system more complex by introducing different feebate rates for diesel and petrol (in order to take into account the different carbon values). This may not be a problem for the American case, since the market share of diesels is negligible in the US, but it is in Europe, where diesels as a percentage of new car registrations passed the 40% mark in 2002
 and is still increasing. The second option, basing the feebate on carbon emissions, keeps the feebate scheme simple and equiproportionally takes into account the car’s influence on climate change. I therefore base all the feebate schemes handled on CO2 emissions rather than fuel consumption. 

As I motivate extensively in the Appendix, I treat carbon emitted from diesel and petrol equally. Although diesel vehicles have emitted much larger amounts of carcinogen particulate matter in the past, with the introduction of wall-flow particulate filters, diesels now only emit more nitrogen oxide and therefore cause non-CO2 externalities comparable to those from petrol vehicles. The preferential treatment of diesel when it comes to fuel taxes in many European countries cannot be justified, however. If anything, diesel fuel should be taxed higher because of its higher CO2 content. See the Appendix for more details on the differences between petrol and diesel today.

When designing a feebate scheme, as with any fiscal measure, one can make it as straightforward or complicated as one wants. Simple schemes, although they may be somewhat less precise and offer less exceptions for special cases than more complicated ones, are very easy to present to the public, which is a great advantage when the feebate is to be used as a signalling tool towards consumers. The message “If you buy this SUV we will tax you by an additional €7,500 because it emits 150 grams CO2 more per kilometre than we would like cars to. On the other hand, if you decide to choose that efficient but comfortable family car over there, the tax will only amount to €500 because it emits only 10 grams more than our limit” is clearer than “The feebate you pay or receive depends on your vehicle’s emissions, weight, footprint surface and passenger capacity which in this case leads to a €7,000 advantage for the family car.” If consumers can easily determine themselves what the size of the feebate will be for the different options they are considering, using mental calculation or a very simple calculator, they are more likely to actively take the feebate into account when making their decision. 

To maximise the consumer response, it is very important to make the feebate scheme as transparent as possible. In this case, the subsidy or tax should not be hidden somewhere in the net sales price (as environmental subsidies are often now) but should be clearly indicated, for example: “Price: €15,500, including VAT and a €1,500 feebate subsidy”. That way, the consumers’ wish to get a bargain could incline them to prefer the car to a similar model with a “€14,500, including VAT and a €500 feebate tax” price tag (taking into account that the former model has better fuel economy). 

Contrary to the American literature considered, I do not pay any attention to revenue neutrality of the different schemes, since firstly I don’t have comprehensive data for the different characteristics of all cars on the European car market and their sales figures and therefore cannot determine whether the amount subsidies handed out equals the amount of fees collected, and secondly because, albeit revenue neutrality may offer a valuable argument to prevent a popular backlash against feebates, it is not a goal as such. Also, revenue neutrality may make it necessary to change the feebate rate and pivot point often (e.g. when the system leads to higher sales of cars that get a rebate and thus would mean additional spending for the government), which would not be good for the predictability and credibility of the programme. Ideally, if it is effective, a feebate system is revenue-creating at first (as the fees collected outweigh the subsidies provided) and then becomes a spending post (as there is a shift towards vehicles below the threshold). If the government announces upon introduction that it will lower the pivot point after a couple of years to make the system less of a budget burden, it can do so with total credibility. Credibility is important because manufacturers who invest in new technologies want to be sure that they can depend on the feebate system to be in place in the medium- to long run. This is often the case with environmentally friendly technologies, e.g. in the case of solar cells.

The take-back effect of fuel economy measures that I mentioned before when covering Train, Davis and Levine (1997) is an issue that needs to be dealt with when considering policies that increase fuel efficiency: as cars become more efficient, the actual use of the car becomes cheaper and therefore consumers become inclined to use their car more once they have purchased it. This effect may even intensify in the case of feebates because, in the case of cars above the pivot point that require an additional fee, the feebates represent a hurdle for purchasing the car. Once that hurdle has been taken, many consumers will want to use their car more often “because they paid so much for it” and because it consumes less fuel and thus using it has become cheaper. Opportunity-cost thinking is not very widespread among individual actors. In order to compensate for the take-back effect, increasing the variable cost of using the car may become necessary. This can be achieved through increasing fuel taxes (which would not enhance the feebate system’s popularity) or increasing the coverage of road pricing programmes.

Basically, although I only mention private vehicles, the feebate schemes covered here could also apply to commercial vehicles up to a certain weight (i.e. the vehicles that are comparable to civilian versions). Compensation for very high fees that come as a consequence of the purpose-based size and weight of some of these vehicles could be arranged through the system for taxation of businesses. 

Like Johnson did for the American car market, I want to analyse the consequences of different feebate schemes on the height of the feebate for different models for the European market. I have selected the examples of eighteen models that are popular in Europe to make apparent how much of a rebate or extra tax would apply for each model. All models are popular vehicles within their class, and usually the more fuel-efficient versions are chosen (which is why there are quite a lot of diesels in the list). Two extreme examples are added: one is the extremely efficient minicar Loremo (the concept car mentioned before) that is likely to be built in Germany from 2009 onwards. Another is a real petrol-burner and an outlier in the group of cars, the Ferrari 675M supercar. All twenty cars in the list meet Euro IV pollution standards, as the diesels have particle filters. Feebate schemes A through E show different choices that can be made regarding feebate schemes.

Table 1: Different feebate schemes for the cars in the sample

	Car
	Fuel
	Emissions
	Seats
	Weight
	Emissions 
	Emissions 
	Feebates for different schemes

	 
	 
	g CO2/km
	 
	kg
	g CO2/tonne/km
	g CO2/seat/km
	A
	B
	C
	D
	E

	Loremo LS (concept)
	Diesel
	42
	2
	450
	93
	21
	3,900 
	1,333 
	3,900 
	4,416 
	3,351 

	Smart Fortwo 0.8CDI
	Petrol
	88
	2
	780
	113
	44
	1,600 
	359 
	1,600 
	2,828 
	1,663 

	VW Polo Blue Motion
	Diesel
	102
	5
	1064
	96
	20
	900 
	1,207 
	900 
	2,121 
	982 

	Toyota Prius
	Petrol
	104
	5
	1275
	82
	21
	800 
	1,922 
	800 
	2,000 
	878 

	C1/Aygo/107
	Petrol
	109
	4
	765
	142
	27
	550 
	-1,124 
	550 
	1,658 
	614 

	VW Polo 1.4 TDI
	Diesel
	124
	5
	1091
	114
	25
	-200 
	317 
	-200 
	-1,000 
	-234 

	Volvo S40 1.6
	Diesel
	129
	5
	1288
	100
	26
	-450 
	992 
	-450 
	-1,500 
	-534 

	BMW 118i
	Diesel
	140
	5
	1340
	104
	28
	-1,000 
	776 
	-1,000 
	-2,236 
	-1,224 

	Citroën C5 1.6
	Diesel
	142
	5
	1400
	101
	28
	-1,100 
	929 
	-1,100 
	-2,345 
	-1,354 

	Renault Grand Scenic
	Diesel
	156
	7
	1435
	109
	22
	-1,800 
	564 
	-800 
	-3,000 
	-2,302 

	VW Touran CDI (7-seater) 
	Diesel
	160
	7
	1539
	104
	23
	-2,000 
	802 
	-1,000 
	-3,162 
	-2,584 

	Ford Focus 1.6
	Petrol
	161
	5
	1264
	127
	32
	-2,050 
	-369 
	-2,050 
	-3,202 
	-2,656 

	Opel Zafira B
	Petrol
	170
	7
	1405
	121
	24
	-2,500 
	-50 
	-1,500 
	-3,536 
	-3,313 

	Peugeot 407 2.0
	Petrol
	184
	5
	1550
	119
	37
	-3,200 
	65 
	-3,200 
	-4,000 
	-4,388 

	Chrysler Voyager
	Diesel
	203
	7
	1925
	105
	29
	-4,150 
	727 
	-3,150 
	-4,555 
	-5,945 

	Mercedes E 200
	Petrol
	210
	5
	1480
	142
	42
	-4,500 
	-1,095 
	-4,500 
	-4,743 
	-6,547 

	Mercedes Benz Vito CDI
	Diesel
	234
	9
	1945
	120
	26
	-5,700 
	-15 
	-3,700 
	-5,339 
	-8,721 

	VW Touareg 2.5 TDI
	Diesel
	270
	5
	2247
	120
	54
	-7,500 
	-8 
	-7,500 
	-6,124 
	-12,300 

	Range Rover 4.4 V8 com
	Petrol
	352
	5
	2694
	131
	70
	-11,600 
	-533 
	-11,600 
	-7,616 
	-21,807 

	Ferrari 575 M
	Petrol
	499
	2
	1730
	288
	250
	-18,950 
	-8,422 
	-18,950 
	-9,734 
	-43,239 


	Scheme
	Base
	Pivot  Point
	Rate
	Feebate Formula

	A
	Emissions per km (g CO2)
	120 g/km
	€ 50 / g
	(120 – emissions) * 50

	B
	Emissions per weight (g CO2 per tonne per km)
	120 g/ tonne /km
	€ 50 / g
	(120 – emissionspw) * 50

	C
	Emissions per km (g CO2)
	120 g/km
	€ 50 / g
	[120 – emissions + (#seats over 5)*10] * 50

	D
	Emissions per km (g CO2), take square root
	120 g/km
	€ 50 / g
	( ((120-emissions) * 50

	E
	Emissions per km (g CO2)
	120 g/km 
	parabolic
	4000 - emissions1.73


Sources: Emissions were taken from ANWB (2007) and Moureau (2007), weight figures from ANWB (2007) and the respective company websites.

A linear scheme based on CO2 emissions with one pivot point (scheme A)

The most straightforward feebate system would be a linear scheme with one pivot point, meaning that all passenger cars are treated the same (there is no difference between small cars and big cars). There are several arguments in favour of a simple linear scheme based on a car’s emissions: 

First of all, the incentive is kept in its purest form: the manufacturer knows that for any car, installing a technology that saves a certain amount of CO2 per kilometre will make the vehicle cheaper by the feebate rate times the emissions prevented. So if the feebate rate is €50 per gram of CO2, any modification that costs less than €50 per gram of reduced emissions pays off. For consumers, the incentive is less clear because the producer may decide to pass on the cost of the modification to the consumer. E.g., an engine improvement costs €300 and leads to emissions that are 10 g lower, giving a feebate difference of €500 (either through lower taxes or a subsidy). If the higher costs are added one on one to the gross sales price, the net price of the car for the consumer is only €200 lower than before the modification. The manufacturer may decide to decrease this difference even further by raising the gross price until the modified model is as expensive as the unmodified version. This could partly explain why all the articles studied in section 2.2 find that the consumer response to feebates is minor compared to the reaction by manufacturers.

