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Abstract 

The TOSCA project aims to identify promising technology and fuel pathways to reduce 

transportation-related greenhouse gas emissions through midcentury. An important building 

block of this project is the techno-economic specification of low-Greenhouse Gas (GHG) 

emission transportation technologies, which are input into a scenario analysis. TOSCA 

considers all major modes of passenger and freight transport, along with transportation fuels 

and technologies capable of enhancing infrastructure capacity.  

This report describes the final stage of the TOSCA project, in which policies aimed at affecting 

transportation GHG emissions are examined. We review commonly-suggested transportation 

policies and their likely impacts. Selected policies are then assessed with regard to the 

resulting penetration of low-GHG emission technology and the associated reduction of total 

GHG emissions. We find that technology measures by themselves are unlikely to reduce 

transport emissions by enough to meet suggested year-2050 emissions goals, even when they 

are strongly supported by policy measures. This arises from the combination of several factors: 

increasing demand; likely limitations on biomass supply for fuel production; and a lack of 

realistic technology options with a high impact on emissions for several modes.  This suggests 

that achieving EU climate goals will require intervention beyond support for new transport 

technologies. 
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1 Introduction 

The main aim of EU climate policy is to limit the global temperature increase from 

anthropogenic climate change to below 2°C. European Commission analysis (EC 2011) 

indicates that achieving this goal would require cuts of 80-95% in EU greenhouse gas (GHG) 

emissions with respect to year-1990 levels. As deeper cuts may be made in some other 

sectors, it is likely that this will translate into a cut of at least 60% in transportation GHG by 

2050 (EC 2011). As demonstrated in Figure 1, if current growth trends in transportation GHG 

emissions continue, then non-transport emissions would have to decrease to almost zero to 

allow even a 60% cut in total emissions, and an 80% cut would be impossible.  

 

 

 
Figure 1. EU27 total emissions - projections to meet targets in comparison with 

transportation trends. Source:  Skinner et al. (2010). 

These projections suggest that transportation emissions will have to be drastically reduced for 

the EU27 countries to have a chance of meeting their emissions goals. Multiple routes for GHG 

reductions exist for transport, and it is likely that several strategies will have to be used in 

combination. One major route for emissions reduction is the widespread adoption of 

technologies which reduce fuel use per km travelled (for example, trucks with improved 

aerodynamic capabilities). Another is the adoption of alternative fuels which have fuel lifecycle 

emissions1

                                                 
1 i.e., emissions measured over the lifecycle of the fuel including those arising from the refining and 
distribution processes.  

 that are lower than existing fuels. Here fuels produced from second generation 

biomass (for example, ethanol from cellulosic feedstock) are particularly promising. A third 

method is to improve EU27 infrastructure, or the way that existing infrastructure is used, to 

reduce delays and congestion. These methods have the advantage that they allow European 

transportation trends to continue as projected, avoiding the economic and social impacts 

which might accompany reductions in the amount of transportation. These and other 
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technology-based methods of reducing emissions are the ones concentrated on by the TOSCA 

project. However, it is also possible to reduce emissions by reducing demand for 

transportation (for example, by imposing road taxation or speed limits). Some policy measures 

may have both effects: for example, carbon taxation can prompt a switch to lower-emission 

technology and also reduce demand (e.g. Jansen & Denis 1999).   

 

EU27 transportation is already subject to a range of policies of different types. For example, 

transportation fuel is typically subject to both excise duty and VAT. The total tax revenue from 

transportation fuels in 2008 in the EU27 countries was equivalent to around 1.4% of EU27 GDP 

(EC 2010a). In some EU countries, the price of gasoline and diesel is over 70% tax (e.g. EC 

2010b).  In addition, some countries also charge vehicle excise duty and VAT on new vehicle 

purchases. Noise and emissions regulations, both voluntary and mandatory, apply to various 

modes. For example, the European Automobile Manufacturers’ Association (ACEA) adopted a 

voluntary commitment to reduce the average tailpipe emissions from new cars from over 170 

gCO2/km to 140 gCO2/km over the 1998-2008 period. Because this target was not achieved, a 

more stringent, EU-mandated target of 120 gCO2/km was set for 2012 (Safarianova et al. 

2011). Similarly, aviation noise and local emissions have been the subject of successful global 

regulations.  Here, the timescales of introducing regulations are typically agreed between 

regulators and operators so as to cause minimum disruption for operators. Initially, a 

requirement is set on new aircraft designs to comply with regulations. This is followed by a 

requirement for all aircraft sold to comply. Later on, operating restrictions are imposed on 

non-complying aircraft in the fleet, until a near-total phase-out of non-complying aircraft is 

achieved (e.g. ICAO 2007).    

 

 
Figure 2. Total direct and indirect emissions from transportation by TOSCA scenario, in the 

case that no new policies are applied, from TOSCA WP6. 

 
The likely development of EU27 transportation emissions by scenario if the existing policy 

environment remains unchanged to 2050 was discussed in the TOSCA WP6.2 report.  Although 
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there is considerable uncertainty about how much emissions will increase, transport emissions 

in the absence of new policy measures are projected to increase in all scenarios (Figure 2). This 

reflects primarily the assumption that GDP in the EU27 countries will continue to increase, 

even if at a lower rate than previously. Although significant technological improvements are 

still likely over the period to 2050 even under the present-day policy environment, the 

projections from WP6.2 suggest that these improvements will not be large enough to 

compensate for the increase in transportation demand. In particular, though road emissions 

decrease to 2050 in the TOSCA Favourable scenario, there is no scenario examined in TOSCA in 

which aviation emissions decrease. This applies despite the addition of aviation to the EU’s 

emissions trading scheme (ETS) in 2012 (EC 2008). These results suggest that significant 

reductions in emissions, to levels which are compatible with the EU’s long-term climate goals, 

will require policy changes. This report examines what these policies might be, and to what 

extent technology can contribute to these emissions reductions.  

 

The remainder of this report is structured as follows. Section 2 is a literature survey of policy 

types and anticipated effects. Section 3 details the methodology involved in adding policies 

into the TOSCA framework. The earlier policy analysis is used to narrow down a small set of 

promising policies to be investigated further. Section 4 gives results for this selected set of 

policies, and Section 5 looks at the maximum reduction in emissions achievable by the 

technologies studied in TOSCA, and what would be required to achieve this. Finally, section 6 

gives conclusions.  
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2 Policy Literature Review 

In this section, we review a range of transportation-related policies which have been 

suggested as ways of reducing emissions. The policies considered are derived from a set of 

expert discussions which formed part of the third TOSCA workshop, held in Athens, Greece on 

the 22nd – 24th September 2010. Whilst this is not an exhaustive review of all policy types 

available or suggested for emissions reduction worldwide, it covers the major options which 

have been considered for European transportation emissions reductions.  It should also be 

noted that the focus in TOSCA is on emissions reduction via the uptake of new technology. 

Although this review includes some important policy options which target other transportation 

impacts (for example, congestion, noise or accidents) but have emissions reduction as a 

potential side-effect, and some options which will primarily reduce emissions via non-

technological means, the main focus is on policies which aim to reduce emissions by changing 

the EU27 technology mix.   

 

Broadly, suggested policies can be divided into four groups. The first group consists of market-

based policies. These policies are aimed at changing consumer behaviour by changing the 

costs associated with transportation (for example, attaching a cost to emitting carbon). The 

second group consists of regulatory policies. Here limits are set on acceptable fuel use, 

emissions or infrastructure use, with penalties for non-compliance. The third group of policies 

consists of investment into infrastructure with the intention to change travel behaviour. For 

example, governments may invest in dedicated highway lanes for particular vehicle types or 

technologies. Many of these policies are aimed at decreasing congestion and improving safety, 

but also result in emissions reductions as a beneficial side-effect. Finally, governments may 

invest in support for research and development or education campaigns. These types of policy 

are considered individually below.  

 

2.1 Market-based Policies 

Market-based policies seek to change behaviour by altering the costs of transportation. For 

these policies, one major distinction is whether the policy is likely to produce an increase or a 

decrease in demand for transportation. Policies which increase operating costs, such as carbon 

taxation, are likely to result in a decrease in demand. Policies which result in lower fuel costs 

through lower fuel consumption but do not affect the other vehicle costs (for example, 

subsidising fuel-efficient technology until it is at least as attractive to purchase as current 

widely-used technologies) may have a positive impact on demand (though the so-called 

‘rebound effect’; Greene 1992). In this case, the reduced cost to the user of operating the 

vehicle may lead to it being used more frequently or for longer journeys. This would mitigate 

some of the reduction in emissions expected from the introduction of that technology. 

Because of this, we split the discussion below into market-based policies which affect 

operating costs, which are unlikely to be subject to a rebound effect (Section 2.1.1), and those 

which affect fuel consumption (Section 2.1.2), where a rebound effect is more likely.  
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2.1.1 Market-based Policies affecting Operating Costs 
 
The policies in this section increase the costs associated with operating either all or only high-

emission vehicles. This means that journey cost will increase, so the likely effect on demand is 

negative, i.e. no rebound effect is expected. In addition, as these measures affect the cost of 

operating existing vehicles their time to impact is small, although full impacts may only be 

seen on a fleet turnover timescale. However, the reduction in passenger-kilometres (pkm) and 

tonne-kilometres (tkm) travelled may have negative economic effects.   

 
Carbon Trading 
Emissions trading, or ‘cap-and-trade’ has been widely studied as an option for reducing 

emissions, both in transportation and more generally. The basic principle of carbon or 

emissions trading is that an emissions target (e.g. 1000 Mt CO2) is divided into a number of 

allowances or permits (e.g. 1000 million permits to emit 1 tonne of CO2), and these permits 

are allocated to emitters by some method (for example, based on how much they have 

emitted in the past). These permits are then traded; entities which find it relatively 

straightforward to reduce emissions can sell permits to those who have greater difficulty. In 

theory, this should result in the most economically efficient solution for emissions reduction. 

However, the administrative overheads are potentially significant. Emissions trading has been 

used in the US to successfully lower SO2 emissions from coal power plants by around 50% from 

year-1980 levels via the US Acid Rain Program (e.g. Chestnut & Mills 2005). It has been 

estimated that the costs of reducing SO2 under this scheme were $1.6 billion (around €20091.9 

billion) lower than they would have been in a situation where mitigation measures were 

applied on a case-by-case basis to individual emitters (Carlson et al. 2000).  

 

The EU already operates a CO2 Emissions Trading Scheme (ETS, e.g. Ellerman & Buchner 2007). 

Currently, transportation is not directly included in the EU ETS. However, the majority of rail 

transport is indirectly included, as the electricity generation sector participates in the ETS. 

From 2012, aviation (including all flights to and from the EU) will be directly included (EU 

2009). The potential impacts of this inclusion have been widely studied (e.g. EU 2006). Most 

studies suggest that the impact of carbon trading on aviation, provided prices remain at 

projected near-future levels of €20-30/tCO2, will be relatively small, but that higher prices 

could have a more significant impact. Similarly, analyses of the likely effects of how shipping 

could be affected by any inclusion into carbon trading schemes (e.g. den Elzen et al. 2007; 

IMO, 2010), suggest that the impact would be variable, with vessel type and trade route 

having a strong influence on outcomes.  Carbon trading is also an option for road 

transportation. Here implementation is potentially more difficult as the entities responsible for 

trading carbon are in theory individual households. Some proposed carbon trading schemes 

(for example, the Waxman-Markey bill proposed for the US) would apply to fuel producers, 

thus including road traffic indirectly. This is the option assumed in this report. Even here, 

monitoring, reporting and verification requirements are likely to result in some increase in 
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overhead costs (e.g. DfT 2008). However, studies looking at policies which increase the cost of 

driving indicate that one major driver response is likely to be paying the increased costs 

without significantly changing behaviour (Harwatt 2008; Bonsall et al. 2007). This does not 

mean that such a policy will have no impact on EU27 emissions, as emissions permits 

purchased by road transport will still provide funding for emissions reductions in other sectors. 

However, it may mean that the impact of emissions trading on road emissions (at least at 

projected near-future permit prices) is limited. 

 

Many structural and implementation options exist for the inclusion of transportation into 

emissions trading schemes. These relate to issues such as how permits are allocated, which 

other sectors are included in the scheme, who is responsible for emissions, whether 

reductions in non-EU emissions can be traded, etc. One option which significantly differs from 

the EU ETS-based options discussed above is that of a transport-only emissions trading 

scheme. In this case, the carbon price would be significantly higher for a given percentage 

reduction in emissions than if the scheme were linked in to the wider EU ETS, as low-cost 

emissions mitigation options outside the transport sector will be unavailable. As present global 

trends are towards greater linkages between trading schemes, this outcome is considered 

unlikely here. However, if the situation outlined in Figure 1 arises – i.e. emissions from other 

sectors are able to reduce by so much that transportation emissions dominate – ETS prices for 

a wider scheme including transport may approach those in a transport-only scheme. 

 

Road/Congestion Charging 
Similarly to emissions trading, road charging increases the cost of driving. However, in this 

case it is the cost of travelling one unit of distance along a road which is affected, not the cost 

of emitting one unit of CO2. This means that there is no incentive to operate low-emission 

vehicles, although there is an incentive to travel less or use different roads. Emissions 

reductions due to road or congestion charging are thus likely to primarily arise from reductions 

in demand or congestion.  In addition, reductions in congestion may lead to increases in 

demand, although it is unsure to what extent these will counter the demand decreases 

resulting from increased journey costs. Road pricing is already widely used across Europe on 

specific roads. For example, access to central London is subject to congestion charging. 

Although this charge has been a technical success in reducing congestion, it should be noted 

that costs associated with the scheme are estimated to have outweighed the benefits 

produced (e.g. Prud’Homme & Bocarejo 2005). A major feasibility study into introducing road 

charging across the UK was carried out by DfT (2004). This indicated that congestion could be 

halved by introducing a national differential road charging regime. Although CO2 benefits are 

not estimated, a decrease in particulate (PM10) emissions by 7% is projected. However, as 

noted above, one major likely consumer response to road charging is to pay the increased 

charge without significantly altering behaviour (Bonsall et al. 2007). In this case, the scheme 

would be successful at raising money for government, but not successful at providing 

significant emissions reductions. 
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Carbon-based fuel tax 
This policy option would involve applying taxation to fuels based on their carbon emissions. 

