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Abstract 

This deliverable reviews existing and future powertrains, eco-driving 

support systems, HMI and behaviour change strategies. This serves as 

a starting point to explore how best to present feedback to drivers and 

in turn for ecoDriver as a whole to progress beyond the current state 

of the art. The second part of this deliverable outlines the interviews of 

car, truck and bus drivers, as well as fleet owners, in relation to their 

knowledge and opinions regarding eco-driving support systems. 
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Workshops and one-to-one interviews were carried out to inform the 

design of eco-driving support systems later in the project. The 

conclusions focus on what eco-driving behaviour drivers typically find 

difficult and what they would like such a support system to look like. 
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Glossary of terms 

 

Term Description 

Associative store An associative store associates a key with its related data.  

Some real world examples are dictionaries, encyclopaedias, phone books, and 

library card catalogues to name just a few  

Automatism Not consciously controlled action, reflexive  

Behaviour change 

strategy 

Behaviour change strategies refer to interventions on the motivational, volitional, 

and actional processes of abandoning or adapting certain behaviours in favour of 

adopting and maintaining other behaviours  

Contiguity Association by contiguity is the principle that ideas, memories, and experiences are 

linked when one is frequently experienced with the other  

Epitrochid Roulette traced by a point attached to a circle of radius r rolling around the outside 

of a fixed circle of radius R, where the point is a distance d from the centre of the 

exterior circle 

External locus of control Those with a high external locus of control believe that powerful others, fate, or 

chance primarily determine events 

Feedback The return of information about the result of a process or activity  

Feedback strategy The way the [feedback] is returned, considering aspects such as focus, comparison, 

function, timeliness and valence  

Goal setting Motivational technique based on the concept that the practice of setting specific 

goals enhances performance, and that setting difficult goals results in higher 

performance than setting easier goals  

Habitual behaviour Being such a way by a force of habit  

Haptic A tactile message through the sense of touch 

Impairment level Difficulties that substantially interfere with or limit role functioning in one or more 

major life activities  

Implementation intention A self-regulatory strategy in the form of an if-then-Ǉƭŀƴ όάLŦ ǎƛǘǳŀǘƛƻƴ · ŀǊƛǎŜǎΣ L ǿƛƭƭ 

ǇŜǊŦƻǊƳ ǊŜǎǇƻƴǎŜ ¸έύ ǘƘŀǘ Ŏŀƴ ƭŜŀŘ ǘƻ ōŜǘǘŜǊ Ǝƻŀƭ ŀǘǘŀƛƴƳŜƴǘ  

Impulsive route Proceeding from natural feeling or impulse without external stimulus, without 

forethought, outside conscious awareness  

Informational feedback [Feedback] based on informational prompts as opposed to mechanisms such as 

penalties or rewards 

Internal locus of control Individuals with a high internal locus of control believe that events result primarily 

from their own behaviour and actions  

Intervention Behaviour modification or the use of operant conditioning models such as positive 

and negative reinforcement to modify (undesired) behaviours  

http://en.wikipedia.org/wiki/Roulette_(curve)
http://en.wikipedia.org/wiki/Circle
http://www.businessdictionary.com/definition/technique.html
http://www.businessdictionary.com/definition/concept.html
http://www.businessdictionary.com/definition/practice.html
http://www.businessdictionary.com/definition/goal.html
http://www.businessdictionary.com/definition/performance.html
http://www.businessdictionary.com/definition/result.html
http://en.wikipedia.org/wiki/Strategy


  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) viii 

Term Description 

In-vehicle feedback 

technology 

Feedback technologies such as tactile or visuals built in the car 

Locus of control Locus of control refers to the extent to which individuals believe that they can 

control events that affect them  

Naïve A person disposed to believe on little evidence, inexperienced (as opposed to 

[sophisticate]  

Nomadic 
A portable device within the vehicle which provide support or assistance to the 

driver 

Otto cycle An idealized thermodynamic cycle which describes the functioning of a typical 

spark ignition reciprocating piston engine 

Powertrain 
Group of mechanisms that produce movement on the engine and transmit it to the 

wheels, allowing a vehicle to move itself 

Reflective route Exhibiting behaviour characterized by careful thought and contemplation, 

appealing to or using the intellect, or bounded rational thinking  

Reuleaux triangle A constant width curve based on an equilateral triangle. All points on a side are 

equidistant from the opposite vertex. 

Sophisticate Worldly-wise person, less innocent (as opposed to [naïve]  

Tailored information Custom-made, to the person receiving the information 

Urea based NOx after 

treatment 

Exhaust gases catalytic treatment that convert NOx in O2 and N2. 
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Acronyms 

 

Acronym Description 

AGM Absorbed Glass Mat 

CNG Compressed Natural Gas 

DMFC Direct Methanol Fuel Cell 

ECM Electronic Control Module 

ECU Electronic Control Unit 

EGR Exhaust Gas Recirculation 

EV Electric Vehicle 

FEV Full electric Vehicle 

FEDI Fuel Economy Driver Interface 

FEDIC FEDI Concepts 

EDSS Eco-driving support system 

GPS Global Positioning System 

HMI Human Machine Interface 

HD High Definition 

HV Hybrid Vehicle 

ICE Internal Combustion Engine 

LNG Liquid/Liquefied Natural Gas 

MPFI MultiPoint Fuel Injection 

NOx Nitrogen Oxides 

OBD On-board Diagnosis 

OEM Original Equipment Manufacturer 

PAFC Phosphoric Acid Fuel Cell 

PDT Peripheral Detection Task 

PEM Polymer Electrolyte Membrane 

RON Research Octane Number 

RPM Revolutions Per Minute 

SPI Single Point Injection 
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1. Introduction 

The global aim of the ecoDriver project is to deliver the most effective feedback to drivers on fuel 

efficient driving by optimising the driver-powertrain-environment feedback loop. More specifically, 

the focus of the project is on the interaction between technology and the driver, since the behaviour 

of a driver is a critical element in energy efficiency.  

 

Feedback covers the whole spectrum, from previewing of upcoming situation, optimising the current 

driving situation, as well as post-drive feedback and learning. The project addresses this across a wide 

range of vehicles τ e.g. cars, light trucks and vans, medium and heavy trucks and buses τ covering 

both individual and collective transport. Furthermore, the project aims to optimise HMIs and feedback 

to drivers for both portable devices within the vehicle which provide assistance to the driver (nomadic 

devices) and built-in systems, and compares the effectiveness of each. Lastly, the project will not only 

examine driving with current and near-term powertrains, but also with a full range of future vehicles, 

including various types of hybrid and plug-in electric vehicles. 

 

By increasing the acceptance of eco-driving applications through intelligent HMI and feedback 

solutions, ecoDriver will substantially contribute to the Europe 2020 goals through a much needed 

reduction of gas emissions and energy usage in transport, and thereby a significant reduction in the 

negative impact of transport on the environment.  

 

The detailed aims of ecoDriver are to: 

1. Investigate how best to win the support of the driver to obtain the most energy-efficient driving 

style for optimal energy use, with regard to preview, the current situation, and post-drive 

feedback and learning 

2. Assess this across a wide range of vehicles τ e.g. cars, vans, light and heavy trucks and buses ς 

covering both individual and collective transport 

3. Explore and evaluate alternative HMIs and styles of feedback 

4. Consider driver behaviour with a wide range of current and future powertrains, including internal 

combustion (both petrol and diesel), hybrid and electric, and provide the optimum advice for each 

powertrain 

5. Consider driver style, driver learning, and consider how the systems can affect driving style 

6. Look at the impacts of eco-driving support on driver attention and safety 

7. Look at a variety of impacts: CO2, NOx, particulates etc. and the balance between impacts 

8. Consider how the observed effects on driving style would affect network-wide energy use and a 

variety of aspects of network performance including network efficiency 

9. Consider scenarios for future powertrain adoption, and how eco-driving might affect the road 

networks of the future 

10. Perform a cost benefit analysis considering a range of scenarios of powertrain adoption 

 

Clearly, a substantial research objective of ecoDriver is on driver behaviour and how HMI and 

feedback strategies can optimise driving style for less energy use and lower emissions. The project has 
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a long-range time horizon in that it considers both current and future powertrains. Furthermore, 

ecoDriver considers user acceptance of- and compliance with advice, which is considered to be a 

critical element in achieving substantially lower energy usage and emissions while driving. ecoDriver 

acknowledges the need to take into account a wide range of drivers and driving contexts including 

both private and fleet driving when developing eco-driving applications. 

 

In this report, a review of existing and future powertrains, existing eco-systems, HMI-aspects and 

behaviour change strategies is provided. This serves as a starting point to explore how best to present 

feedback to drivers covering both pre-, in-, and post-drive feedback, and in turn for ecoDriver as a 

whole to progress beyond the current state of the art. 

 

Chapter 2 gives an overview of existing powertrains, including expected possible options for 

passenger vehicles, trucks and buses, with specific emphasis on its main characteristics (performance, 

range) and efficiency. The overview of existing and future power train options includes ICE (internal 

combustion engine) vehicles, hybrid vehicles, and other options such as hydrogen or gas. Chapter 3 

provides an overview of existing nomadic and integrated eco-driving support systems for individual 

drivers and truck drivers that are already in use. It describes the basic assumptions underlying each 

system, and how it does work in practice. Chapter 4, from an HMI perspective, focuses especially on 

the efficacy of a variety of visual display options for presenting eco-driving information, as well as the 

benefits of information presented in other modalities, such as tactile (haptic) and auditory messages, 

or a combination of these. Chapter 5 describes what behaviours ideally should be altered. It also 

explains how behaviour is formed in general and by which broad strategies it can be changed. 