Secondly, the purpose of most cars is usually to transport one or two people from one place to another on paved roads, mainly for commuting. Then, in principle, for daily use, a small five-seater with some luggage space would suffice most of the time. Any other applications of a car, e.g. transporting bigger baggage loads or more than five people, towing a trailer, dynamic driving or off-road use, are bound to require a bigger and thus heavier vehicle with a stronger motor. That implies that the car will probably emit more CO2, and thus its price is likely to increase because of the feebate, although the feebate/price ratio may not change very much, as the features that make the additional applications possible usually also make a car more expensive. Given that the daily use of a car usually does not require anything more than a small number of seats, a roof, and a motor that will take the car to a maximum speed of around 150 km/h, one could argue that those who want to take their car off-road, use it for shipment of large amounts of luggage, or take a big family with them should also pay more for the additional characteristics of their car that lead to less fuel economy and thus to higher greenhouse gas emissions.

I set the pivot point for this linear feebate to 120g CO2/km because this is the average emission value that the European Commission envisions for 2012. Cars above the desired average are then punished and those below it are rewarded. The choice of the feebate rate is somewhat more difficult, as it depends on how strongly one values the cost of a gram of CO2 emitted throughout the car’s lifetime. Let’s assume that an average car is on the road for around 400.000 km, which is a realistic assumption since cars often change owners several times throughout their lifetime, finding a second life in developing countries when Western European drivers would no longer pay a cent for them. Then, a car that emits 1 gram of CO2 more per kilometre causes 0.4 more tonnes of CO2 to enter the atmosphere during its lifetime. So, what is the worth of these savings? As we saw in the section on fuel taxes, maximum estimates for the social cost of a tonne of CO2 are as high as $50-300, justifying a feebate for each gram of CO2 emitted per kilometre of up to $20-120. Let’s not use the extreme estimate or the conservative one and set our feebate in between, at €50 per gram of CO2 per km, also taking into account some of the positive effects of fuel economy that are not related to global warming, such as reduced oil dependence. Let’s call this feebate scheme A. For this option, we see that the VW Polo Blue motion would get a €900 rebate while buying its closest non-eco relative would require a €200 fee. The Loremo, emitting only 40 grams of CO2, would receive a €4,000 rebate and buying a petrol-guzzling Land Rover Range Rover would call for an €11,600 additional fee.

At the €50 per gram feebate, the incentive for cars whose emissions are not extremely far away from the pivot point is still quite moderate, e.g. the Toyota Prius receives only a €800 rebate (whereas it currently receives higher subsidies in some European countries because of its hybrid technology), which covers only a small part of the extra cost for its expensive technological features. Increasing the feebate rate would mean greater incentives. Doubling the rate, for example, would mean that both the rebates and the fees would be twice as high. However, for the super-efficient Loremo, this would imply a rebate of  €8,000, which is very high considering that the German manufacturer plans selling it for around €11,000 in its home country. A solution in that case would be to limit rebates, e.g. to €4,000. The downside to a limit is that manufacturers have less of an incentive to make cars that are even more efficient. On the other hand, this may prevent the use of excessively expensive ways to reduce weight (e.g. using materials like titanium). A limit on the extra fees paid for vehicles that consume a lot seems less necessary, as these extreme models (SUVs, sports cars) are usually quite expensive anyway, and therefore the fee as a percentage of the sales price is not that high. Scheme E represents a non-linear alternative to this scheme.

Feebate scheme A that was just described will be used as the default scenario to which the other schemes will be compared.

	Figure: Comparing scheme A and scheme B

	[image: image4.wmf]Using a scheme based on emissions vs. emissions per weight 

0

50

100

150

200

250

300

350

400

450

500

Weight (kg)

Grammes of CO2 per km

Cars

Zero Feebate Line Scheme A

Zero Feebate Line Scheme B

When we use a car’s emissions per tonne (scheme B) instead of emissions plain, we get a zero feebate line that neatly follows the relationship between weight and emissions. The incentive is to choose cars that are efficient given their weight, not necessarily economical cars.


A linear scheme based on CO2 emissions per weight (scheme B)
An option favoured by Johnson (2006), a weight-based feebate can give strong incentives to manufacturers to improve the efficiency of a car in a certain weight class while forfeiting the possibility of a possible change in the sales mix. The most intuitive way of raising this tax is to determine the emissions per vehicle-tonne per kilometre and then treat these efficiency-per-weight numbers in a similar way as we did the emissions per kilometre numbers in scheme A. However, for the cars examined here, it would lead to some strange effects: when setting the pivot point at 120g CO2 per km per vehicle-tonne (which is not very efficient) and setting the feebate at €50 per gram again, most cars in the list get a rebate (especially the diesel models since their motors make them heavier), while the model produced in a joint venture between PSA Peugeot Citroën and Toyota (the identical 107, C1 and Aygo) would be weighed down by the highest fee after the Ferrari because its low weight increases its emissions per tonne to 142 grams. This is somewhat awkward since in absolute terms it is one of the lowest-emitting cars on the European market, only surpassed by hybrid vehicles and very small diesels. At its sales price of less than €10,000, the €1,124 fee would be quite a burden, while the Range Rover SUV with a pre-VAT gross sales price of at least €60,000 would only get punished with a $533 fee. It is quite unlikely that SUV manufacturers, much less consumers, would react at all to a feebate of this form. The manufacturers of the 107/C1/Aygo, on the other hand, would see the demand for the city car decrease because of the more than 10% price rise and probably react by increasing its weight in order to get greater weight-consumption efficiency. Johnson suggests that with weight-based rates, the feebate can be raised much higher to increase the incentive for manufacturers to improve the performance of a car given its weight. In this case, that would be either catastrophic for the light and efficient 107/C1/Aygo or, in case the pivot point was readjusted upwards, most cars would receive enormous rebates, effectively turning the feebate system into a car subsidy scheme. That would not be smart given the climate change problem at hand, for which it may also become necessary to decrease the number of cars on the road. Looking at the feebates that result from a weight-based system for the European market, we can conclude that big cars do not get an incentive that is strong enough while the manufacturers and buyers of some lightweight models may face an excessive burden. Given that the number of cars on the world’s roads is likely to increase because of economic development everywhere, a shift towards smaller cars that emit less CO2 is necessary, and a weight-based feebate system is not likely to help much in that sense. 

Adding a bonus for extra seat capacity to the default option (scheme C)

Still assuming that the main purpose of a car is to take people from one point to another, one can reason that it might be a good idea to stimulate bigger passenger capacity for cars. After all, theoretically, it is more efficient to have one seven-seater minivan emitting 170 grams of carbon dioxide per kilometre on the road than two four-seaters emitting 110 grams each. Curiously, although the literature mentions several ways to take into account a car’s utility value, the concept of taking account of the passenger capacity does not turn up. 

The advantage of a seat-based scheme is that cars that have a high passenger capacity and are relatively efficient (i.e. they do emit more than a very small car but emit less per passenger under full capacity utilisation) are not being punished for the greater size that is necessary to harbour more passengers. So families with six children do not have to pay thousands of euros in extra purchase fees just because they want to take the whole family on trips. The downside is that, under the bonus system, when used for only a small number of passengers that could also fit into a smaller car, cars with a big capacity emit more CO2 per passenger but do get a preferential treatment in the feebate scheme.

An idea would be to give cars with a capacity above a chosen number of seats a feebate bonus that works as if each seat in excess of the number of seats that is considered average or usual causes the vehicle to emit a certain number of grams of carbon dioxide less. So, say, a minivan with seven seats that emits 170 grams per kilometre could be treated in the feebate scheme as a car emitting 150 grams because it has two seats in excess of what is considered the usual number, five. A linear bonus system is the easiest way to arrange for a consideration of seat capacity. Another way would be to base vehicle classes on the number of seats or to base the feebate on emissions per seat, but both are bound to be more complicated or lead to disadvantages for city cars with a small number of seats.

For our twenty vehicles, the approach taken here is to give a bonus for every seat in excess of five. The motivation for this is that the majority of cars are five-seaters, even most small cars. Choosing a smaller number of seats would disadvantage very small and fuel-efficient cars such as the Smart two-seater and the 107/C1/Aygo four-seater. Given that even five-seaters are used by only one or two people most of the time and we want to achieve a shift towards smaller vehicles, this would not be a good idea. How big should the bonus for the number of seats in excess of five be? One way to determine this is to look at how much emissions it costs more to transport more people. One way to do this would be to compare the emissions of an efficient mid-sized five-seater diesel, The Volvo S40, with those of a very efficient seven-seater, the Renault Grand Scenic diesel. The S40 emits 129 g CO2 per km versus 156 for the Grand Scenic. Apparently, adding two more seats means 27 grams higher emissions, so 13.5 grams per seat. This is a comparison between the two most efficient vehicles within their respective classes, so the difference can be smaller or bigger depending on the models chosen. A ten gram deduction from total emissions per seat of extra capacity for the calculation of the feebate then seems like a reasonable and intuitive bonus. The outcome of applying this seat-based bonus shows no changes for the cars with up to five seats in our list: their feebate is the same as under scheme A. Buyers of seven-seaters pay a fee that is €1,000 lower than the one they would have to pay if they bought a five-seater that emits as much. For nine-seaters, the bonus is €2,000, which means that the fee decreases to €3,700 from €5,700 for the only nine-seater in the list, the Mercedes Benz Vito.

The seat bonus as described here can also be applied to schemes that are based on something else than plain CO2 emissions.