This could either be as part of a move away from excise duty, or in addition to current levels of 

excise duty. The effects on transportation are likely to be broadly similar to those of inclusion 

into the EU ETS in the case that fuel producers are responsible for emissions trading. This 

means that much of the discussion of emissions trading above is also relevant here. The 

differences with the emissions trading case are that the level of taxation is set by an external 

body, rather than by the market, and revenues from taxation will go to government rather 

than directly towards reducing emissions in other sectors. In addition, while a cap and trade 

system has a fixed mitigation target, the exact reduction level induced by a carbon tax is not 

clear a priori. As revenues from carbon taxation do not necessarily go towards emissions 

reduction, any carbon tax would have to be set at a high enough level to change 

transportation consumer behaviour to achieve emissions reductions. This may lead to 

difficulty with political acceptance, as discussed below in Section 4.2. It should also be noted 

that present-day fuel taxation distinguishes between high-carbon and low-carbon fuels 

already. As discussed in Annex A to the TOSCA WP 6.2 report, existing taxes on alternative 

low-carbon fuels are low or zero in many EU27 countries. Widespread uptake of these fuels 

could have significantly negative public finance impacts if fuel taxation remained at present-

day levels. A review of carbon taxation is given by Baranzini et al. (2000).  

 

Carbon offsets, which are already widely offered in aviation, effectively function as a voluntary 

carbon tax, with proceeds going towards emissions reduction projects. However, uptake of 

carbon offsets is currently low even when they are offered as part of the ticket booking 

process, and companies providing offsets are largely unregulated, leading to doubts about 

their effectiveness for emissions reduction (e.g. Gössling et al. 2007).    

 

Personal Carbon Budgets 
The idea of personal carbon budgets is similar to that of emissions trading as described above. 

However, here each individual receives an annual carbon emissions budget for their personal 

use. Unlike the other policies discussed in this section, equity impacts may be positive, with 

higher-income (or at least higher-consumption) individuals paying more into the scheme. A 

review of personal carbon budgets is given by Parag & Strickland (2009). It is anticipated that 

these budgets would work in tandem with the EU ETS, with personal carbon budgets covering 

emissions under an individual’s direct control (e.g. household energy use and transport) and 

the EU ETS accounting for embedded carbon in goods and services purchased by the 

individual. Permits would be traded in a similar manner to the EU ETS; individuals emitting 

more than their carbon budget would have to purchase more permits, whilst those emitting 

less can sell their spare permits. In theory, as with emissions trading, this provides a highly 

economically efficient method of reducing total emissions, with low time until impact. 

However, there are a number of significant challenges in implementing this type of policy. 

There are no large-scale presently-implemented personal carbon budget schemes, and a 

complex administrative framework is likely to be required (e.g. DEFRA 2008). Checking, 

verification and fraud prevention may be difficult.  In addition, it is not clear whether 
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consumers in the market for carbon allowances will behave rationally (e.g. Capstick & Lewis 

2008). 

 

2.1.2 Market-based Policies affecting Vehicle Fuel Consumption 

 
The policies in this section provide incentives or penalties for consumers to invest in 

technologies with greater fuel economy, either by replacing their old vehicle with a new one, 

or by choosing a more fuel-efficient vehicle from a range of new alternatives. If these policies 

are successful, consumers influenced by them will experience lower fuel costs than they would 

otherwise have done, and may in response choose to travel more.  This means that a demand 

rebound effect is possible, as noted above, which may reduce the amount of system-wide 

emissions savings. 

 

Feebates 
Feebate systems are a type of differential registration tax. Typically, under a feebate scheme 

purchasers who buy a high-emission new car model have to pay increased registration tax, 

whilst those who buy a lower-emission car pay a reduced level of registration tax (e.g. Nemry 

et al. 2009). The system as a whole is revenue-neutral, with the increased tax on higher-

emission vehicles paying for the reduced tax on lower-emission vehicles. Feebate schemes 

have been used in France and Belgium (e.g. Nemry et al. 2009), amongst other countries, and 

there are numerous studies of their effects. Greene et al. (2005) find that a 16% increase in US 

new-car average fuel economy could be produced by a feebate rate set at $500 per 0.01 gallon 

per mile (around €2009 180 per litre per 100 km), even accounting for consumer myopia in 

valuing fuel economy savings. They also find that feebate schemes are more effective than 

either rebates or gas-guzzler taxes on their own.   

 

 

Gas-Guzzler Taxes and Rebates 
Gas-guzzler taxes, or penalties, are increased vehicle purchase or registration taxes for high-

emission vehicles. Similarly, rebates are decreased vehicle purchase or registration taxes for 

low-emission vehicles. Both types of policy can this be regarded as partial versions of the 

feebate system outlined above. Unlike feebates, gas-guzzler taxes and rebates are not 

revenue-neutral: gas-guzzler taxes will increase tax revenue to some extent, whilst rebates on 

their own will lower tax revenue. The US implemented a gas-guzzler tax in 1980. Under this 

scheme, passenger cars (but not light trucks) getting less than 22.5 MPG were penalised (e.g. 

Greene et al. 2005). As noted by McNutt (1983), this measure (in combination with high oil 

prices and a number of other simultaneous fuel-economy policies, including standards) 

produced around a 23% increase in fuel economy for the US passenger car fleet between 1974 

and 1980. However, in practice the primary effect of the gas-guzzler tax was on vehicle 

producers, not consumers; anticipating a decrease in sales, the vast majority of producers 

chose not to build new vehicles which would be subject to the tax. It therefore produced 

results similar to those of a fuel economy standard.  
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Subsidies 
Similarly to rebates, vehicle subsidies involve government intervention to decrease the cost of 

new vehicles with desirable technology characteristics. For example, the UK government’s 

Electric Car Scheme plans to provide subsidies of up to £5000 (around €2009 6350) to purchase 

battery electric or plug-in hybrid cars (DfT 2009), although only one eligible vehicle is currently 

available for sale. Similar schemes have been set up in many European countries. In the US, 

purchasers of plug-in hybrid vehicles can claim tax credits (Skerlos & Winebrake 2009). If the 

UK scheme were applied to the entire UK fleet of around 25 million vehicles, the total amount 

of subsidy could be up to 125 billion pounds – over 5% of UK GDP. This suggests long-term 

application of subsidies at this level may be impractical in terms of public finances if the 

technology becomes successful. However, as discussed in Section 2.5 of the WP 6.2 TOSCA 

report, historical examples such as the Brazilian ProEthanol program suggest that long-term 

support may be required to obtain long-term technological change. As many of the alternative 

technologies studied in TOSCA have a higher purchase price but lower fuel costs than present-

day reference technology, the level of subsidy required is dependent on the amount that 

vehicle purchasers value fuel savings. For passenger cars, where purchasers typically place a 

low value on fuel savings (e.g. Greene et al. 2005), this may mean that higher-than-expected 

subsidies are required to significantly influence purchase decisions. 

 

It is also possible to subsidise low-carbon fuels directly. As discussed in Schäfer et al. (2009), 

one example of this approach is US ethanol subsidies. Here, emissions reduction costs were 

estimated at around $3000-4000 per ton of CO2 reduced (around €2009 2800 – 3800 per tonne 

CO2). These high values in part reflect the low fuel lifecycle emissions reductions available 

from corn ethanol. However, even with an assumed 30% reduction in fuel lifecycle GHG 

emissions, costs would still be in excess of €2009 550 per tonne CO2 reduced. Low carbon fuel 

subsidies are also subject to food vs. fuel concerns, as discussed below in the section on low 

carbon fuel standards. 

 

 

Scrappage Schemes 
As noted by TOSCA WP 1-3, per-pkm and per-tkm emissions for all modes have declined over 

the last 20-30 years, sometimes at a rate of 1% or more per year. Since vehicle lifetimes are 

typically well over 10 years, this means that the oldest vehicles in the fleet can have emissions 

which are significantly above those of new vehicles. Scrappage schemes aim to reduce 

emissions by removing the oldest vehicles from the fleet. For example, a financial incentive 

may be offered to retire a car over 15 years old and replace it with a new-technology model. 

Environmental effects are not necessarily unambiguously positive, as shortening vehicle 

lifetimes implies an increase in new car production, and this will result in increased vehicle 

lifecycle emissions. In addition, many of the cars which are scrapped under such schemes may 

have been also scrapped in the absence of the scheme. A review of vehicle scrappage, 

including scrappage schemes, is given by de Jong et al. (2001). Dill (2004) analyses the results 

of two large-scale scrappage schemes in California. This study suggests that these schemes 

accelerated the retirements of the scrapped vehicles by around 2-3 years. Schäfer et al. (2009) 
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estimate a mitigation cost of around $650 – 1300 per ton of CO2 reduced (€2009 620-1230 per 

tonne CO2), for a US scrappage scheme paying $500-1000 (€2009 430-860) per vehicle. Alberini 

et al. (1996) estimate that, for a Delaware scheme aimed at accelerated scrappage of pre-1980 

vehicles, 3.4% of the pre-1980 fleet could be retired with a scrappage incentive of $500 

(around €2009 650), and around half of the pre-1980 fleet with a scrappage incentive of $1000 

(around €2009 1300). This suggests that the results of such schemes on total emissions will be 

strongly dependent on the price offered.  

 

2.2 Regulation for Vehicles and Energy Carriers 

Regulatory policies set limits on quantities such as acceptable fuel use, emissions or 

infrastructure use, with penalties for non-compliance. A wide range of transport 

environmental regulations already exist, although most are aimed at the non-CO2 negative 

externalities of transport (for example, aircraft noise and airport-area NOx emissions). As 

there can be a trade-off between reducing CO2 and reducing other negative externalities, 

some of these regulations have increased CO2 emissions. However, a wide range of CO2-

specific regulations have also been proposed. A rebound effect, as described above, may occur 

if regulation results in improved fuel economy and hence lower vehicle operating costs.  

Separately, regulation may put a significant burden on manufacturers, who have to produce 

appropriate vehicle designs. This may lead to increased purchase prices if manufacturers or 

fuel producers have to spend more to comply with the standard. 

 
Low-Carbon Fuel Standard 
Low-carbon fuel standards place a regulatory upper limit on the emissions that can be 

produced by one unit of fuel sold. Typically, this is achieved by mandating a given percentage 

of fuel from renewable sources. For example, the EU biofuels directive (EC 2003) states that EC 

members should try to achieve a 5.75% biofuel share by energy content in 2010. The primary 

method of achieving this aim would have been by including ethanol from renewable sources in 

a low-percentage blend with commercially-available gasoline. Another low-carbon fuel 

standard applies in California. Holland et al. (2007) find that such standards can achieve 

significant emissions reductions, depending on the level the standard is set at, but that they 

are a relatively expensive way to do so.  

 

One major potential negative impact of fuel standards relates to the food vs. fuel debate. 

Policies which provide support for low-carbon fuels may encourage producers to use 

agricultural land to grow feedstock rather than food, leading to global increases in food prices 

which can have large negative impacts in especially poor countries (e.g. Banse et al 2008). For 

this reason, the EU biofuels directive was revised in 2008, and strong policy support for biofuel 

adoption in future will likely require the widespread existence of second-generation biofuels, 

which do directly not compete with food for agricultural land.  
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Fuel Economy/Emissions/Design Standards 
Standards may also be applied to new or existing vehicle designs. For example, the first phase 

of aircraft noise standards is a requirement for new aircraft type designs to comply. Later, an 

additional requirement that all new aircraft sold should meet the standard is applied (e.g. 

ICAO 2007). In the absence of alternative fuels, fuel use and emissions are directly 

proportional. This means that a fuel economy standard and an emissions standard will have 

similar effects. Design standards can also be specified in terms of specific technologies which 

should be incorporated, or in terms of qualities which affect fuel economy (such as tyre rolling 

resistance).  

 

A review of emissions and fuel economy standards around the world is given by An & Sauer 

(2004), and a review of the economics of fuel economy standards is given by Portney et al. 

(2003). In Europe cars are covered by the ACEA voluntary tailpipe emissions standards. These 

specified that the average tailpipe emissions from new cars should reach 140 gCO2/km by 

2008. However, this target was not achieved. A more stringent, EU-supported target of 130 

gCO2/km was set for 2012 (Safarianova et al. 2011), with an additional 10 gCO2/km reduction 

intended to be achieved by non-vehicle technology measures (e.g. alternative fuels). These 

standards are among the most stringent in the world. 

 

In the US, the Corporate Average Fuel Economy (CAFE) standards were applied to cars and 

light trucks in 1975 in response to oil supply disruptions caused by the 1973 oil crisis, and have 

been periodically updated since. As with the ACEA standards, they apply to the average new 

car sold, allowing manufacturers to also sell cars with higher emissions. Even though the CAFE 

standards are low compared to those enacted in other countries (e.g. An & Sauer 2004), 

analysis of their effectiveness suggests that, by 2002, fuel economy had been increased by 

around 14% in comparison to what it would have been in the absence of standards (BEES 

2002). As discussed by Schäfer et al. (2009), the CAFE standards have also had unwanted side-

effects: as the light truck standard was less stringent, manufacturers moved towards the 

development of passenger-friendly light trucks, resulting in an overall increase in the average 

fuel consumption of the combined fleet.  

 

Because vehicles are sold globally, emission standards in one area can have an impact on other 

areas which are not covered by the standard. For example, manufacturers will try to make 

vehicles which can be sold in as many markets as possible, without major modifications, and 

R&D carried out in order to make vehicles which comply with standards in one area can then 

be used at little additional cost to improve vehicles elsewhere. This means that stringent EU 

standards may have an impact on emissions outside the EU. 

 

Occupancy Requirements 
Occupancy requirements aim to lower emissions, fuel use and/or congestion by reducing the 

amount of vehicle kilometres travelled. An example would be dedicated lanes for high-

occupancy vehicles, such as buses and cars with more than two people in them. High-

occupancy vehicle lanes are used in several US states, as well as in Canada, Australia and New 
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Zealand. To work, these lanes need to offer lower journey times than existing lanes, i.e. they 

will only be effective at promoting increased load factors in congested areas (e.g. Dahlgren 

1998). As high-occupancy lanes are a policy targeted at congestion rather than emissions 

reduction, they also have the capacity to increase emissions in some cases (e.g. Johnston & 

Ceerla 1996). 

 

Access Restrictions 
Access restrictions can act similarly to occupancy requirements or congestion charging, except 

here some or all vehicles are simply restricted from travel within a given area. One example of 

this approach was demonstrated by Beijing in the run-up to the 2008 Summer Olympics. To 

improve urban air quality, cars with odd- and even-numbered licence plates were banned 

from operating within the city on alternate days, with drivers being compensated by a 

reduction in vehicle tax. Reductions in NOx of 40% were achieved by this policy in pre-Olympic 

tests (Wang et al. 2007).  Similar policies have also been used in Central and South America 

(for example, in Mexico City).  As with other congestion- and local emissons-based policies, 

areas of application may be limited (in this case to urban centres), and reductions in carbon 

emissions are only a by-product of the expected reduction in demand. In countries where 

multiple-car households are common, restrictions such as the Beijing regulations may also be 

circumvented by having two cars with odd and even license plates.  Specific vehicle types may 

also be banned. For example, Paris has imposed access restrictions on sports utility vehicles 

(SUVs; An & Sauer 2004). 