 

The second part of this deliverable outlines the approach taken to conduct interviews of car, truck and 

bus drivers, as well as fleet managers in relation to their knowledge and opinions regarding eco-

driving support systems.  
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2. Powertrains 

2.1 Conventional Internal Combustion Engines 

An internal combustion engine is any engine that operates by burning its fuel inside the combustion 

chamber. The most common internal engines are petrol or diesel powered. Engines typically can only 

run on one type of fuel and require adaptations to adjust the air/fuel ratio or mix to use other fuels. 

2.1.1 Petrol 

In a petrol engine, a mixture of petrol and air is sprayed into a cylinder. This is compressed by a piston 

and at the optimal point in the compression stroke, a spark plug creates an electrical spark that ignites 

the fuel. The combustion of the fuel results in the generation of heat, and the hot gases that are in the 

cylinder are then at a higher pressure than the fuel-air mixture reintroduced to run a second stroke. 

The outward linear motion of the piston is harnessed by a crankshaft to produce circular motion. 

Valves control the intake of air-fuel mixture and allow exhaust gasses to exit at the appropriate times. 

2.1.1.1 Existing technologies 

There are two main groups of existing technologies in order to explain different technologies in petrol 

engines. The first one takes into account the way and the timing that the engine gives its power to the 

powertrain. A second group can be considered distinguishing between how the mix between petrol 

and air is done. 

¶ 2-stroke engine: 

The two-stroke engine (Figure 1 and Figure 2) is simple in construction, but complex dynamics are 

employed in its operation. There are several features unique to a two-stroke engine. First, there is 

a reed valve between the air-fuel intake and the crankcase. Air-fuel mixture enters the crankcase 

and is trapped there by the one-way reed valve. Next, the cylinder has no valves as in a 

conventional four stroke engine. Intake and exhaust are accomplished by means of ports - special 

holes cut into the cylinder walls which allow fuel-air mixture to enter from the crankcase, and 

exhaust to exit the engine. These ports are uncovered when the piston is in the down position.  

 

Air-fuel mixture is drawn into the crankcase from the carburettor or fuel injection system through 

the reed valve. When the piston is forced down, the exhaust port is uncovered first, and hot 

exhaust gases begin to leave the cylinder. As the piston is now in the down position, the crankcase 

becomes pressurized, and when the intake port into the cylinder is uncovered, pressurized air-fuel 

mixture enters the chamber. Both the intake and exhaust ports are open at the same time, which 

means the timing and air flow dynamics are critical to proper operation. As the piston begins to 

move up, the ports are closed off, and the air-fuel mixture compresses and is ignited; the hot 

gases increase in pressure, pushing the piston down with great force and creating work for the 

engine.  

 

The major components of two-stroke engines are tuned to achieve optimum airflow results. 

Intake and exhaust tubes are tuned so that resonances in airflow give better flow than a straight 
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tube. The cylinder ports and piston top are shaped in the way that the intake and exhaust flows 

do not mix. 

 

The two-stroke type of internal combustion engine is typically used in utility or recreational 

applications which require relatively small, inexpensive, and mechanically simple motors (e. g. 

small motorcycles). 

 
Figure 1:Two-stroke engine cycle 

 

 
Figure 2: Two-stroke engine representation 

 

¶ 4-stroke engine: 

The four-stroke internal combustion engine is the type most commonly used for automotive and 

industrial purposes today (cars and trucks, generators, etc). As it can be seen Figure 3 and Figure 

4, on the first (downward) stroke of the piston, fuel/air is drawn into the cylinder. The following 

(upward) stroke compresses the fuel-air mixture, which is then ignited - expanding exhaust gases 

1 -> 2: Compression stroke 

2 -> 1: Power stroke 

 

pa= atmosferical pressure 

pk= pressure at the end of 

the compression stroke 

vc= Cylinder volume on BDC 

vk= Cylinder volume on TDC 
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then force the piston downward for the third stroke, and the fourth and final (upward) stroke 

evacuates the spent exhaust gasses from the cylinder.  

 

Figure 3: Four-stroke engine cycle  

 

The four-stroke cycle is more efficient than the two-stroke cycle because of the absence of intake flow 

leaks through the exhaust valve, but requires considerably more moving parts and manufacturing 

expertise.  

A: Intake stroke   

B: Compression stroke  TDC: Top Dead Centre 

C: Power stroke   BDC: Bottom Dead Centre 

D: Exhaust stroke 
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Figure 4: Four-stroke engine representation and timing 

 

¶ Wankel engine: 

The Wankel engine is a type of internal combustion engine using an eccentric rotary design to 

convert pressure into a rotating motion instead of using reciprocating pistons. Its four-stroke cycle 

takes place in a space between the inside of an oval-like epitrochoid-shaped housing and a rotor 

that is similar in shape to a Reuleaux triangle but with sides that are somewhat flatter (see Figure 

5). The very compact Wankel engine delivers smooth high-rpm power. It is commonly called a 

rotary engine, though this name applies also to other completely different designs. It is the only 

internal combustion engine invented in the twentieth century to go into production. 
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Figure 5: Wankel engine 

 

In terms of the way the engine gives its power, we can consider three main groups: 

 

¶ Carburettor: The carburettor works on Bernoulli's principle: the faster air moves, the lower its 

static pressure, and the higher its dynamic pressure. The throttle linkage does not directly control 

the flow of liquid fuel. Instead, it actuates carburettor mechanisms which meter the flow of air 

being pulled into the engine. The speed of this flow, and therefore its pressure, determines the 

amount of fuel drawn into the airstream. Most production carburetted (as opposed to fuel 

injected) engines have a single carburettor and a matching intake manifold that divides and 

transports the air fuel mixture to the intake valves, though some engines (like motorcycle engines) 

ǳǎŜ ƳǳƭǘƛǇƭŜ ŎŀǊōǳǊŜǘǘƻǊǎ ƻƴ ǎǇƭƛǘ ƘŜŀŘǎΦ LǘΩǎ ŀ ŎƻƳǇƭŜǘŜƭȅ ƳŜŎƘŀƴƛŎ ǎȅǎǘŜƳΣ ǎƻ ƛƴǘŜƎǊŀǘƛƻƴ ǿƛǘƘ 

modern ECM/ECU and consumption and emissions control is quite difficult. 

 

¶ Indirect petrol injection: The primary difference between carburettors and petrol injection is that 

petrol injection atomizes it by forcibly pumping it through a small nozzle under high pressure, 

while a carburettor relies on suction created by intake air rushing through a Venturi to draw the 

fuel into the airstream. Early injection systems used mechanical methods to calculate the amount 

of petrol to be injected (non-electronic or mechanical fuel injection). Modern systems are nearly 

all electronic, and use an electronic solenoid (the injector) to inject the fuel. An electronic engine 

control unit calculates the mass of petrol to inject. There are mainly two different ways to make 

an indirect petrol injection system: 

- Single-point injection (SPI): was introduced in the 1940s in large aircraft engines and in the 

1980s in the automotive world. The SPI system injects fuel at the throttle body (the same 

location where a carburettor introduces fuel). The induction mixture passes through the 
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intake runners like a carburettor system, and is thus labelled a "wet manifold system". 

Fuel pressure is usually specified to be around 10-15 psi (pounds per square inch). The 

justification for single-Ǉƻƛƴǘ ƛƴƧŜŎǘƛƻƴ ǿŀǎ ƭƻǿ ŎƻǎǘΦ aŀƴȅ ƻŦ ǘƘŜ ŎŀǊōǳǊŜǘǘƻǊΩǎ ǎǳǇǇƻǊǘƛƴƎ 

components could be reused such as the air cleaner, intake manifold, and fuel line 

routing. This postponed the redesign and tooling costs of these components. Most of 

these components were later redesigned for the next phase of fuel injection's evolution, 

which is individual port injection, commonly known as MPFI or "multi-point fuel 

injection". 

- Multi-point injection (MPFI): Multi-point fuel injection injects fuel into the intake ports 

just upstream of each cylinder's intake valve, rather than at a central point within an 

intake manifold. MPFI systems can be sequential, in which injection is timed to coincide 

with each cylinder's intake stroke; batched, in which fuel is injected to the cylinders in 

groups, without precise synchronization to any particular cylinder's intake stroke; or 

simultaneous, in which fuel is injected at the same time to all the cylinders. The intake is 

only slightly wet, and typical fuel pressure runs between 40-60 psi. Many modern 

electronic fuel injection systems use sequential MPFI; however, in newer gasoline 

engines, direct injection systems are beginning to replace sequential ones. 

 

¶ Direct petrol injection: is a variant of fuel injection employed in modern two-stroke and four-

stroke gasoline engines. The gasoline is highly pressurized, and injected via a common rail fuel line 

directly into the combustion chamber of each cylinder, as opposed to conventional multi-point 

fuel injection that happens before intake valve, or cylinder port. In some applications, gasoline 

direct injection enables stratified fuel charge (ultra lean burn) combustion for improved fuel 

efficiency, and reduced emission levels at low load. 

