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Executive Summary 

Vehicles powered by internal combustion engines (ICEs) running on fossil fuels are expected to 
remain the dominant technology in market for road transport vehicles in the decades to come. 
Even for the period 2030 - 2050 a significant market share is to be expected. Improvements in 
fuel efficiency of ICE-powered vehicles (ICEVs) will therefore continue to have a significant 
impact on absolute GHG emissions from road transport, even though their relative importance 
may be expected to decrease over time. In the longer term it is as yet difficult to predict which 
technologies will take over the dominant position of the ICE. Generally, however, many principles 
that are valid for improving the overall efficiency of ICEVs are also applicable to vehicles with 
alternative propulsion systems and energy carriers. 
 
This paper focuses on technological options for improving fuel efficiency of ICE-powered road 
vehicles (passenger cars, light commercial vehicles, trucks and buses). Options such as vehicle 
down-sizing and performance downrating, which obviously lead to lower fuel consumption and 
CO2 emissions, are outside the scope of this paper. The associated acceptance aspects and 
welfare effects make such measures behavioural options rather than technological options. 

Principles 

In improving the efficiency of an ICE-powered vehicle there are several óstrategies' that can be 
followed, separately or combined: 

 Improvement of the combustion process 

 Decrease of mechanical losses in the engine (friction and pumping losses) 

 Decrease of mechanical losses in the transmission
1
 

 Decrease of inertial ólosses' (i.e. energy irreversibly expended to accelerate the vehicle's 
mass) and losses due to aerodynamic drag and rolling resistance 

 Recuperation of energy (e.g. kinetic energy upon braking or waste heat from the exhaust) 

 Reduction of energy demand from peripheral processes (i.e. by improving the efficiency 
of auxiliary components) 

 
Also important to note is that the average efficiency of an engine is strongly related to the way it is 
used. Driving style, traffic situations (e.g. speed limits and congestion), and the ratio of urban, 
rural and highway driving all influence a vehicleôs energy consumption and the average efficiency 
of the engine. To ensure that the technological efforts spent on improving energy efficiency on the 
standardized test used for type approval lead to similar improvements in real world GHG 
emissions, it is important to measure fuel efficiency in such a way that it is closely related to fuel 
efficiency in real world driving. 

Engine and powertrain improvements for internal 
combustion engines 

Options on the engine typically relate to improvements of the combustion process and engine 
downsizing in order to reduce friction losses. Options that are foreseen to be applied in light duty 
vehicles in the short- to mid-term future are [33]: 
 

 Reduced engine friction losses (~3% reduction potential) 

 Variable valve timing (~3% reduction potential) 

 Variable valve control (~7% reduction potential) 

 Variable compression ratioôs (~10% reduction potential) 

 Direct injection (homogeneous charge, stratified charge) (~3% - 10% reduction potential) 

 Downsizing with turbocharging (~10% - 20% reduction potential) 

 Cylinder deactivation (~8% - 25% reduction potential) 

                                                      
1
 I.e. mechanical losses in the train of energy transfer from the engine to the wheels. 
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 Homogeneous charge compression ignition/controlled auto-ignition (diesel like GHG 
emissions for petrol vehicles) 

 A change in fuel type (reduction potential dependant on the combustion improvements). 
 
The transmission is a system that matches the required power at the wheels for any velocity of 
the vehicle with the engine's available rotational velocity and torque. From a CO2 emissions point 
of view a good transmission should always force the engine to run in the most efficient operating 
point that matches its desired power output. Options that are foreseen for the short to mid-term 
future are: 

 Optimized gearboxes (~2% reduction) 

 Dual-clutch gear boxes (~5% - 15% reduction) 
 
By combining the internal combustion engine with one or more electric machines and a storage 
device for electrical energy (generally a battery) various hybrid powertrain configurations can be 
realised. Compared to advanced gear boxes, hybrid power trains offer further possibilities for 
optimising the engine operation with respect to efficiency. Efficiency improvements of some 10 ï 
25%, depending on powertrain configuration and level of hybridisation, are realised by dcoupling 
of engine speed from vehicle speed, leading to optimised choice of engine operating points 
(Section 2.2.1) and reduced transient behaviour, by the possibility of pure electric driving in 
situations where the engine would operate inefficiently in part load, the avoidance of peak loads 
on the engine by providing peak power from the electric motor, and by recuperation of braking 
energy. 
 