 

Air Quality and Noise Regulation  
GHG emissions reduction measures do not exist in a vacuum. Instead, they must co-exist with 

(and potentially interact with) policies in other areas, including other environmental policies. 

One of the most important interactions is with air quality and noise regulations. Although such 

regulations are not directly aimed at reducing CO2, changes in CO2 emissions can occur as a 

side-effect of their implementation. These may be either reductions (if, e.g., the regulation 

results in a decrease in demand) or increases (if technology changes to meet regulations are 

associated with higher fuel use). Existing air quality and noise regulations may also conflict 

with or reduce the effectiveness of proposed GHG regulations, if it is not possible to reduce all 

three externalities simultaneously. This is particularly important for aviation, where regulatory 

frameworks for noise and local airport-area emissions are well-established and there can be a 

three-way tradeoff between reducing noise, reducing NOx and reducing CO2 (e.g. ICAO 2007). 

For example, Heathrow Airport was identified as an important airport for the Airbus A380. In 

order to operate at Heathrow, the A380 had to meet Heathrow’s noise regulations, and in 

order to achieve compliance design changes were made that resulted in increases in fuel burn 

and CO2 emissions (e.g. Hall & Crighton 2005). Although we do not directly look at air quality 

and noise regulations in TOSCA, it should be noted that some of the alternative technologies 

considered may be worse than the reference technologies in terms particularly of noise 

impacts. For example, open rotor aircraft and heavier freight trains will likely be noisier than 

present-day technology alternatives unless design compromises are made to address these 

impacts (Vera-Morales et al 2011; Psaraki-Kalouptsisi et al. 2011). For these technologies, 
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noise regulations could be a crucial barrier to adoption. In contrast, some technologies are 

significantly quieter than current technology (most notably battery electric vehicles and fuel 

cell vehicles; Safarianova et al. 2011), in which case uptake may be boosted by noise 

regulations. 

 

Legal Liability 
Regulations establishing and clarifying the legal liabilities associated with climate change 

damage may be a further way of prompting emissions reductions. A review of the legal 

liabilities associated with GHG emissions is given by Lewis (2009). As climate change-related 

damage becomes more and more evident and expensive to repair or adapt to, it is likely that 

those affected may seek to litigate against polluters on the basis that they failed to act to 

mitigate emissions when climate change impacts were reasonably forseeable. This may 

include entities such as fuel producers, vehicle manufacturers or governments. Such cases may 

not be a result of policy actions and may occur in an international arena (for example, it is 

conceivable that small island states or developing nations could bring claims against oil 

companies or governments of nations with high emissions). However, the legal frameworks of 

countries where claims are brought will influence whether such claims are successful or not. 

This means that policies aimed at setting out and clarifying the legal issues involved may have 

an impact on emissions, if they persuade companies to act to reduce GHG under the threat of 

potential litigation.  One major obstacle is that climate change increases the likelihood of 

extreme weather events rather than causing them directly, making the issue of who is liable 

for damage caused less clear.  

 

Inspection and Maintenance Requirements 
Emissions associated with many vehicles deteriorate with increasing vehicle age. For example, 

aircraft emissions increase by around 0.2% per year of age (e.g. Morrell & Dray 2009) and this 

can partially be addressed by increased airframe and engine maintenance (Morris et al. 2009). 

For a 30 year-old aircraft, increased maintenance can reduce fuel use and emissions by 2-3%. 

This means that mandating increased maintenance, particularly on long-lived vehicles where 

deterioration in emissions over a lifetime may be significant, can have an impact on GHG as 

well as other issues (e.g. safety). However, that impact is typically small compared to policies 

which are aimed at replacing older technology rather than better-maintaining it. 

 

Speed Limits 
A reduction in maximum speed has the potential to reduce emissions for nearly all modes. For 

road, Greene (2008) estimates that a 5mph decrease in US speed limits would save about 2-3% 

in total road vehicle fuel use and emissions, if enforced. Because a change in speed limits 

would apply to all existing road vehicles, the timescale to impact would be short. However, 

reducing road speed limits is a highly controversial policy option, and may be difficult to 

implement unless there is a substantial shift in public opinion.  For railways, historical trends 

have been towards increasing speed and this is likely to continue. However, running slowly 

when time allows is part of rail eco-driving strategies as outlined in the TOSCA WP3 Report. 
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Similarly, one aircraft technology option investigated by TOSCA WP2 is the optimised open 

rotor aircraft; part of the emissions benefit of this aircraft is that it cruises at a lower speed 

than present-day narrowbody aircraft. In both these cases, the speed reductions depend in 

part on technology installed on the vehicle, and therefore the implementation time may be 

greater than in the simple case of road speed limits.  For shipping, speed limitations are 

already voluntarily adopted at times of high fuel price (“slow steaming”). It has been estimated 

(Cariou 2011) that slow steaming in the 2008-2010 period led to an 11% decrease in fuel used 

by container ships.  

 

In all cases, speed limits will have impacts on passenger and freight demand which will likely 

be greater than those for a similar percentage cost increase (e.g. de Jong et al. 2002). They 

may also affect supply chains and local and national economies. These effects are difficult to 

quantify without a whole-system model.   

 

2.3 Infrastructure Investment 

Several of the technologies investigated in TOSCA are ineffective unless corresponding 

infrastructure is provided.  These include AHS for passenger cars, which require a dedicated 

lane on multi-lane roads, and ERTMS-ETCS/level 3 for trains, which requires standardisation of 

railway signalling equipment across Europe. For aviation, the SESAR project to reduce air 

traffic management inefficiencies also requires infrastructure investment, but it is not included 

in this section as it is already in the process of implementation and hence forms part of the set 

of existing policies included in all runs. 
 
Fuel Infrastructure 
The adoption of technologies which use alternative fuel sources is unlikely if the corresponding 

refuelling infrastructure is not available, or is too sparsely-distributed to be of use. Fuel 

infrastructure costs vary depending on which fuel is considered, and may be particularly high 

for hydrogen (Ogden et al. 1999). Models of consumer refuelling behaviour suggest that lack 

of refuelling infrastructure becomes only a minor parameter on consumer decision-making 

once 10-15% of existing filling stations supply the fuel in question (Sperling & Kitamura 1986). 

In such an environment, government initiatives to promote or support alternative fuel 

provision may help overcome initial barriers to adoption. However, significant government 

policy intervention promoting just the vehicles themselves may also lead filling stations to 

stock the promoted fuel, if incentives for vehicle purchase are large enough that a market for 

the fuel is anticipated (e.g. Schwoon 2006). Fuel concerns also apply to electric vehicles (EVs, 

e.g. RAE 2010). Although home charging is expected to be widely used for these vehicles, 

charging larger or higher-performance EVs will require a more powerful electricity supply than 

present-day home supplies. Many homes do not have off-street parking, so home charging for 

EVs belonging to these homes would require weather- and vandal-proof on-street charging 

points. Similarly, long-distance journeys will require public charging points. 
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AHS Lanes 
As discussed in the TOSCA WP5 reports (e.g. Psaraki-Kalouptsidi & Pagoni 2011), one major 

capacity-related option for reducing road emissions is the Automated Highway System (AHS). 

AHS relies on computer control to automatically drive vehicles in a way which offers significant 

reductions in congestion and fuel savings, including organising vehicles into platoons operating 

much closer together than existing traffic. The full operation of AHS requires dedicated AHS 

lanes on suitable roads. This means either switching an existing lane to AHS use (hence at least 

initially reducing the capacity available to non-AHS traffic) or building new lanes. Both options 

are potentially politically sensitive and may have high costs. In general, AHS has both strongly 

negative (perceived reduction in privacy; regressive equity effects; infrastructure 

requirements) and strongly positive (reduction in congestion and journey time; increased 

safety) impacts and so it is difficult to estimate overall outcomes in terms of policy 

acceptability. Because the introduction of AHS lanes is primarily a policy aimed at cutting 

congestion rather than emissions, it is not necessarily certain that emissions will decrease with 

wider use of AHS – the increase in demand from shorter journey times may cancel out the fuel 

saving from more efficient vehicle use. Within TOSCA, it is estimated that around 50% of EU27 

vkm is on roads which can be equipped with AHS lanes, and on these roads a 15-25% 

reduction in emissions may be achieved with full AHS use, whilst travel time is cut by 20-50% 

(e.g. Psaraki-Kalouptsidi & Pagoni 2011). Using combinations of these values in the TOSCA 

model framework, as detailed in the WP6.2 report, the total emissions impact including 

demand effects is almost always a reduction in emissions. 

 

 

ERTMS-ETCS/Level 3 
ERTMS is a Europe-wide railway safety and signalling system. One component of it is the 

automatic train protection system ETCS, which may be implemented at three levels of 

sophistication. ERTMS incorporating level 3 ETCS is the most advanced form of rail capacity 

technology envisaged to be able to have an effect on EU railways before 2050. To implement 

these technologies significant upgrades in trackside equipment, up to and including the 

complete renovation of the line in some cases, will be required. Estimated costs vary between 

€30,000 and €300,000 per kilometre (Psaraki-Kalouptsidi et al. 2011). As for AHS, ERTMS 

implementation policies are likely to be motivated by a desire for reduced congestion and 

increased safety, rather than reduced emissions. Estimated emissions reductions are in the 

range of 1-5%, whereas waiting times and operating costs are likely to decrease (Psaraki-

Kalouptsidi et al. 2011). Within the TOSCA framework, these input values lead to a total impact 

on emissions which is small but negative when all input numbers are at their most likely 

values. However, the overall impact on CO2 emissions from ERTMS-ETCS/Level 3 is an increase 

for some combinations of uncertain input variables. 

  

Land Use Planning 
Changes in land use could help reduce transportation emissions by reducing the total number 

of journeys needed, their average length or the mode used (e.g. van Wee 2002). This could be 
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achieved by increasing housing densities so that more people live in inner cities, or by assuring 

that housing developments have public transportation links, for example. However, outcomes 

are uncertain and a pricing component may also be a necessary part of emission-reduction 

land use planning policies. It has been estimated that integrating land use planning with 

transport infrastructure planning could reduce UK emissions by up to 2 MtCO2 (around 0.3% of 

year-2005 emissions) in 2020 (CCC 2010). As land use policies have an impact over a very long 

timescale, even small reductions in emissions per year may be significant over the total 

timescale of policy effects. However, as with policies such as road charging and access limits, 

land use policies may not necessarily be aimed at reducing emissions, but may involve a 

reduction (or increase) in emissions as a side-effect. This applies particularly where a reduction 

in congestion is a policy aim.  

 

Best Practice Rail System 
The EU27 rail network is less efficient, and has a lower mode share, than some rail networks in 

other world regions (Andersson et al. 2011). For example, rail passenger market share in the 

EU27 as a whole is 8%, compared to 32% in Japan, and rail freight market share is 11%, 

compared to 43% in the US. Shifting demand to rail may have a significant impact on 

emissions, as rail emissions per pkm and per tkm are usually lower than road or air emissions 

on comparable routes, at typical load factors. A best practice rail system policy would aim to 

improve EU27 rail characteristics in an attempt to promote a widespread mode shift to rail. 

This would involve a bundle of mainly infrastructure-based measures, including an extended 

high speed rail network, upgraded conventional lines and market liberalisation to lower ticket 

prices. For freight, dedicated rail freight corridors and increased intermodality would also be 

promoted. Estimations by TOSCA WP3 suggest that a shift in present-day infrastructure 

spending by EU27 countries of 0.15-0.2% of GDP from road to rail, aimed at achieving a 30% 

mode share for passenger and freight rail transport, is plausible, although this is subject to 

high uncertainty. 

 
However, it should be noted that expanded high-speed rail networks are not always associated 

with decreases in emissions. This is because, as well as passengers shifting from car and air to 

high-speed rail, a significant fraction of passengers shift from low-speed rail to high-speed rail, 

and hence increase their emissions (e.g. de Rus & Nash 2007). In addition, high-speed rail links 

may induce demand. This is notable particularly because high-speed rail links have a high 

passenger-carrying capacity in comparison with aircraft. This means that for most routes 

where high-speed rail could in theory compete with aircraft, building a high-speed rail link 

implies increased capacity. The result may be either a low load factor for the rail route, or an 

increase in demand on that route. Both routes could result in emissions which are greater than 

would be expected if a straightforward shift from air to rail is assumed. These factors mean 

that large expansions in high-speed rail should be assessed cautiously.       
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2.4 R&D and Information 

The final group of policies considered in this review are aimed at increasing knowledge and 

improving technology characteristics. This includes both support for R&D in cases where the 

R&D required to bring a technology to market-readiness is beyond the scope of a single 

company, and education campaigns designed to improve the usage of existing technology.  

 
Government-supported R&D 

 
EU27 governments already provide significant support for technology R&D. For example, the 

EU Framework Programmes (under which TOSCA is funded as part of Framework 7) fund R&D-

related projects in a wide range of areas relevant to transportation. A summary of these 

projects and their outcomes is currently being carried out by the REACT project (REACT 2011). 

As discussed by Schäfer et al. (2009), road vehicles and in particular aircraft have historically 

benefited from US and European R&D funding, motivated primarily by industrial 

competitiveness, energy security, safety and other non GHG-related concerns. For example, 

European Union-funded aerospace research amounted to around €200 million per year during 

the 2002-2006 period, not including R&D funded by national and regional governments. 

Government R&D support in specific areas is often triggered by perceived technology needs. 

For example, the oil crises in the 1970s prompted funding into alternative energy technologies 

(e.g. Martin 1996). However, some R&D efforts inspired by high fuel prices were discontinued 

when fuel prices subsequently decreased. This was particularly notable in the 1980s and 

1990s, when research into open rotor engines (e.g. the General Electric GE36) and algae 

biofuels carried out in response to the oil crises was discontinued (e.g. Sheehan et al. 1998). As 

the example of supersonic passenger aircraft also shows, even if significant levels of R&D 

support (combined with subsidies for purchase) can get a technology into the fleet, this also 

does not guarantee that the technology will remain in the fleet over the long term. This 

suggests that R&D programmes aimed at long-term technological change may need to be 

complemented by other policy measures.  

 

Government support of R&D can take several forms, including directly funding research 

facilities, subsidising projects carried out by academia and/or industry, or providing tax 

incentives for companies to carry out research. Because R&D carried out by private firms is 

often subject to high costs of capital, it can be difficult for companies to finance innovative 

projects, even though there is evidence of a high social rate of return for R&D investment (e.g. 