Using different classes 

The use of different classes is very common for policy measures that affect road vehicles. The EURO pollutant emission standards, for example, have categories for passenger cars, small commercial vehicles, lorries and buses, and large goods vehicles, and the American CAFE standards for fuel economy in passenger vehicles distinguish between cars and light trucks. For feebates applied to passenger vehicles, classes can be introduced for whatever variable the feebate is based on. Both Greene et al. (2005) and Johnson (2006) base classes on vehicle weight. The most important arguments they name in favour of the use of classes is that classes can ensure that buyers and manufacturers of certain types of cars will not feel disadvantaged. This may be very relevant for the US, where all kinds of light trucks are very popular among consumers and domestic car manufacturers have a competitive edge in producing them. A simple emissions (or fuel efficiency) per-distance based linear feebate system  with only one pivot point in the US would benefit Japanese and European car builders who build small and efficient cars and are not burdened by large health care and pension costs like their colleagues from Detroit. It is not a mere joke that the Wall Street Journal, in its editorial section, called another fuel economy- related measure, the tightening of the CAFE standards, the “Drive-a-Toyota Act”
. For most European car manufacturers, however, large cars do not represent an essential part of their sales. Although some luxury marques (mainly German) would be subject to higher fees under a straightforward horizontal pivot line, this is not likely to hit them very hard because their cars are in the upper segment anyway, in which costumers have shown a high willingness to pay for strong performance and size. Also, the feebates may induce these firms to focus more on small and efficient luxury vehicles (such as the Audi A2, The Mercedes A-class or BMW’s Mini Cooper). This issue is therefore a minor one when designing a European feebate system.

As mentioned before, there is one big specific disadvantage to using classes: vehicles that are close to a class border may be subject to class gaming, meaning that manufacturers change the characteristics of a car in order to make it qualify for the less stringent class, often decreasing fuel efficiency in the process because the weight or size needs to be increased. A system with a large number overlapping classes, as proposed by Johnson, is likely to solve this problem but would also be very complicated. 

For these reasons, I have decided not to apply a vehicle class system to my sample of twenty cars. Basically, the seat-bonus in scheme C works just like a seat-based class system in which each additional seat in excess of five puts the car in a class with a pivot point that lies 10 grams of emissions higher.

	Figure: Comparing the linear scheme A to nonlinear schemes.
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	Scheme A is the regular linear feebate, scheme D uses the square root of the difference between a car’s emissions and the pivot point, and scheme E is a negative parabolic function that starts at 4000 and crosses the x-axis at 120, the pivot point. 


Nonlinear feebates (schemes D and E)

Linear feebates keep the system simple and treat all emissions the same, whether they come from a real petrol-guzzler or an efficient mini-car. However, there are reasons why it could be smarter to differentiate the system and treat big, medium or small emitters differently.

When discussing scheme A, I already mentioned a possible problem in a linear scheme, when we have relatively low feebates for cars around the pivot point and very high feebates for models far above and below it. As indicated, the feebates then may be seen as insignificant around the pivot point and can be considered excessively high when subsidies for hyper-efficient cars and fees for gas-guzzlers are concerned. It may then make sense to remove the linearity from the system. This can be achieved in several ways.  

One way would be to use the square root of the difference between the car’s emission and the pivot point instead of the difference itself (scheme D). Choosing a feebate of €40 per gram in the difference of the square-root, what we see is that the feebates for the medium emitters increase significantly, while the Lupo’s subsidy gets a little smaller and the fees for the big emitters become much lower. While this option does increase the incentive for manufacturers to improve their middle-class emitters (lying between around 50 grams and 180 grams per kilometre), the petrol-guzzlers are treated much more leniently.

Another way of making the feebate scheme non-linear in the total feebate euros would use a scheme that basically works the same as scheme A except that, instead of a feebate in euros, it results in a certain percentage of the car’s gross sales price. This option would result in very large absolute fees for petrol-guzzling vehicles (that are usually quite expensive sports cars and SUVs) and relatively small rebates for small efficient ones (as they are often cheap). A possible consequence could be that luxury car manufacturers would focus on improving their cars such that their emissions would fall below the pivot point, in order to make them eligible for subsidies instead of fees. On the other hand, manufacturers of relatively cheap large cars would have less of an incentive to improve efficiency. Given that luxury cars are sold less often than more affordable ones, the total impact on carbon dioxide emissions is likely to be less than in the default option, number one, except if the percentages are set very high. I have simulated a scheme like this, but emitted the results because without gross sales prices for all twenty cars (that would be quite complicated to determine) the percentages would have little intuitive meaning.

A very radical nonlinear approach for authorities that want to both put a maximum to the amount of subsidies given to a hyper-efficient car and strongly discourage vehicles with very high emissions would be to use a simple parabolic function to determine the feebate (scheme E): say, if one wants to limit the feebate to 4000 for a hypothetical car that emits no CO2 at all and to set the pivot point at 120 grams per kilometre, then the formula for determining a car’s feebate would be 4000 – emissions1.73 , where More generally, the formula would be 
Feebate = [Upper limit] – emissionsExponent 
Exponent = ln [Upper limit] / ln [Pivot point]

Feebate = [Upper limit] – emissions (ln [Upper limit] / ln [Pivot point]) 

Using a maximum positive feebate of 4000 and a pivot point of 120, we see that the feebates are pretty much in line with the linear option (albeit somewhat higher in most cases), but only up to the point where emissions reach around 160 grams per kilometre, where the fees for this parabolic option start to exponentially diverge from those for the linear option. We now really have an ‘SUV-tax’ in its strongest form, with fees for the Range Rover increasing to €21,807 from €11,600. The signal is then very clear: those who want to produce or drive a car that emits a lot of CO2 are allowed to do so, but they will have to pay a lot of taxes, the revenue of which is used to subsidise efficient cars and for some part can be used to compensate the emissions. In this case, a special arrangement for cars with a larger passenger capacity (as discussed in option 3) may really become a necessity, because otherwise seven- or nine-seaters may become unaffordable for some large families. 

The biggest downside to nonlinear feebates is that emissions by different cars are treated differently and thus that the incentive for efficiency improvements is different for each type of car. However, given the need for downscaling of the car fleet, treating big, heavy or fast cars with more scrutiny can be defended, also because those who buy these vehicles have the means to deal with an extra burden or switch to a model that emits less. Also, the simplicity of a linear system is sacrificed in that it is no longer directly apparent how high a feebate for model will be when one knows its emissions.

3. Conclusions
Climate change could pose great problems for everyone in the near future, and therefore there is a great need to do something about it by reducing CO2 emissions, even if it is only out of a precautionary principle. While it may not be the easiest or most cost-effective way of doing this, improving the fuel economy of road vehicles can contribute to achieve part of the required reduction, while at the same time reducing energy dependence of European countries.
This thesis has covered several instruments to reduce CO2 emissions from cars: fuel taxes, fuel economy standards and, most importantly, feebates. Fuel taxes have the disadvantage that they are very unpopular, and that fuel demand is very inelastic, partly because people tend to take only part of future fuel savings into account when buying a car. This makes fuel taxes less effective as an instrument for reducing greenhouse gas emissions. Also, research suggests that they have already passed the social optimum level in Europe. 
Mandatory fuel economy standards such as the American CAFE standards have been quite effective in the past, but offer no incentive for improvements once the desired level of fuel economy has been reached. This is exactly what we have seen in the US, where fuel economy for ‘normal’ cars has been constant since the late 1980s, and decreasing for the total fleet due to the ascent of light trucks.
Feebates, on the other hand, force manufacturers and consumers to actively take fuel economy into account when making decisions about the purchase or production of a car, and offers a continuous incentive for improvement.

Previous studies, in which the implementation of several feebate scenarios is simulated using both demand- and supply models, find that even small feebates can trigger significant improvements in fuel economy, the largest part of which are due to manufacturers’ reactions rather than those of consumers. There is still a debate on the extent to which there are decreasing returns to increasing feebate levels, depending on the rationality of consumers: rational consumers are less affected by feebates in their purchase decision than are irrational consumers. Feebates may actually help irrational consumers to take rational decisions about the fuel efficiency of their vehicle.
In the past, many very efficient cars have failed due to low demand caused by an image of poor performance surrounding ecological models and high prices. The models that did have success were marketed as being hip and fun rather than ecological or, in the case of hybrid cars, used revolutionary technology. In the future, feebates could play a significant role in facilitating the entry of very efficient cars in the market by giving incentives for consumers to buy them and for manufacturers to produce and try to sell them.
The successful implementation of feebates depends for a large part on the reaction from manufacturers. For that reason, in Europe, an implementation at a national level is not likely to significantly affect manufacturers if other countries do not implement them, as manufacturers take model decisions for the whole European market and introducing new models on national markets is bound to be too expensive.
Feebates are likely to maximise the consumers’ reaction if they are very visible, so that they can take the feebate into account from the moment they know a car’s price. Similarly, it is important that the government is credible in its commitment to a feebate scheme with certain rates and pivot points, so that manufacturers can rely on the feebate to be in place at the time the efficient cars that are being developed are sold. This almost excludes revenue neutrality of the scheme, as the total fees collected will outweigh the subsidies handed out at one time and be outweighed by them at the other. 
When feebates make cars more fuel efficient, they become cheaper to use. In order to compensate for this take-back effect, it may be necessary to increase fuel taxes or increase road pricing. 

For the European implementation of feebates based on CO2 emissions, I took a range of popular cars on the European market and analysed how big a fee or rebate would apply to them under different feebate schemes. The effects of the schemes on the size of the feebates for the selected cars can be seen in Table 1.
A linear scheme based on CO2 emissions per kilometre has the merit that it is simple and treats emissions from all types of vehicles the same. Given that cars are usually used for daily commuting by one or two people, there basically is no need for great size, off-road abilities or speeds above 150 km/h. It can be argued that those who want these features should pay for the additional emissions they cause. A bonus can be given for a capacity that is greater than five seats, as bigger cars that can transport more people may be more efficient when considering emissions per passenger.
Taking into account a car’s weight when determining its feebate is very popular among American authors, who seem to be afraid of introducing an ‘SUV tax’. However, for my European sample, basing the feebate on emissions per tonne per kilometre leads to some rather strange results where one of the most fuel-inefficient minicars in the list is weighed down by the highest fee. Given that the goal of reducing total CO2 emissions is hard to achieve with a growing number of automobiles, a shift towards lighter cars is necessary, and a weight-based feebate is not a solution.