2.1.1.2 Advantages & disadvantages 

The main advantages of petrol engines are: 

¶ Good power to weight ratio allowing to construct lighter engines especially designed for small 

vehicles 

¶ Smoother operation than diesel engines. Low noise and vibration generated. 

¶ Purchase price is the lowest possible because of the simply system that it is needed and the 

smaller requirements that the components have to fulfil. 

¶ Conventional petrol engine systems are proved and reliable. 

 

The main disadvantages are: 

¶ Fuel consumption is higher than diesel engines because of a worse energy balance. 

¶ The cost of petrol is usually higher than of diesel. 

2.1.1.3 Consumption & emissions estimation 

Petrol as a fuel contents less sulphur compounds than diesel fuel, so the emissions of this components 

are quite inexistent. Regarding to CO2, the emissions are greater than a diesel engine, mainly due to 

its lower energetic density. The amount of HC, NOx and CO produced depends on the fuel mixture 

ratio. Petrol engines use a fuel air ratio that produce a good compromise between HC and CO 
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emissions and, after combustion, exhaust gases are treated on a three-way catalytic converter where 

most of these gases are transformed into CO2. 

2.1.1.4 Possible future development 

It is revealed that a direct injection petrol system allows reaching consumption and emission levels 

impossible to achieve with traditional SPI or MPFI. Future development on this field will help to 

reduce petrol engine emissions significantly in the future. 

 

One of the inefficiency sources of the petrol engines are the pressure loss in the throttle valve, 

especially on partial load situations. Research on new variable valve timing systems will allow to 

eliminate the throttle valve and will improve the energetic performance of petrol engine under partial 

loads. 

Other additional developments that are currently being applied in petrol engines are:  

¶ Downsizing: engineering of ICE with reduced displacements (and reduced number of cylinders) 

provides a good relation in between energy consumption and power output. To this extent, 

additional technologies are being applied even in low-cost vehicles: turbocharging, Variable Valve 

[ƛŦǘƛƴƎΣ ŜǘŎΦ 9ȄŀƳǇƭŜǎ ŀǊŜ CL!¢Ωǎ ǘǿƻ ŎȅƭƛƴŘŜǊ флл ŎŎ ŜƴƎƛƴŜ ǿƛǘƘ ǳǇ ǘƻ млр t{ ƻǊ CƻǊŘΩǎ ǘƘǊŜŜ-

cylinder 1 liter engine with 125 PS. Other OEMs relay on turbocharging and air compression to 

deliver up to 185 from a 1.4 liter 4-cylinder engine (VW) or provide high output reducing the 

number of cylinders and displacement (new BMW M5 goes from its formerly V10 to a twin-

turbocharged V8, increasing power 10% and reducing consumption & emissions up to 30%. 

¶ Cylinder deactivation. Some OEMs are including some cylinder deactivation when the driver is not 

demanding high torque (e.g., driving at a constant speed). Examples are Daimer and GM in the 

флΩǎ ŀƴŘΣ ŎǳǊǊŜƴǘƭȅΣ !ǳŘƛ ƛƴ ƛǘǎ ƴŜǿ ǘǳǊōƻŎƘŀǊƎŜŘ ±у ŀƴŘ ±²-Audi in the new 1.4 turbocharged 4 

cylinder with 140 PS. It is claimed that this engine reduces consumption by 1 litre every 100 km 

when driving in between 60 and 90 km/h thanks to this system, that is activated when the driver 

is demanding in between 25 and 100 Nm. 

¶ Coasting assistant. By this technique, when the driver is not pressing the gas pedal, and under 

some circumstances, the vehicle disengages the gearbox so it runs free without any retention. 

Therefore, it can drive longer distances with few consumption (equal to idling). Examples of OEMs 

offering this solution are Porsche and VW.  

¶ Start & Stop systems, which are almost standard in every ICE nowadays. The vehicle switches the 

engine automatically off when idling, to turn it on again when the driver presses the clutch 

(manual gearbox) or releases the brake pedal (automatic gearbox). 

¶ Increased number of gear ratios. Six speed manual & automatic gearboxes are common 

nowadays, and most advanced developments for dual clutch and automatic transmissions bring 

this figure to seven and eight different ratios. Nine and ten ratios are finishing its development 

and will soon see the light.  

2.1.2 Diesel 

A diesel engine (also known as a compression-ignition engine) is an internal combustion engine that 

uses the heat of compression to initiate ignition to burn the fuel, which is injected into the 

combustion chamber. This is in contrast to spark-ignition engines such as a petrol engine (gasoline 
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engine) or gas engine (using a gaseous fuel as opposed to gasoline), which uses a spark plug to ignite 

an air-fuel mixture. 

 

In Figure 6, an ideal diesel cycle is represented. During compression stroke, work is applied by the 

piston between points 1 and 2. Between 2 and 3, heat is transferred to the system by fuel injection. 

The power output of the engine is produce between 3 and 4, the power stroke. On the exhaust stroke, 

some heat loss is produced. 

 
Figure 6:Diesel cycle 

 

The diesel engine has the highest thermal efficiency of any regular internal or external combustion 

engine due to its very high compression ratio. Low-speed Diesel engines (as used in ships and other 

applications where overall engine weight is relatively unimportant) often have a thermal efficiency 

which exceeds 50%.  

 

Diesel engines are manufactured in two stroke and four stroke versions. They were originally used as a 

more efficient replacement for stationary steam engines. Since the 1910s they have been used in 

submarines and ships. Use in locomotives, trucks, heavy equipment and electric generating plants 

followed later. In the 1930s, they slowly began to be used in a few automobiles. Since the 1970s, the 

use of diesel engines in larger on-road and off-road vehicles in the USA increased. As of 2007, about 

50% of all new car sales in Europe are diesel. 

2.1.2.1 Existing technologies 

The different existing technologies in diesel engines are mainly about fuel injection systems. 

There are two general groups of diesel engines depending on the point where the fuel injection is 

done. 

 



 2. Powertrains 
  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) 11 

1. Indirect fuel injection: An indirect injection diesel engine delivers fuel into a chamber off the 

combustion chamber, called a pre-chamber or ante-chamber, where combustion begins and then 

spreads into the main combustion chamber, assisted by turbulence created in the chamber. This 

system allows for a smoother, quieter running engine, and because combustion is assisted by 

turbulence, injector pressures can be lower, about 100 bar, using a single orifice injector. 

Mechanical injection systems allowed high-speed running suitable for road vehicles (typically up 

to speeds of around 4,000 rpm). The pre-chamber had the disadvantage of increasing heat loss to 

the engine's cooling system, and restricting the combustion burn, which reduced the efficiency by 

5-10%. Indirect injection engines were used in small-capacity, high-speed diesel engines in 

automotive, marine and construction uses from the 1950s, until direct injection technology 

advanced in the 1980s. Indirect injection engines are cheaper to build and it is easier to produce 

smooth, quiet-running vehicles with a simple mechanical system. In road-going vehicles most 

prefer the greater efficiency and better controlled emission levels of direct injection. Indirect 

injection diesels can still be found in the many ATV diesel applications. 

 
2. Direct fuel injection: Direct injection injectors are mounted in the top of the combustion chamber. 

The problem with these vehicles was the harsh noise they produced. Fuel consumption was about 

15 to 20% lower than indirect injection diesels, which for some buyers was enough to compensate 

for the extra noise. This type of engine was transformed by electronic control of the injection 

pump, pioneered by Fiat in 1986 (Croma). The injection pressure was still only around 300 bar but 

the injection timing, fuel quantity, EGR (exhaust gas recirculation) and turbo boost were all 

electronically controlled. This gave more precise control of these parameters which eased 

refinement and lowered emissions. 

Based on this technology, two main different systems were developed, with different working 

principles: 

- Unit direct injection: In this system the injector and the pump are combined into one unit 

positioned over each cylinder controlled by the camshaft. Each cylinder has its own unit 

eliminating the high pressure fuel lines, achieving a more consistent injection. This type of 

injection system, also developed by Bosch, was used by Volkswagen AG in cars (where it is 

called pump-nozzle system) and by Mercedes Benz and most major diesel engine 

manufacturers in large commercial engines (CAT, Cummins, Volvo, etc.). With recent 

advancements, the pump pressure has been raised to 2.400 bar, allowing injection 

parameters similar to common rail systems. However, it has been discontinued due to 

increased emissions in front of Common Rail solutions. 

- Common rail direct injection: In common rail systems, the separate pulsing high pressure 

fuel line to each cylinder's injector is also eliminated. Instead, a high-pressure pump 

pressurizes fuel at up to 2.500 bar, in a "common rail". The common rail is a tube that 

supplies each computer-controlled injector containing a precision-machined nozzle and a 

plunger driven by a solenoid or piezoelectric actuator. 

 

Another thing to control on a diesel engine is the fuel amount and timing of the injection. The 

governor of all diesel engines is a vital component for them. Opposite to Otto-cycle engines, incoming 
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air in Diesel engines is not regulated on the intake. The only way to have an engine speed control is 

controlling fuel injection. From earlier technologies to actual ones they are the following: 

¶ aŜŎƘŀƴƛŎŀƭ ƎƻǾŜǊƴŜŘ ŦǳŜƭ ƛƴƧŜŎǘƛƻƴ ǎȅǎǘŜƳǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘƘŜ ŜƴƎƛƴŜΩǎ ƎŜŀǊ ǘǊŀƛƴΦ ¢ƘŜǎŜ ǎȅǎǘŜƳǎ 

use a combination of springs and weights to control fuel delivery relative to both load and speed. 