Hall 2002). This has been used as an argument for government policy to include some level of 

R&D funding. However, there is also some evidence that privately-funded R&D has greater 

rates of return than publically-funded R&D, and in general statistical data on the effectiveness 

of different types of R&D programs is lacking (e.g. David et al. 2000). 

 

Many of the technology options specified in TOSCA were judged by the response to a set of 

expert questionnaires to require ‘substantial’ R&D (equivalent to an EU-wide programme, and 

more than can be done by a single company) to achieve market-readiness with the specified 
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technology characteristics.  These responses are detailed further in the TOSCA WP1-5 reports. 

This means that government-funded R&D of some form would likely be required to get these 

technologies to market, whether or not the technologies would thereafter be successful 

without extra help. Because of this, government funding for R&D is likely to be an important 

part of technology policy bundles.  

 
Eco-driving 
Eco-driving encompasses a set of driver behaviours which would reduce fuel consumption 

compared to present-day typical driver behaviour. This includes, for example, accelerating 

moderately, anticipating traffic flow and signals, keeping at or below speed limits and avoiding 

excessive idling. Together the long-term saving in emissions from these measures has been 

estimated to be 5-10% (Barkenbus 2010). Although it can be facilitated by technology, 

introducing widespread eco-driving is primarily a matter of effecting behavioural change. This 

means that the costs associated with eco-driving policies are likely to arise from education 

campaigns. It also means that timescales for emissions impact are potentially low, as existing 

drivers in existing vehicles are targeted. However, it is likely that a complex, multi-faceted set 

of measures would need to be put in place to achieve a widespread behavioural shift 

(Barkenbus 2010).  

 

Eco-driving is also relevant for railways, where it includes, e.g. coasting before braking and 

downhill approach. For railways, eco-driving can be facilitated considerably with technologies 

which are currently existing or under development. Therefore eco-driving technologies are 

included in TOSCA WP3 (Andersson et al. 2011). For ships slow steaming, as discussed above, 

can also be considered a voluntary eco-driving measure. 

 

Carbon Labelling 
Carbon labelling involves providing information attached to goods and services at the point of 

purchase about the level of emissions associated with manufacturing or using them. This then 

enables consumers who wish to choose a low-carbon or energy-efficient option to make an 

informed decision. Carbon labelling policies may affect transportation both directly and 

indirectly. In the indirect case, carbon labels attached to goods such as food will likely include 

freight transportation emissions (e.g. White 2007).  In the direct case, carbon or energy 

efficiency labels may be supplied for car purchases, fuels (e.g. Rutz et al. 2007) or with holiday 

travel options. This option would be similar to the informational aspect of personal carbon 

trading, as discussed above, but without specific incentives to reduce carbon. The low uptake 

of voluntary carbon offsets for aviation (discussed in Section 2.1.1 above) suggests that 

consumer willingness to pay to voluntarily reduce carbon is low and that carbon labels in this 

case may have only a small impact.   

2.5 Dependency, additivity, unexpected impacts and adaptive policymaking 

The policies discussed above do not exist in isolation. Any successful future strategy for 

controlling GHG emissions is likely to consist of policy bundles aimed at simultaneously 
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targeting multiple aspects of the problem. For example, R&D support may be needed to bring 

advanced technologies to a state of market-readiness, and subsidies may then be required to 

make those technologies competitive with existing ones. These policies will interact with each 

other and with other, non climate-based policies. For example, as noted by e.g. Dray et al. 

(2009), the impacts of two separate interventions aimed at reducing transportation emissions 

are not necessarily additive. A fleet renewal policy will reduce the impact of a policy aimed at 

increased maintenance of older vehicles, because there will be fewer older vehicles in the 

fleet. Similarly, the impact of eco-driving would be reduced by technologies which target some 

of the same inefficiencies (e.g. automated highway systems). Some policies may have 

unintended effects which actually increase emissions. For example, road speed limits on long-

distance routes could result in more passengers travelling by air. Other unforeseen 

consequences may arise from the exact formulation of the policies specified. One example, as 

noted above, is the US gas-guzzler tax. As this tax initially applied to passenger cars and not 

light trucks, manufacturers were still able to sell high-emission sports utility vehicles (SUVs) 

without being subject to the tax, since these vehicles were classified as light trucks (e.g. 

Guenther 2006). In addition, the impact of policies and their likelihood of successful 

implementation may vary depending on how future factors such as GDP, oil price and public 

attitudes develop. For example, policies which increase fuel price are politically less acceptable 

when oil prices are high. These factors mean that the values cited in the discussion above are 

far from certain, and that the way that policies (and scenarios) combine is potentially complex.   

 

In addition, EU27 policymaking has many goals. Climate policy forms only one part of EU27 

policy, and policies aimed at desirable outcomes in other areas can potentially conflict. One 

specific example is the EU internal market (e.g. Europa 2011). Internal market policies focus on 

promoting the free movement of people and goods across the European Union. These policies 

are aimed at job creation and increased competition leading to more affordable goods and 

services for consumers. However, they also tend to increase the amount of transportation 

undertaken, and hence transportation emissions. For example, they facilitate workers from 

one EU country obtaining jobs in other EU countries, which will tend to increase the number of 

passenger trips between those countries. They also facilitate the competition of firms in one 

country with those in other countries, and so will tend to increase freight traffic.    

 

One of the fundamental qualities of successful policies is that they should be robust across a 

wide range of potential futures, and adaptable to adjust in the face of unexpected impacts 

(Walker et al. 2001). This requires consideration of which outcomes count as successful, 

identification of policy vulnerabilities, and specification of contingency actions to be taken if 

the unadapted policy appears to be heading towards an unsuccessful outcome. Unanticipated 

outcomes are difficult to project with policy models, because the inputs to these models 

usually follow expected, smooth trends. Although (lack of) additivity is included in the models 

used in TOSCA, we do not model unexpected events, adaptivity or changes in public attitudes2

                                                 
2 However, the impact of an unexpected event is modelled as a sensitivity case: see Annex A of TOSCA 
Report 6.1, Annex C of TOSCA Report 6.2, and annex B of this report. 

. 
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However, it should be noted that these issues are likely to be important in any real-world 

implementation of the policies looked at here. 
 

2.6 Summary Table 

The policy review above is summarised in Table 1, along with an assessment of each policy in 

terms of key metrics. These table values are primarily an outcome of the policy measures 

stakeholder consultation exercise which was run at the third TOSCA workshop in Athens, 

Greece, on the 22nd – 24th September 2010. However, additional references are given in the 

table. As many of the policy outcomes are dependent on the exact form of the policy which is 

used (for example, which method is used to distribute allowances in a carbon trading system; 

what level emissions standards are set at), table values should be considered as illustrative 

only; many are subject to high uncertainty. 

 

Where not otherwise specified, ‘high’, ‘medium’ and ‘low’ are relative to the range of policies 

considered, i.e. ‘high’ means that the policy in question has a higher-than-average impact 

compared to others in the given set of policies. For public finance, ‘Positive’ means that the 

policy is expected to raise money for governments, ‘Neutral’ means that the policy is revenue-

neutral (apart from setup and administration costs), and ‘Negative’ that the policy has some 

cost to governments beyond setup and administration. For Equity, ‘progressive’ means that 

the policy is likely to reduce inequality in society, ‘neutral’ that it is likely to have little effect, 

and ‘regressive’ that it is likely to increase inequality (for example, by raising the cost of driving 

so that it is less accessible to the poor). For time to policy impact, ‘low’ means that the main 

time constraint to policy impact is the time necessary to implement the policy. ‘Medium’ 

means that some changes in infrastructure or vehicle fleet turnover on a timescale of 10 or 

fewer years would be required to achieve significant policy impact. ‘High’ means that fleet 

turnover or infrastructure changes on a timescale of over 10 years would be needed. For 

Technical Feasibility, the ease of setting up monitoring and verification systems as well as 

introducing the policy itself is considered.
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Table 1. Summary table of policy characteristics and likely impacts 

Policy Potential 
GHG Impact 

Economic 
Efficiency3

Public 
Finance  

Consumer 
Acceptance 

Industry 
Acceptance 

Equity Time to 
Impact 

Transparency Technical 
Feasibility 

References (in addition 
to TOSCA reports and 
workshop discussion 
results) 

Carbon 
Trading 

Can be high, 
depending 
on emissions 
cap  

High Neutral Moderate Moderate Regressive Low4 Moderate  High Ellerman & Buchner 
2007; Carlson et al. 2000; 
EU 2006; den Elzen et al. 
2007; DfT 2008 

Road/ 
Congestion  
charging 

Low High for 
reducing 
congestion 

Positive Moderate Moderate Depends 
where 
revenues 
are spent 

Low 
(once 
agreed 
upon) 

High Moderate DfT (2004); Bonsall et al 
(2007) 

Carbon fuel 
tax 

Can be high,  
depending 
on design 

High Positive Low Moderate Regressive Low High High Baranzini et al. (2000). 

Personal 
carbon 
trading 

Can be high, 
depending 
on personal 
emissions 
cap 

High Neutral (but 
large 
enforcement 
cost) 

Low Moderate Progressive Low Low Low Parag & Strickland 
(2009); DEFRA (2008) 

Feebates Can be high, 
depending 
on levels 

Moderate-
high 

Neutral High Low Neutral Medium 
- High5

High 
 

High Nemry et al. 2009; 
Greene et al. (2005) 

                                                 
3 Economic efficiency indicates the level of resources that are required to produce a given emissions reduction. A measure with high economic efficiency is able to reduce 
emissions at relatively low cost.  Measuring economic efficiency can be complex and uncertain. Table values are indicative only and should be treated with caution.  
4 The initial impact of carbon trading is rapid and is due to demand reduction. Full impacts (including any changes in vehicle choice due to the policy) are dependent on 
fleet turnover and so will require a medium-high timescale depending on the mode. 
5 The timescale of these policies depends on fleet turnover. They are likely to have a medium-term impact for modes with rapid fleet turnover (e.g. passenger cars) and 
long-term impacts for modes with slow fleet turnover (e.g. shipping). 
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Policy Potential 
GHG Impact 

Economic 
Efficiency 

Public 
Finance 

Consumer 
Acceptance 

Industry 
Acceptance 

Equity Time to 
Impact 

Transparency Technical 
Feasibility 

References (in addition 
to TOSCA reports and 
workshop discussion 
results) 

Rebates Less impact 
than 
comparable 
feebate 

Moderate Negative 
 

High Moderate-
High 

Neutral Medium 
- High5 

High High Greene et al. (2005) 

Gas-guzzler 
taxes 

Less impact 
than 
comparable 
feebate 

Moderate Positive Moderate Low Neutral-
regressive 

Medium-
High5 

High High Greene et al. (2005); 
McNutt (1983) 

Vehicle 
purchase 
subsidies 

Depends on 
level 

Moderate Negative High Moderate-
High 

Neutral Medium- 
High5 

High High Skerlos & Winebrake 
(2009) 

Vehicle 
purchase 
penalties 

Depends on 
level 

Moderate Positive Moderate Low Neutral- 
regressive 

Medium-
High5 

High High Skerlos & Winebrake 
(2009) 

Scrappage 
Schemes 

Strongly 
depends on 
price 

Low Negative High High Progressive Medium High High de Jong et al. (2001); Dill 
(2004); Alberini et al 
(1996); Schäfer et al. 
(2009) 

Low-carbon 
fuel 
standard 
 
 
 

Can be high - 
depends on 
standard 

Low Neutral Low6 Low-
Moderate 

 Neutral- 
regressive 

Low, but 
depends 
on fuel  

High High Holland et al (2007); 
Banse et al (2008) 

                                                 
6 This value reflects the impact of the food vs. fuel debate, and that ethanol blends in gasoline engines have been associated with engine sensor damage. 
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Policy Potential 
GHG Impact  

Economic 
Efficiency 

Public 
Finance 

Consumer 
Acceptance 

Industry 
Acceptance 

Equity Time to 
Impact 

Transparency Technical 
Feasibility 

References (in addition 
to TOSCA reports and 
workshop discussion 
results) 

Fuel 
economy/ 
emissions/ 
design 
standards 

Can be high 
– depends 
on standard 

High-Low Neutral High7 Low  Neutral Medium-
High5 

High High An & Sauer (2004); 
Portney et al (2003); 
BEES (2002); Schäfer et 
al. (2009) 

Occupancy 
Require-
ments 

Low8 Moderate   Negative Low Low Neutral Low High Moderate Johnston & Ceerla 
(1996); Dahlgren (1998) 

Access 
Restrictions 

Low Low Neutral9 Low  Low Regressive Low High Moderate Wang et al (2007) 

Air Quality 
and Noise 
Regulations 

Positive or 
negative, 
depending 
on mode 
/regulation 

High-Low Neutral High Moderate Progressive Medium High Moderate Hall & Crighton (2005) 

Legal 
Liability 

May be high High Neutral10 Low  Low Neutral-
progressive 

Short High Moderate Lewis (2009) 

Inspection 
& Mainten-
ance  req’ts 

Moderate - 
Low 

Moderate Neutral High-
Moderate 

Moderate Neutral Medium High High Morris et al. (2009); 
Morrell & Dray (2009) 

Speed 
Limits 

High-low by 
mode, level 
of speed 
limit 

High Neutral Low Low Neutral Short High High Greene (2008); Cariou 
(2011); de Jong et al. 
(2002) 

                                                 
7 Note however that in the US fuel economy standards have been linked with lower safety from decreased vehicle weight. Such links may decrease consumer acceptance. 
8 Refers to high-occupancy vehicle lanes. However, a widespread increase in vehicle load factor could have a high impact on emissions. Note also that outcomes depend on 
whether existing lanes are rededicated or new lanes are constructed. 
9 Some policies of this type include compensation for affected drivers. If this is the case, the public finance implications will be negative. 
10 However, if governments are held liable for emissions, the impact on the liable government’s finances is likely to be strongly negative! 
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Policy Potential 
GHG Impact  

Economic 
Efficiency 

Public 
Finance 

Consumer 
Acceptance 

Industry 
Acceptance 

Equity Time to 
Impact 

Transparency Technical 
Feasibility 

References (in addition 
to TOSCA reports and 
workshop discussion 
results) 

Refuelling 
Infra-
structure 

Depends on 
technology/ 
fuel 

Depends 
on 
technology
/fuel 

Negative High High Neutral Medium High High-
moderate 
(depends 
on fuel) 

Sperling & Kitamura 
(1986); Ogden et al. 
(1999); Schwoon (2006); 
RAE (2010) 

AHS Lanes Low Moderate Negative Low Low-High Regressive Long High-medium Low Psararaki-Kalouptsidi & 
Pagoni (2011) 

ERTMS-
ETCS Level 3 

Low (may be 
negative) 

Moderate Negative High High Neutral Long High Moderate Psaraki-Kalouptsidi et al. 
(2011) 

Land-use 
planning 
 
 
 

Depends on 
policy – may 
be high 

High Positive- 
Negative 

Low Low Regressive Long High Moderate van Wee (2002); CCC 
(2010) 

Best-
practice rail 
system 

Depends on 
policy – high 
if mode shift 
can be 
achieved 

Moderate-
Low 

Neutral- 
negative11

High 
 

High – Low 
by mode 

Progressive High High Moderate-
Low 

Andersson et al. (2011); 
de Rus & Nash (2007) 

Gov’t R&D 
funding 

High-none Moderate-
Low 

Negative Moderate High Neutral High Moderate High David et al. (2000); Hall 
(2002); Schäfer et al. 
(2009). 