When one wants to treat different types of cars differently, there is a range of non-linear feebate schemes available that can attain the desired results, be it increasing the incentives for improvements in the middle class of emitters while lowering feebates for extreme cases or punishing extreme emitters harder.
To conclude, introducing feebate schemes on the European market can give visible incentives for a shift towards more efficient vehicles, with a simple linear feebate based on emissions per kilometre being the most intuitive and equitable way to steer consumers and producers in the direction of lower emissions per car.

More research is necessary to determine the likely quantitative outcome of the introduction of feebates in the European Union, e.g. in the form of a study similar to those by Train, Davis and Levine (1997) and Greene et al. (2005), in which the effects on the fuel economy of the new car fleet is analysed using sophisticated models for supply and demand and elaborate databases on car characteristics.
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� The diesel version of the Smart Fortwo is more efficient, but it is equipped with only a partial particle filter, which means it does not meet Euro V standards and therefore does not show up in many environmental car lists. See the appendix for more information about pollution standards.


� Source: http://www.volkswagen.de/ as of 22 June 2007. The Polo Blue motion 1.4 TDI DPF 59 kW costs €16,300 in Germany, while the Polo Trendline 1.4 TDI DPF 59 kW costs €15,450.
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� See also the Appendix for an elaborate discussion of the cleanness of the European car fleet.
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� For a short description of nitrogen oxide as a pollutant, see the Appendix.
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� See Train, Davis and Levine (1997) for more details on these models. The demand model takes into account houshold decisions on the number of vehicles to own, of what type and how old they should be, and how often to drive them.
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� The consumption data in this paragraph are based on Reynolds and and Kandlikar (2007). 


� Sales figures in this paragraph are taken from the website � HYPERLINK "http://www.greencarcongress.com/" ��http://www.greencarcongress.com/� that keeps track of monthly hybrid car sales.
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� Kavalov and Peteves (2004), Fig. 2, page 5.  


� The Wall Street Journal (2007)





28 of 28
1 of 28 

[image: image5.wmf]Using a scheme based on emissions vs. emissions per weight 

0

50

100

150

200

250

300

350

400

450

500

Weight (kg)

Grammes of CO2 per km

Cars

Zero Feebate Line Scheme A

Zero Feebate Line Scheme B

_1245740702.xls
Chart1

		42		42		42

		88		88		88

		102		102		102

		104		104		104

		109		109		109

		124		124		124

		129		129		129

		140		140		140

		142		142		142

		156		156		156

		160		160		160

		161		161		161

		170		170		170

		184		184		184

		203		203		203

		210		210		210

		234		234		234

		270		270		270

		352		352		352

		499		499		499



Scheme A

Scheme D

Scheme E

Emissions (g CO2 per km)

Feebate (€)

Linear vs. nonlinear feebate schemes

3900

4415.8804331639

3351.0899131057

1600

2828.4271247462

1662.7639061182

900

2121.3203435596

981.5609884596

800

2000

878.2912973339

550

1658.3123951777

613.7241715879

-200

-1000

-233.8037165282

-450

-1500

-533.9144372022

-1000

-2236.0679774998

-1224.4597982239

-1100

-2345.2078799117

-1354.4364256068

-1800

-3000

-2301.7357761211

-2000

-3162.2776601684

-2584.2915112782

-2050

-3201.5621187164

-2655.7477283077

-2500

-3535.5339059327

-3313.4517080936

-3200

-4000

-4388.117616218

-4150

-4555.2167895722

-5944.9367285287

-4500

-4743.4164902526

-6546.5206261098

-5700

-5338.5391260157

-8721.1977716334

-7500

-6123.7243569579

-12300.300871467

-11600

-7615.7731058639

-21806.9293070328

-18950

-9733.9611669659

-43239.0880739769



Fuel Excise Duties

		

				2006						2006

				Excises on automotive fuel						Excises on automotive fuel

				€ per 1000 liters						€Cents per liter

				Petrol (Euro super 95)		Diesel				Petrol (Euro super 95)		Diesel		Absolute Difference		Relative difference

		Netherlands		668		365		Netherlands, the		66.8		36.5		30.3		83%

		Belgium		592		342		Belgium		59.2		34.2		25.0		73%

		Finland		588		346		Finland		58.8		34.6		24.2		70%

		Portugal		558		339		Portugal		55.8		33.9		21.9		65%

		Luxemburg		442		278		Luxembourg		44.2		27.8		16.4		59%

		Malta		474		332		Malta		47.4		33.2		14.2		43%

		France		589		417		France		58.9		41.7		17.2		41%

		Austria		417		297		Austria		41.7		29.7		12.0		40%

		Germany		670		486		Germany		67.0		48.6		18.4		38%

		Italy		564		413		Italy		56.4		41.3		15.1		37%

		Spain		396		294		Spain		39.6		29.4		10.2		35%

		Denmark		508		404		Denmark		50.8		40.4		10.4		26%

		Poland		356		290		Poland		35.6		29.0		6.6		23%

		Cyprus		305		250		Cyprus		30.5		25.0		5.5		22%

		Hungary		413		339		Hungary		41.3		33.9		7.4		22%

		Greece		313		260		Greece		31.3		26.0		5.3		20%

		Ireland		443		368		Ireland		44.3		36.8		7.5		20%

		Czech Republic		400		336		Czech Republic		40.0		33.6		6.4		19%

		Slovenia		360		303		Slovenia		36.0		30.3		5.7		19%

		Estonia		288		245		Estonia		28.8		24.5		4.3		18%

		Lithuania		287		245		Lithuania		28.7		24.5		4.2		17%

		Latvia		276		236		Latvia		27.6		23.6		4.0		17%

		Slovakia		398		373		Slovakia		39.8		37.3		2.5		7%

		UK		738		782		UK		73.8		78.2		-4.4		-6%

		Sweden		366		394		Sweden		36.6		39.4		-2.8		-7%

		Average						Average								32%

		EU minimum (huh?)		359		302		EU minimum (huh?)		35.9		30.2		5.7		16%
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Euronorms

				Pollutants in mg/km

				CO - Carbon monoxide				Particulate matter				NOx - Nitrogen oxides				Combined mass of hydrocarbons and nitrogen oxide

				Petrol		Diesel		Petrol		Diesel		Petrol		Diesel		Petrol		Diesel

		Euro III (2000)		2.30		0.64		-		0.050		0.15		0.50		0.35		0.56

		Euro IV (2005)		1.00		0.50		-		0.025		0.08		0.25		0.18		0.30

		Euro V (proposed for 2009)		1.00		0.50		0.005		0.005		0.06		0.18		0.14		0.23





Petrol prices

		Date of extraction: Wed, 20 Jun 07 11:20:11

		Last update: Tue May 29 11:27:58 MEST 2007

		Copyright © Eurostat. All Rights Reserved.

		table		nrg_pc_201

				Petroleum products - half-yearly prices

		consom

				Automotive fuels at the pump

		unit

				1000 liters

		taxe

				All taxes included

		currency

				Euro (from 1.1.1999)/ECU (up to 31.12.1998)

										time		1991s01		1991s02		1992s01		1992s02		1993s01		1993s02		1994s01		1994s02		1995s01		1995s02		1996s01		1996s02		1997s01		1997s02		1998s01		1998s02		1999s01		1999s02		2000s01		2000s02		2001s01		2001s02		2002s01		2002s02		2003s01		2003s02		2004s01		2004s02		2005s01		2005s02		2006s01		2006s02

		geo				product

				Germany (including ex-GDR from 1991)				Premium unleaded gasoline, 95 Ron				575		697		665		683		704		721		794		809		811		832		832		843		856		830		808		821		795		893		956		1043		972		1008		989		1048		1110		1094		1077		1178		1111		1261		1262		1375

				France				Premium unleaded gasoline, 95 Ron				774		747		720		730		737		800		792		805		847		861		900		922		939		912		941		910		892		954		1039		1140		1003		1044		959		999		1046		998		997		1082		1038		1199		1220		1323

				Netherlands				Premium unleaded gasoline, 95 Ron				714		825		775		790		804		816		851		878		873		898		908		933		941		974		966		962		944		1026		1057		1184		1140		1134		1102		1149		1159		1165		1188		1287		1248		1395		1407		1535

				United Kingdom				Premium unleaded gasoline, 95 Ron				600		675		608		649		596		659		681		650		684		650		671		665		835		948		951		989		895		1079		1219		1359		1212		1278		1134		1154		1141		1063		1101		1207		1130		1288		1298		1409

						1991		1991		1992		1992		1993		1993		1994		1994		1995		1995		1996		1996		1997		1997		1998		1998		1999		1999		2000		2000		2001		2001		2002		2002		2003		2003		2004		2004		2005		2005		2006		2006

				Germany		0.57		0.70		0.66		0.68		0.70		0.72		0.79		0.81		0.81		0.83		0.83		0.84		0.86		0.83		0.81		0.82		0.79		0.89		0.96		1.04		0.97		1.01		0.99		1.05		1.11		1.09		1.08		1.18		1.11		1.26		1.26		1.38

				France		0.77		0.75		0.72		0.73		0.74		0.80		0.79		0.80		0.85		0.86		0.90		0.92		0.94		0.91		0.94		0.91		0.89		0.95		1.04		1.14		1.00		1.04		0.96		1.00		1.05		1.00		1.00		1.08		1.04		1.20		1.22		1.32

				United Kingdom		0.60		0.68		0.61		0.65		0.60		0.66		0.68		0.65		0.68		0.65		0.67		0.66		0.84		0.95		0.95		0.99		0.89		1.08		1.22		1.36		1.21		1.28		1.13		1.15		1.14		1.06		1.10		1.21		1.13		1.29		1.30		1.41





Petrol prices
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GHG emissions road

		

				ca

						Road Transport

				ai

						Emission of greenhouse gases (Global warming potential, CO2 equivalent)

				unit

						Millions of tons

								time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00

				geo

						European Union (25 countries)				721.52		748.65		756.07		763.6		772.01		791.88		802.7		827.39		850.2		847.84		864.54		877.42		884.73		903.32

						Germany (including ex-GDR from 1991)				155.99		162.01		166.59		163.03		167.18		167.23		168.13		171.54		176.99		173.11		169.56		167.62		161.34		161.87

						France				116.62		121.39		121.65		122.63		124.07		125.44		127.82		129.95		133		132.72		136.51		137.25		137.28		137.53