¶ Electronically controlled diesel engines control fuel delivery using an electronic control module 

(ECM) or electronic control unit (ECU). The controller receives an engine speed signal and other 

operating parameters such as intake manifold pressure and fuel temperature. With this data, the 

ECM or ECU can control the amount of fuel and start of injection timing through actuators to 

maximize power and efficiency and minimize emissions of pollutants. 

2.1.2.2 Advantages & disadvantages 

Some advantages are: 

¶ Diesel engines are more efficient than petrol ones. Diesel engines burn less fuel than petrol 

ŜƴƎƛƴŜǎ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ǎŀƳŜ ǿƻǊƪΣ ŘǳŜ ǘƻ ǘƘŜ ŜƴƎƛƴŜΩǎ ƘƛƎƘŜǊ ŎƻƳōǳǎǘƛƻƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 

greater expansion ratio. 

¶ There is no need of having a high-tension electrical ignition system, resulting in high reliability on 

several environments, especially in marine and aircraft applications. 

¶ Long lasting engines, generally about twice as long as that of petrol engine because of the 

increased strength of parts used and better lubrication properties of Diesel fuel. However, 

modern usage of additional elements (e.g., variable turbocharger, etc.) have vanished this effect.  

¶ 5ƛǎǘƛƭƭŀǘƛƻƴ ƻŦ ŘƛŜǎŜƭ ŦǳŜƭ ƛǎ ŜŀǎƛŜǊ ŀƴŘ ŎƘŜŀǇŜǊ ǘƘŀƴ ƎŀǎƻƭƛƴŜΩǎ ƻƴŜΦ 

¶ The low vapour pressure of diesel prevents form risk of explosion. 

¶ It is possible to use compressor or turbocharger without natural limits, only constrained by the 

strength of engine components. 

 

Some disadvantages are: 

¶ Less ratio power to weight in comparison with petrol engines. This situation makes diesel engine 

to operate in lower speed, because of the heavier and stronger parts needed to resist the 

operation forces caused by the high compression ratio and the large amount of torque given to 

the crankshaft. 

¶ It is needed to employ a preheating system for cold starting, due to the lower vapor pressure of 

diesel fuel. 

¶ Diesel vehicles present problems on urban traffic scenarios because of their high particle 

emissions. 

 

2.1.2.3 Consumption & emissions estimation 

As diesel fuel has a higher amount of energy per unit of mass than petrol, the amount of CO2 

produced during operation of a diesel vehicle is lower than on a petrol one. The content of sulphur 

compounds on diesel fuel was quite big during 20th century. After combustion, the emission of this 

sulphur causes several problems to the environment like acid rain. Nowadays, the diesel fuel has 

much less sulphur content, so this problem has been controlled. 
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Because of the higher temperatures reached during combustion, the NOx production is bigger than in 

a petrol engine. The CO emissions are low due to the way the combustion is produced, always with an 

excess of air in the mixture. Finally, fine particle pollution is perhaps the most important cause of 

diesel's harmful health effects, especially on urban situations. 

2.1.2.4 Possible future development 

Development regarding diesel engines is focused on the control of fine particle pollution, using better 

injection system, still better electronic control of the injection timing and after-combustion treatment 

as particle filters.  

 

Urea based NOx after treatment is being used by some OEMs in its clean diesels, and research on how 

to improve the maintenance and performance will be continued.  

 

Other improvements over diesel engine currently being applied and under further development are:  

¶ Downsizing: twin turbochargers begin to appear in several OEMs (BMW, Opel, PSA, Jaguar, 

Daimler, Audi) offering performance over 100 CV / litre in some cases. Latest introduction has 

been the BMW 3 litre straight-six engine with three turbochargers and 381 PS & 740 Nm.  

¶ Coasting assistant, as seen on petrol engines.   

¶ Start & Stop systems, as seen in petrol engines. 

¶ Increased number of gear ratios, as seen in petrol engines. 

2.1.3  Ethanol ICE 

Ethanol engines (Figure 7 and Figure 8) are not a different kind of engines by themselves. They are 

petrol engines but using ethanol as source of power. On this basis, Ethanol engines uses the same 

Otto cycle as conventional petrol engines mainly because they are the same engines using different 

fuel. 

 

 

Figure 7:Saab running on BioEthanol 

 

Because of the better antidetonant capacity of ethanol, the ignition point can be moved forward and 

compression ratio can be increased, within an improvement of motor performance. 

 



 2. Powertrains 
  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) 14 

When the engine is working in low temperature environment, a heating system should be installed to 

allow alcohol to evaporate during engine cold start. To avoid this adding, ethanol used to be available 

as E85 (85% ethanol and 15% petrol) and also E75 and E70 on cold countries like Sweden and some 

states of the EEUU. 

 

Figure 8: Ethanol ICE equipment 

2.1.3.1 Fuel technologies 

Ethanol engines could use the following fuel supply systems: 

¶ Carburettor 

¶ Fuel injection 

- Single point injection 

- Multi point injection 

2.1.3.2 Advantages & disadvantages 

Some advantages are: 

¶ Ethanol is a biofuel. 

¶ Ethanol is cheaper than petrol 

¶ Antidetonation power greater than petrol (108 RON index for pure bioethanol E100). Allows an 

increase compression ratio and move forward ignition, increasing efficiency. 

Some disadvantages are: 

¶ Cold start problems (the alcohol does not vaporize as well as petrol with low environmental 

temperature. 

¶ Ethanol specific energy is lower than petrol, which means lower range without refuelling in 

comparison with petrol engines. 

¶ Fuel oxidation problems due to halide ions present into ethanol. Those ions create problems on 

several metals, where they chemically attack passivating oxide causing pitting corrosion. 

Therefore, halide ions increase the conductivity of the fuel that speed up fuel oxidation processes. 

2.1.3.3 Consumption & emissions estimation 

Due to less specific energy the ethanol has, in comparison with petrol, the fuel consumption 

increases. E-100 (pure ethanol) has about 30% less power than conventional petrol, so consumption 

will be increased around 30% on an engine burning E-100 or petrol. This problem could be partially 

mitigated by increasing engine compression ratio (e.g. Variable Turbocharger Geometry) and moving 

forward ignition point. 
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Regarding to emissions, ethanol is a particulate-free fuel. Combustion products are only water, CO2 

and aldehydes. CO2 production is 19% greater than petrol for the same amount of energy produced. 

2.1.3.4 Possible future development 

Ethanol is not a recent new fuel development but nowadays a way is found to get ethanol from 

cellulose fibres, a major and universal component in plant cell walls. This could fight against the 

problem of food price rising or deforestation due to large-scale farming to produce ethanol. 

Moreover, other developments common to other ICEs can also be applied to Ethanol based engines. 

This solution is especially popular in countries such as Brazil.  

2.1.4 Natural gas ICE 

As the case of ethanol, engines using natural gas as fuel use the same Otto cycle like petrol engines. 

With minimum changes, a petrol engine can be adapted to burn natural gas. The changes are mainly 

related with fuel injection, electronic management of the engine and the storage/refuelling system. 

2.1.4.1 Existing technologies 

In case of the storage, there are two different ways to store natural gas. First possibility consists in 

cooling a gas up to -162 ºC, where natural gas becomes liquid (LNG: Liquefied Natural Gas) and 

reduces its density six hundred times. But in road vehicles is really difficult to reach and maintain this 

temperature, so the normal storage option for natural gas in road vehicles is the second one, CNG 

(Compressed Natural Gas). CNG is stored under pressure (generally between 205 and 275 bar). This 

very high pressure represents a great inconvenient for storage, that has taken technology to develop a 

lower pressure storage known as ANG (Adsorbed Natural Gas) tank, using various sponge like 

materials, such as activated carbon and some metal-organic frameworks. In this way, natural gas can 

be stored at similar or greater energy density than CNG, the tank can be refuelled using normal 

natural gas pipelines pressure without extra compression and the same tank can be slimmed down, 

made lighter and been made from less strong materials. 

2.1.4.2 Advantages & disadvantages 

Some advantages are: 

¶ No fouling of spark plugs due to the absence of substances than can deposit on them. 

¶ Increased life of lubricants oil, because CNG does not contaminate and dilute the crankcase oil. 

¶ High auto-ignition temperature which is important to avoid knocking problems on the engine. 

 

Some disadvantages are: 

¶ Greater amount of space for fuel storage than conventional petrol powered vehicles. The same 

energy contained in one liter of petrol represents much more than in one liter stored CNG. 

¶ Design specifications for CNG vehicles are tougher than for petrol ones, due to high pressure 

storage and operation on natural gas pipes that requires better and stronger material to support 

this conditions. 

¶ It is difficult to find a CNG refuelling station in most of the countries. 

2.1.4.3 Consumption & emissions estimation 

CNG reduces emissions in comparison with petrol in every aspect. One mol of methane burned 

ǇǊƻŘǳŎŜǎ флл ƪW ƻŦ ŜƴŜǊƎȅΦ LǘΩǎ ƴŜŜŘŜŘ ǘƻ ōǳǊƴ ƭƛǘǘƭŜ ƭŜǎǎ ǘƘŀƴ п Ƴƻƭ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ǎŀƳŜ ŜƴŜǊƎȅ ŀǎ 
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one mole of petrol that produces around 6 mol of CO2 when is burned. CO2 emissions reduction is 

between 25% (diesel) and 50% (petrol). 

