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Glossary of terms

Term

Description

Associative store

Automatism

Behaviour change

An associative store associates a key with its related data.
Some real world examples are dictionaries, encyclopaedias, phone books, anc
library card catalogues to name just a few

Not consciously controlled action, reflexive

Behaviour change strategies refer to interventions on the motivational, volition:i

strategy and actional processes of abandoning or adapting certain behaviours in favoul
adopting and maintaining other behaviours

Contiguity Association by contiguity is the pdiple that ideas, memories, and experiences ¢
linked when one is frequently experienced with the other

Epitrochid Roulettetraced by a point attached to @rcleof radius r rolling around the outside

of a fixed circle of radiuR, where the point is a distanddrom the centre of the
exterior circle

External locus of control

Those with a high egtnal 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 thdfeedback]is returned, considering aspects such as focus, compari
function, timeliness and valence

Goal setting Motivationaltechniquebased on theconceptthat the practiceof setting specific

goalsenhancegperformance and that setting difficult goalsesultsin higher
performance than setting easier goals

Habitual behaviour

Beirg such a way by a force of habit

Haptic

A tactile messagthrough the sense of touch

Impairment level

Difficulties that substantially interfere with or limit role functioning in one or moi
major life activities

Implementation intention

aAddz
tSIR

6aL ¥
oF y

A selfregulatorystrategyin the form of an ithen-LJt | v
LISNF2NY NBalLkRyasS ,¢é¢0 GKIFQ

Impulsive route

Proceeding from natural feeling or impulse without external stimulus, without
forethought, outside conscious awareness

Informational feedback

[Feedbackpased on informational prompts as opposed to mechanisms such a
penalties or rewards

Internal locusof control

Individuals with a high internal locus of control believe that events result prima
from their own behaviour and actions

Intervention

D11.1:Astateci KS |

Behaviour modification or the use of operant conditioning models such as posi
and negative reinforcenrg to modify (undesired) behaviours

NI NBODASSE | (WersiodH2G1MaBa2) SELISOGL GA 2y avi


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

ecoDriver

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 d&ct them

Naive 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 cyalhich describes the functioning of a typical
spark ignition reciprocating piston engine

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

wheels, allowing a vehicle to move itself

Reflective route

Exhibiting behawaur 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 ari
equidistant from the oppositeertex.

Sophisticate

Worldly-wise person, less innocent (as opposedraive]

Tailored information

Custommade, to the person receiving the information

Urea based NOx after
treatment

Exhaust gases catalytic treatment that convert NOx iar@ N.
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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 Ecodriving 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

NG, Nitrogen Oxides

OBD Onboard Diagnosis

OEM Original Equipment Manufacturer
PAFC Phosphoric Acid Fuel Cell
PDT Peripheral Detection Task
PEM Polymer Electrolyte Membrane
RON Research Octane Number
RPM RevolutiondPer Minute

SPI Single Point Injection
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e ('(JD}’ZVQ}’ 1. Introduction

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 drivgrowertrainenvironment feedback loop. More specifically,
the focus of the project is on the interaction betwetsthnology 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 pedtive feedback antkarning. The project addresses this across a wide
range of vehicles e.g. cars, light trucks and vans, medium and heavy trucks and busesering

both individual and collective transport. Furthermore, the project aims to optimise HMIs and feedback
to drivers for bothportable devices within the vehicle which provide assistance to the dgnemnadic
devices) and buiin systems, and compares the effectiveness of each. Lastly, the project will not only
examine driving with current and ne&&rm powertrains, but also with a full range of future vehicles,
including various types of hybrid and plimgelectric vehicles.

By increasing the acceptance of erdving applications through intelligent HMI and feedback
solutions, ecoDriver will substantially ddbute 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. Investigaé how best to win the support of the driver to obtain the most eneeffycient driving
style for optimal energy use, with regard to preview, the current situation, and -gaoet
feedback and learning

2. Assess this across a wide range of vehitles.g. cas, vans, light and heavy trucks and buses
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

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

Look at the impacts of eetriving support on driver agintion and safety

Look at a variety of impacts: g@®IOX, particulates etc. and the balance between impacts

Consider how the observed effects on driving style would affect netwidie energy use and a

variety of aspects of network performance includingwerk efficiency

9. Consider scenarios for future powertrain adoption, and how-ddgeing might affect the road
networks of the future

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

© N o g

Clearly, a substantial research jettive 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 longrange time horizon in that it considers both current and future powertrains. Furtbesm
ecoDriver considers user acceptance ahd 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 widegemf drivers and driving contexts including
both private and fleet driving when developing eddving applications.

In this report, a review of existing and future powertrains, existing-®&tems, HMbaspects and
behaviour change strategies is prowtd& his serves as a starting point to explore how best to present
feedback to drivers covering both pran-, and postdrive feedback, and in turn for ecoDriver as a
whole to progress beyond the current state of the art.