Eco-driving 
education 

High if policy 
successful 

High Negative Moderate High Neutral Low High Moderate Barkenbus (2010) 

Carbon 
labelling 

Moderate-
Low 

High Negative Moderate High Neutral Low High Moderate White (2007); Rutz et al. 
(2007) 

                                                 
11 Note that a revenue-neutral best practice rail system would require diverting infrastructure spending from road to rail. The impacts of decreased road infrastructure 
spending are not considered here. 
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3 Policy Modelling in TOSCA 

The TOSCA modelling framework was detailed in the TOSCA WP6.2 final report. In this 

framework, demand totals from the TOSCA scenarios (as given in the TOSCA WP6.1 report) 

and historical data on EU27 vehicle fleets by mode and their typical retirement behaviour are 

used to estimate the demand for new vehicles by year. The penetration of the vehicle and fuel 

technologies specified in WP1-5 along with the resulting emissions is simulated. Detailed 

results for technology adoption by mode, fuel use and emissions in the case that no new 

policies are applied, along with a discussion of the assumptions, simplifications and model 

sensitivities involved in the modelling process, were given in the WP 6.2 final report.    

 

As illustrated in Section 2, a wide range of policy options are available to reduce GHG 

emissions and other negative externalities from EU27 transportation. However, many of them 

have broadly similar effects, or are likely to have limited GHG impact, or are outside the 

technology focus of TOSCA. In this section, we discuss how policies fit into the TOSCA 

modelling framework, as discussed in the TOSCA WP6.2 report. Then, based in the analysis in 

Section 2, a small set of sample policies and policy combinations is chosen for further 

modelling with this framework. The results of model runs with these policies are given in 

Section 4.  

3.1 Policy Selection 

The issue of policy selection formed part of the discussion at the second TOSCA workshop, 

held in Athens on the 22nd – 24th September 2010. A major challenge identified with policy 

modelling for a project on the scale of TOSCA is that of potential high levels of complexity, 

because of the many different policy combinations which are possible. In addition, the models 

used in TOSCA are relatively simple and crude, and are based on many assumptions.  Because 

of this, it is important not to stretch the modelling process beyond the validity limits of the 

input and assumptions used. For these reasons, we carry out only a simple policy modelling 

process, using a limited set of policies designed to illustrate key system principles. For more 

detailed analyses of specific policies, the reader is directed to the papers cited in the policy 

discussion in Section 2.   

  

In order to select policies for this analysis, we consider which policies may be grouped 

together. In particular, many of the policies discussed in Section 2 have similar impacts on 

transportation. For example, the broad effects of carbon taxation and carbon trading will be 

similar, because both policies attach a cost to carbon emissions. A further consideration for 

TOSCA modelling is policy relevance. Many of the policies discussed above are not aimed at 

emissions reduction, but have a potential reduction in emissions as a side-effect. Others are 

aimed at emissions reduction, but not primarily via the adoption of new technology. One 
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major example of these types of policy is speed limits. Although speed limits represent a short-

timescale way of lowering emissions, they are not typically intended to change the technology 

composition of the fleet.   These types of policies are neglected in this analysis. Finally, policy 

effectiveness is also considered. Policies which were considered in the discussion above to be 

of low effectiveness (for example, voluntary carbon offsets) are also neglected. 

 

From the remaining policies we consider one or more examples from each major policy group 

discussed in Section 2. For market-based policies affecting operating costs, we consider the 

case of carbon taxation (similar CO2 emission results are likely from carbon-based emissions 

trading and fuel taxation at comparable levels). For market-based policies affecting fuel 

consumption, we consider vehicle purchase subsidies (similar CO2 emission results are likely 

with feebates, penalties and gas-guzzler taxes at comparable levels). For regulatory policies, 

we consider a CO2 emissions standard. For infrastructure policies, we consider all the major 

options discussed in TOSCA WP5 which require infrastructure investment, i.e. AHS lanes, 

ERTMS/ETCS-Level 3 and heavier/faster/longer freight trains. For R&D and information 

policies, we consider the case of government-sponsored R&D. As discussed in the individual 

cases below, in practice we aggregate R&D and most infrastructure policies.  

 

3.2 Model Input 

 
Policy effects fit into the modelling framework discussed in the TOSCA WP6.2 report via a 

number of simple levers. The first is changes in costs. Costs associated with vehicle purchase 

and ownership are estimated for each technology in TOSCA WP 1-5, and form part of the input 

into the TOSCA modelling process. Policies may change these costs and hence affect decisions 

to do with vehicle purchase and usage. For example, a vehicle purchase subsidy may affect the 

purchase price of battery electric vehicles; a carbon tax may influence the relative prices of 

different types of fuel; or an increased-maintenance policy may affect operating costs.  The 

second policy-related input change is journey time. Although specific journey times or speeds 

are not an input to the stock modelling, the change in journey time resulting from a new 

technology or policy is. This affects demand. For example, capacity technologies tend to 

reduce congestion and shorten journey times, so part of their impact is likely to be an increase 

in demand; capacity technologies aimed at a particular mode, such as ERTMS/ETCS-Level 3 for 

railways, may result in mode shift. A third point of policy influence is technology availability. In 

the case that no new policies are applied, not all of the technologies considered in TOSCA WP 

1-5 are likely to be available. Many are estimated to require substantial R&D support before 

they can reach a state of market-readiness. Others may become unavailable if they are not 

compatible with new-vehicle emissions standards. This affects whether the technology is 

considered as a viable purchase option or not by the stock model. Finally, infrastructure 

availability affects whether or not technologies will be usable. This applies particularly to 

technologies such as automated highway systems, for which substantial investment in either 
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new road lanes or usage changes to existing lanes is required before the technology can 

become viable.   

3.3 Impact and Cost Estimation 

Policies may have an impact on many of the stock modelling outputs, as discussed in the 

TOSCA WP6.2 Report. In this report, we concentrate on the impact of policies in terms of fleet 

composition and direct and fuel lifecycle emissions, but also make some simple estimates of 

direct policy cost. In particular, we investigate what impacts each policy set has had by 2050 

on the CO2 emitted by intra-EU27 and half of intercontinental transportation to and from the 

EU27 countries, in comparison to EU climate goals for 2050 as discussed in Section 1.   

 

Table 2. Implementation of policies aimed at reducing emissions by new technology in 

TOSCA 

Policy Type TOSCA 
Implementation 

Cost estimation CO2 Emission results also 

applicable to: 

Market-based 
policy 
affecting 
operating 
costs 

Carbon tax Direct impacts (e.g. 
change in total 
taxation revenue) – 
not reporting and 
monitoring 
infrastructure 

Fuel tax/subsidy, emissions 

trading12

Market-based 
Policy 
affecting fuel 
consumption 

, road pricing 

Vehicle purchase 
subsidy (by type) 

Direct impacts (e.g. 
amount paid in 
subsidies) 

Gas-guzzler tax, feebate, 

vehicle purchase penalty 

Regulation CO2 Emissions 
Standard 

Can estimate 
equivalent subsidy 
to provide same 
effect 

Fuel economy standard 

Infrastructure 
Investment 

AHS lanes, ERTMS-
ETCS/Level 3 

Infrastructure costs 
estimated in WP5 
reports  

- 

R&D and 
Information 

Government-
sponsored R&D 

Some costs 
estimated in WP1-5 
reports 

- 

 

 

Ideally, a full welfare calculation should be carried out when evaluating the impact of policies. 

However, the information available in TOSCA is not sufficient to make this calculation in detail 

(for example, the non-CO2 transportation externalities arising from the new technologies are 

only estimated on a 5-point scale as being better or worse than existing technology).  Such an 

                                                 
12 Note also that including road transportation in particular in the EU emissions trading scheme may 
increase the carbon price, so the impact is not identical to that of a carbon tax set at expected EU ETS 
permit price levels. 
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effort would also go well beyond the scope of this project. Because of this, and in order to 

keep the modelling simple, we limit the analysis here to direct cost impacts only. A summary 

of the policies investigated and their implementation is given in Table 2. One special case is 

the implementation of emissions standards. Whilst it is straightforward to model these in the 

TOSCA framework in a simple way, the various economic losses and changes in producer 

behaviour arising from emissions standards are likely to be important, and are not simple to 

model. For this reasons, we omit emissions standards from the discussion in Section 4. 

However, in agreement with Section 2.1.2, the results for policy runs including emissions 

standards behave similarly to those including vehicle purchase subsidies.  

 

As a further outcome metric, we estimate the impact that policy sets have on the average 

vehicle in the fleet in terms of the acceptability metrics defined by WP1-5.  This is discussed in 

Annex A. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

  Deliverable D10                                                                                                                                       30 

4 Results for Selected Policies 

4.1 Research and Development 

Many of the technology options specified in TOSCA were judged by WP 1-5 to need 

‘substantial’ R&D to achieve market-readiness. This level of R&D was defined as ‘equivalent to 

an EU-wide programme’, and suggests greater R&D efforts will be required than can be carried 

out by a single company.  Examples of these technologies include mass-market battery electric 

cars and plug-in hybrids, fuel cells and open rotor aircraft, and alternative fuels from wood 

feedstock.  If a technology is not in a state of market-readiness, other policies aimed at 

promoting the adoption of that technology will be meaningless. This means that government 

support for R&D forms a key first step in transportation policy under TOSCA assumptions. 

However, although it is a necessary condition it is not always a sufficient one. Many of the 

technologies which require ‘substantial’ R&D are also estimated to enter the market at 

substantially higher purchase prices than their existing-technology counterparts. This means 

that R&D support may need to be combined with taxes, purchase incentives or other 

measures to produce measureable effects on emissions. 

 
Figure 3. Direct and fuel lifecycle emissions from EU27 transportation in the R&D policy case, 

in comparison with the ‘no new policies’ case. 

As noted in Section 2.3, infrastructure investment may also be necessary for the adoption of 

some technologies (e.g. hydrogen refuelling facilities). This may also need to be government-

supported, although it can be argued that if fuel providers anticipate policy measures that will 

promote widespread adoption they will act themselves to provide fuel (Schwoon 2006). For 

the runs shown here, we assume that suitable infrastructure is provided where needed, 

including capacity infrastructure (e.g. ERTMS/ETCS-Level3). However, because of the large 

investments required for and controversial nature of automated highway systems (AHS), we 

exclude AHS infrastructure for these runs. It is, however, included in the ‘minimum emissions’ 

case discussed in Section 5. In addition, due to biofuel supply constraints (see e.g. Annex A to 

the TOSCA WP6.2 Report), widespread biofuel use for cars is excluded from the policy cases 
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shown below unless otherwise specified. This effectively means that the biofuel supply is 

monopolised by trucks and aircraft. Since these modes may be willing to pay a higher price 

for biofuels, due to their relative lack of other mitigation options compared to road 
passenger transport, this is a plausible assumption for a future with limited biofuel supply. 
 
 

 
Figure 4. Fuel lifecycle emissions by mode and geographic scope: comparison between the 

‘no new policies’ and R&D policy cases.  
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Many different R&D funding policies are possible. For simplicity, we assume that R&D will be 

funded for all major alternative technologies in the case shown in Figure 3 (aside from the 

exclusions mentioned above). Technologies covered by this option include plug-in hybrid, 

battery electric and fuel cell vehicles (using hydrogen from natural gas); F-T diesel from wood 

feedstock and CVO for trucks; ‘combination’ train technology and ERTMS/ETCS-Level 3; open 

rotor and optimised open rotor aircraft, plus F-T Jet fuel from wood feedstock. These 

technologies are assumed to be unavailable in the ‘no new policy’ case, but to be available in 

the R&D policy case. As only existing shipping technologies are considered in TOSCA, there is 

no effect on shipping technology availability. 

 

Results for total (direct and fuel lifecycle) emissions are shown in Figure 3, in comparison to 

the ‘no new policy’ case detailed in the TOSCA WP6.2 report. A comparison of fuel lifecycle 

emissions by mode is shown in Figure 4, for a geographical scope including all intra-EU 

transport emissions and half of intercontinental air and shipping transport emissions. 

Emissions are reduced due to R&D investments, but the amount of reduction is small. Year-

2050 direct transport CO2 emissions are 11-13% lower than in the ‘no new policy’ case, 

depending on the scenario modelled. Similarly, year-2050 fuel lifecycle emissions are reduced 

by 8-10%. The source of these reductions is mainly due to the adoption of three technologies: 

F-T diesel from wood feedstock for trucks, ‘combination’ trains, and F-T Jet A from wood 

feedstock for aircraft. In the case of F-T diesel for trucks, this is because existing tax levels are 

typically much lower than those applied to diesel from fossil sources. As a result, if taxation 

policies are not changed, F-T diesel from wood feedstock may be a lower-price option than 

diesel from fossil sources13

 

. This is the primary cause of the decrease in road emissions in 

Figure 4. However, it implies that fuel tax revenues will decrease in this scenario. For aviation, 

fuel duty on international flights is prohibited by the Chicago convention so there is no existing 

fuel tax incentive for aviation biofuels in this context. However, learning effects, which are 

included in the TOSCA model framework, mean that biofuel production costs are likely to 

come down over time from initially-high values (e.g. Perimenis et al. 2011), leading to 

reductions or only slow growth in prices13. In contrast, the prices of petroleum fuels are 

projected to remain flat or increase. The result is that there is some use of aviation biofuels in 

this case in all TOSCA scenarios, but only after 2040-2047. 

Perhaps the most notable outcome of the R&D-only case is that several key technologies are 

not widely adopted, even though they are in theory available for purchase. This includes 

electric vehicles, fuel cells and open rotor engine aircraft. This is not surprising given that the 

purchase prices of these technologies are projected to be significantly higher than their 

existing-technology counterparts. Additional incentives are likely to be needed to make 

substantial savings in emissions using these technologies.  We consider two specific cases – 

R&D plus carbon taxation, and R&D plus vehicle purchase subsidies – in sections 4.3 and 4.4 

below. 