						United Kingdom				110.5		112.05		113.58		114.52		113.79		118.44		120.23		119.84		121.09		120.58		120.84		123.54		123.44		124.81

										1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006

								Germany		155.99		162.01		166.59		163.03		167.18		167.23		168.13		171.54		176.99		173.11		169.56		167.62		161.34		161.87

								France		116.62		121.39		121.65		122.63		124.07		125.44		127.82		129.95		133		132.72		136.51		137.25		137.28		137.53

								United Kingdom		110.5		112.05		113.58		114.52		113.79		118.44		120.23		119.84		121.09		120.58		120.84		123.54		123.44		124.81
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Petrol consumption

		Date of extraction: Wed, 20 Jun 07 11:56:19

		Last update: Tue Jun 05 14:21:02 MEST 2007

		Copyright © Eurostat. All Rights Reserved.

		table		nrg_102a

				Supply, transformation, consumption  - oil  - annual data

		indic_en

				Primary production

		unit

				Thousands of tons

		product

				Motor Spirit

						time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00		2005a00

		geo

				European Union (27 countries)				120		141		655		324		278		240		250		0		325		307		895		1135		1309		1313		1183

				Germany (including ex-GDR from 1991)				0		0		0		0		0		0		0		0		0		0		841		1097		1309		1313		1183

				France				120		141		655		324		278		240		250		0		325		307		54		38		0		0		0

				United Kingdom				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		indic_en

				Inland market consumption

		unit

				Thousands of tons

		product

				Motor Spirit

						time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00		2005a00

		geo

				Germany (including ex-GDR from 1991)				31206		31435		31528		29796		30160		30023		30253		30305		30275		28832		27972		27214		25868		25008		23187

				France				16693		16218		17098		15043		14167		15022		14658		14579		14483		13922		13426		12959		12139		11470		10744

				United Kingdom				24045		24071		23793		22872		21982		22441		22289		21884		22641		21655		20992		20858		19964		19533		18783

		indic_en

				Inland market consumption

		unit

				Thousands of tons

		product

				Motor Spirit

						1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Germany		31206		31435		31528		29796		30160		30023		30253		30305		30275		28832		27972		27214		25868		25008		23187

				France		16693		16218		17098		15043		14167		15022		14658		14579		14483		13922		13426		12959		12139		11470		10744

				United Kingdom		24045		24071		23793		22872		21982		22441		22289		21884		22641		21655		20992		20858		19964		19533		18783

												And a little grade average calculation that has nothing to do with the thesis

														grade		ects		rounded grade

												povineq		7.3		5		7		0.6083333333		0.5833333333

												momac		7		5		7		0.5833333333		0.5833333333

												ecomet		6.5		5		7		0.5416666667		0.5833333333

												gametheo		7.7		5		8		0.6416666667		0.6666666667

												intecodev		8.7		5		9		0.725		0.75

												sem ecopol		8		10		8		1.3333333333		1.3333333333

												sem tragro		8		10		8		1.3333333333		1.3333333333

												thesis		7		15		7		1.75		1.75

												average		7.525		60		7.625		7.5166666667		7.5833333333

														unweighted average of non-rounded grades				unweighted average of rounded grades		weighted average of non-rounded grades		weighted average of rounded grades

												rounded		8				8		8		8





Petrol consumption

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Germany

France

United Kingdom

Thousands of tons

Inland market consumption, motor spirit (=petrol)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Gallon mile dollar conversion

				1 gallon=		3.79		litres				1 mile=		1.61		km

				1 litre=		0.26		gallon				1 km=		0.62		miles

				1 dollar=		0.75		euros

				1 euro=		1.34		dollar

		Price:		1.50		$ per gallon				eur/l		1.50

				0.40		$ per litre				$ per litre		2.01

				0.30		eur/l				$ per gallon		7.61

		Consumption:

		Miles per gallon				65.8				Litres per 100 km				4.5						gpm:		1		mpg:		1

		Gallons per mile				0.015				Kilometers per litre				22.2

		Miles per litre				17.4				Miles per litre				13.8

		Kilometers per litre				28.0				Miles per gallon				52.3

		Litres per 100km				3.6				Gallons per mile				0.019

		Feebate:		50000		$ per GPM

				13209		$ per LPM

				21253		$ per l/km

				213		$ per l/100km

				9.24		$ per g CO2/km for petrol

				7.59		$ per g CO2/km for diesel

		Emission:

		A litre of petrol emits				2300		grammes of CO2				so for a gallon it's				8706

		A litre of diesel emits				2800		grammes of CO3				so for a gallon it's				10599

		A car that consumes				4.7		l of petrol/ 100 km emits				108.1		g of CO2 per km				so when it drives				400000		km it emits		43.24		tonnes

		A car that consumes				2.5		l of diesel/ 100 km emits				70		g of CO2 per km				so when it drives				2000		km it emits		0.14		tonnes





Cost calculator

				l/100km		Cost of distance driven		Difference		g CO2/km

		Loremo		1.5		€ 540.00				40

		Polo Blue Motion 1.4 TDI DPF 59 kW		4.0		€ 1,440.00		€ 900.00		102

		Polo Trendline 1.4 TDI DPF 59 kW		4.5		€ 1,620.00		€ 180.00		119

		Passat Blue Motion		5.2		€ 1,872.00		€ 252.00		137

		Passat Variant TDI 77 kW at 105		6.0		€ 2,160.00		€ 288.00		158

		Touareg 25 TDI DRF at 174		10.1		€ 3,636.00		€ 1,476.00		267

																170

																161.9047619048

																154.1950113379

																146.8523917504

																139.8594207146

																133.1994482996

																906.0110340072

		Distance driven:		30000		km				510000

		Diesel price:		1.2		€/l

		Lifetime km driven		Social cost of 1 tonne CO2

		400000		100

		g CO2 per km		tonnes of CO2 emitted		Justified feebate

		1		0.4		40

		10		4		400

		20		8		800

		100		40		4000

		120		48		4800

		130		52		5200

		500		200		20000

						0

						0

						0

						0

						0





A feebate scheme

		Feebate rate:						Pivot point:										Bonus for capacity over		5		seats:		€ 500		gramme bonus per seat

		€ 500		per 10 g CO2/km				120		g of CO2/km				0.8333333333		km/100g

																														Pivot point:				120				Hyper creative:

		€ 500		per 10g CO2/tonne/km				120		g of CO2/km per tonne								pivot:		120		rate:		500						A percentage of the sales price (per 10 grammes)				1		%		4000		1.73

																																						120

		Car		Emissions		Seats		Weight (kg)		Emissions		km per 100 gr. CO2		Feebate (type 1)		Zero feebate line		Feebate (weight based)		Zero feebate line		Emissions per seat		Feebate based on emissions per seat		Feebate (type 3)		Feebate (weight based + seat bonus)		Squareroot						Other way round		Parabolic

				g CO2/km						per tonne per km (g CO2)

		Loremo LS (concept)		42		2		450		93		2.38		€ 3,900.00		120		€ 1,333.33		54		21		€ 150		€ 3,900.00		€ 1,333.33		€ 4,415.88		7.8		%		€ 4,642.86		3351

		Smart Fortwo 0,8-l cdi (partial particle filter)		88		2		780		113		1.14		€ 1,600.00		120		€ 358.97		94		44		-€ 1,000		€ 1,600.00		€ 358.97		€ 2,828.43		3.2		%		€ 909.09		1663

		VW Polo Blue Motion		102		5		1064		96		0.98		€ 900.00		120		€ 1,206.77		128		20		€ 180		€ 900.00		€ 1,206.77		€ 2,121.32		1.8		%		€ 441.18		982

		Toyota Prius		104		5		1275		82		0.96		€ 800.00		120		€ 1,921.57		153		21		€ 160		€ 800.00		€ 1,921.57		€ 2,000.00		1.6		%		€ 384.62		878

		Citroën C1/Toyota Aygo/Peugeot 107		109		4		765		142		0.92		€ 550.00		120		-€ 1,124.18		92		27		-€ 163		€ 550.00		-€ 1,124.18		€ 1,658.31		1.1		%		€ 252.29		614

		VW Polo 3D/P - 1.4TDI51		124		5		1091		114		0.81		-€ 200.00		120		€ 317.14		131		25		-€ 40		-€ 200.00		€ 317.14		-€ 1,000.00		-0.4		%		-€ 80.65		-234

		Volvo S40 Diesel 4drs 1.6 80 kW H5		129		5		1288		100		0.78		-€ 450.00		120		€ 992.24		155		26		-€ 90		-€ 450.00		€ 992.24		-€ 1,500.00		-0.9		%		-€ 174.42		-534

		BMW 118i E81i		140		5		1340		104		0.71		-€ 1,000.00		120		€ 776.12		161		28		-€ 200		-€ 1,000.00		€ 776.12		-€ 2,236.07		-2.0		%		-€ 357.14		-1224

		Citroën C5 Diesel 1.6 80kW		142		5		1400		101		0.70		-€ 1,100.00		120		€ 928.57		168		28		-€ 220		-€ 1,100.00		€ 928.57		-€ 2,345.21		-2.2		%		-€ 387.32		-1354

		Renault Grand Scenic		156		7		1435		109		0.64		-€ 1,800.00		120		€ 564.46		172		22		€ 86		-€ 800.00		€ 1,564.46		-€ 3,000.00		-3.6		%		-€ 576.92		-2302

		VW Touran CDI 7-seater 66kw		160		7		1539		104		0.63		-€ 2,000.00		120		€ 801.82		185		23		€ 57		-€ 1,000.00		€ 1,801.82		-€ 3,162.28		-4.0		%		-€ 625.00		-2584

		Ford Focus 1.6 Duratec Trend 5 doors (petrol)		161		5		1264		127		0.62		-€ 2,050.00		120		-€ 368.67		152		32		-€ 410		-€ 2,050.00		-€ 368.67		-€ 3,201.56		-4.1		%		-€ 636.65		-2656

		Opel Zafira B		170		7		1405		121		0.59		-€ 2,500.00		120		-€ 49.82		169		24		-€ 14		-€ 1,500.00		€ 950.18		-€ 3,535.53		-5.0		%		-€ 735.29		-3313