Chapter 2 gives an overview of igting 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 includesteEaa(
combustion engine) vehicles, hybrid vehicles, and other options such as hydrogen or gas. Chapter 3
provides an overview of existing nomadic and integrated-éxeing support systems for individual
drivers and truck drivers that are already in u#tedescribes 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 presentingdedng information, as well ahe

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 andubych broad strategies it can be changed.

The second part of this deliverable outlines the approaclenai conduct interviews of catruck and

bus drivers as well as fleet manageis relation to their knowledge and opinions regarding €co
driving support systems.
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2.Powertrains

2.1 Conventional Internal Combustion Engines

Aninternal 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 #ir/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 atthe optimal point in the compression stroke, a spark plug creates an electrical spailnitat

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 faglmixture reintroduced to run a second stroke.

The outward linear motion of the pistois harnessed by a crankshaft to produce circular motion.
Valves control the intake of afuel 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 expifiereht 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.
1 2-strokeengine:
The twostroke engingFigurel and Figure2) is simple in construction, but complex dynamics are
employed in its operation. There are several features unique to astwake engine. First, there is
a reed valve between the afuel intake and the crankcase. Aurel mixture enters the crankcase
and is trapped there by the onsay reed valve. Next, the cylinder has no valves as in a
conventional four stroke engine. Intake and exhaust are accomplished by means of guetsal
holes cutinto the cylinder walls which allow fuelir 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 ofl fingection 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 thégike port into the cylinder is uncovered, pressurizedfaél

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-aiel 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 twstroke engines are tuned tochieve 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 twostroke type of internal combustion engine is typically used in utilityremreational
applications which require relatively small, inexpensive, and mechanically simple motors (e. g.
small motorcycles).

1->2: Compession stroke
2-> 1:Power stroke

3 p,= atmosferical pressure
p= pressure at the end of
the compression stroke

V= Cylinder volume on BDC
vi= Cylinder volume on TDC

]
)

faws

Vi v,

Figurel:Two-stroke engine cycle

1: Air and fuel mixture
intake

2: Reed valve

3t Cilinder ports

4: Piston

5: Crankcase
6: Combustion chamber
7. Exhaust

Figure2: Two-stroke engingepresentation

9 4-stroke engine:
The fourstroke internal combustion engine is the type most commonly used for automotive and
industrial purposes today (cars and trucks, generators, etc). As it can bé-gpea3 and Figure
4, on the first (downward) stroke of the piston, fuel/air is drawn into the cylinder. The following
(upward stroke compresses the fualr mixture, which is then ignitedexpanding exhaust gases
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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.
L

P A: Intakestroke
B: Compressio stroke TDCTop Dead Centre
C:Powerstroke BDC: Bottom Dead Centre
D: Exhaust stroke

TDC BDC V
B A BB Bc BD

Figure3: Fourstroke engine cycle

The fourstroke cycle is more efficient than the twatroke cycle because tfie absence of intake flow

leaks through the exhaust valve, but requires considerably more moving parts and manufacturing
expertise.
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INTAKE €) COMBUSTION 4 Spark * Intake stroke

¢) COMPRESSION () EXHAUST @ Top Dead Center + Compression stroke
O Intake Valve, Engine Block Spark Plug

Rocker Am & Spring 0il Pan Exhaust Port + Combustion stroke
© Valve Cover @ 0il Sump Piston
© Intake Port 0 Camshaft Connecting Rod ~ * Exhaust stroke

Head O Exhaust Valve, Rod Bearing

Coolant Rocker Arm & Spring Crankshaft

2000 How Stutf Works, Inc.

Figure4: Fourstroke engine representation and timing

1 Wankel engine:
The Wankel enginds a type of internal combustion engine using an eccentric rotary design to
convert pressure into a rotating motion instead of using reciprocating pistons. Itsfaake cycle
takes place in a space between the inside of an-tik@lepitrochoidshapedhousing and a rotor
that is similar in shape to a Reuleaux triangle but with sides that are somewhat flattefFi(gee
5). The very compact Wankel engine delivamssth highrpm 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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Figure5: Wankel engine

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

9 Carburettor: The carburettor works on Bernoulli's principle: the faster air moves, the lower its
static pressure, and the highés 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, detsrthie
amount of fuel drawn into the airstream. Most productiararburetted (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 somgimes (like motorcycle engines)
dza S Ydzf GALX S OFNDPdzZNBGG2NER 2y aLX Ad KSIFRaod LGQ:
modern ECM/ECU and consumption and emissions control is quite difficult.

1 Indirect petrol injection: The primary difference beten 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 arstream. Early injection systems used mechanical methods to calculate the amount
of petrol to be injected (notelectronic or mechanical fuel injection). Modern systems are nearly
all electronic, and use an electronic solenoid (the injector) to injectfileé 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:

- Singlepoint 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 mdnéigdtem".

Fuel pressure is usually specified to be arounell3(osi (pounds per square inch). The
justification for singld )2 Ay G AyeSOGAz2y gl a t2¢g O2alte aly
components could be reused such as the air cleaner, intake maniémd 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 Itinpoint fuel

injection”.