 

In terms of CO and HC emissions, the situation is similar. As CNG is obviously gas, mixture with air is 

better than in the case of petrol (liquid partially vaporized), so combustions is faster and more 

complete on natural gas engines. In the case of NOx emissions, again this level is reduced in 

comparison with conventional ICE engines. Natural Gas barely contents nitrogen, so NOx production 

will be lower. 

2.1.4.4 Possible future development 

Most of the studies to devŜƭƻǇ ƴŀǘǳǊŀƭ Ǝŀǎ L/9Ωǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƻǊƛŜƴǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǿŀȅ ƻƴ Ƙƻǿ 

the storage can be resolved. The biggest problem of this alternative is the big amount of space needed 

to store the gas quantity that guarantees an appropriate range for the vehicle. Any technology that 

can reduce the volume of natural gas on a similar way as LNG but without the problems related with 

low temperature needed could constitute a revolution to this type of powertrain solution, Hydrogen 

vehicles use this gas for motive power, burning it directly on an internal combustion engine. Hydrogen 

is generally obtained from methane or other fossil fuels but it can be produced using energy from 

renewable sources, such as wind, solar or nuclear. Development on this way can be effective to reach 

emission free hydrogen vehicles. 

 

¢ƘŜ ŜƴƎƛƴŜǎ ǳǎŜŘ ǘƻ ōǳǊƴ ƘȅŘǊƻƎŜƴ ŀǊŜ ŘŜǊƛǾŀǘŜ ǾŜǊǎƛƻƴǎ ŦǊƻƳ ŎƻƴǾŜƴǘƛƻƴŀƭ L/9ΩǎΦ ¢ƘŜȅ ƴŜŜŘ 

modifications such as hardened valves and valve seats, non-platinum tipped spark plugs, fuel injectors 

designed to use gas instead of liquid, higher voltage ignition coil and high temperature engine oil. The 

reason is that combustion of hydrogen is more violent than the conventional fuel one and it occurs at 

higher temperature. 

The specific energy of hydrogen per mass unit is 3 times greater than petrol, so the consumption will 

be substantial lower. 

2.1.4.5 Existing technologies 

The main difference between cars using hydrogen as fuel or an ICE is the way they store the hydrogen. 

A cryogenic tank is the way that allows the car to reach a greater fuel capacity but it has some 

disadvantages that make it useless. The main difficulty is to maintain very low temperatures on a tank 

for which a complex system is needed. A compressed hydrogen tank is the solution mainly adopted. 

2.1.4.6 Advantages & disadvantages 

Some advantages are: 

¶ Zero CO2 emissions because hydrogen combustion produces only water as result. 

¶ Possibility of having Zero emissions in the whole fuel cycle, if hydrogen is produced using 

renewable energies. 

¶ More output power from the engine with the same displacement. This allows to build smaller 

engines, than leave more free space on the motor compartment. 

 

Some disadvantages are: 
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¶ Difficult storage, especially because it needs a high pressure tank, with reinforced connections 

with the engine. 

¶ Cost of the engine, due to extremely strength characteristics to support hydrogen combustions. 

¶ Nowadays, it is hard to find hydrogen refuelling stations, limiting vehicle usage only to areas 

where refuelling is possible. 

¶ Cost of the refuelling. It is still too much expensive to produce hydrogen, store it and distribute. 

2.1.4.7 Consumption & emissions estimation 

If hydrogen burned into an ICE is produced from renewable energies, the emissions of a hydrogen 

vehicle are zero. The combustion between hydrogen and oxygen produces only water vapour, so is 

the greenest possibility regarding internal combustion energies. With respect to consumption, 

hydrogen contents three times more energy than petrol per mass unit, so consumption can be around 

33% of the petrol equivalent. But hydrogen density, even compressed, is around 3 times lower than 

CNG. Because of this reason, the storage capacity needed is big and difficult to put into a conventional 

vehicle package.  

2.1.4.8 Possible future development 

Improvements on the hydrogen storage can be the way to make hydrogen cars safer and give them 

more disposable range. Creation of hydrogen refuelling grids in every country will be needed to 

support an important number of vehicles running on hydrogen. Several brands are pushing for this 

technology, offering at least one option in some of its model range, and the improvements that can be 

applied to other ICEs are also common here.  

2.1.5 Basic strategies for energy management 

In order to minimise energy consumption on ICE (independent from ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ L/9Ωǎύ there are 

a number of basic strategies. These strategies reflect expert opinion. 

¶ Keep constant speed as long as possible. 

¶ Avoid braking and accelerating using driver anticipation to adapt speed and acceleration to the 

next possible traffic situation. 

¶ Depending on the design of the ICE, some of them are very efficient on a wide range of RPM but 

others have a poor performance out of a narrow range of RPM. In the first situation, smooth 

acceleration contributes to reach the best efficiency while in the second one, quicker acceleration 

profiles are needed. 

¶ Use the gearbox (manually operated by the driver or electronically selected by an ECU in the case 

of automatic gearbox) to keep the engine working in the most efficiency working range (e.g., 

working points with minimum specific energy consumption in Figure 9). The curves in the figure 

represent the regions of the same fuel consumption for a demanded power output of the engine. 

For different power output needed, the only way to adapt the engine working point is the 

gearbox. 
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Figure 9:Instantaneous fuel consumption of an ICE 

¶ Usage of window down cooling is more efficient while the speed is below 70 km/h. Over this 

speed, the air conditioning waste less energy due to the additional aerodynamic drag that an open 

window represents. 

¶ Limited usage of additional electric consumers 

¶ Stop the engine when idling 

¶ Additional considerations (e.g. reduced vehicle load, drive with the right tire pressure, right 

vehicle maintenance) are common to all powertrains.  

2.2 Hybrid Vehicles 

These vehicles have electric and internal combustion engines. Both engines can give power to the 

drivetrain depending on the circumstances. The vehicle can be driven with the energy produced from 

batteries only, with combustion engine only or batteries and ICE combined. There is no need to use hi-

tech batteries because the amount of energy to be stored is small and battery volume and weight is 

not so critical as in electric vehicles. Ni-MH batteries are widely spread for this usage, but nowadays 

are common Li-ion batteries also. 

 

The general idea of this configuration is to manage the energy in the most efficient way, using an ICE, 

an electric motor that can operate as generator and energy storage (batteries). Hybrid vehicles are 

not non-zero emissions vehicles, but they reduce emissions significantly, especially in urban driving 

conditions. 
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Figure 10: BMW Concept 7 Series ς Active Hybrid 

Hybrid configurations can suit petrol or diesel engines. In a first step only petrol engines were used for 

hybrid vehicles, mainly because it is easier to start and stop a petrol engine frequently without the 

problems a diesel engine would have. Therefore, the system can adjust the working points of the 

engine and use the ones were petrol engine are more efficient (near full power output) so the typical 

low performance on light duty event of petrol engines are avoided. Nowadays, there is enough 

technology available to make hybrid vehicles using diesel engines too. 

2.2.1 Existing technologies 

There are two main configurations on hybrid vehicles: 

1. Parallel hybrid vehicles: 

Both engines (electrical and ICE) can drive directly the powertrain, working on their own or 

together, but no connection between them (e. g. Peugeot 3008) 

 

2. Serial hybrid vehicles: 

Also both engines can drive the powertrain, but they are connected, so when the ICE is working, 

electric motor can assist it consuming energy from batteries or take some energy from ICE and 

generating electricity to the batteries. 

 

There are two different hybrid vehicle concepts. 

¶ Conventional hybrid vehicle: Electrical drive takes energy from batteries that can be charged on 

two different ways: 

- Combustion engine moves an alternator or the electrical motor (acting as generator) to 

produce electricity and charge the batteries. 

- Using regenerative braking to recover energy into the batteries. 

The energy storage capacity is quite limited. The batteries can storage enough energy to drive for a 

few kilometres in electric mode only. 
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¶ Plug-in hybrid vehicles: The main difference consists in the available energy storage (bigger 

batteries) and the way they store the energy. 

Plug-in hybrid vehicles can charge batteries during regenerative braking or when the ICE drives 

the electric motor as generator like conventional hybrid cars, but the battery can also be charged 

plugging the car to the electric power grid. As energy storage is bigger than conventional hybrid 

cars, usage of hi-tech battery types is needed. 

2.2.2 Advantages & disadvantages 

Some advantages are: 

¶ Quiet start and drive at low speed (no vibrations from the ICE) 

¶ Improved efficiency (especially in urban traffic) due to regenerative braking. 

¶ Extended range (fuel tank + batteries) 

 

Some disadvantages are: 

¶ Purchase value higher than conventional ICE vehicles 

¶ Range and performance of the system decrease with usage, mainly because of wear of the 

batteries. 

¶ Maintenance can be more expensive. 

¶ Vehicle weigh is increased as it has two different motors and additional batteries. This makes the 

vehicle less efficient when the batteries are empty.  

2.2.3 Consumption & emissions estimation 

¶ Zero emissions in short trip, when using electric mode (plug-in hybrid vehicles) at usage point. The 

emissions produced in the generation of the electric energy consumed are not considered here1. 

¶ Low fuel consumption, especially in urban traffic situations 

¶ Less emissions, especially on NOx, CO and HC because ICE working point is quite independent 

from drivetrain demands and combustion can be adjust to the best performance points.  