To a more limited extent, recuperation of braking energy can also be applied to vehicles with a 
conventional engine. 
 
In the coming years heat recovery from the exhaust or the engineôs cooling system is also 
expected to become an important option for optimising energy efficiency of ICEVs. Using e.g. a 
Rankine Cycle, mechanical or electrical turbo-compounding, or a thermo-electrical generator 
waste heat can be converted into mechanical or (in most applications) electrical power, which can 
e.g. be used to power auxiliaries. In a hybrid powertrain it can also be stored for later use in 
propulsion. 

Reducing the energy needed for propulsion and 
auxiliaries 

Important routes to reducing the energy needed for propulsion and auxiliaries are: 
- Weight reduction (up to 20% CO2 emissions reduction) 
- Improvement of the aerodynamic properties (~5% reduction) 
- Reduction of friction losses (~3% reduction) 
- Waste heat recovery (~5%-30% reduction) 
- Improvement of the energy efficiency of components (dependent on the components) 

Considerations for heavy goods vehicles 

Important aspects of heavy goods transport are: 
- Road vehicles for heavy goods transport are already designed to minimise operational 

costs. This means that energy efficiency has achieved more attention in this segment 
than in light duty vehicles. 

- The large range of vehicle configurations used for different freight transport applications 
implies that fuel saving options should be tailored to the specific transport application and 
its demands. 

 
Technological options for fuel saving in heavy goods transport are generally similar to the options 
described above for light duty ICE vehicles with some specific caveats. 
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Uptake of fuel saving technology in HD vehicles is already strongly market driven. Peculiarities of 
the HGV industry, however, sometimes impede this uptake. Such peculiarities are: 

- A long lifetime of a trailer, which implies a long penetration time for new technology 
- Relatively high R&D costs because of challenging requirements and limited technology 

cross-over from the cars market 
- Low truck market volumes 
- Trailer owners, typically, do not benefit from fuel savings 
- Very small margins in the trucking industry 

Assessment of measures 

The efficiency of measures should be related to trends in the reference situation. Current trends 
that affect overall CO2 emissions are: 

- The continuing increase in performance as well as weight of passenger cars 
- Vehicle legislation relating to safety and pollutant emissions leading to increased weight 

and energy consumption 
- Increasing overall transport volumes leading to more vehicle kilometres driven. 

Furthermore it should be noted that more stringent type approval requirements for pollutant 
emissions may for some time and to some extent limit improvements in fuel efficiency.  
 
A cost efficient way of reducing GHG emissions is by training drivers to apply a fuel efficient 
driving style. In the long term, however, technological options will dampen the effect of vehicle 
dynamics at the level of the engine to such an extent that a driver will have only a marginal 
opportunity to influence fuel consumption. 
 
Generally, the more GHG reduction is required, the more expensive the options are. The options 
discussed in this paper may be expected to achieve full penetration by 2030, which means that 
by 2050 they may have benefited heavily from learning effects. From marginal abatement cost 
curves it can be learned that improvements on the conventional drive train are generally 
compensated but also that their overall reduction potential is relatively small. 
 
Co-benefits of employing GHG reducing options are mainly restricted to an increase in security of 
energy supply and the economic effects of technology spill over from the automotive sector into 
other markets. 
 
On the consumer market the barriers for adopting GHG reducing technology are mainly the 
(perceived) consumer preferences, which now tend towards more performance and luxury rather 
than towards fuel economy. This is also related to the difficulty that consumers have in 
appreciating the long term fuel saving benefits in relation to the short term purchase cost increase 
associated with applying CO2 emission reducing technologies (consumer myopia). On the HGV 
market costs are perceived more rationally, and the barriers are mostly related to the way this 
industry operates (i.e. transport requirements and operational issues such as ownership). 