- Multi-point injection (MPFI): Mulpoint 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 sequenitalyhich 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 injecet the same time to all the cylinders. The intake is
only slightly wet, and typical fuel pressure runs between680psi. Many modern
electronic fuel injection systems use sequential MPFI; however, in newer gasoline
engines, direct injection systems dreginning to replace sequential ones.

9 Direct petrol injection: is a variant of fuel injection employed in modern-sivoke and four
stroke gasoline engines. The gasoline is highly pressurized, and injected via a common rail fuel line
directly into the canbustion chamber of each cylinder, as opposed to conventional pailtit
fuel injection that happens before intake valve, or cylinder port. In some applications, gasoline
direct injection enables stratified fuel charge (ultra lean burn) combustion forduga fuel
efficiency, and reduced emission levels at low load.

2.1.1.2 Advantages & disadvantages

The main advantages of petrol engines are:

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

1 Smoother operatiorihan diesel engines. Low noise and vibration generated.

1 Purchase price is the lowest possible because of the simply system that it is heeded and the
smaller requirements that the components have to fulfil.

1 Conventional petrol engine systems are proved eaible.

The main disadvantages are:
1 Fuel consumption is higher than diesel engines because of a worse energy balance.
9 The cost of petrol is usually higher than of diesel.

2.1.1.3 Consumption & emissions estimation

Petrol as a fuel contents less sulphur compasithan diesel fuel, so the emissions of this components
are quite inexistent. Regarding to £@he emissions are greater than a diesel engine, mainly due to
its lower energetic density. The amount of HCM@d 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-Wagecatalytic converter where
most of these gases are transformed into,CO

2.1.1.4 Possible future deviepment

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 significantlyhie 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 improviae energetic performance of petrol engine under partial
loads.

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

1 Downsizing: engineering of ICE with reduced displacements (and reduced number of cylinders)
provides a god relation in between energy consumption and power output. To this extent,
additional technologies are being applied even inHmst vehicles: turbocharging, Variable Valve
[AFGAY3IL SGOP 9EFYLXSE INB CL!¢tQa GCGPRRO2f & KRS
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-éylinder engine (VW) or provide high output reducing the
number of cylinders and displacement (new BMW M5 gfvem its formerly V10 to a twin
turbocharged V8, increasing power 10% and reducing consumption & emissions up to 30%.

1 Cylinder deactivation. Some OEMs are including some cylinder deactivation when the driver is not
demanding high torque (e.g., driving atcanstant speed). Examples are Daimer and GM in the
HGnQa FyRZI OdzZNNBydf &z | dzRA-Audiin theiheéw 1y Sibochndgd® 2 O K I N
cylinder with 140 PS. It is claimed that this eegirduces consumption by 1 litevery 100 km
when drivingin between 60 and 90 km/h thanks to this system, that is activated when the driver
is demanding in between 25 and 100 Nm.

1 Coasting assistant. By this technique, when the driver is not pressing the gas pedal, and under
some circumstances, the vehicle digages 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.

1 Start & Stop systems, which are almost standard in el@B/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).

1 Increased number of gear ratios. Six speed manual & auiomgearboxes 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 compressgnition 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 sp@mition enginessuch 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 airfuel mixture.

In Figure6, 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 anthd power stroke. On the exhaust stroke,
some heat loss is produced.

, p: pressure
pAQ’"% \# specific volume
273
Bl
ﬂwﬂul
/&9/7(,_
>3
p4 ‘Nm(/ /:S'@f;z‘,op/ 24 Qout
P, ~¢1
>
0V Y,

Figure6:Diesel cycle

The diesel engine has the highest thermal efficiency of any regular internal or external combustion
engine due to its very higbompression ratio. Lowpeed Diesel engines (as used in ships and other
applications where overall engine weight is relatively unimportant) often have a thermal efficiency
which exceeds 3&

Diesel engines are manufactured in two stroke and four strakeions. 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 thel930s, they slowly began to be used in a few automobiles. Since the 1970s, the
use of diesel engines in larger-omad and offroad vehicles in the USAcreased. As of 2007, about
50%o0f 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.
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1. Indirect fuel injection: An indirect injection diesel @mg delivers fuel into a chamber off the
combustion chamber, called a pohamber or antechamber, where combustion begins and then
spreads into the main combustion chamber, assisted by turbulence created in the chamber. This
system allows for a smoothequieter 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 higheed running suitable for road vehicles (typically up
to speeds of around 4,000 rpm). The pchamber 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 sroapacity, hig-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, quietrunning vehicles with a miple mechanical system. In ro@wing 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: Direchjection injectors are mounted in the top of the combustion chamber.
The problem with these vehicles was the harsh noise they producedc&uslimption was about
15 to 20%ower than indirect injection diesels, which for some buyers was enough to comjgensa
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 catation) 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 stetdi injection. This type of
injection system, also developed by Bosch, was used by Volkswagen AG in cars (where it is
called pumpnozzle system) and by Mercedes Benz and most major diesel engine
manufacturers in large commercial engines (CAT, Cummirgp,Vetc.). 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 raildirect injection: In common rail systems, the separate pulsing high pressure
fuel line to each cylinder's injector is also eliminated. Instead, a-frighsure pump
pressurizes fuel at up to 2.500 bar, in a "common rail". The common rail is a tube that
supplies each computecontrolled injector containing a precisianachined 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 désel engines is a vital component for them. Opposite to ©ytcle 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 ainey are the following:

T aSOKIYyAOFtT 3A20SNYSR FdzSt AyaSOilAizy aeadasSva
use a combination of springs and weights to control fuel delivery relative to both load and speed.