                                                 
13 A more detailed discussion of fuel prices is given in Annex A of the TOSCA WP 6.2 report. 
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4.2 Carbon Taxation 

To model the effect of policies which change vehicle operating costs, we consider the case of a 

carbon tax. For the models used here, the outcomes will be broadly similar to that of including 

transportation into the EU’s emissions trading scheme, although revenues are assumed to be 

collected by government rather than being used to fund reductions in emissions in other 

sectors. The impact of attaching a price to carbon depends on what level that price is set at. 

Near-term projections of the EU ETS carbon price typically find a price range of around €5-

100/tCO2 by 2020, depending on assumptions (e.g. CCC 2008). However, the EU’s long-term 

goal is to limit global temperature rise to below 2°C. As discussed in Stern (2006), although 

there are large uncertainties involved, achieving this goal is likely to require stabilisation of 

atmospheric CO2 concentration levels at well below 550 ppm. CCSP (2007) investigate carbon 

prices in a hypothetical global carbon trading scheme for different atmospheric CO2 

stabilisation levels. For a 450ppm level, carbon prices are projected to be above €100/tCO2 in 

all cases by 2050, in some cases considerably higher. Since prices in a global trading scheme 

are likely to be lower than those in an EU-only scheme, this suggests longer-term carbon prices 

at levels well above near-term projections are plausible. In this report, we employ a carbon tax 

of €100/tCO2. 

 

 
Figure 5. Impact of a €100/tCO2 carbon tax, applied gradually from 2015-2025, on UK 

gasoline and diesel prices in the Baseline scenario. 

The impact of a €100/tCO2 carbon tax on projected UK gasoline and diesel prices in the 

Baseline scenario is shown in Figure 5, in comparison to past data from DECC (2010). As 

discussed in Annex A of the TOSCA WP6.2 Report, projected gasoline and diesel prices rise 

only moderately in the absence of carbon taxation, despite the greater variation in oil price, 

because of the high percentage of fuel prices which is excise duty. The carbon tax is assumed 

to be applied gradually, starting in 2015 and reaching its full value in 2025. As can be seen in 

Figure 5, the impact of a carbon tax at this level is comparable to historical variations in fuel 

prices. However, it would result in fuel prices in real terms rising to levels not seen since the 
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1950s. Since UK fuel prices are already at a level which has prompted protests by truck drivers 

and government postponement of planned excise duty rises, adding this or greater levels of 

carbon tax may be difficult in the present-day political climate.  
 
Emissions in the case that the carbon tax shown in Figure 5 is applied without R&D 

policies are shown in Figure 6. As for R&D alone, the reduction in emissions in each 

respective scenario and year is around 10%. In this case, as discussed in Section 4.1, it 

is assumed that all technologies specified in WP1-5 with a ‘substantial’ R&D 

requirement do not reach a state of market-readiness before 2050.  In such cases of 

limited technology availability, the bulk of the emissions reductions over the ‘no new 

policy’ case are due to demand reductions, which are caused by increased journey 

costs. This puts the option of carbon taxation without R&D funding outside the 

primary scope of TOSCA – as modelled here, it is mainly a demand reduction policy – 

so we do not consider it further.  
 

 
Figure 6. Direct and fuel lifecycle emissions from EU27 transportation: comparison between 

the ‘no new policy’ case and the case where an additional carbon tax of €100/tCO2 is applied 

to all modes from 2015. 

4.3 Research and Development plus Carbon Taxation 

As noted in Section 4.1 above, R&D on its own is likely not to be enough to produce 

widespread adoption of alternative technologies for passenger cars and aircraft. Therefore we 

also consider a combination of the policy cases in Section 4.1 and 4.2 – a R&D policy 

accompanied by a €100/tCO2 carbon tax implemented as shown in Figure 5. Because such a 

carbon tax may have different impacts depending on where the R&D support is focussed, we 

consider three separate R&D cases. In all cases, all alternative technology R&D is funded for 

rail and air technologies. In the first case, R&D into increased electrification of road transport 

is also funded, with the focus on plug-in hybrid and battery electric vehicles. In the second 

case, the focus for road transport is on fuel cell vehicles. In the third case, a focus on 
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alternative fuels which are usable in existing vehicles (with relatively minor technology 

changes) is instead assumed. Results for the first case are shown in Figure 7. 

 

 
Figure 7. As Figure 6, but adding to the carbon tax a R&D policy targeted at electric vehicles. 

The two policies have the potential to interact in several different ways. In the case that there 

is no interaction, we might expect emissions to be reduced by around 20-25% - i.e. an additive 

combination of the reductions seen when applying each policy separately. The policies may 

combine super-additively – that is, the carbon tax may add the small extra push needed to get 

vehicle purchasers to switch en masse to low-emission technology. They may also combine 

sub-additively – for example, alternative technology adoption may remain at the level shown 

in the R&D-only case, but this level of technology adoption will reduce carbon costs and so 

mitigate the demand reductions which were the primary cause of emissions reductions in the 

carbon tax-only case.  

 

In the carbon tax plus electrification-focussed R&D case shown in Figure 7, the impact of both 

policies in combination is additive or mildly sub-additive. This is in line with the discussion in 

Section 2.1.1; at this level of carbon taxation, consumers may choose to pay the tax rather 

than change behaviour. In particular, for these model runs, the car fleet remains dominated by 

reference technology. Similarly, the aircraft fleet is dominated by the reference and 

evolutionary replacement aircraft technologies. However, there is increased and earlier use of 

F-T Jet A from wood feedstock in aviation.  This reduces airlines’ carbon costs, so the incentive 

for them to also use open rotor technology is lowered.   

 

Given that a €100/tCO2 carbon tax has little impact on passenger car fleet composition, what 

level of carbon tax would? In Figure 8, the case run in Figure 7 is repeated for a range of 

different levels of carbon tax. The final year-2050 car fleet composition is shown for each 

TOSCA scenario and taxation case. These results are particularly dependent on the exact form 

of the technology adoption modelling, so they should be interpreted with caution. However, it 

is notable that a carbon tax of around €250/tCO2 is needed before there is any change in fleet 

composition in the Favourable scenario, and €300/tCO2 in the Baseline and Challenging 
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scenarios. Large changes in year-2050 fleet composition only occur at levels of €500/tCO2 or 

greater. As discussed in Section 4.2 above, carbon taxation at these levels may face public 

opposition in the current political climate.  

 

 
Figure 8. Final car fleet composition in 2050, by scenario and level of carbon taxation. 

 
Direct and fuel lifecycle emissions in the second R&D + carbon taxation case are shown in 

Figure 9. In this case car and light truck R&D is focussed on fuel cell technology. Some 

differences from Figure 7 are notable. First, direct transportation emissions are lower than in 

the previous case. Year-2050 direct CO2 emissions are reduced by as much as 25% from the no 

new policy case. However, fuel lifecycle emissions reductions from the no new policy case are 

similar to those in Figure 7, at around 16-19%. The differences are primarily due to light truck 

technology. The fleet in Figure 9 includes fuel cell light trucks, whereas that in Figure 7 does 

not include a strong uptake of alternative truck technology. This reflects the relatively low 

price of hydrogen as an energy carrier under the assumptions used here.   
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Figure 9. Direct and fuel lifecycle emissions from EU27 transportation: comparison between 

the ‘no new policy’ case and the case where an additional carbon tax of €100/tCO2 is applied 

to all modes from 2015, plus R&D including fuel cell vehicles. 

However, the hydrogen fuel used is generated from natural gas feedstock. Although fuel cell 

trucks have zero direct CO2 emissions, a substantial burden of fuel lifecycle CO2 is associated 

with hydrogen production from natural gas. This means that fuel lifecycle emissions remain at 

the additive or sub-additive level seen for the carbon tax + electric vehicle R&D case above.  

 
Figure 10. Direct and fuel lifecycle emissions from EU27 transportation: comparison between 

the ‘no new policy’ case and the case where an additional carbon tax of €100/tCO2 is applied 

to all modes from 2015, plus R&D including biofuels for passenger cars. 

Finally, we also consider the case that a €100/tCO2 carbon tax is combined with R&D focussed 

on biofuels for road vehicles. Emissions results are shown in Figure 10. Once again, emissions 

reductions are around the 20% level when compared with the case that no new policies are 

applied. Here, ethanol produced from wood feedstock is a successful technology for road 

vehicles. However, the emissions reductions possible are limited by the amount of biomass 
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available, and the simultaneous demand for biofuels from other modes. As noted in Section 

2.5 of the TOSCA WP 6.2 report, consumer concern about supply constraints was one reason 

that ethanol fuel use declined sharply in Brazil at the end of the ProAlcohol project. As 

consumer worries about fuel supply are not modelled here, it is likely that the emission 

reductions shown in Figure 10 are overestimates, unless flexible fuel vehicles are used. In 

addition, increasing the level of carbon taxation will not increase the level of technology 

adoption, as the main constraint on adoption is fuel availability. These results suggest that 

projected biofuel production capacity should be considered very carefully before biofuel 

promotion policies aimed at road transportation, or at several transportation modes at once, 

are considered.  

 
As noted in Table 1 above, the time to impact of carbon taxation is small, at least in terms of 

demand reduction. The cases shown above indicate that carbon taxation at the €100/tCO2 

level mainly impacts demand and fuel choice, even when substantial R&D efforts are applied 

additionally. Widespread technological change seems likely to require carbon prices high 

enough to be politically infeasible. However, one positive outcome of these carbon taxation 

scenarios from a government perspective is that as well as reducing emissions they will 

provide government revenues. As discussed in the TOSCA WP 6.2 report, in the case that no 

new policies are applied, fuel tax revenues are still projected to decrease as a percentage of 

GDP. This is a result of improvements in reference technologies combined with demand 

growth which is slower than GDP growth. In the €100/tCO2 policy cases discussed in this 

section, carbon taxation revenue in 2050 amounts to 0.5-0.8% of EU27 GDP. This is roughly 

equal to the decline in fuel tax revenues, i.e. it could be considered a policy scenario in which 

there is a switch away from fixed levels of excise duty towards carbon taxation. However, it 

should be noted that a full welfare calculation would have to include the costs arising from 

demand reduction (at around a 5% reduction in total pkm and tkm). These are not considered 

here, and are likely to be substantial. 

4.4 Research and Development plus Vehicle Subsidies/Penalties 

An alternative policy option is that of subsidies or penalties applied for the purchase of specific 

vehicle types.  As noted in Section 2.1.2 above, pilot schemes of this type exist in several EU 

countries already. However, subsidy-based schemes could result in high government costs if 

uptake of subsidised technology is high. In this section, as in the previous one, we consider 

two different cases. As purchase subsidies are likely to be most relevant for passenger cars and 

they make up a high proportion of transport emissions, we concentrate on car technologies. In 

both cases, R&D into all alternative technologies for rail, aviation and medium/heavy trucks is 

assumed (as in the R&D policy case, above). In the first case, R&D for plug-in hybrid and 

battery electric technologies for cars and light trucks is assumed, in combination with a €3000 

vehicle purchase subsidy (applied to all countries and vehicle sizes). In the second case, R&D 

for fuel cell vehicles is assumed, also in combination with a €3000 vehicle purchase subsidy. 

This level of subsidy was chosen as it is at a similar level to existing subsidy pilot schemes (e.g. 
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Section 2.1.2). In test model runs, a €3000 vehicle purchase subsidy was at the low end of 

subsidies which had measureable effects on the fleet.  

 
Figure 11. Passenger car fleet composition to 2050 in the Baseline scenario, in the case of a 

€3000 subsidy for plug-in hybrids and battery electric vehicles. 

 
Figure 12. Direct and fuel lifecycle emissions from EU27 transportation: comparison between 

the ‘no new policy’ case and the case with R&D policies plus a €3000 subsidy for plug-in 

hybrids and battery electric vehicles. 

Fleet composition to 2050 in the Baseline scenario, for the R&D plus €3000/electric vehicle 

subsidy is shown in Figure 11. This level of subsidy produces an appreciable uptake of electric 

vehicles, given the assumptions on vehicle specifications used in TOSCA. By 2050, 45-55% of 

the passenger car fleet is plug-in hybrids, depending on the scenario.  The resulting emissions 

are shown in Figure 12, in comparison to the no new policy case. Here, year-2050 direct 

emissions are reduced by 18-22% over the no new policy case, and fuel lifecycle emissions are 

reduced by 14-17%. These results should be compared with the R&D-only case above, in which 

fuel lifecycle emissions were reduced by 8-10%. This suggests around a 6% extra reduction in 

total transportation fuel lifecycle emissions is achieved by adding in the electric vehicle subsidy 
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to the R&D policy on its own. However there is some variation between scenarios, as the 

carbon intensity of electricity generation is a scenario variable. 

 

A further interesting plausibility check is to consider transportation electricity usage in this 

scenario.  Currently, transportation electricity use is dominated by railways. In the absence of 

electrification of road transport, this electricity use is likely to decline moderately as trains 

become more efficient. In Figure 13, the transportation electricity usage by scenario to 2050 of 

the R&D plus €3000/electric vehicle subsidy policy is shown. For around 50% fleet penetration, 

year-2050 transportation electricity usage is a factor of 2-3 greater than present values. For 

comparison, EU27 gross electricity generation in 2008 was 3.4 million GWh (Eurostat 2010). 

This means that a 5% increase in electricity generation over present values would be required 

in this scenario. For greater penetration of plug-in hybrids and more battery electric vehicles, 

up to a 15% increase would be required. These values are in agreement with those in RAE 

(2010), and are within current generation capacity, suggesting that minimal extra 

infrastructure construction would be required in theory. However, as noted by RAE (2010), the 

time of day and location of charging requirements may mean that in reality significant 

investments in new electricity infrastructure could be needed for this policy case to be 

realistic.  

 

Figure 13. Transportation electricity use by year and scenario, assuming R&D policies plus a 

€3000 subsidy for plug-in hybrids and battery electric vehicles. 

As a second subsidy case, we look at a similar policy set in which widespread R&D funding is 

accompanied by a €3000/fuel cell vehicle subsidy policy. The corresponding passenger car 

fleet composition to 2050 is shown in Figure 14, for the Baseline scenario. Alternative 

technology penetration is slightly lower for passenger cars than in the electric vehicle case 

shown above: year-2050 fleets are 40-50% fuel cell vehicles, depending on the scenario14

                                                 
14 However, for this specific policy case, different results were seen for the Disruptive scenario run as 
part of the model sensitivity testing. This is discussed in more detail in Annex B to this report. 