Conclusions 

The internal combustion engine determines the benchmark of what consumers expect from their 
vehicles in terms of behaviour, reliability and costs. Vehicles equipped with ICEs may be 
expected to continue to have a significant share among the propulsion systems for the various 
modes of road transport in the future. ICEs still have significant potential for efficiency 
improvement on a per vehicle basis and, therefore, the technological options to decrease GHG 
emissions from fossil fuel based road transport can have a significant effect on the overall 
reduction by 2050. 
 
Many options can be implemented in the short to medium term. Technical options to reach 
demanding CO2 reduction targets on the vehicle level will always be expensive in first instance. 
Full penetration of the technological options may be expected by 2030, however, and therefore by 
2050 significant cost reduction because of learning effects may be expected. Options, such as 



EU Transport GHG: Routes to 2050? Technical options for fossil fuel based road transport 
Contract ENV.C.3/SER/2008/0053 AEA/ED45405/Paper 1 

 vii 

fuel efficient driving will become less effective as technological options will increasingly dampen 
the effects of driving dynamics on engine efficiency.  
 
Hybridization is an expensive option compared to downsizing, which represents a similar 
reduction potential but which can be achieved at lower cost. Hybridization, however, should also 
be viewed in the light of enabling energy saving options that rely on the availability of sufficient 
electrical power. At the same time the availability of more on-board electric energy may also lead 
to application of additional energy consuming features. 
 
Weight reduction may significantly contribute to fuel efficiency improvement if the weight 
advantage is not used to increase vehicle performance or to enable added safety features. Safety 
measures in general will lead to an increase in mass and fuel consumption. This may be 
countered by including safety not in the vehicle design but in the vehicle intelligence. Friction 
losses from rolling resistance or sub-optimal lubricants contribute a few percent to the fuel 
consumption. LRRTs, TPMS and low viscosity lubricants can therefore increase the reduction 
potential by an equal few percent. A few percent can also be gained by recuperating waste heat 
energy. A few percent of reduction potential can furthermore be gained from improving the energy 
efficiency of components. Specifically noteworthy are mobile air conditioners (MACs) that do not 
only contribute to the GHG emissions by way of their energy consumption but also because of 
possible leakage of their refrigerant, which currently if a type that has a high GWP

2
. In the near 

future, however, it is mandated that MACs will be operated with low GWP refrigerants. 
 
The CO2 reduction potential of heavy duty vehicles is relatively small because they are already 
relatively efficient. Also, because of the typical lifetime of trailers, the options on the trailer design 
(such as lightweight construction and aerodynamic design) will have a long penetration time. A 
more explicit split in vehicle technology for urban and highway vehicles may become apparent in 
the future. Changes in legislation may increase the span of fuel efficiency improvement options, 
for example by increasing the maximum load or length of heavy duty vehicles or by diversification 
of the safety requirements for urban and highway transport. 
 
 
 

                                                      
2
 Global Warming Potential: the effect of 1 gram of HFC-134a (the currently most used refrigerant) on global warming is equivalent to that 

of 1300 gram of CO2. 
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1 Introduction 

1.1 Topic of this paper 

This paper is one of five papers on GHG reduction options for transport drafted under the EU 
Transport GHG: Routes to 2050? project. These papers review the options ï technical and non-
technical ï that could contribute to reducing transportôs GHG emissions, both up to 2020 and in 
the period from 2020 to 2050. All papers aim to provide a high-level summary of the evidence 
based on existing studies. 
 
This paper focuses on the technological options that are foreseen to reduce the CO2 emissions 
from fossil fuel based road transport. It will review options that improve the power train efficiency, 
options that reduce the required energy for propulsion and options that improve the energy 
efficiency of those vehicle components that are not part of the propulsion system.  
 