9 Electronically controlled diesel emgis 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
E@/ 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:
1 Diesel engines are more efficient than petrol sndiesel engines burn less fuel than petrol

Sy3aaysSa LISNF2NNAYI GKS aryY$S 62Nl RdS G2 GKS

greater expansion ratio.

9 There is no need of having a hitgmsion electrical ignition system, resulting in high reliapitin
several environments, especially in marine and aircraft applications.

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

T 5AadAttrdA2y 2F RASaSt FdzSt Aa SIFaAaASNI FyR OKSlH

=

The low vapar pressure of diesel prevents form risk of explosion.
1 It is possiblego use compressor or turbocharger without natural limits, only constrained by the
strength of engine components.

Some disadvantages are:

1 Less ratio power to weight in comparison with petrol engines. This situation makes diesel engine
to operate in lower peed, 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 crankshatft.

91 Itis needed to employ a preheating system for cold starting, due to therleagor pressure of
diesel fuel.

1 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 arnbu®®
produced during operation of a diesel vehicle is lower than on a petrol Bhe.content of sulphur
compounds on diesel fuel was quite big durind’ 2@ntury. After combustion, the emission of this
sulphur causes several problems to the environment like acid rain. Nowadays, the diesel fuel has
much lesssulphur content, so this probleimas been controlled.
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Because of the higher temperatures reachedidgrcombustion, the N{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 aftembustion treatment

as particle filters.

Urea based N(after treatment is being used by some OEMs irclean dieselsand 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:

1 Downsizing: twin durbochargers 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 straigkgix engine with three turbochargers and 381 PS & 740 Nm.

1 Coasting assistant, as seen on petrol engines.

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

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

2.1.3 Ethanol ICE

Ethanol enginegFigure7 and Figure8) are not a different kind of engines by themselves. They are
petrol engines but using ethanol as source of power. On this bB#imnol engines uses the same
Otto cycle as conventional petrol engines mainly because they are the same engines using different
fuel.

Figure7:Saab running on BioEthanol

Because of the better antidetonant capacityathanol, the ignition point can be moved forward and
compression ratio can be increased, within an improvement of motor performance.
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When the engine is working in low temperature environment, a heating system should be installed to
allow alcohol to evap@te 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.

Figure8: Ethanol ICE equipment

2.1.3.1 Fuel technologies
Ethanol engines could use the following fuel supply systems:
9 Carburettor
1 Fuelinjection
- Single point injection
- Multi point injection

2.1.3.2 Advantages & disadvantages

Some advantages are:

1 Ethanol is a biofuel.

9 Ethanol is cheaper thapetrol

1 Antidetonation power greater than petrol (108 RON index for pure bioethanol EAlIBWs an
increase compression ratio and move forward ignition, increasing efficiency.

Some disadvantages are:

9 Cold start problems (the alcohol does not vaporize adl ws petrol with low environmental
temperature.

9 Ethanol specific energy is lower than petrol, which means lower range without refuelling in
comparison with petrol engines.

1 Fuel oxidation problems due to halide ions present into ethanol. Those ions qreditems 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 speiic energy the ethanol has, in comparison with petrol, the fuel consumption
increases. 00 (pure ethanol) has about 30% less power than conventional petrol, so consumption
will be increased around 30% on an engine burnifid& or petrol. This problem otd 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 particufage fuel. Combustion products are only water, ,CO
and aldehydes. @ 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 fr
cellulose fibresa major and universal component irdapt cell walls. This could fight against the
problem of food price rising or deforestation due to laiggale farming to produce ethanol.

Moreover, other developments common to other ICEs can also be applied to Ethanol based engines.
This solution is espeally 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 changesrdye ma
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 upo -162 °C, 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 Vebits 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 knowas ANG (Adsorbed Natural Gas) tank, using various sponge like
materials, such as activated carbon and some raetganic frameworks. In this way, natural gas can

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

1 No fouling of spark plugs due to the absence of sulistarthan can deposit on them.

1 Increased life of lubricants oil, because CNG does not contaminate and dilute the crankcase oil.
1 High auteignition temperature which is important to avoid knocking problems on the engine.

Some disadvantages are:

1 Greater amont 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.

91 Design specifications for CNG vehicles are tougher than for petrol ones, due tprbggure
storage and operation on natural gas pipes that requires better and stronger material to support
this conditions.