		Peugeot 407 SW 2.0 140 (Petrol)		184		5		1550		119		0.54		-€ 3,200.00		120		€ 64.52		186		37		-€ 640		-€ 3,200.00		€ 64.52		-€ 4,000.00		-6.4		%		-€ 869.57		-4388

		Chrysler Voyager 2.5 CRD LX		203		7		1925		105		0.49		-€ 4,150.00		120		€ 727.27		231		29		-€ 250		-€ 3,150.00		€ 1,727.27		-€ 4,555.22		-8.3		%		-€ 1,022.17		-5945

		Mercedes EClass - E 200 KOMP (Petrol)		210		5		1480		142		0.48		-€ 4,500.00		120		-€ 1,094.59		178		42		-€ 900		-€ 4,500.00		-€ 1,094.59		-€ 4,743.42		-9.0		%		-€ 1,071.43		-6547

		Mercedes Benz Vito CDI		234		9		1945		120		0.43		-€ 5,700.00		120		-€ 15.42		233		26		-€ 100		-€ 3,700.00		€ 1,984.58		-€ 5,338.54		-11.4		%		-€ 1,217.95		-8721

		VW Touareg 2.5 TDI DRF 174		270		5		2247		120		0.37		-€ 7,500.00		120		-€ 8.01		270		54		-€ 1,500		-€ 7,500.00		-€ 8.01		-€ 6,123.72		-15.0		%		-€ 1,388.89		-12300

		Range Rover 4.4 V8 com		352		5		2694		131		0.28		-€ 11,600.00		120		-€ 533.04		323		70		-€ 2,320		-€ 11,600.00		-€ 533.04		-€ 7,615.77		-23.2		%		-€ 1,647.73		-21807

		Ferrari 575 M Superamerica		499		2		1730		288		0.20		-€ 18,950.00		120		-€ 8,421.97		208		250		-€ 11,275		-€ 18,950.00		-€ 8,421.97		-€ 9,733.96		-37.9		%		-€ 1,898.80		-43239





A feebate scheme
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Emissions vs. Weight

Zero Feebate Line option 1

Zero Feebate Line option 2

Weight (kg)

Grammes of CO2 per km

Feebate schemes - graphical representation
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Scheme for presentation
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Scheme A

Scheme D

Scheme E

Emissions (g CO2 per km)

Feebate (€)

Linear vs. nonlinear feebate schemes
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Option 2

Emissions (g CO2 per km)

Feebate (€)

Feebate schemes - graphical representation
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Option 3

Emissions (g CO2 per km)

Feebate (€)

Feebate schemes - graphical representation
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Option 1

Option 2

Weigth (kg)

Feebate (€)

Feebate schemes - graphical representation
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																																Feebate (type 1)		Feebate (weight based)		Feebate based on emissions per seat		Feebate with seat bonus		Squareroot		Parabolic

						Car		Fuel		Emissions		Seats		Weight		Emissions		Emissions		Feebate Schemes

										g CO2/km				kg		g CO2/tonne/km		g CO2/seat/km		A		B		D		C		E		F

				Loremo LS (concept)		Loremo LS (concept)		Diesel		42		2		450		93		21		3,900		1,333		150		3,900		4,416		3,351

				Smart Fortwo 0,8-l cdi (partial particle filter)		Smart Fortwo 0.8CDI		Petrol		88		2		780		113		44		1,600		359		-1,000		1,600		2,828		1,663

				VW Polo Blue Motion		VW Polo Blue Motion		Diesel		102		5		1064		96		20		900		1,207		180		900		2,121		982

				Toyota Prius		Toyota Prius		Petrol		104		5		1275		82		21		800		1,922		160		800		2,000		878

				Citroën C1/Toyota Aygo/Peugeot 107		C1/Aygo/107		Petrol		109		4		765		142		27		550		-1,124		-163		550		1,658		614

				VW Polo 3D/P - 1.4TDI51		VW Polo 1.4 TDI		Diesel		124		5		1091		114		25		-200		317		-40		-200		-1,000		-234

				Volvo S40 Diesel 4drs 1.6 80 kW H5		Volvo S40 1.6		Diesel		129		5		1288		100		26		-450		992		-90		-450		-1,500		-534

				BMW 118i E81i		BMW 118i		Diesel		140		5		1340		104		28		-1,000		776		-200		-1,000		-2,236		-1,224

				Citroën C5 Diesel 1.6 80kW		Citroën C5 1.6		Diesel		142		5		1400		101		28		-1,100		929		-220		-1,100		-2,345		-1,354

				Renault Grand Scenic		Renault Grand Scenic		Diesel		156		7		1435		109		22		-1,800		564		86		-800		-3,000		-2,302

				VW Touran CDI 7-seater 66kw		VW Touran CDI (7-seater)		Diesel		160		7		1539		104		23		-2,000		802		57		-1,000		-3,162		-2,584

				Ford Focus 1.6 Duratec Trend 5 doors (petrol)		Ford Focus 1.6		Petrol		161		5		1264		127		32		-2,050		-369		-410		-2,050		-3,202		-2,656

				Opel Zafira B		Opel Zafira B		Petrol		170		7		1405		121		24		-2,500		-50		-14		-1,500		-3,536		-3,313

				Peugeot 407 SW 2.0 140 (Petrol)		Peugeot 407 2.0		Petrol		184		5		1550		119		37		-3,200		65		-640		-3,200		-4,000		-4,388

				Chrysler Voyager 2.5 CRD LX		Chrysler Voyager		Diesel		203		7		1925		105		29		-4,150		727		-250		-3,150		-4,555		-5,945

				Mercedes E200 KOMP (Petrol)		Mercedes E 200		Petrol		210		5		1480		142		42		-4,500		-1,095		-900		-4,500		-4,743		-6,547

				Mercedes Benz Vito CDI		Mercedes Benz Vito CDI		Diesel		234		9		1945		120		26		-5,700		-15		-100		-3,700		-5,339		-8,721

				VW Touareg 2.5 TDI DRF 174		VW Touareg 2.5 TDI		Diesel		270		5		2247		120		54		-7,500		-8		-1,500		-7,500		-6,124		-12,300

				Range Rover 4.4 V8		Range Rover 4.4 V8 com		Petrol		352		5		2694		131		70		-11,600		-533		-2,320		-11,600		-7,616		-21,807

				Ferrari 575 M Superamerica		Ferrari 575 M		Petrol		499		2		1730		288		250		-18,950		-8,422		-11,275		-18,950		-9,734		-43,239
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Cars

Zero Feebate Line Scheme A

Zero Feebate Line Scheme B

Weight (kg)

Grammes of CO2 per km

Using a scheme based on emissions vs. emissions per weight
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Fuel Excise Duties

		

				2006						2006

				Excises on automotive fuel						Excises on automotive fuel

				€ per 1000 liters						€Cents per liter

				Petrol (Euro super 95)		Diesel				Petrol (Euro super 95)		Diesel		Absolute Difference		Relative difference

		Netherlands		668		365		Netherlands, the		66.8		36.5		30.3		83%

		Belgium		592		342		Belgium		59.2		34.2		25.0		73%

		Finland		588		346		Finland		58.8		34.6		24.2		70%

		Portugal		558		339		Portugal		55.8		33.9		21.9		65%

		Luxemburg		442		278		Luxembourg		44.2		27.8		16.4		59%

		Malta		474		332		Malta		47.4		33.2		14.2		43%

		France		589		417		France		58.9		41.7		17.2		41%

		Austria		417		297		Austria		41.7		29.7		12.0		40%

		Germany		670		486		Germany		67.0		48.6		18.4		38%

		Italy		564		413		Italy		56.4		41.3		15.1		37%

		Spain		396		294		Spain		39.6		29.4		10.2		35%

		Denmark		508		404		Denmark		50.8		40.4		10.4		26%

		Poland		356		290		Poland		35.6		29.0		6.6		23%

		Cyprus		305		250		Cyprus		30.5		25.0		5.5		22%

		Hungary		413		339		Hungary		41.3		33.9		7.4		22%

		Greece		313		260		Greece		31.3		26.0		5.3		20%

		Ireland		443		368		Ireland		44.3		36.8		7.5		20%

		Czech Republic		400		336		Czech Republic		40.0		33.6		6.4		19%

		Slovenia		360		303		Slovenia		36.0		30.3		5.7		19%

		Estonia		288		245		Estonia		28.8		24.5		4.3		18%

		Lithuania		287		245		Lithuania		28.7		24.5		4.2		17%

		Latvia		276		236		Latvia		27.6		23.6		4.0		17%

		Slovakia		398		373		Slovakia		39.8		37.3		2.5		7%

		UK		738		782		UK		73.8		78.2		-4.4		-6%

		Sweden		366		394		Sweden		36.6		39.4		-2.8		-7%

		Average						Average								32%

		EU minimum (huh?)		359		302		EU minimum (huh?)		35.9		30.2		5.7		16%
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Petrol (Euro super 95)

Diesel

€ cents per litre

Excise duties in the EU (automotive fuel)



Euronorms

				Pollutants in mg/km

				CO - Carbon monoxide				Particulate matter				NOx - Nitrogen oxides				Combined mass of hydrocarbons and nitrogen oxide

				Petrol		Diesel		Petrol		Diesel		Petrol		Diesel		Petrol		Diesel

		Euro III (2000)		2.30		0.64		-		0.050		0.15		0.50		0.35		0.56

		Euro IV (2005)		1.00		0.50		-		0.025		0.08		0.25		0.18		0.30

		Euro V (proposed for 2009)		1.00		0.50		0.005		0.005		0.06		0.18		0.14		0.23





Petrol prices

		Date of extraction: Wed, 20 Jun 07 11:20:11

		Last update: Tue May 29 11:27:58 MEST 2007

		Copyright © Eurostat. All Rights Reserved.

		table		nrg_pc_201

				Petroleum products - half-yearly prices

		consom

				Automotive fuels at the pump

		unit

				1000 liters

		taxe

				All taxes included

		currency

				Euro (from 1.1.1999)/ECU (up to 31.12.1998)

										time		1991s01		1991s02		1992s01		1992s02		1993s01		1993s02		1994s01		1994s02		1995s01		1995s02		1996s01		1996s02		1997s01		1997s02		1998s01		1998s02		1999s01		1999s02		2000s01		2000s02		2001s01		2001s02		2002s01		2002s02		2003s01		2003s02		2004s01		2004s02		2005s01		2005s02		2006s01		2006s02

		geo				product

				Germany (including ex-GDR from 1991)				Premium unleaded gasoline, 95 Ron				575		697		665		683		704		721		794		809		811		832		832		843		856		830		808		821		795		893		956		1043		972		1008		989		1048		1110		1094		1077		1178		1111		1261		1262		1375