This paper was presented in draft form to a Technical Focus Group meeting (at which 
stakeholders were present) in July 2009 after which it has been updated on the basis of the 
discussion at the meeting and the comments and further evidence that were received. 

1.2 The contribution of transport to GHG emissions 

The EU-27ôs greenhouse gas (GHG) emissions from transport have been increasing and are 
projected to continue to do so. The rate of growth of transportôs GHG emissions has the potential 
to undermine the EUôs efforts to meet potential, long-term GHG emission reduction targets if no 
action is taken to reduce these emissions. This is illustrated in Figure 1 (provided by the EEA), 
which shows the potential reductions that would be required by the EU if economy-wide emission 
reductions targets for 2050 of either 60% or 80% (compared to 1990 levels) were agreed and if 
GHG emissions from transport continued to increase at their recent rate of growth. The figure is 
simplistic in that it assumes linear reductions and increases. However it shows that unless action 
is taken, by 2050 transport GHG emissions alone would exceed an 80% reduction target for all 
sectors or make up the vast majority of a 60% reduction target. This illustrates the scale of the 
challenge facing the transport sector given that it is unlikely that GHG emissions from other 
sectors will be eliminated entirely. 

Figure 1:  EU overall emissions trajectories against transport emissions (indexed)
3
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The extent of the recent growth in transport emissions is reinforced by Figure 2, which presents a 
sectoral split of trends in CO2 emissions over recent years. Whilst the CO2 emissions from other 
                                                      
3
 Graph supplied by Peder Jensen, EEA  
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sectors have levelled out or have begun to decrease, transportôs CO2 emissions have risen 
steadily since 1990. It should be noted that whilst Figure 2 is presented in terms of CO2 
emissions, very similar trends are evident for GHG emissions (in terms of CO2 equivalent) since 
CO2 emissions represent 98% of transportôs GHG emissions. 

Figure 2:  Carbon dioxide emissions by sector EU-27 (indexed)
4
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Notes:  
i) The figures include international bunker fuels (where relevant), but exclude land use, land use change and 

forestry 
ii) The figures for transport include bunker fuels (international traffic departing from the EU), pipeline activities and 

ground activities in airports and ports 

iii) ñOtherò emissions include solvent use, fugitive emissions, waste and agriculture   
 
The vast majority of European transportôs GHG emissions are produced by road transport, as 
illustrated in Figure 3, while international shipping and international aviation are other significant 
contributors. 
 
Recent trends in CO2 emissions from transport are also expected to continue, as can be seen 
from Table 1 below. Between 2000 and 2050, the JRC (2008) estimates that GHG emissions 
from domestic transport in the EU-27 will increase by 24%, during which time emissions from 
road transport are projected to increase by 19% and those from domestic aviation by 45%. It is 
important to note that these projections do not include emissions from international aviation and 
maritime transport, which are also expected to increase due to the growth in world trade and 
tourism. 

                                                      
4
 Graph based on figures in DG TREN (2008) EU energy and transport in figures 2007-2008: Statistical Pocketbook Luxembourg, Office for 

Official Publications of the European Communities. 
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Figure 3:  Greenhouse gases emissions by transport mode (EU-27; 2005)
5
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Table 1: CO2 emissions projection for 2050 by end-users in the EU-27, in Millions tonnes of CO2
6
 

 
Figures from the EEA (2008), illustrate the recent growth in GHG emissions from international 
aviation, as they estimate that these increased in the EU by 90% (60 Mt CO2 equivalent) between 
1990 and 2005; international aviation emissions will thus become an ever more significant 
contributor to transportôs GHG emissions if current trends continue. Furthermore, the IPCC has 
estimated that the total impact of aviation on climate change is currently at least twice as high as 
that from CO2 emissions alone, notably due to aircraftsô emissions of nitrogen oxides (NOx) and 
water vapour in their condensation trails. However, it should be noted that there is significant 
scientific uncertainty with regard to these estimates, and research is ongoing in this area. 