91 Itis difficult to find a CNG refuelling station in most of the countries.

2.1.4.3 Consumption & emissions estimation
CNG reduces emissioms comparison with petrol in every aspect. One mol of methane burned
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one mole of petrol that produces around 6 mol of Ghen is burned. CQemissions redction 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 enginesn the case of NQemissions, again this level is reduced in
comparison with conventional ICE engines. Natural Gas barely contents nitrogen, poolidtion

will be lower.

2.1.4.4 Possible future development

Most of the studiestodey 2 LJ y I GdzNF £ Il & L/ 9Qa G(SOKy2ft23ASa
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 appriate range for the vehicleAny 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 peryburning 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 efifexctaeh
emission free hydrogen vehicles.

modifications such as hardened valves and valve seatsplatimum tipped spark plugs, fuel injectors
designed to use gainstead 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 R 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 reacgreater 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 heeded. A compressed hydrogen tank is the solution mainly adopted.

2.1.4.6 Advantages & tsadvantages

Some advantages are:

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

9 Possibility of having Zero emissions in the whole fuel cycle, if hydrogen is produced using
renewable energies.

1 More output power from theengine 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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9 Difficult storage, especially because it needs a high pressure tank, with reinforced connections
with the engine.

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

1 Nowadays, it is hard to find hydrogen refuelling stations, limiting vehicle usage only to areas
where refuelling is possible.

9 Cost of the refuelling. i 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 oxygen produces only water vappso is

the greenest possibility regardininternal combustion energiesNith respect to consumption,
hydrogen contents three times more energy than petrol per mass unit, so consumption can be around
33% of the petrol quivalent. 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 hydran storage can be the way to make hydrogen cars safer and give them
more dispsable rangeCreation of hydrogen refuelling grids in every country will be needed to
support an important number of vehicles running on hydrog8averal brands are pushing fthris
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 energgonsumption on ICE (independent fraRA T F SNB y (i thetela®a 2 F

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

1 Keep constant speed as long as possible.

9 Avoid braking and accelerating using driver anticipation to adapt speed and acceleration to the
next possike traffic situation.

1 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 efiscy while in the second one, quicker acceleration
profiles are needed.

9 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 rémge
working points with minimum specific ergy consumption irrigure9). The curves in the figure
represent the regions of the same fuel consumption fateananded 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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Figure9:Instantaneous fuel consumption of an ICE

1 Usage of window down cooling is more effiti 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.

9 Limited usage of additional electric consumers

Stop the engine when idling

9 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 @dhesr t
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 todtered is small and battery volume and weight is
not so critical as in electric vehicles-MH batteries are widely spread for this usage, but nowadays
are common Lion batteries also.

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

an electric motor that can operate as generatond energy storage (batterieshlybrid vehicles are

not nonzero emissions vehicles, but they reduce emissions significantly, especially in urban driving
conditions.
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Figure 10: BMW Concept 7 SeriesActive 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 efrgauaently 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 eventf petrol engines are avoided. Nowadays, there is enough
technology available to make hybrid vehicles using diesel engines too.

221 Existing technologies

There are two main configurations on hybrid vehicles:

1. Parallel hybrid vehicles:
Both engines (electricaand 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.
1 Conventional hybrid vehicle: Electrical drive takes energy from batteregscdmn 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 energystorage capacity is quite limited. The batteries can storage enough energy to drive for a
few kilometres in electric mode only.
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1 Plugin hybrid vehicles: The main difference consists in the available energy storage (bigger
batteries) and the way they stotbe energy.
Plugin 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. &sergy storage is bigger than conventional hybrid
cars, usage of Hech battery types is needed.

222 Advantages & disadvantages

Some advantages are:

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

1 Improved efficiency (especially in urban tiaffdue to regenerative braking.
1 Extended range (fuel tank + batteries)

Some disadvantages are:

9 Purchase value higher than conventional ICE vehicles

1 Range and performance of the system decrease with usage, mainly because of wear of the
batteries.

1 Maintenance can be more expensive.

1 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

1 Zero emissions in short trip, when usielgctric mode (plugn hybrid vehicles) at usage point. The
emissions produced in the generation of the electric energy consumed are not consideréd here

1 Low fuel consumption, especially in urban traffic situations

1 Less emissions, especially on NOx, C@O H@ because ICE working point is quite independent
from drivetrain demands and combustion can be adjust to the best performance points.

224 Possible future development

1 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., supeccondensators)

1 Algorithms to manage the distributionf work load between ICE and electric motor will be
improved to increase efficiency.

9 Other specific improvements over the Internal Combustion engine can also be applied to Hybrid
vehicles (see chapter 2.1).

1 One specific trend is the fact that hybrid vebglwill be moving to plut hybrid vehicles (e.g.,
Toyota Prius Plutn), increasing efficiency.

' 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 combustiomgine
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2.25 Basic strategies for energy management

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

91 Accelerate always in the smoothest way possiliaintaining safety.

9 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 consption).

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

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

1 Use electric mode when is possible during urban driving. Avoid punctual high power requirements
that force the ICE to start up.

1 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.