				France				Premium unleaded gasoline, 95 Ron				774		747		720		730		737		800		792		805		847		861		900		922		939		912		941		910		892		954		1039		1140		1003		1044		959		999		1046		998		997		1082		1038		1199		1220		1323

				Netherlands				Premium unleaded gasoline, 95 Ron				714		825		775		790		804		816		851		878		873		898		908		933		941		974		966		962		944		1026		1057		1184		1140		1134		1102		1149		1159		1165		1188		1287		1248		1395		1407		1535

				United Kingdom				Premium unleaded gasoline, 95 Ron				600		675		608		649		596		659		681		650		684		650		671		665		835		948		951		989		895		1079		1219		1359		1212		1278		1134		1154		1141		1063		1101		1207		1130		1288		1298		1409

						1991		1991		1992		1992		1993		1993		1994		1994		1995		1995		1996		1996		1997		1997		1998		1998		1999		1999		2000		2000		2001		2001		2002		2002		2003		2003		2004		2004		2005		2005		2006		2006

				Germany		0.57		0.70		0.66		0.68		0.70		0.72		0.79		0.81		0.81		0.83		0.83		0.84		0.86		0.83		0.81		0.82		0.79		0.89		0.96		1.04		0.97		1.01		0.99		1.05		1.11		1.09		1.08		1.18		1.11		1.26		1.26		1.38

				France		0.77		0.75		0.72		0.73		0.74		0.80		0.79		0.80		0.85		0.86		0.90		0.92		0.94		0.91		0.94		0.91		0.89		0.95		1.04		1.14		1.00		1.04		0.96		1.00		1.05		1.00		1.00		1.08		1.04		1.20		1.22		1.32

				United Kingdom		0.60		0.68		0.61		0.65		0.60		0.66		0.68		0.65		0.68		0.65		0.67		0.66		0.84		0.95		0.95		0.99		0.89		1.08		1.22		1.36		1.21		1.28		1.13		1.15		1.14		1.06		1.10		1.21		1.13		1.29		1.30		1.41





Petrol prices
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Germany

France

United Kingdom

€ per litre

Unleaded petrol 95 prices (including all taxes)
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GHG emissions road

		

				ca

						Road Transport

				ai

						Emission of greenhouse gases (Global warming potential, CO2 equivalent)

				unit

						Millions of tons

								time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00

				geo

						European Union (25 countries)				721.52		748.65		756.07		763.6		772.01		791.88		802.7		827.39		850.2		847.84		864.54		877.42		884.73		903.32

						Germany (including ex-GDR from 1991)				155.99		162.01		166.59		163.03		167.18		167.23		168.13		171.54		176.99		173.11		169.56		167.62		161.34		161.87

						France				116.62		121.39		121.65		122.63		124.07		125.44		127.82		129.95		133		132.72		136.51		137.25		137.28		137.53

						United Kingdom				110.5		112.05		113.58		114.52		113.79		118.44		120.23		119.84		121.09		120.58		120.84		123.54		123.44		124.81

										1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006

								Germany		155.99		162.01		166.59		163.03		167.18		167.23		168.13		171.54		176.99		173.11		169.56		167.62		161.34		161.87

								France		116.62		121.39		121.65		122.63		124.07		125.44		127.82		129.95		133		132.72		136.51		137.25		137.28		137.53

								United Kingdom		110.5		112.05		113.58		114.52		113.79		118.44		120.23		119.84		121.09		120.58		120.84		123.54		123.44		124.81





GHG emissions road
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Germany

France

United Kingdom

Millions of tonnes, CO2 equivalent

Road transport greenhouse gas emissions
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Petrol consumption

		Date of extraction: Wed, 20 Jun 07 11:56:19

		Last update: Tue Jun 05 14:21:02 MEST 2007

		Copyright © Eurostat. All Rights Reserved.

		table		nrg_102a

				Supply, transformation, consumption  - oil  - annual data

		indic_en

				Primary production

		unit

				Thousands of tons

		product

				Motor Spirit

						time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00		2005a00

		geo

				European Union (27 countries)				120		141		655		324		278		240		250		0		325		307		895		1135		1309		1313		1183

				Germany (including ex-GDR from 1991)				0		0		0		0		0		0		0		0		0		0		841		1097		1309		1313		1183

				France				120		141		655		324		278		240		250		0		325		307		54		38		0		0		0

				United Kingdom				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		indic_en

				Inland market consumption

		unit

				Thousands of tons

		product

				Motor Spirit

						time		1991a00		1992a00		1993a00		1994a00		1995a00		1996a00		1997a00		1998a00		1999a00		2000a00		2001a00		2002a00		2003a00		2004a00		2005a00

		geo

				Germany (including ex-GDR from 1991)				31206		31435		31528		29796		30160		30023		30253		30305		30275		28832		27972		27214		25868		25008		23187

				France				16693		16218		17098		15043		14167		15022		14658		14579		14483		13922		13426		12959		12139		11470		10744

				United Kingdom				24045		24071		23793		22872		21982		22441		22289		21884		22641		21655		20992		20858		19964		19533		18783

		indic_en

				Inland market consumption

		unit

				Thousands of tons

		product

				Motor Spirit

						1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Germany		31206		31435		31528		29796		30160		30023		30253		30305		30275		28832		27972		27214		25868		25008		23187

				France		16693		16218		17098		15043		14167		15022		14658		14579		14483		13922		13426		12959		12139		11470		10744

				United Kingdom		24045		24071		23793		22872		21982		22441		22289		21884		22641		21655		20992		20858		19964		19533		18783

												And a little grade average calculation that has nothing to do with the thesis

														grade		ects		rounded grade

												povineq		7.3		5		7		0.6083333333		0.5833333333

												momac		7		5		7		0.5833333333		0.5833333333

												ecomet		6.5		5		7		0.5416666667		0.5833333333

												gametheo		7.7		5		8		0.6416666667		0.6666666667

												intecodev		8.7		5		9		0.725		0.75

												sem ecopol		8		10		8		1.3333333333		1.3333333333

												sem tragro		8		10		8		1.3333333333		1.3333333333

												thesis		7		15		7		1.75		1.75

												average		7.525		60		7.625		7.5166666667		7.5833333333

														unweighted average of non-rounded grades				unweighted average of rounded grades		weighted average of non-rounded grades		weighted average of rounded grades

												rounded		8				8		8		8
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Gallon mile dollar conversion

				1 gallon=		3.79		litres				1 mile=		1.61		km

				1 litre=		0.26		gallon				1 km=		0.62		miles

				1 dollar=		0.75		euros

				1 euro=		1.34		dollar

		Price:		1.50		$ per gallon				eur/l		1.50

				0.40		$ per litre				$ per litre		2.01

				0.30		eur/l				$ per gallon		7.61

		Consumption:

		Miles per gallon				65.8				Litres per 100 km				4.5						gpm:		1		mpg:		1

		Gallons per mile				0.015				Kilometers per litre				22.2

		Miles per litre				17.4				Miles per litre				13.8

		Kilometers per litre				28.0				Miles per gallon				52.3

		Litres per 100km				3.6				Gallons per mile				0.019

		Feebate:		50000		$ per GPM

				13209		$ per LPM

				21253		$ per l/km

				213		$ per l/100km

				9.24		$ per g CO2/km for petrol

				7.59		$ per g CO2/km for diesel

		Emission:

		A litre of petrol emits				2300		grammes of CO2				so for a gallon it's				8706

		A litre of diesel emits				2800		grammes of CO3				so for a gallon it's				10599

		A car that consumes				4.7		l of petrol/ 100 km emits				108.1		g of CO2 per km				so when it drives				400000		km it emits		43.24		tonnes

		A car that consumes				2.5		l of diesel/ 100 km emits				70		g of CO2 per km				so when it drives				2000		km it emits		0.14		tonnes





Cost calculator

				l/100km		Cost of distance driven		Difference		g CO2/km

		Loremo		1.5		€ 540.00				40

		Polo Blue Motion 1.4 TDI DPF 59 kW		4.0		€ 1,440.00		€ 900.00		102

		Polo Trendline 1.4 TDI DPF 59 kW		4.5		€ 1,620.00		€ 180.00		119

		Passat Blue Motion		5.2		€ 1,872.00		€ 252.00		137

		Passat Variant TDI 77 kW at 105		6.0		€ 2,160.00		€ 288.00		158

		Touareg 25 TDI DRF at 174		10.1		€ 3,636.00		€ 1,476.00		267

																170

																161.9047619048

																154.1950113379

																146.8523917504

																139.8594207146

																133.1994482996

																906.0110340072

		Distance driven:		30000		km				510000

		Diesel price:		1.2		€/l

		Lifetime km driven		Social cost of 1 tonne CO2

		400000		100

		g CO2 per km		tonnes of CO2 emitted		Justified feebate

		1		0.4		40

		10		4		400

		20		8		800

		100		40		4000

		120		48		4800

		130		52		5200

		500		200		20000

						0

						0

						0

						0

						0





A feebate scheme

		Feebate rate:						Pivot point:										Bonus for capacity over		5		seats:		€ 500		gramme bonus per seat

		€ 500		per 10 g CO2/km				120		g of CO2/km				0.8333333333		km/100g

																														Pivot point:				120				Hyper creative:

		€ 500		per 10g CO2/tonne/km				120		g of CO2/km per tonne								pivot:		120		rate:		500						A percentage of the sales price (per 10 grammes)				1		%		4000		1.73

																																						120

		Car		Emissions		Seats		Weight (kg)		Emissions		km per 100 gr. CO2		Feebate (type 1)		Zero feebate line		Feebate (weight based)		Zero feebate line		Emissions per seat		Feebate based on emissions per seat		Feebate (type 3)		Feebate (weight based + seat bonus)		Squareroot						Other way round		Parabolic

				g CO2/km						per tonne per km (g CO2)