                                                      
5
 Graph based on figures in EEA (2008) Climate for a transport change ï TERM 2007: Indicators tracking transport and environment in the 

European Union EEA Report 1/2008, Luxembourg, Office for Official Publications of the European Communities.  
6
 Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official 

Publications of the European Communities. 
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Figure 4:  Final transport energy consumption by liquid fuels in EU-27 (2005), ktoe
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The principal source of transportôs GHG emissions is the combustion of fossil fuels. Currently, 
petrol (motor spirit), which is mainly used in road transport (e.g. in passenger cars and some light 
commercial vehicles in some countries), and diesel, which is used by other modes (e.g. most 
vans, heavy duty road vehicles, some railways, inland waterways and maritime vessels) in 
various forms, are the most common fuels in the transport sector (see Figure 4). Additionally, 
liquid petroleum gas (LPG) supplies around 2% of the fuels for the European passenger car fuel 
market (AEGPL, 2009

8
), while the main source of energy for railways in Europe is electricity, 

neither of which are included in Figure 4. While, alternative fuels are anticipated to play a larger 
role in providing the transport sectorôs energy in the future, currently they only contribute 1.1% of 
the sectorôs liquid fuel use. 
 

1.3 Background to project and its objectives 

The context of the EU Transport GHG: Routes to 2050 is the Commissionôs long-term objective 
for tackling climate change, which entails limiting global warming to 2

o
C and includes the 

definition of a strategic target for 2050. The Commissionôs President Barosso recently underlined 
the importance of the transport sector in this respect be noting that the next Commission ñneeds 
to maintain the momentum towards a low carbon economy, and in particular towards 
decarbonising our electricity supply and the transport sectorò

9
. There are various recent policy 

measures that are aimed at controlling emissions from the transport sector, but these measures 
are not part of a broad strategy or overarching goal. Hence, the key objective of this project is to 
provide guidance and evidence on the broader policy framework for controlling GHG emissions 
from the transport sector. Hence, the projectôs objectives are defined as to: 
 

 Begin to consider the long-term transport policy framework in context of need to reduce 
greenhouse gas (GHG) emissions economy-wide. 

 Deal with medium- to longer-term (post 2020; to 2050), i.e. moving beyond recent focus on 
short-term policy measures. 

 Identify what we know about reducing transportôs GHG emissions; and what we do not. 

 Identify by when we need to take action and what this action should be.  
 

                                                      
7
 Graph based on figures in DG TREN (2008), page 206  

8
 European LPG Association (2009) Autogas in Europe, The Sustainable Alternative: An LPG Industry Roadmap, AEGPL, Brussels. See 

http://www.aegpl.eu/content/default.asp?PageID=78&DocID=994 
9
 http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf 

http://www.aegpl.eu/content/default.asp?PageID=78&DocID=994
http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf
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Given the timescales being considered, the project will take a qualitative and, where possible, a 
quantitative approach. The project has three Parts, as follows:  
 

 Part I (óReview of the available informationô) has collated the relevant evidence for options to 
reduce transportôs GHG emissions, which was presented in a series of Papers (1 to 5), and is 
in the process of developing four policy papers (Papers 6 to 9) that outline the evidence for 
these instruments to stimulate the application and up take of the options.  

 Part II (óIn depth assessment and creation of framework for policy makingô) involves bringing 
the work of Part I together to develop a long-term policy framework for reducing transportôs 
GHG emissions. 

 Part III (óOngoing tasksô) covers the stakeholder engagement and the development of 
additional papers on subjects not covered elsewhere in the project. 

 
As noted under Part III, stakeholder engagement is an important element of the project. The 
following meetings were held: 
 

 A large stakeholder meeting was held in March 2009 at which the project was introduced to 
stakeholders. 

 A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-
technical options for reducing transportôs GHG emissions. These were held in July 2009. 

 A series of Technical Focus Groups on the policy instruments that could be used to stimulate 
the application of the options for reducing transportôs GHG emissions. These were held in 
September/October 2009. 

 Two additional large stakeholder meetings at which the findings of the project were 
discussed.  