. This 

is a result primarily of the higher purchase price assumed for fuel cell vehicles.  In addition, 

there is substantial uptake of fuel cell technology for light trucks, as discussed above in the 

carbon tax plus R&D policy case. The corresponding emissions are shown in Figure 15. Direct 
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emissions in 2050 are reduced by 20-30%. However, fuel lifecycle emissions are only reduced 

by 12-17%. This is because, as discussed above, producing hydrogen from natural gas results in 

significant fuel production CO2 emissions. In comparison to the R&D-only case, this gives an 

extra reduction in fuel lifecycle emissions due to the subsidy policy of around 6% - similarly to 

the corresponding electric vehicle subsidy policy. However, in this case substantial investment 

in infrastructure is definitely required, as widespread hydrogen fuel stations will be needed 

(e.g. Ogden et al. 1999).  

 

 
Figure 14. Passenger car fleet composition to 2050 in the Baseline scenario, in the case of a 

€3000 subsidy for fuel cell vehicles. 

In both subsidy policy cases, the time to impact is relatively high – as well as time required for 

R&D, the effect of new vehicle purchases impacts emissions on a fleet turnover timescale 

rather than immediately. However, the predominant effect on emissions from these subsidy 

policies comes from changes in vehicle choice. Although there is a rebound effect, it is typically 

small (under 2% increase in total tkm and pkm in all cases). The total amount paid in subsidies 

is equivalent to 0.5-0.8% of total EU27 GDP per year by 2050. In combination with expected 

reductions in fuel tax revenues (which are of a similar magnitude) this is a costly policy for 

governments. However, costs could be reduced by implementing penalties for high-emission 

vehicle purchases, or a feebate scheme which subsidises low-emission vehicle purchases by 

increased charges on high-emission vehicle purchases. These policies were discussed further in 

Section 2.1.2.   
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Figure 15. Direct and fuel lifecycle emissions from EU27 transportation: comparison between 

the ‘no new policy’ case and the case with R&D policies plus a €3000 subsidy for fuel cell 

vehicles. 
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5 Minimum-Emissions Case 

The cases discussed above look at what is achievable through specific individual policies. 

Reductions of up to 20% in fuel lifecycle emissions were projected compared to a case where 

no new policies were enacted. However, it is also useful to investigate by how much emissions 

can be reduced by technology-related interventions in total, and how this could (in theory) be 

achieved. In practical terms, this would mean ensuring that sufficient incentives are offered for 

the lowest-emission technology for each mode studied in TOSCA to be widely adopted. This 

does not represent a realistic, practical solution in many cases. However, it provides a useful 

system boundary, as well as a hypothetical picture of how the EU27 vehicle fleet could 

develop in the case that transport emissions became the EU’s highest priority. In particular, if 

it is not possible to meet EU climate goals using the best-available technology in all modes, 

then this indicates the need for other measures even in the case that new technology uptake 

is heavily supported or uptake is greater than projected. 

 

Table 3. Lowest-emission combinations of technology, fuel and infrastructure from 

TOSCA WP 1-5. 

Mode Technology Fuel (feedstock) Capacity 

Technology 

Road Passenger Fuel cell vehicle15 Hydrogen (Wood)  AHS 

Road Freight (MDT, 

HDT) 

Reduced Resistance 

Truck 

F-T Diesel (Wood) CVO 

Road Freight (LDT) Fuel cell vehicle Hydrogen (Wood) CVO 

Air Passenger Optimised Open 

Rotor 

F-T Jet A (Wood) SESAR 

Air Freight Optimised Open 

Rotor 

F-T Jet A (Wood) SESAR 

Rail Passenger Combination 

Passenger Train 

Electricity/Diesel16 ERTMS Level 3  

Rail Freight Combination Freight 

Train 

Electricity/Diesel ERTMS Level 3 

Marine Freight Air Cavity System HFO - 

 
The lowest-emission technology, fuel and capacity technology combinations investigated by 

WP 1-5 are shown in Table 3. Although in theory these combinations are scenario-dependent 

                                                 
15 Emissions associated with electricity are scenario-dependent, as they are a function of the carbon 
intensity of electricity generation. In the Favourable scenario, battery-electric vehicles have similar fuel 
lifecycle emissions to fuel cell vehicles using hydrogen from wood feedstock. However, in the Baseline 
and Challenging scenarios their emissions are higher.  
16 Biofuels and increased electrification are not modelled for trains in TOSCA. However, diesel trains 
form only 10-15% of total rail pkm and tkm (Andersson et al. 2011) 
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due to the differing emissions from electricity generation by scenario, in practice the lowest-

emissions combination is consistent between scenarios.  

 
The technologies listed in Table 3 vary in their practicality of implementation. For marine 

freight, the best-technology solution is in theory achievable without any additional policy 

intervention (TOSCA WP6.2 Report). For aircraft and passenger cars, the lowest-emission 

combinations would require considerable R&D, and other government interventions, as well 

as large changes in consumer and producer behaviour.  

 
For the model runs in this section, we are interested in how much emissions can be reduced 

by technology measures alone. This means that any policy measures applied should not be 

ones which also have a demand-reducing effect, such as carbon taxation. For simplicity, we 

assume a subsidy throughout. It is assumed that exactly enough subsidy is applied for each 

purchase decision to make the lowest-emission technology the highest-NPV option to 

purchase.  This then allows an estimate of what the lower bound of direct costs to government 

of such a policy case might be. 

 

A further likely constraint is biofuel availability. As is apparent from Table 3, fuels derived from 

wood feedstock are expected to be widely used in this policy case. However, the capacity of 

the EU27 countries to produce feedstock is limited by the available surplus agricultural land 

after food production. This issue was discussed in Annex A of the WP 6.2 report. Limitations 

are set on TOSCA biofuel availability on the basis of that analysis. However, these limitations 

are derived from production capacity within the EU27 only.  If reducing transport emissions 

becomes a high-priority issue within the EU, but remains a lower-priority item elsewhere, it is 

possible that biofuel use could significantly exceed these limits due to imports. Therefore we 

also run an alternative case in which the limit is set instead at the global limit for biomass 

production. As discussed in WP6.2 Annex A, this is likely around six times the EU27 limit. In this 

case, EU27 transport emissions would effectively be reduced at the cost of emissions 

reductions elsewhere, as biofuels would no longer be available to other world regions.  

 

Results for EU27 emissions in the case that no biofuel imports are assumed are shown in 

Figure 16 (dashed lines), in comparison to the no new policy case (solid lines). As with previous 

emissions totals figures, emissions are shown for a geographic scope which includes all 

applicable intra-EU27 transport, plus half of applicable intercontinental traffic to or from the 

EU27 countries. By 2050, direct emissions are at or slightly below the year-1990 level for the 

Baseline and Favourable scenarios. Because some of this emissions reduction is accomplished 

using biomass-derived fuels, fuel lifecycle emissions show a smaller decrease17

                                                 
17 Note that we follow the convention used in TOSCA WP4 that biofuels have zero direct emissions (that 
is, all emissions are accounted for in the fuel lifecycle emissions). If the convention that direct emissions 
from biofuels are similar to those of the related petroleum fuel is used instead, then the direct 
emissions reported here would be much greater. However, the fuel lifecycle emissions totals would 
remain the same.   

. However, they 

are still around the year-2010 level by 2050 in the Baseline and Favourable scenarios. For 



  

  Deliverable D10                                                                                                                                       45 

these scenarios, emissions gradually decrease from around 2020, but begin to slowly transition 

to a moderate increase after 2035 as biofuel supplies run low. In the Challenging scenario, 

however, demand for transportation fuel is significantly higher. This means that the available 

supply of biofuel is not nearly enough to satisfy demand, and higher-emission fuels are widely 

used instead (for example, hydrogen from natural gas and fossil-derived jet fuel). Direct 

emissions in the Challenging scenario are nearly twice the 1990 level by 2050, despite 

intensive policy intervention.   

  

 
Figure 16. Direct and indirect emissions trajectories for the minimum-emissions case, 

assuming biofuel availability is limited to anticipated EU27 production. 

However, it may not be realistic to assume that only biofuel from EU27 biomass production is 

used, given that significant production capacity is projected to exist in other world regions. 

Figure 17 shows the extreme case in which the biomass supply limit for EU27 transport fuel is 

set based on projections of global production. In this case, direct emissions from 

transportation in 2050 reach levels which correspond to a reduction of 40-50% from year-1990 

totals for the Baseline and Favourable scenarios.  If only intra-EU27 transport is considered, it 

is possible to reduce direct emissions to 60-70% of year-1990 levels for these scenarios. For 

the Challenging scenario, biofuel supply constraints are still binding, but only shortly before 

2050. The result is that direct emissions on the Challenging scenario end up slightly above the 

year-1990 level in 2050. Reductions at a 60% or greater level are compatible with EU climate 

goals, as discussed in the introduction to this report.  This means that in theory it is possible to 

meet these goals using only new technologies and policies designed to promote them – i.e., 

without applying policies aimed at reducing demand. However, this outcome is achieved for 

only two out of three scenarios. In addition, this outcome is only achieved if emissions are 

considered on an intra-EU, direct basis; and it requires very significant policy intervention and 

the widespread import of biofuels into the EU (thereby meaning they cannot be used to 

reduce emissions elsewhere). In both biofuel supply cases, the direct costs associated with the 

required policies to governments in 2050 are at least 2% of GDP. This includes subsidies and 

loss of fuel tax revenue. However it does not include R&D and infrastructure costs. For the set 
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of technologies used in the lowest-emissions case, government support will be needed for AHS 

lanes on many EU roads, hydrogen refuelling stations and ERTMS/ETCS-Level 3 infrastructure, 

which may involve replacing large amounts of existing rail track. This means that the total 

costs of these policies is likely to be significantly higher. In addition, some of the technologies 

used have significantly negative user and social acceptability impacts. This is discussed further 

in Annex A.   

Figure 17. Direct and indirect emissions trajectories for the minimum-emissions case, 

assuming biofuel availability is limited to anticipated global production. 

As a further illustration of the ‘lowest-emissions’ outcomes, a numerical comparison of the 

results for major mode intra-EU27 emissions (absolute and per-pkm/tkm) to the ‘no new 

policies’ and ‘lowest emissions’ cases is given in Table 4. Although the modes as shown are not 

direct substitutes (for example, rail freight competes primarily with heavy trucks, which have 

significantly lower per-tkm emissions than the aggregate of all road freight shown), it is 

apparent that the difference in emissions between modes in many cases exceeds the 

reductions which can be achieved through technology by 2050. This suggests mode shift 

(particularly to rail) as far as is feasible could have a promising emissions outcome.  

 

These factors in combination suggest that in theory it may be possible to reduce emissions to a 

level that is compatible with EU climate goals using technology alone. In practice, however, 

this desired outcome is extremely unlikely. Because it can only be achieved by reducing the 

capacity of other world regions to mitigate emissions, it is also questionable whether this 

outcome can realistically be considered to be satisfactory in terms of achieving global climate 

goals.  The reductions possible in transport emissions demonstrated in this and the other cases 

looked at in this report indicate that investment in low-emission technologies is likely to be a 

significant part of any successful transport emissions-reducing policy bundle. These 

investments would then need to be complemented by market-based or regulatory policies, or 

a combination of the two to enhance these technologies’ penetration. However, the extreme 

case shown here demonstrates that, for the technologies looked at in TOSCA, technology 
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investment18

 

 and the supporting adoption policies cannot by themselves reduce emissions to 

the level that is needed. Other policy types, including those which act to reduce demand or 

promote mode shift, are likely to be required in addition.   

Table 4. Absolute and per-pkm or per-tkm fuel lifecycle CO2 emissions by major intra-EU27 

mode for the 'no new policies' and 'lowest-emission' cases19

 

. 

Fuel Lifecycle emissions, MtCO2; fuel lifecycle emissions per pkm or tkm, gCO2 

No new policies  Baseline Challenging Favourable 

 2010 2030 2050 2030 2050 2030 2050 

Road Passenger  602; 132 690; 115 698; 98 765; 115 854; 97 586; 114 530; 96 

Rail Passenger 20; 48 17; 36 12; 21 21; 43 17; 29 13; 29 7; 15 

Air Passenger 76; 139 105; 101 174; 82 143; 106 321; 83 77; 103 107; 83 

Road Freight 456; 246 533; 218 545; 190 577; 217 642; 189 436; 220 391; 191 

Rail Freight 11; 26 9; 16 7; 16 11; 18 11; 18 6; 14 4; 14 

Lowest-emissions        

Road Passenger 602; 132 662; 110 274; 32 735; 111 455; 45 563; 110 214; 32 

Rail Passenger 20; 48 16; 35 9; 14 20; 42 13; 21 13; 29 5; 10 

Air Passenger 76; 139 85; 81 74; 30 109; 77 164; 38 64; 83 47; 30 

Road Freight 456; 246 373; 157 130; 41 488; 161 225; 64 307; 156  94; 42 

Rail Freight 11; 26 9; 14 7; 8 11; 16 11; 10 6; 13 4; 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
18 Note that we only consider technologies within the transportation sector. Electricity generation 
technologies are not investigated in detail, and the carbon intensity of electricity generation is 
considered as an exogenous scenario variable. It is possible that there is a set of feasible electricity 
generation technologies which, in combination with widespread electrification of transport, could meet 
EU emissions goals; however, this avenue is outside the scope of TOSCA. 
19 Note that these figures are for whole-fleet fuel lifecycle emissions, taking into account past trends 
over time in new vehicle emissions, typical utilisation, system inefficiencies, biofuel supply limitations, 
fleet turnover effects and changes in demand.  Because of the combination of these effects, emissions 
are typically higher than the new-vehicle emissions estimated by WP1-5. 
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6 Conclusions 

This study evaluates policy interventions which may be employed to reduce CO2 emissions 

from transportation via the development or promotion of new technologies. It forms part of 

the broader TOSCA project, which examines the opportunities for reducing CO2 emissions 

through new technologies in all major EU27 transport modes to 2050. As noted in the 

conclusions to the TOSCA WP6.2 report, we find that present-day mainstream technologies 

are likely to play a significant role in the year-2050 vehicle fleet, in the absence of major policy 

intervention. This includes internal combustion engines for cars and trucks, and evolutionary 

updates of current aircraft models.  With policy intervention to enhance alternative 

technology development and adoption, more significant changes in the technologies used are 

possible. However, the policies needed are likely to be expensive to governments (e.g. 

widespread car alternative technology purchase subsidies at the level of €3000/vehicle or 

more, plus support for R&D and infrastructure), or potentially unpopular to consumers (e.g. 