1 Limit usage of eledtc consumers

9 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 diyeattached 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. Tie 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 orbtaking system (regenerative
braking system)

231 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%tal 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

GLifePO4

AGM

=A =4 =4 -4 4 -8

D1l.1:Astatedi KS | NI NBOASE | (Waksiodge81Masa2) SELISOGI A2y a2l



e mDrzver 2. Powertrains

Any typehas 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 theame 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 theatgerie provide
electricity to the batteries. The energy is given to the drivetrain only through the electric motor. This is
the main difference in between Plig Hybrid Vehicles and Extend&&nge Electric Vehicles. The
generator can increase electriehicles 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 vehiclesedjwijtp an

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

2.3.2 Advantages & disadvantages

Some advantages are:

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

1 Zero emissions on usage point (except Extended range HM) emissions produced in the
generation of the electric energy consumed are not considered’here

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

Contribution to improve cities air quality.

1 Important noise and vibration ragttion compared to conventional vehicles.

=

Some disadvantages are:

Greater purchase cost mainly because of battery price.

Limited range (without etended range features).

Difficulty to find charging points

Uncertainty about battery life.

Heavy weight vehies (batteries weight)

f wWSRdzZOSR Of SIFNJ aLJ OS 2y LI aaSyaSNna OlFoAys> RdzS

=A =4 =4 =4

2.3.3 Consumption & emissions estimation

Primary energy consumption and emissions on EV depends exclusively on the way the electricity is
produced. The energy sted 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 pointegarding on emissions is that these are produced far away from usage point, so it is
aFAR GKFG StSOGNRO @GSKAOESa IINB TSNRB Syraarzya
considered.

>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 comtstion engine
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234 Possible future development

Battery technologies improveent 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, liongngf 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,cetEven micrdaurbines are under current research for this
specific application (Range Extender).

2.35 Basic strategies for energy management

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

9 Accelerate always in the smoothesawpossible, maintaining safety.

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

9 Drive with anticipation, avoiding sudden braking and acceleration.

1 Usage of window down cooling is more efficient while the speed is below 70 km/h. thige
speed, the air conditioning waste less energy due to the additional aerodynamic drag that an open
window represents.

1 Using Air Conditioning or Heating, the best option is the use a mild program or the automatic
regulation mode. Avoid quick heating @frigeration.

9 Limit the usage of electric consumers

9 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 nemit 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 fuelhatlektracts as
electricity the energy from the reaction between fuel and other substances e. g. oxygen (normal air)
or CQ.

Fuel cells are really efficient doing this transformation, but they present serious problems nowadays in
terms of reliability andlurability, despite of the big cost they represent.

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

Polymer Electrolyte Membrane (PEM) Fuel Cells

Polymer electrolyte membrane (PEM) fuel celdso called proton exchangeembrane fuel celis
deliver highpower density and offer the advantages of low weight and volutoejpared with other
fuel cellsFigurell. PEM fuel cells use a sopidlymer as an electrolyte and porous carbon electrodes
containing a platinum catalyst. They present fast stgrttime, low sensitivity to orientation and
favourable poweito-weight ratio. They use pure hydrogen as fuel.
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A significant handicap using thesgel cells in vehicles is hydrogen storage. Most fuel cell vehicles
(FCVs) powered by pure hydrogen must store the hydrogeitboamnd as a compressed gas in
pressurized tanks, having then the same storing programs as hydrogen cars.

PEM FUEL CELL
Electrical Current
Excess |E-" @ & [ \Water and
Fuel Heat Qut
e =
o we |§
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e 12
e j
H+| <P
Fuel In g : 3 Air In
) | K
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Figurell: 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 anodeDirect methanol fuel cells do not have many of the fs&rage
problems typical of some fuel cells because methanol has a higher energy density than hydrogen
though less than gasoline or diesel fuel. Methanol is also easier to transport and supply to the public
using our current infrastructure because it isliguid, like gasolineDirect methanol fuel cell
technology is relatively new compared with that of fuel cells powered by pure hydrogen, and DMFC
research and development is roughlg43years behind that for other fuel cell types.

Phosphoric Acid Fuel Csll

Phosphoric acid fuel cells use liquid phosphoric acid as an electrdly¢eacid is contained in a
Teflonbonded silicon carbide matnixand porous carbon electrodes containing a platinum catalyst.
The chemical reactions that take place in the cell amshin theFigurel2. 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 thdirst 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 retbim@ 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 volumeAs 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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Figurel2: PAFC Fuel Cell Scheme

24.2 Advantages & disadvantages

Some advantages are:

 Around35n /&2 Y2NB LISNF2NXYIyOS GKIYy O2y@SylGAzyl
9 The fuel cell system means an alternative for batteries as storing system.

Some disadvantages are:

1 Higher cost than all the other technologies.

1 Problens with reliability and durability.

1 Expensive maintenance, due to the technical complexity of the system and the use of precious
metals to build some of its components.

1 Hydrogen unavailability

2.4.3 Consumption & emissions estimation

In case of fuel cells usingdirogen as fuel, it is possible to say that it is a zero emission system. The
only CQ 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

244 Possible future development

9 The future development of the fuel cell technology has to do an effort on improving reliability and
durability of the system.