 
As part of the project a number of papers have been produced, all of which can be found on the 
projectôs website, as can all of the presentations from the projectôs meetings.  

1.4 Background and purpose of the paper 

This paper is one of five ñoptionsò papers (Papers 1 to 5) that were developed under the EU 
Transport GHG: Routes to 2050 project. The aim of these papers was to review the technical and 
non-technical options that could contribute to reducing transportôs GHG emissions, both up to 
2020 and in the period from 2020 to 2050. A series of papers (Papers 1 to 6) on ñpolicy 
instrumentsò that could be used to stimulate the application and take up of these options was also 
developed. For the purpose of the project, we used the following definitions: 
 
-  Options deliver GHG emissions reductions in transport ï these can be technical, operational 

or modal shift.  
-  Policy instruments may be implemented to promote the application of these options. 
 
The options were reviewed in the following papers: 
 

1. Technical options for fossil fuel based road transport 
2. Alternative energy carriers and powertrains 
3. Technical options for non-road transport modes 
4. Operational options for all modes 
5. Modal split and decoupling 

This paper is the first in this series of papers, all of which use evidence from existing studies to 
assess each of the options. It was presented in draft from to a Technical Focus Group meeting (at 
which stakeholders were present) in July 2009 after which it has been updated on the basis of the 
discussion at the meeting and any comments and further evidence received. This revised version 
of the paper is also available from the projectsô website.

10
 

 

                                                      
10

 http://www.eutransportghg2050.eu 

http://www.eutransportghg2050.eu/
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1.5 Structure of the paper  

This paper aims to present an overview of evidence from existing studies relating to the CO2 
emission reduction potential of technical options in fossil fuel based road transport. This means 
that this paper will focus on reducing the GHG emissions by: 
 

1. Increasing the efficiency of converting fuel energy to work 
a. Giving an overview of the principles underlying improvements in the power train 

efficiency (Chapter 2) and 
b. (Non-exhaustively) discussing some of the advanced options that can presently 

be foreseen (Chapter 3); and by 
2. Reducing the required work for operating a vehicle (Chapter 4) by 

a. Reducing the energy losses associated with the actual propulsion of a vehicle; 
and 

b. Reducing the energy consumption by auxiliary systems. 
 
Because fuel consumption ties heavily in with the economic model for professional heavy goods 
transport there is a chapter dedicated to some issues that might influence the use of the 
technological options that are discussed in this paper (Chapter 5). 
 
In a final chapter the options will be broadly assessed in terms of their overall reduction potential, 
the timeframe and potential of their application and the costs that are involved with this (Chapter 
6). 
 
The paper does not focus on the possibilities offered by a change to less carbon-intensive fuels 
or alternative power trains (electric vehicles, plug-in hybrids, fuel cells, etc.), which will be 
addressed in Paper 2. The paper focuses on all modes of motorised road transport. It does not 
discuss other transport options, such as inland shipping or rail transport. Technical options for 
these other modes are addressed in Paper 3. 
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2 General considerations 

2.1 The case for improving vehicles running on fossil 
fuels  

Currently, the internal combustion engine (ICE) is by far the most common mode for propulsion in 
road transport and has been so ever since mechanical vehicles replaced the horse and carriage 
as the dominant form of road transport. This means that ICEs can benefit from more than a 
hundred years of engineering experience and (efficiency) optimisation (Figure 5). Furthermore, 
there is a vast infrastructure in place to support this industry. 

Figure 5:  Ages apart in time and performance: Left panel, a picture of the ICE on a replica of the 
1886 'Benz patent-motorwagen nummer 1', capable of 0.9 bhp[1, 2]; right panel, a 
picture of a Volkswagen 1.4 Litre TSI Twincharger engine, the óEngine of the Year 2009', 
capable of 178 bhp[3, 4]. 