2.2.4 Possible future development 

¶ Future development may increase the energy recovery from regenerative braking and vehicle 

retention as well as increase the energy stored into the batteries, following development of 

battery technologies. Additional storage systems for this specific needs are also being developed 

(e.g., super-condensators) 

¶ Algorithms to manage the distribution of work load between ICE and electric motor will be 

improved to increase efficiency. 

¶ Other specific improvements over the Internal Combustion engine can also be applied to Hybrid 

vehicles (see chapter 2.1). 

¶ One specific trend is the fact that hybrid vehicles will be moving to plug-in hybrid vehicles (e.g., 

Toyota Prius Plug-In), increasing efficiency.  

                                                           
1
 The cleaner way to produce that energy is using renewable energy sources, but even in case of production on a 

fossil fuel power plant, the amount of emissions are lower due to the better efficiency of a power plant instead 
of a small internal combustion engine 
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2.2.5 Basic strategies for energy management 

A number of basic strategies are as follows, based on expert opinion. 

¶ Accelerate always in the smoothest way possible, maintaining safety. 

¶ Use the gearbox (manually operated by the driver or electronically selected by an ECU in the case 

of automatic gearbox) to keep the engine working in the most efficiency working range (working 

points with minimum specific energy consumption). 

¶ Drive with enough anticipation, avoiding sudden braking and accelerating.  

¶ Keep braking in the regeneration zone when possible maintaining safety. 

¶ Use electric mode when is possible during urban driving. Avoid punctual high power requirements 

that force the ICE to start up.  

¶ Usage of window down cooling is more efficient while the speed is below 70 km/h. Over this 

speed, the air conditioning waste less energy due to the additional aerodynamic drag that an open 

window represents. 

¶ Limit usage of electric consumers 

¶ Additional considerations (e.g. reduced vehicle load, drive with the right tire pressure, right 

vehicle maintenance) are common to all powertrains.  

2.3 Electric Vehicles 

Electric vehicles obtain their power from an electric motor that is directly attached to the drive train. 

In electric vehicles clutch is unnecessary. While ICE engines obtain energy from the combustion of the 

fuel stored into the fuel tank, the energy in electric vehicles is provided by batteries connected to an 

electric motor. The energy stored in the batteries comes from the power grid where the electric car 

can be plugged on to. Also, during braking and retention manoeuvres, the electric motor can work as  

a generator, giving energy to batteries again instead of waste it on the braking system (regenerative 

braking system) 

2.3.1 Existing technologies 

Different battery types 

Nowadays, energy storage using batteries have some disadvantages. While on an ICE car, fuel could 

represent 5% of total weight of the vehicle, batteries can be 20% of total EV weight. Because of this, 

development in battery technologies is a must. There are several types of batteries, most of them 

using Li ion combination with chemical components. Some are: 

¶ LiCoO2 

¶ LiNiO2 

¶ LiMnO2 

¶ LiFePO4 

¶ NaNiCl2 

¶ C-LifePO4 

¶ AGM 
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Any type has its advantages and disadvantages, but all of them have the same objective, maximize 

energy storage, with minimum volume, minimum weight and supporting a large number of charging 

cycles without excessive wear. 

 

Extended range 

Electric vehicles have the same structure as FEV but adding a few additional elements. They equip an 

ICE attached to a generator. The ICE is turned on when battery state of charge (soc) is low or power 

demand is higher than a reference value. The ICE is only connected with the generator to provide 

electricity to the batteries. The energy is given to the drivetrain only through the electric motor. This is 

the main difference in between Plug-In Hybrid Vehicles and Extended-Range Electric Vehicles. The 

generator can increase electric vehicles range significantly, permitting them to perform big trips 

without charging stops but it eliminates one of the distinguishing features of EV, zero emissions on 

using point. Either way, these emissions are much lower than conventional vehicles equipped with an 

ICE, as the ICE can work on an specifically optimized working point.  

2.3.2 Advantages & disadvantages 

Some advantages are: 

¶ Electric motors can give torque and power from a stationary situation. 

¶ Zero emissions on usage point (except Extended range EV). The emissions produced in the 

generation of the electric energy consumed are not considered here2. 

¶ Low cost of charging (in comparison with refuelling cost for the same range). 

¶ Contribution to improve cities air quality. 

¶ Important noise and vibration reduction compared to conventional vehicles. 

 

Some disadvantages are: 

¶ Greater purchase cost mainly because of battery price. 

¶ Limited range (without extended range features). 

¶ Difficulty to find charging points 

¶ Uncertainty about battery life. 

¶ Heavy weight vehicles (batteries weight) 

¶ wŜŘǳŎŜŘ ŎƭŜŀǊ ǎǇŀŎŜ ƻƴ ǇŀǎǎŜƴƎŜǊΩǎ ŎŀōƛƴΣ ŘǳŜ ǘƻ ǎǇŀŎŜ ƴŜŜŘŜŘ ŦƻǊ ōŀǘǘŜǊƛŜǎ 

2.3.3 Consumption & emissions estimation 

Primary energy consumption and emissions on EV depends exclusively on the way the electricity  is 

produced. The energy stored into batteries can be lower than the equivalent in fuel for conventional 

ICE vehicles. This is due to the better performance achieved by the electric motor, which usually 

works with efficiencies about 90%, instead of 30% on general ICE. 

The best point regarding on emissions is that these are produced far away from usage point, so it is 

ǎŀƛŘ ǘƘŀǘ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ŀǊŜ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎ όƴƻǘ ŜȄǘŜƴŘŜŘ ǊŀƴƎŜ 9±Ωǎύ ƛŦ ǘƘŜ ǾŜƘƛŎƭŜ ƻƴ ƛǘǎ ƻǿƴ ƛǎ 

considered. 
                                                           
2
 The cleaner way to produce that energy is using renewable energy sources, but even in case of production on a 

fossil fuel power plant, the amount of emissions are lower due to the better efficiency of a power plant instead 
of a small internal combustion engine. 



 2. Powertrains 
  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) 23 

2.3.4 Possible future development 

Battery technologies improvement in the future will permit to eliminate space and weight without 

limiting range, so this way is the one how is gathering most of the future development in EV. 

Another key factor in the development is the increase of extended range concepts, limiting one of the 

disadvantages of the Full Electric Vehicles: its limited range. In this case, specifically developed and 

enhanced engines will appear, either classical ICEs running with petrol or diesel, with Atkinson or 

Miller cycles, some rotatory engines, etc. Even micro-turbines are under current research for this 

specific application (Range Extender). 

2.3.5 Basic strategies for energy management 

General advice to minimize energy consumption on electric vehicles could be these: 

¶ Accelerate always in the smoothest way possible, maintaining safety. 

¶ Keep braking in the regeneration zone when possible maintaining safety. 

¶ Drive with anticipation, avoiding sudden braking and acceleration. 

¶ Usage of window down cooling is more efficient while the speed is below 70 km/h. Over this 

speed, the air conditioning waste less energy due to the additional aerodynamic drag that an open 

window represents. 

¶ Using Air Conditioning or Heating, the best option is the use a mild program or the automatic 

regulation mode. Avoid quick heating or refrigeration. 

¶ Limit the usage of electric consumers 

¶ Additional considerations (e.g. reduced vehicle load, drive with the right tire pressure, right 

vehicle maintenance) are common to all powertrains.  

2.4 Fuel cell Vehicles 

The way these vehicles use to transmit power to the wheels is the same as the electric cars. The 

difference is established by the way they store the energy to be consumed. In this case the electricity 

for the electric motor operation is provided by a system of fuel store and a fuel cell that extracts as 

electricity the energy from the reaction between fuel and other substances e. g. oxygen (normal air) 

or CO2. 

Fuel cells are really efficient doing this transformation, but they present serious problems nowadays in 

terms of reliability and durability, despite of the big cost they represent. 

2.4.1 Existing technologies 

There are different types of fuel cells. The main ones are: 

 

Polymer Electrolyte Membrane (PEM) Fuel Cells  

Polymer electrolyte membrane (PEM) fuel cellsτalso called proton exchange membrane fuel cellsτ

deliver high-power density and offer the advantages of low weight and volume, compared with other 

fuel cells, Figure 11. PEM fuel cells use a solid polymer as an electrolyte and porous carbon electrodes 

containing a platinum catalyst. They present fast start-up time, low sensitivity to orientation and 

favourable power-to-weight ratio. They use pure hydrogen as fuel. 



 2. Powertrains 
  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) 24 

A significant handicap using these fuel cells in vehicles is hydrogen storage. Most fuel cell vehicles 

(FCVs) powered by pure hydrogen must store the hydrogen on-board as a compressed gas in 

pressurized tanks, having then the same storing programs as hydrogen cars. 

 

 
Figure 11: PEM Fuel Cell scheme 

Direct Methanol Fuel Cells 

Direct methanol fuel cells (DMFCs) are powered by pure methanol, which is mixed with steam and fed 

directly to the fuel cell anode. Direct methanol fuel cells do not have many of the fuel storage 

problems typical of some fuel cells because methanol has a higher energy density than hydrogenτ

though less than gasoline or diesel fuel. Methanol is also easier to transport and supply to the public 

using our current infrastructure because it is a liquid, like gasoline. Direct methanol fuel cell 

technology is relatively new compared with that of fuel cells powered by pure hydrogen, and DMFC 

research and development is roughly 3ς4 years behind that for other fuel cell types. 