€300/tCO2 or greater carbon tax on gasoline and diesel fuel). A further complication is that 

comparatively limited vehicle technology options are available for some modes to 2050. This 

includes in particular widebody aircraft for intercontinental flights, although narrowbody 

aircraft and heavy trucks also have similar limitations. In these cases, alternative fuels offer by 

far the greatest potential for per-vehicle fuel lifecycle CO2 emissions reduction. In particular 

second generation biofuels from wood feedstock offer high potential to reduce fuel lifecycle 

emissions in comparison to fossil fuels. However, biofuels are also a major alternative 

technology option to reduce road traffic induced CO2 emissions, and their supply is limited.  It 

is very unlikely that sufficient fuel from biomass will be available by 2050 to allow the 

potential reductions in emissions from biofuel use for all candidate modes to be realized.  

In terms of emissions trajectories, we find that projected EU27 fuel lifecycle CO2 emissions 

from transport are likely to reach 1-2.5 times current levels in 2050 if the EU27 policy 

environment remains unchanged from the present day. Technology-related policies do have 

the potential to reduce emissions below year-1990 levels, provided they are sufficiently 

stringent. However, even if implementing sufficiently strong policies to induce consumers and 

industry to exclusively adopt the lowest CO2-emission technology available, it is unlikely that 

year-2050 EU27 emissions goals will be met. As discussed in the introduction, a cut of 60% or 

greater from year-1990 levels in transport emissions is likely to be needed for compatibility 

with the EU27 target to limit average global temperature rise to no more than 2°C. If the 

applicable scope is limited to intra-EU27 transportation only, and only direct emissions are 

considered, then reductions of 60-70% from year-1990 emissions by 2050 are theoretically 

possible in the Baseline and Favourable scenarios. However, this is not possible in the 

Challenging scenario, or in any scenario if emissions from intercontinental transport are 

considered, or in any scenario if fuel lifecycle emissions are considered. For fuel lifecycle 

emissions including intra-EU27 and half of intercontinental travel to and from the EU27 
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countries, in the absence of biofuel imports, CO2 emissions in all scenarios are close to or 

higher than year-2010 levels in 2050.  

Although the analysis here is necessarily limited, these conclusions are in broad agreement 

with other policy assessments, as discussed in Section 2. They suggest that new technologies 

by themselves are unlikely to reduce transport related CO2 emissions sufficiently to meet EU27 

goals. This means that other types of intervention are likely to be required, including measures 

which seek to promote behavioural change.  
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Annex A: Acceptability Metrics 

As well as their characteristics in terms of technology performance and cost, the technologies 

investigated in TOSCA WP1-5 will also have differing impacts in terms of user and social 

acceptability. These characteristics were also investigated as part of WP1-5, and formed a part 

of the expert questionnaires used to refine parameter estimates. In total, across all modes, 

five metrics were estimated: 

 

Social equity: This metric assesses the technology increases or decreases inequality between 

different population groups. For example, user costs for the technology may be significantly 

higher than existing, ‘reference’ technology, such that lower-income groups are unable to take 

advantage of its benefits, or range and refuelling requirements may mean that people living in 

rural areas  cannot practically use the technology. 

 

Safety: This metric assesses whether the technology improves or reduces driver, passenger, 

service staff and bystander safety in comparison to present-day reference technology. For 

example, pressurised gas tanks may pose a safety risk. 

 

Noise:  This metric assesses whether the technology will have increased or decreased noise 

impacts on people in and near the vehicle in comparison with the reference technology 

 

EU27 Job Creation: This metric assesses whether widespread adoption of the technology 

would generate significant numbers of jobs within the EU27 countries (for example, in vehicle 

production, technology development or infrastructure work). 

 

Privacy: This metric assesses whether the technology would have a significant impact on driver 

or passenger privacy (for example, technologies may involve sending data on driver location to 

external observers, or may involve reduced space per passenger). 

 

These metrics are specified on a 5-point scale, from ++ (significantly better than reference), to 

– (significantly worse than reference). In Figures 18-20 below, the impact of the average 

vehicle in the fleet, by major intra-EU transport mode, on these metrics is shown for three of 

the policy cases looked at in this report and the TOSCA WP 6.2 report. Figure 18 shows the 

case in which no new policies are adopted. This case, the resulting fleet and emissions 

compositions, and the assumptions used to generate it, are detailed in the TOSCA WP6.2 

report. As noted there, uptake of new technologies is relatively low and many of the 

technologies adopted are only incremental changes from present-day technology. This is 

reflected in the average metrics, which do not show significant changes in acceptability 

characteristics in comparison with the reference technology. The technologies which have the 

greatest impact on metrics are reduced resistance trucks (which have a mild positive impact 
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on job creation and a mild negative impact on social equity), and space-efficient trains (which 

have a mild negative impact on privacy and a mild positive impact on job creation). 

 

 
Figure 18. Acceptability metrics: average vehicle in the fleet to 2050 by mode, in the Baseline 

scenario with no new policies. 
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Figure 19. Acceptability metrics: average vehicle in the fleet to 2050 by mode, in the Baseline 

scenario with new R&D policies only. 

Figure 19 shows the corresponding case for the policy case discussed in Section 4.1 of the 

main report. Here policies fund sufficient R&D to get advanced technologies to a state of 

market-readiness, but no further new policies are applied. As noted above, the uptake of 

alternative passenger car and aircraft technologies is still low in this case, so road and air 

passenger transport metrics are little-affected. For road freight, capacity technologies improve 
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safety but involve driver tracking, which is assumed to have a negative privacy impact. 

‘Combination’ train technology and ERTMS-ETCS/Level 3 improve rail safety and job creation.  

 
 

 
Figure 20. Acceptability metrics: average vehicle in the fleet to 2050 by mode, in the Baseline 

scenario for the ‘lowest-emission’ case (with biofuel imports). 
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Finally, in Figure 20, the ‘lowest-emission’ policy case discussed in Section 5 of the main report 

is shown, assuming biofuel imports. Here, it is assumed that sufficiently strong policies are 

applied to result in the widespread adoption of the lowest-emission technology studied in 

TOSCA for each mode. Here the results in terms of metrics show a mixture of strong positive 

and strong negative impacts which would likely be highly controversial if these extreme 

policies were enacted in reality. In particular, automated highway system technology (AHS) for 

road vehicles has a large impact on privacy (as it involves driver tracking technologies) and 

equity (as dedicated lanes are set apart for those who can afford to invest in AHS-compatible 

cars). Although only the Baseline scenario is shown in each case, results are similar for other 

scenarios. These results underline the conclusions to Section 5: reaching the lowest-emissions 

case in reality would involve significant political difficulties and changes in public opinion. 
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Annex B: Sensitivity 

Annex C to the TOSCA WP6.2 Report contained a discussion of model sensitivity to three main 

sources of uncertainty: uncertainty in technology parameters, the assumption that scenario 

variables follow smooth trajectories, and uncertainty due to the models, simplifications and 

assumptions used. For uncertainty in technology parameters, Monte Carlo modelling was 

employed. An alternative, ‘disruptive’, scenario was used to test model responsiveness to non-

smooth inputs. Finally, a comparison with alternative projections using other models with 

different assumptions was made to check the consistency of model outputs. In this section, we 

update this analysis with results from the policy discussion, where appropriate. However, 

because projections for policy effects by other studies are discussed in the main body of the 

report, we do not include a discussion of this in the Annex.  

 

B1: Uncertainty in Technology Parameters 

As discussed in Annex C1 to the TOSCA WP6.2 Report, the output of TOSCA WP 1-5 involved 

estimates of quantities and values which are relevant but highly uncertain. These include the 

likely introduction dates of new technologies between now and 2050, the cost, fuel use and 

emissions characteristics of those technologies, and their likely impact in terms of user 

acceptability. They also include changes over time for existing technologies, for example 

incremental changes to current-technology internal combustion engine cars that reduce future 

fuel burn, or learning rates that represent changes in future production costs.  Within WP 1-5, 

each uncertain quantity is accompanied by an estimate of the uncertainty bounds associated 

with it. The methodology behind the use of the TOSCA framework for Monte Carlo analysis, 

including the incorporation of these uncertainty estimates, is detailed in Annex C1 to the 

TOSCA WP6.2 report, and output is given for the ‘no new policies’ case. 

 

The example of the ‘no new policies’ case in the WP6.2 report suggested that the impact of 

uncertainty in technology characteristics on final emissions totals was significantly less than 

that of uncertainty in scenario characteristics (most notably, GDP growth). However, that case 

also included a relatively low uptake of alternative technology. Many technologies, particularly 

longer-term ones with high R&D requirements and high uncertainty, were assumed not to be 

available. In Figure 21, we plot the results of a 2000-run Monte Carlo simulation in the ‘lowest 

emission’ case described in Section 5 above. A global biomass supply is assumed. This is the 

most extreme case run for TOSCA in terms of technological change: by 2050, there is 

widespread use of alternative fuels from wood feedstock, hydrogen fuel cell cars and light 

trucks and open rotor engine aircraft. As in the corresponding figure in the WP6.2 report, 

emissions outcomes are plotted as distributions, with darker colours indicating more likely 

outcomes.   
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Figure 21. Direct and Fuel Lifecycle emissions for the ‘lowest emission’ case, showing the 

effect of uncertainty in technology parameters. 

It is notable from Figure 21 that, although there is greater uncertainty in emissions than in the 

‘no new policy’ case, differences in emissions due to uncertainty in technology characteristics 

are still typically lower than the differences in emissions between scenarios. The largest impact 

is seen in the Challenging scenario. Here, biomass use after 2045 is close to the limit on 

biomass availability. This means that uncertainties in fuel use for widely-used vehicles (e.g. 

fuel cell passenger cars, optimised open rotor aircraft) can affect whether the limit is met or 

not and consequently whether a portion of the fleet switches back to fossil fuels. 

 

B2: Disruptive Scenario 

The scenarios used in the body of this report represent a wide range of possible outcomes for 

variables that affect transport demand and emissions. However, they all assume smooth 

variation in input values. As described in Annex A of the TOSCA Scenarios report and Annex C2 

of the TOSCA Modelling Report, a disruptive scenario was generated to test whether a 

disruptive event causing discontinuities in input values would produce different results from a 

scenario with smooth trends. The Disruptive scenario chosen simulated the effect of a disease 

outbreak or terrorist attack affecting city centres and public transportation. This resulted in a 

three-fold increase in oil prices in 2021 (decreasing back to Baseline values by 2030), a dip in 

GDP, increases in air and rail ticket prices and journey times, and de-urbanisation. As was 

noted in the TOSCA Scenarios and Modelling reports, existing models are not well-equipped to 

deal with discontinuous input, and the nature and timing of the disruptive event chosen are 

essentially arbitrary, limiting the usefulness of the results. Nevertheless, it is usable as a 

sensitivity case. This Annex shows disruptive scenario results for three of the policy cases 

looked at in this report.  
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Figure 22 shows direct and fuel lifecycle emissions, analogously to Figure 4, in the case that 

policies fund sufficient R&D to get advanced technologies to a state of market-readiness, but 

no further new policies are applied (dashed lines). This is compared to the case where policies 

remain the same as in the present day (solid lines). Here, the disruptive scenario behaves 

broadly similarly to the other scenarios, and the differences in emissions between the 

disruptive and other scenarios are almost entirely explained by the differences in input 

demand (e.g. TOSCA Scenarios report, Annex A) rather than differences in technology 

adoption.  
 

 
Figure 22. Direct and Fuel Lifecycle EU27 transport emissions in the case that R&D policies 

plus a €3000 subsidy for fuel cell vehicles are applied, including the Disruptive scenario. 

 
Figure 23. Direct and Fuel Lifecycle EU27 transport emissions in the case that R&D policies 

plus a €3000 subsidy for fuel cell vehicles are applied, including the Disruptive scenario. 

In Figure 23, the corresponding figure is shown for the case that R&D policies are combined 

with a €3000 subsidy for fuel cell vehicles, analogously to Figure 15. This is the only case run 
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for this report in which a significant change in outcomes was seen for the disruptive scenario 

in comparison to other scenarios. Here, direct emissions for the disruptive scenario are at a 

similar level to those in the Favourable scenario, even though demand is higher in the 

disruptive scenario. However, fuel lifecycle emissions are greater in the disruptive scenario 

than the Favourable scenario. The process which leads to this outcome is as follows. In the 

2021-2025 period, oil prices are very high in the disruptive scenario. In addition, de-

urbanisation means that demand for new vehicles decreases less than would be expected 

given the GDP and journey cost impacts of the disruptive event. High fuel prices over this time 

period, in combination with subsidies, mean that adoption of fuel cell vehicles (using hydrogen 

derived from natural gas) is high.  The purchase price of a vehicle is assumed to be subject to 

learning rates; that is, as production increases, technology learning and economies of scale 

mean that the cost of making it will be reduced, and this will be reflected in the price charged. 

For fuel cell vehicles, the learning rate estimated by TOSCA WP1 is relatively high – a 0.4% 

decrease in price for each doubling of cumulative production. This means that vehicles bought 

during the oil price peak have the effect of lowering the purchase price after the peak has 

passed, meaning that more fuel cell vehicles are purchased after this point, as well. The 

increased proportion of fuel cell vehicles in the road vehicle fleet lowers direct emissions in 

comparison to the Favourable scenario. Because hydrogen from natural gas produces 

significant fuel lifecycle emissions, the differences between the disruptive and other scenarios 

are smaller when fuel lifecycle emissions are considered.    This outcome is in part a function of 

the specific assumptions and simplifications used in this project. However, it likely does 

represent a real effect, namely that disruptive events can stimulate technology adoption even 

after the disruptive event has passed, because they help overcome initial barriers to the 

adoption of that technology (for example, high initial price, lack of infrastructure or consumer 

scepticism). 

 
Figure 24. Direct and Fuel Lifecycle EU27 transport emissions in the minimum emissions case 

(with biofuel imports), including the Disruptive scenario. 
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Finally, Figure 24 shows the development of the disruptive scenario in the ‘lowest-emission’ 

policy case discussed in Section 5 of the main report, assuming biofuel imports. This figure is 

analogous to Figure 16 in the main report. It is assumed that sufficiently strong policies are 

applied to result in the widespread adoption of the lowest-emission technology studied in 

TOSCA for each mode. Here, as in the vast majority of the cases run for this report, the 

difference in emissions between the disruptive and other scenarios is almost entirely due to 

differences in demand, and technology adoption is not substantially affected. Because there is 

a structural shift towards road travel and away from rail and air travel, the disruptive scenario 

performs relatively well in terms of emissions in the ‘lowest-emission’ case. This reflects that 

very low emission technologies are available for road vehicles in this scenario and significant 

support is available for their adoption, whereas technology options for aircraft are more 

limited. However, for the cases run in this report, there seems to be no evidence for 

systematically different outcomes from the type of disruptive scenario that is considered here.   
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