  
 
Any alternative propulsion system needs to compete with this, not only in terms of costs but also 
in terms of consumer acceptance

11
 and its actual efficiency

12
. For these reasons, it is expected 

that ICE technology will remain competitive for the foreseeable future with even in 2050 a 
significant share on the transport market. Consequently, it may be expected that (especially in 
view of an increasing transport demand) the use of carbon-based fuels will continue to have a 
large share. This is reflected in estimates by the World Business Council for Sustainable 
Development (WBCSD), which show a continued increase of the carbon-based fuels up to the 
year 2050 (Figure 6). Improvements on the efficiency of ICE vehicles, therefore, will continue to 
have a great reduction potential in absolute terms

13
. The potential to improve the fuel efficiency of 

conventional vehicles, however, is limited by physics. Moreover, the costs to further reduce CO2 
emissions will be relatively high in the future given that combustion engine technology is already 
highly developed, especially in Europe, where most progress has been made on fuel efficiency so 
far

14
. 

 
Historically, although efficiency of transport has increased, the gains in efficiency have not been 
entirely devoted to reducing overall fuel consumption [16]. Whether or not there is a self-
contained market case (i.e. not dependent on external stimuli such as government support) for 
efficiency improvements depends very much on the oil price. Higher oil prices lead to an 
acceptable payback period for the innovations but it should be borne in mind that consumers tend 
to rate the short term investment costs higher than the long term benefits of improved fuel 
economy ('consumer myopia'). Since costs and savings-benefits are somewhat balanced for 
current fuel prices, cost efficiency of reduction options is extremely important. Future relative cost 
development of fossil fuels is very uncertain. 

                                                      
11

 Consumers are used to the characteristics of ICE vehicles but may feel limited by the different characteristics of e.g. electrical vehicles. 
12

 Since innovative technologies have not the benefit of years of optimisation, they will initially be some way from their theoretical optimal 
efficiency . 
13

 It should be noted, of course, that technological options might not be the most cost-efficient means of reducing GHG emissions from 
transport but other options are discussed in the other papers. 
14

 From: óACEA  Comments On Transport GHG Routes 2050ô 
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Figure 6:  With a projected increased volume of transport activity (Task 2) and a relatively 
unchanged modal mix of transportation activity, petroleum-based fuels -- gasoline, 
diesel fuel, and jet fuel -- are still projected to dominate transportation in 2050. Figure 
reproduced from [39] (óOther ô denotes CNG\LPG, Ethanol, Biodiesel, and Hydrogen). 

 
 

2.2 Principles 

In improving the efficiency of an ICE-powered vehicle there are several óstrategies' that can be 
followed either each in isolation or combined: 

 Improvement of the combustion process 

 Decrease of mechanical losses in the engine (friction and pumping losses) 

 Decrease of mechanical losses in the transmission
15

 

 Decrease of inertial ólosses' (i.e. energy irreversibly expended to accelerate the vehicle's 
mass) and losses due to aerodynamic drag and rolling resistance 

 Recuperation of energy (e.g. kinetic energy upon braking or waste heat from the exhaust) 

 Reduction of energy demand from peripheral processes (i.e. by improving the efficiency 
of auxiliary components) 

Most of these options that are currently foreseen for the short, to mid-term future have recently 
been reviewed extensively [33]. 

2.2.1 Engine map 

It is important to note that the fuel efficiency of an ICE, and therefore its GHG emissions, depends 
on the load that is applied to it and this may be expressed as the product of the engine's 
rotational velocity and torque. Typically, an ICE is more efficient at higher loads (Figure 7).  
 
Most engines can provide far more power than is required for by far the largest part of their use. 
One way of improving a vehicle's efficiency thus is to use a smaller engine, which will operate for 
a larger part of its usage close to full load. This will, of course, be at the expense of available 
power and will therefore reduce (perceived) added value to the consumer. 
 

                                                      
15

 I.e. mechanical losses in the train of energy transfer from the engine to the wheels. 
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Figure 7:  Graphical representation of an engine map for a diesel with a rated power of 100 kW. 
On the NEDC (Section 2.2.2) such engine will run for 80% of the cycle at an average 
efficiency of 18%. Image reproduced from [21]. 