Phosphoric Acid Fuel Cells 

Phosphoric acid fuel cells use liquid phosphoric acid as an electrolyteτthe acid is contained in a 

Teflon-bonded silicon carbide matrixτand porous carbon electrodes containing a platinum catalyst. 

The chemical reactions that take place in the cell are shown in the Figure 12. The phosphoric acid fuel 

cell (PAFC) is considered the "first generation" of modern fuel cells. It is one of the most mature cell 

types and the first to be used commercially. This type of fuel cell is typically used for stationary power 

generation, but some PAFCs have been used to power large vehicles such as city buses. 

 

PAFCs are more tolerant to impurities in fossil fuels that have been reformed into hydrogen. PEM cells 

are easily "poisoned" by carbon monoxide because carbon monoxide binds to the platinum catalyst at 

the anode, decreasing the fuel cell's efficiency. PAFCs are less powerful than other fuel cells, given the 

same weight and volume. As a result, these fuel cells are typically large and heavy. PAFCs are also 

expensive. Like PEM fuel cells, PAFCs require an expensive platinum catalyst, which raises the cost of 

the fuel cell. 
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Figure 12: PAFC Fuel Cell Scheme 

2.4.2 Advantages & disadvantages 

Some advantages are: 
¶ Around 35-пл҈ ƳƻǊŜ ǇŜǊŦƻǊƳŀƴŎŜ ǘƘŀƴ ŎƻƴǾŜƴǘƛƻƴŀƭ L/9ΩǎΦ 

¶ The fuel cell system means an alternative for batteries as storing system. 

 

Some disadvantages are: 

¶ Higher cost than all the other technologies. 

¶ Problems with reliability and durability. 

¶ Expensive maintenance, due to the technical complexity of the system and the use of precious 

metals to build some of its components. 

¶ Hydrogen unavailability 

2.4.3 Consumption & emissions estimation 

In case of fuel cells using hydrogen as fuel, it is possible to say that it is a zero emission system. The 

only CO2 production should occur when the hydrogen, used as fuel, is produced. If renewable energy 

is used to produce it, then it is reached zero emissions within the whole cycle. 

2.4.4 Possible future development 

¶ The future development of the fuel cell technology has to do an effort on improving reliability and 

durability of the system. 

¶ Another possible improvement concerns about the ability to reach operation temperature as soon 

as possible, especially for automotive city applications (short trip related). 

2.4.5 Basic strategies for energy management 

¶ Accelerate always in the smoothest way possible, maintaining safety. 

¶ Keep braking in the regeneration zone when possible maintaining safety. 

¶ Drive with anticipation, avoiding sudden braking and acceleration. 



 2. Powertrains 
  
  

D11.1: A state of ǘƘŜ ŀǊǘ ǊŜǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴǎ (Version 9, 2014-06-02) 26 

¶ Usage of window down cooling is more efficient while the speed is below 70 km/h. Over this 

speed, the air conditioning waste less energy due to the additional aerodynamic drag that an open 

window represents. 

¶ Using Air Conditioning or Heating, the best option is the use a mild program or the automatic 

regulation mode. Avoid quick heating or refrigeration. 

¶ Limit the usage of electric consumers 

¶ Additional considerations (e.g. reduced vehicle load, drive with the right tire pressure, right 

vehicle maintenance) are common to all powertrains.  

2.5 Conclusions 

In order to organize on a simple way the aspects that have been reviewed above, the table below has 

been structured, using expert knowledge. It takes into account the different powertrain configurations 

and the main aspects and problems of the vehicles nowadays. 

 

In the table, the better the indicated aspect of the system is the more plusses have been awarded. For 

example, three plusses in cost means that the system is not very expensive, while three plusses in 

energy consumption mean that the system is very efficient. 

 

Table 1:Summary of different power train configurations 

Powertrain 

Energy 

consump-

tion 

Emissions Noise Cost Range Reliability 
Fuel 

Availability 

ICE + + + + + + + + + + + + + + 

EV + + + + + + + + + + + + + + + + 

Hybrid + + + + + + + + + + + + + + + + 

Fuel Cell + + + + + + + + + + + + + 

 

The basic strategies for energy management for each powertrain configuration and the summary 

table have been written following the expert judgment of experts working at CTAG. The criteria they 

applied were: 

¶ Energy consumption: It has been taken into account the performance of the equipment 

involved in the energy changes between the energy storage on the car (fuel) and the work 

that becomes necessary to produce the movement. An ICE wastes a lot of energy as 

transferred heat to the environment, only around a 35% of the energy stored in the fuel is 

transferred to the wheels. 

In case of Hybrid vehicles, even if the basis of the powertrain is an ICE too, the adding of an 

electrical storage and motor increase the overall performance mainly because it becomes 

possible to recover part of the energy wasted on braking situations. Fuel Cell vehicles 

consume more energy than pure electric vehicles because of the reaction inside the cell, that 

loses more energy on percentage than that produced on batteries. 
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¶ Emissions: When the combustion of a fossil fuel is used to produce energy, the greater energy 

consumption the bigger level of emissions. This is the reason why Hybrid vehicles are better 

on that topic than ICE vehicles. In case of EV, no emissions are produced at the point of 

energy consumption. Finally, in case of the Fuel Cell vehicles, the product of the combustion is 

water moisture, that it is not considered pollutant emissions. 

¶ Noise: in EV and Fuel Cell vehicles, the movement is produced by electric motors. They do not 

have friction parts as cylinders and pistons and no violent combustion is produced. The noise 

produced by the powertrain is practically zero. In between these two configurations and the 

ICE powertrains, the hybrid vehicles offer silent operation when used in electric mode. 

¶ Cost: In the world of car manufacturing, the bigger the number of units produced, the lower 

the costs are. The traditional ICE powertrain configuration is the most extended configuration 

for road vehicles all around the world and it is cheaper than other options. Furthermore, 

operation of vehicles based on electrical powertrain needs many advanced electronic devices 

and storage means that are expensive to buy. Finally, the characteristic that distinguish 

between EV and Fuel Cell is thŀǘ ǘƘŜ άŦǳŜƭέ ƛǎ ŎƘŜŀǇŜǊ ƛƴ ŎŀǎŜ ƻŦ ǘƘŜ ƘȅŘǊƻƎŜƴ όCǳŜƭ /Ŝƭƭύ ǘƘŀƴ 

in case of the electricity (EV). 

¶ Range: The fossil fuels are highly energetic per mass unit. For this reason, they become the 

better option to storage energy on a vehicle, especially because of the dimensional 

ǊŜǎǘǊƛŎǘƛƻƴǎ ƻŦ ǘƘŜƳΦ Lƴ ŎŀǎŜ ƻŦ 9±ΩǎΣ ǘƘŜ ōŀǘǘŜǊƛŜǎ ŀǊŜ ŦŀǊ ŦǊƻƳ ǘƘŜ ŜƴŜǊƎŜǘƛŎ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ 

conventional fuel. Regarding Fuel Cell vehicles, the problem is practically the same because 

the hydrogen is the smaller molecular existent gas and it is very difficult to store a large 

quantity in a small tank. 

¶ Reliability: In general, it is possible to asses that ICE engines (and hybrid that are based on 

L/9Ωǎύ ƘŀǾŜ ƭŀǊƎŜ ǿŜŀǊ ǇǊƻōƭŜƳǎ ŘǳŜ ǘƻ ǘƘŜ ōƛƎ ƴǳƳōŜǊ ƻŦ ŦǊƛŎǘƛƻƴ ǇŀǊǘǎΣ ŀǇŀǊǘ ŦǊƻƳ ǘƘŜ 

imperfections contained in the fuel. But after many years of investigation and development of 

new solutions and the correct maintenance cycles, it is possible to prevent more of the 

ǇǊƻōƭŜƳǎ ǘƘŀǘ Ŏŀƴ ƻŎŎǳǊΦ Lƴ ŎŀǎŜ ƻŦ ǘƘŜ 9±ΩǎΣ ǘƘŜ ǇŀǊǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ƻōƧŜŎǘ of wear are less. On 

a first sight, we might put three stars, but the reliability of the battery (especially new lithium 

compounds and other recent technologies) it is not still confirmed, so it remains in two starts. 

In the other hand, fuel cell systems present many problems of reliability. The metal grid is very 

sensitive to fuel impurities, vibrations and shocks making the system still not reliable enough 

for mounting it on conventional vehicles. 

¶ Fuel Availability: Nowadays, it is possible to access without problems to fossil fuels and to 

electricity but, in case of the hydrogen it is not the same. It needs special tanks, cryogenic or 

pressured, and a sealed delivery system for refuelling the cars. 

 

The next chapter summarises the types of ecodriving support systems available on the current 

market. Each of the powertrains described here may be more amenable to one particular type of 

ecodriving system, compared to another. For example, a support system for an electric powertrain 

will need to provide difference advice to an ICE, due to the additional feature of regenerative braking. 
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3. Eco-driving support systems 

3.1 General classification 

There is a variety of driver assistance systems available to support the driver in driving more 

efficiently. These assistance systems support drivers before their trip, during the trip or provide 

information or advice after the trip. The eco-driving support systems (EDSSs) do not have to be 

integrated into a vehicle but can also be available as applications for mobile or nomadic devices. They 

are either at research level or already in production and available in vehicles today. A general 

overview of such EDSSs is given in Table 2. In addition, the EDSSs are classified into information 

systems, which do not possess any actuators, and intervention systems. However there are some 

systems that can be assigned to both of these categories. A detailed overview of all collected systems 

is given in Annex A. 