		Loremo LS (concept)		42		2		450		93		2.38		€ 3,900.00		120		€ 1,333.33		54		21		€ 150		€ 3,900.00		€ 1,333.33		€ 4,415.88		7.8		%		€ 4,642.86		3351

		Smart Fortwo 0,8-l cdi (partial particle filter)		88		2		780		113		1.14		€ 1,600.00		120		€ 358.97		94		44		-€ 1,000		€ 1,600.00		€ 358.97		€ 2,828.43		3.2		%		€ 909.09		1663

		VW Polo Blue Motion		102		5		1064		96		0.98		€ 900.00		120		€ 1,206.77		128		20		€ 180		€ 900.00		€ 1,206.77		€ 2,121.32		1.8		%		€ 441.18		982

		Toyota Prius		104		5		1275		82		0.96		€ 800.00		120		€ 1,921.57		153		21		€ 160		€ 800.00		€ 1,921.57		€ 2,000.00		1.6		%		€ 384.62		878

		Citroën C1/Toyota Aygo/Peugeot 107		109		4		765		142		0.92		€ 550.00		120		-€ 1,124.18		92		27		-€ 163		€ 550.00		-€ 1,124.18		€ 1,658.31		1.1		%		€ 252.29		614

		VW Polo 3D/P - 1.4TDI51		124		5		1091		114		0.81		-€ 200.00		120		€ 317.14		131		25		-€ 40		-€ 200.00		€ 317.14		-€ 1,000.00		-0.4		%		-€ 80.65		-234

		Volvo S40 Diesel 4drs 1.6 80 kW H5		129		5		1288		100		0.78		-€ 450.00		120		€ 992.24		155		26		-€ 90		-€ 450.00		€ 992.24		-€ 1,500.00		-0.9		%		-€ 174.42		-534

		BMW 118i E81i		140		5		1340		104		0.71		-€ 1,000.00		120		€ 776.12		161		28		-€ 200		-€ 1,000.00		€ 776.12		-€ 2,236.07		-2.0		%		-€ 357.14		-1224

		Citroën C5 Diesel 1.6 80kW		142		5		1400		101		0.70		-€ 1,100.00		120		€ 928.57		168		28		-€ 220		-€ 1,100.00		€ 928.57		-€ 2,345.21		-2.2		%		-€ 387.32		-1354

		Renault Grand Scenic		156		7		1435		109		0.64		-€ 1,800.00		120		€ 564.46		172		22		€ 86		-€ 800.00		€ 1,564.46		-€ 3,000.00		-3.6		%		-€ 576.92		-2302

		VW Touran CDI 7-seater 66kw		160		7		1539		104		0.63		-€ 2,000.00		120		€ 801.82		185		23		€ 57		-€ 1,000.00		€ 1,801.82		-€ 3,162.28		-4.0		%		-€ 625.00		-2584

		Ford Focus 1.6 Duratec Trend 5 doors (petrol)		161		5		1264		127		0.62		-€ 2,050.00		120		-€ 368.67		152		32		-€ 410		-€ 2,050.00		-€ 368.67		-€ 3,201.56		-4.1		%		-€ 636.65		-2656

		Opel Zafira B		170		7		1405		121		0.59		-€ 2,500.00		120		-€ 49.82		169		24		-€ 14		-€ 1,500.00		€ 950.18		-€ 3,535.53		-5.0		%		-€ 735.29		-3313

		Peugeot 407 SW 2.0 140 (Petrol)		184		5		1550		119		0.54		-€ 3,200.00		120		€ 64.52		186		37		-€ 640		-€ 3,200.00		€ 64.52		-€ 4,000.00		-6.4		%		-€ 869.57		-4388

		Chrysler Voyager 2.5 CRD LX		203		7		1925		105		0.49		-€ 4,150.00		120		€ 727.27		231		29		-€ 250		-€ 3,150.00		€ 1,727.27		-€ 4,555.22		-8.3		%		-€ 1,022.17		-5945

		Mercedes EClass - E 200 KOMP (Petrol)		210		5		1480		142		0.48		-€ 4,500.00		120		-€ 1,094.59		178		42		-€ 900		-€ 4,500.00		-€ 1,094.59		-€ 4,743.42		-9.0		%		-€ 1,071.43		-6547

		Mercedes Benz Vito CDI		234		9		1945		120		0.43		-€ 5,700.00		120		-€ 15.42		233		26		-€ 100		-€ 3,700.00		€ 1,984.58		-€ 5,338.54		-11.4		%		-€ 1,217.95		-8721

		VW Touareg 2.5 TDI DRF 174		270		5		2247		120		0.37		-€ 7,500.00		120		-€ 8.01		270		54		-€ 1,500		-€ 7,500.00		-€ 8.01		-€ 6,123.72		-15.0		%		-€ 1,388.89		-12300

		Range Rover 4.4 V8 com		352		5		2694		131		0.28		-€ 11,600.00		120		-€ 533.04		323		70		-€ 2,320		-€ 11,600.00		-€ 533.04		-€ 7,615.77		-23.2		%		-€ 1,647.73		-21807

		Ferrari 575 M Superamerica		499		2		1730		288		0.20		-€ 18,950.00		120		-€ 8,421.97		208		250		-€ 11,275		-€ 18,950.00		-€ 8,421.97		-€ 9,733.96		-37.9		%		-€ 1,898.80		-43239





A feebate scheme
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Cars

Zero Feebate Line Scheme A

Zero Feebate Line Scheme B

Weight (kg)

Grammes of CO2 per km

Using a scheme based on emissions or emissions per weight
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Scheme for presentation
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Scheme A

Scheme D

Scheme E

Emissions (g CO2 per km)

Feebate (€)

Linear vs. nonlinear feebate schemes
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Option 2

Emissions (g CO2 per km)

Feebate (€)

Feebate schemes - graphical representation

1333.3333333333

358.9743589744

1206.7669172932

1921.568627451

-1124.1830065359

317.1402383135

992.2360248447

776.1194029851

928.5714285714

564.4599303136

801.8193632229

-368.670886076

-49.8220640569

64.5161290323

727.2727272727

-1094.5945945946

-15.4241645244

-8.0106809079

-533.0363771344

-8421.9653179191



		42

		88

		102

		104

		109

		124

		129

		140

		142

		156

		160

		161

		170

		184

		203

		210

		234

		270

		352

		499



Option 3

Emissions (g CO2 per km)

Feebate (€)

Feebate schemes - graphical representation
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Option 1

Option 2

Weigth (kg)

Feebate (€)

Feebate schemes - graphical representation
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																																Feebate (type 1)		Feebate (weight based)		Feebate based on emissions per seat		Feebate with seat bonus		Squareroot		Parabolic

						Car		Fuel		Emissions		Seats		Weight		Emissions		Emissions		Feebate Schemes

										g CO2/km				kg		g CO2/tonne/km		g CO2/seat/km		A		B		D		C		E		F

				Loremo LS (concept)		Loremo LS (concept)		Diesel		42		2		450		93		21		3,900		1,333		150		3,900		4,416		3,351

				Smart Fortwo 0,8-l cdi (partial particle filter)		Smart Fortwo 0.8CDI		Petrol		88		2		780		113		44		1,600		359		-1,000		1,600		2,828		1,663

				VW Polo Blue Motion		VW Polo Blue Motion		Diesel		102		5		1064		96		20		900		1,207		180		900		2,121		982

				Toyota Prius		Toyota Prius		Petrol		104		5		1275		82		21		800		1,922		160		800		2,000		878

				Citroën C1/Toyota Aygo/Peugeot 107		C1/Aygo/107		Petrol		109		4		765		142		27		550		-1,124		-163		550		1,658		614

				VW Polo 3D/P - 1.4TDI51		VW Polo 1.4 TDI		Diesel		124		5		1091		114		25		-200		317		-40		-200		-1,000		-234

				Volvo S40 Diesel 4drs 1.6 80 kW H5		Volvo S40 1.6		Diesel		129		5		1288		100		26		-450		992		-90		-450		-1,500		-534

				BMW 118i E81i		BMW 118i		Diesel		140		5		1340		104		28		-1,000		776		-200		-1,000		-2,236		-1,224

				Citroën C5 Diesel 1.6 80kW		Citroën C5 1.6		Diesel		142		5		1400		101		28		-1,100		929		-220		-1,100		-2,345		-1,354

				Renault Grand Scenic		Renault Grand Scenic		Diesel		156		7		1435		109		22		-1,800		564		86		-800		-3,000		-2,302

				VW Touran CDI 7-seater 66kw		VW Touran CDI (7-seater)		Diesel		160		7		1539		104		23		-2,000		802		57		-1,000		-3,162		-2,584

				Ford Focus 1.6 Duratec Trend 5 doors (petrol)		Ford Focus 1.6		Petrol		161		5		1264		127		32		-2,050		-369		-410		-2,050		-3,202		-2,656

				Opel Zafira B		Opel Zafira B		Petrol		170		7		1405		121		24		-2,500		-50		-14		-1,500		-3,536		-3,313

				Peugeot 407 SW 2.0 140 (Petrol)		Peugeot 407 2.0		Petrol		184		5		1550		119		37		-3,200		65		-640		-3,200		-4,000		-4,388

				Chrysler Voyager 2.5 CRD LX		Chrysler Voyager		Diesel		203		7		1925		105		29		-4,150		727		-250		-3,150		-4,555		-5,945

				Mercedes E200 KOMP (Petrol)		Mercedes E 200		Petrol		210		5		1480		142		42		-4,500		-1,095		-900		-4,500		-4,743		-6,547

				Mercedes Benz Vito CDI		Mercedes Benz Vito CDI		Diesel		234		9		1945		120		26		-5,700		-15		-100		-3,700		-5,339		-8,721

				VW Touareg 2.5 TDI DRF 174		VW Touareg 2.5 TDI		Diesel		270		5		2247		120		54		-7,500		-8		-1,500		-7,500		-6,124		-12,300

				Range Rover 4.4 V8		Range Rover 4.4 V8 com		Petrol		352		5		2694		131		70		-11,600		-533		-2,320		-11,600		-7,616		-21,807

				Ferrari 575 M Superamerica		Ferrari 575 M		Petrol		499		2		1730		288		250		-18,950		-8,422		-11,275		-18,950		-9,734		-43,239
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