 
 
Another way to allow use of an engine's maximum efficiency is to either run a smaller engine 
continuously, or a full size engine intermittently, at full power and buffering the excess energy. 
This would typically require an additional power source in the drivetrain to convert this excess 
energy back into propulsion and implies therefore hybridisation. The ability of buffering excess 
energy also introduces the possibility of recuperating braking losses. These are major reasons 
why charge-sustaining hybrids are more efficient than pure ICEs even though in both cases all 
the energy that is required for propulsion eventually is supplied by in-car combustion of fossil fuel. 
Particularly the ability in hybrids to reuse braking energy allows the fuel efficiency to increase 
above the maximum engine efficiency (which is about 30%-40%). 

2.2.2 The New European Driving Cycle 

As mentioned above, fuel efficiency is strongly related to the way an engine is used because an 
ICE's efficiency depends on the load that is applied to it. For this reason it e.g. matters if the 
same vehicle is mainly used to commute within a city or to travel longer distances on a highway. 
To assess, in a well defined and standardised way, a vehicle's performance with respect to 
relevant driving circumstances, use is made of so-called driving cycles. 
 
A driving cycle is a driving pattern, expressed in a series of velocities as a function of time, which 
is designed to represent a vehicle's usage (Figure 8). Evaluation of the vehicle's environmental 
performance takes place by measuring a vehicle's emissions on a chassis dynamometer, on 
which the vehicle is made to follow the cycle's driving pattern. Importantly, a vehicle's fuel 
economy is only determined with respect to a certain driving cycle. How well this correlates with 
the actual emissions of such vehicle depends on how well the driving cycle correlates to real 
world driving. In Europe, the so-called New European Driving Cycle (NEDC,Figure 8) is the 
official driving cycle used for vehicle type approval. This is, therefore, in Europe currently the 
most important pattern against which fuel efficiency (and thus GHG emission) from ICEVs is 
evaluated. Crucially, there is some discrepancy (typically 10% - 20%) between the fuel 
consumption as measured on the NEDC and that in real world driving. Currently a new cycle is, 
therefore, being developed that aims at a better correlation. 
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Figure 8:  Graphical representation of the New European Driving Cycle, which is the regulated 
European cycle for defining the specific fuel consumption (in litres per 100 km) and 
pollutant emissions of passenger cars. 

 
Since evaluation of the vehicle's performance takes place by measuring its emissions on a 
chassis dynamometer, the effect of some applications that are not in use during these tests, such 
as power steering or options that the driver can switch off, do not show. If there is no self-
contained market case for improving fuel economy, measures should be taken so that there will 
be incentives for also improving the efficiency of these options. 
 

2.3 Eco-driving 

By slightly changing their driving style, car users can significantly reduce fuel consumption and 
CO2 emissions. This is, of course, not a technical option but as its impact is partly based on the 
technical characteristics of the internal combustion engine it will be briefly discussed here. 
Applying ñeco-drivingò is done by following these instructions: 

 shift into a higher gear early, maintain a steady speed in the highest possible gear, 
anticipate traffic flow and switch off the engine at short stops; 

 check and adjust the tyre pressure regularly; 

 make use of in-car fuel saving devices such as on-board computers and dynamic 
navigators; 

 remove surplus weight and unused roof racks. 
 
Training programmes have been developed to meet new requirements for professional driver 
competence. All commercial vehicle drivers will be required to undertake this training on a five-
year basis. But manufacturers have offered courses that encourage more eco-friendly, safe 
driving since the 1960s. Skills learned by operators are helping to boost fuel efficiency by around 
10% and contribute to the safety of drivers and all road users. Some of the key skills taught to 
professional drivers include: 

 adopting a driving style that anticipates hazards ahead for quicker reactions; 

 selecting the right gear to stay in the engineôs most economic speed regime; 

 using cruise control for smooth driving; 

 block shifting gears when safe to do so; 




























