1 Another possible improvement concerns about the ability to reach operation temperature as soon
as pasible, especially for automotive city applications (short trip related).

2.4.5 Basic strategies for energy management

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

1 Keep braking in the regeneration zone when possible maintaining safety.
1 Drive with anticipation, avoiding sudden braking and acceleration.
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1 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.

1 Using Air Conditioning or Heating, the best option is the use a mild program or the automatic
regulation mode. Avoid quick heating or refrigeration.

1 Limit the usage of electric consumers

9 Additional considerations (e.g. reduced vehicladp 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 abovabkadelow has
been structured, using expert knowleddetakes 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 nmsathat the system is not very expensive, while three plusses in

energy consumption mean that the system is very efficient.

Tablel:Summary of different power train configurations

Energy
. . . N Fuel

Powertrain | consump Emissions Noise Cost Range Reliability .

) Avalilability

tion
ICE + + + ++ + ++ + + + ++ +
EV ++ + ++ + ++ + + + + + ++ +
Hybrid + + + + + + + + + + + + + ++ +
Fuel Cell ++ +++ +++ ++ + + +

The basic strategies for energy management for each powertrain configuration and the summary
table have been written following thexpert judgmentof experts working at CTAGhe criteria they
applied were:

1 Energy consumption: It has been taken into acdothe 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 around38% 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

possble 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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1 Emissions: Whethe 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 atirthefpo
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.

1 Noise: in EV and Fuel Cell vehicles, the movement is produced by electric motors. Tio¢y do
have friction parts as cylinders and pistons and no violent combustion is produced. The noise
produced by the powertrain isrpctically zero. In between thegeo configurations and the
ICE powertrains, the hybrid vehicles offer silent operation wieed in electric mode.

9 Cost: In the world of car manufacturing, the bigger the number of units produced, trer low
the costs are. The traditnal ICE powertrain configuration is the most extended configuration
for road vehicles all around the world andiét 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 igthi G KS &aFdzSfté¢ Aa OKSILISNI Ay OI &8
in case of the electricity (EV).

1 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 becaofdhe dimensional
NEAGNROGAZ2YA 2F GKSY® Ly OFasS 2F 9xQasx (KS ¢
conventional fuel. Regarding Fuel Cell vehicles, the problem is practically the same because
the hydrogen is the smaller molecular exister#sgand it is very difficult to store a large
guantity in a small tank.

1 Reliability: In general, it is possible to asses that ICE engines (and hybrid that are based on
L/ 9Qauv KI @S tFNBS 6SIN LINeBofSYya RdzS G2 GKS
imperfections contained in the fuel. But after many years of investigation and development of
new solutions andhe correct maintenance cles, it is possible to prevent more of the
LINROf SYa GKIFIG OFy 200dz2N®» Ly Ol &f $eaRafe ledskGh 9 + Qa
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 systerpsesent many problems of reliability. The metal grid is very
sensitive to fuel impurities, vibrations and shocks making the system stitehiable enough
for mounting it on conventional vehicles.

1 Fuel Availability: Nowadays, it is possible to acceskowit 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 ecodrivingpsupsystems 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 diffeence advice to an ICE, due to the additional feature of regenerative braking.
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3.Ecadriving support systems

3.1 General classification

There is a variety of driver assistance systems available to support the driver in driving more
efficiently. These assistancgstems support drivers before their trip, during the trip or provide
information or advice after the trip. The eabiving support systems (EDSSs) do not have to be
integrated into a vehicle but can also be available as applications for mobile or noneadiesd They

are either at research level or already in production and available in vehicles today. A general
overview of such EDSSs is givernTable 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 inlAnnex 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 ariwgsed to
characterize the systems are explained below:

1 Time of driver information: Point of time, when the information is provided Fie(see section
3.2.)), in-trip (sect.3.2.2 or posttrip (sect.3.2.3)

1 Type of HMI: Typefdhe Human Machine Interface, which is used to provide the information to
the driver (visual, audible or haptic)

1 Control variable: Factor, which is affected directly by the EDSS or indirectly by informing the driver
in order to achieve an economic driviatyle (speed, acceleration or gear)

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

1 Type of device (Builh device (sectiorB.2), nomadic device (secB.3.1) or smartphones and
mobile applications (sec8.3.2)

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

1 Input information: Origin of the information, that is used by the EDSS to determine an economic
driving style (Vehicle sensors, Mhapsed information, Ca2-X communication or system specific
sensors, e. g. accelerometer of a smartphone)

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

9 Similar Systems: This clusters different systems frdfardnt manufacturers, if the systems have
similar functionality
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3. Ecodriving support systems

Table2: General classification of EDSSs

Under development In production

Information Intervention Information Intervention

Pretrip (Sect.| |
3.2.], starting

Daimler: Driver
information and

Audi: Navigation plus
(page30)

on page30) assistancesystem Ford: ecoNetic,
(page39)® ecoGuide (pag85)
1 EUsupported Daimler: Fleetboard
project e.g. (page38)

eCoMove (pagd0)