 

In order to achieve a systematic classification of the EDSS available, categories are introduced in the 

following sections that clearly describe the properties of these systems. The criteria, used to 

characterize the systems are explained below: 

 

¶ Time of driver information: Point of time, when the information is provided (Pre-trip (see section 

3.2.1), in-trip (sect. 3.2.2) or post-trip (sect. 3.2.3)) 

¶ Type of HMI: Type of the Human Machine Interface, which is used to provide the information to 

the driver (visual, audible or haptic) 

¶ Control variable: Factor, which is affected directly by the EDSS or indirectly by informing the driver 

in order to achieve an economic driving style (speed, acceleration or gear) 

¶ Outcome: The intended outcome by the EDSS (reduction of fuel consumption, wear or length of 

journey) 

¶ Type of device (Built-in device (section 3.2), nomadic device (sect. 3.3.1) or smartphones and 

mobile applications (sect. 3.3.2)) 

¶ Type of vehicle: Type of vehicle, the system is primarily designed for (car, truck or bus) 

¶ Input information: Origin of the information, that is used by the EDSS to determine an economic 

driving style (Vehicle sensors, Map-based information, Car-2-X communication or system specific 

sensors, e. g. accelerometer of a smartphone) 

¶ Actuators: Actuating elements, that are used by the EDSS to realize an economic driving style 

¶ Similar Systems: This clusters different systems from different manufacturers, if the systems have 

similar functionality 
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Table 2: General classification of EDSSs 

 Under development In production 

 Information Intervention Information Intervention 

Pre-trip (Sect. 

3.2.1, starting 

on page 30) 

¶ Daimler: Driver 

information and 

assistance system 

(page 39)
3
 

¶ EU-supported 

project e.g. 

eCoMove (page 40) 

 ¶ Audi: Navigation plus 

(page 30) 

¶ Ford: ecoNetic, 

ecoGuide (page 35) 

¶ Daimler: Fleetboard 

(page 38) 

¶ Garmin: ecoRoute HD 

(page 44) 

 

In-trip (Sect. 

3.2.2, 

starting on 

page 31) 

¶ BMW: Situative 

drivetrain 

management (page 

37) 

¶ Daimler: Driver 

information and 

assistance system 

(page 39) 

¶ Daimler: 

Anticipatory fuel 

consumption 

assistant (page 38) 

¶ University of 

Twente: Fuel 

efficiency support 

tool (page 39) 

¶ EU-supported 

projects e.g. 

eCoMove (page 40), 

interactive, ID4EV 

¶ BMW: Situative 

drivetrain 

management (page 

37) 

¶ Daimler: 

Anticipatory fuel 

consumption 

assistant (page 38) 

¶ Daimler Integrated 

Predictive 

Powertrain Control 

(page 33) 

¶ Porsche: Innodrive 

(page 33) 

¶ VW: Roadworks pilot 

(page ) 

¶ Audi: Driver-

information system 

with efficiency 

program (page 35) 

¶ Ford: ecoNetic, 

ecoGuide (page 35) 

¶ Honda: Ecological 

Drive Assist System 

(page 35) 

¶ Lincoln: Smart Gauge 

with EcoGuide (page 

35) 

¶ Daimler: Fleetboard 

(page 38) 

¶ Nissan: Eco Pedal 

(page 36) 

¶ VW: Think Blue trainer 

(page 35) 

¶ Garmin: ecoRoute HD 

(page 44) 

¶ TomTom: ecoPlus 

(page 40) 

¶ Scania: Cruise 

Control with 

Active 

Prediction 

(page 32) 

Post-trip  

(Sect. 3.2.3, 

starting on 

page 41) 

¶ EU-supported 

project e.g. 

eCoMove (page 40) 

 ¶ Fiat: eco:Drive (page 

41) 

¶ Daimler: Fleetboard 

(page 38) 

¶ VW: Think Blue trainer 

(page 35) 

¶ Garmin: ecoRoute HD 

(page 44)  

¶ Several Smartphone 

apps (starting from 

page 44) 

 

 

                                                           
3
 Page numbers refer to a tabular description of the corresponding (or a comparable) system 
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In Section 3.2 some selected vehicle systems are described in detail in order to show the basic 

function of these systems. In Section 3.3.1 selected systems of nomadic devices are presented and in 

Section 3.3.2 mobile phone applications are described. 

3.2 Vehicle Systems 

In this section EDSSs are in focus, which are integrated into vehicles (passenger cars, busses or trucks). 

In the following the systems are divided into three main categories, namely pre-trip systems, in-trip 

systems and post-trip systems. Furthermore, in each category an additional clustering of available 

EDSSs sums up the available systems. For each of the three categories, pre-trip, in-trip and post-trip, 

some representative EDSSs are described in more detail, amongst others by help of a property table. A 

complete overview of existing systems is given by mentioning similar systems for each one described 

below. As a note can be stated, that the effectiveness of these systems is not fully verifiable, as most 

ŎƭŀƛƳǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǘŜǊƴŀƭ ŜǾŀƭǳŀǘƛƻn. 

3.2.1 Pre-trip systems 

Pre-trip systems support the driver in the planning phase before the trip is started. In this phase the 

focus is on the navigation task. These systems are described using the example of Audi Navigation 

Plus (Audi, 2011) whose main properties are given in Table 3. 

 

Table 3: Properties of Audi Navigation Plus (Audi, 2011) 

Audi Navigation Plus 

Time of driver 

information 

Type of 

HMI 
Control variable Outcome Type of device Type of vehicle 

X Pre-trip X Visual  Speed X Fuel Consumption X Built-in X Car 

X In-trip X Audible  Acceleration  Wear  Smartphone  Truck 

 Post-trip  Haptic  Gear X Length of Journey  Nomadic  Bus 

 

Input Information Actuators Similar Systems 

X Vehicle sensors  Accelerator pedal  

X Map-based  Brake 

 Car-2-X  Transmission 

 System specific  Engine Start/Stop 
 

 

The navigation system Audi Navigation Plus supports the driver to choose the most economic route. 

Therefore dynamic traffic information is considered, which is submitted to the car via 3G connection. 

Once there is any change in the upcoming traffic, the route is dynamically changed. As shown in Figure 

13 several routes may be suggested to the driver. 
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Figure 13:User interface of Audi Navigation Plus 

Furthermore, Audi Navigation Plus is capable of supporting and enforcing other driver assistance 

systems by providing map information about road geometry or traffic situations ahead. Thus, as an 

example, predictive lighting or an intelligent adaptive cruise control (ACC) system can be realized. 

 

Several vehicle manufacturers are working on eco-routing. The rationale behind such fuel-efficient 

routing is primarily the predicted vehicle speed on a given section of the road, based on that the 

optimal speed for maximum fuel efficiency for most cars is between 80 and 90 km/h. This suggests 

that for example an inter-city trip making use of non-motorway is likely to lead to longer journey time 

but would use less fuel for reaching the destination.  

3.2.2 In-trip systems 

In-trip systems support the driver during the trip by providing valuable information on eco driving or 

by even supporting the vehicle control. Such systems are offered by both the vehicle manufacturers as 

an on-board system and third parties as nomadic devices. 

 

In the past vehicle manufacturers introduced measures in production vehicles, which will reduce the 

fuel consumption, for example electric steering, efficient climate control, start-stop systems. These 

measures are not in the focus of ecoDriver as they support fuel efficient driving, but are explicitly 

supporting the driver (expect for the option to deactivate these systems in extraordinary conditions, 

e.g. shut off start stop in very low temperatures at short trips etc.).  

 

The Scania Cruise Control with Active Prediction (Nordström, 2011) is an in-trip system, which support 

the driver in taking over part of the longitudinal control. The system is characterised as given in Table 

4. 
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Table 4:Properties of Scania Cruise Control with Active Prediction (Nordström, 2011) 

Scania Cruise Control with Active Prediction 

Time of driver 

information 

Type of 

HMI 
Control variable Outcome Type of device Type of vehicle 

 Pre-trip X Visual X Speed X Fuel Consumption X Built-in  Car 

X In-trip  Audible  Acceleration  Wear  Smartphone X Truck 

 Post-trip  Haptic  Gear  Length of Journey  Nomadic  Bus 

 

Input Information Actuators Similar Systems 

X Vehicle sensors X Accelerator pedal  

X Map-based X Brake 

 Car-2-X X Transmission 

 System specific  Engine Start/Stop 
 

 

Scania Cruise Control with Active Prediction takes into account the topography of the road ahead by 

use of map-based foresight. This approach uses the potential energy of the truck for acceleration 

during downhill driving, as shown in Figure 14. The velocity is raised in front of the hill in order to 

provide the maximum engine torque at full turbo pressure. In this section the Active Prediction system 

saves time compared to a conventional cruise control. On the top of the hill the velocity is reduced, so 

that braking during downhill driving can be avoided. In this section the Scania system saves fuel but 

causes a higher journey time. Scania mentions a fuel saving of up to 3 % in highway or motorway 

driving compared to driving with normal cruise control.  

 

 

 
Figure 14: Comparison of the speed between normal cruise control and Scania Active Prediction (Scania, 2011) 

 

The input signals processed by the system are beside the map data, that contain the road slope for 

western and central parts of Europe, the weight of the vehicle combination, the cruising and downhill 






























































































































































































































































































