Garmin: ecoRoute HD
(page44)

In-trip (Sect.| 1 BMW: Situative 1 BMW: Situative Audi: Driver Scania: Cruise
3.2.2 drivetrain drivetrain information system Control with
starting on management (page management (page with efficiency Active
page3l) 37) 37) program (page5) Prediction
1  Daimler: Driver 1 Daimler: Ford: ecoNetic, (page3?2)
information and Anticipatory fuel ecoGuide (pag85)
assistance system consumption Honda: Eological
(page39) assistant (pag88) Drive Assist System
1 Daimler: 1 Daimler Integrated (page35)
Anticipatory fuel Predictive Lincoln: Smart Gauge
consumpton Powertrain Control with EcoGuide (page
assistant (pag8&8) (page33) 35)
1  University of 1  Porsche: Innodrive Daimler: Fleetboard
Twente: Fuel (page33) (page38)
efficiency support 1 VW: Roadworks pilot Nissan: Eco Pedal
tool (page39) (page) (page36)
1 EUsupported VW: Think Blue trainer
projects e.g. (page35)
eCoMove (pagé0), Garmin: ecoRoute HD
interactive, IDAEV (page44)

TomTom: ecoPlus
(page40)

Posttrip 1 EUsupported Fiat: eco:Drive (page
(Sect. 3.2.3 project e.g. 41)
starting on eCoMove (pagd0) Daimler: Fleetboard
page4l) (page38)
VW: Think Blue trainer
(page35)
Garmin: ecoRoute HD
(page44)

Several Smartphone
apps (starting from
page44)

% Page numbers refer to a tabular description of the corresponding (or a comparable) system
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3. Ecodriving support systems

In Section3.2 some selected vehicle systems are described in detail in order to show the basic
function of these systems. In SectiBr8.1selected systems of homadic devices are presented and in
Section3.3.2mobile phone applications are described.

3.2 Vehicle Systems

In thissection 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, namelripreystems, irtrip

systems and podtip systems. Furthermore, in each egbry an additional clustering of available
EDSSs sums up the available systems. For each of the three categorieip, [merip and posttrip,

some representative EDSSs are described in more detail, amongst others by help of a property table. A
complde overview of existing systems is given by mentioning similar systems for each one described
below. As a note can be stated, thtae effectiveness of these systems is not fully verifiable, as most
G§KS nYl ydzF I Ol dzNB N &

Of FAYa&a I

3.2.1

NI

ol 48R 2V

Pretrip systems

AYaSNY It

Pretrip 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 exarpiéi dfavigation
Plus(Audi, 2011) whose main properties are giveifable3.

Table3: Properties of Audi Navigation Pl(&udi, 2011)

Audi Navigation Plus

Time d driver Type of ) . .
. . Control variable Outcome Type of device | Type of vehicle
information HMI
X | Pretrip X | Visual Speed X | Fuel Consumption| X | Builtin X| Car
X | In-trip X | Audible Acceleration Wear Smartphone Truck
Posttrip Haptic Gear X | Length ofJourney Nomadic Bus
Input Information Actuators Similar Systems

X | Vehicle sensors

Accelerator pedal

X'| Map-based

Brake

Car2-X

Transmission

System specific

Engine Start/Stop

The navigation systerAudi Navigation Plusupports 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 skayunan

13 several routes may be suggested to the driver.
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eccoDriver 3. Ecodriving support systems

Figurel3:User interface of Audi Navigation Plus

Furthermore, Audi Navigation Pluss 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 bedreali

Several vehicle manufacturers are working on-emating. The rationale behind such fugfficient
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 mostrg is between 80 and 90 km/h. This suggests
that for example an intecity trip making use of nemotorway 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 driveruing 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 onboard system and third parties as nomadic devices.

In the past vehicle manufaaters introduced measures in production vehicles, which will reduce the
fuel consumption, for example electric steering, efficient climate control, stap systems. These
measures are not in the focus of ecoDriver as they support fuel efficient drivinigare 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.).

TheScania Cruise Control with Active Predicfardstrom,2011) is an isirip system, which support

the driver in taking over part of the longitudinal control. The system is characterised as givailén
4,
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eccoD river 3. Ecadriving support systems

Tabled:Properties of Scania Cruise Control with Active Predi¢timrdstrom, 2011)

Scania Cruise Control with Active Prediction

Time of driver Type of ) . .
: ) P Control variable Outcome Type of device | Type of vehicle
information HMI
Pretrip X | Visual ‘ Speed X‘ Fuel Consumption X ‘ Built-in Car
X | In-trip Audible ‘ Acceleration ‘ Wear ‘ Smartphone X | Truck
Posttrip Haptic ‘ Gear ‘ Length of Journey ‘ Nomadic Bus
Input Information Actuators Similar Systems

X | Vehicle sensors| X | Accelerator pedal

X | Map-based X | Brake

Car2-X X ' Transmission

System specific Engine Start/Stop

Scania Cruise Control with Active Predictadtes into account the topography of the road ahead by
use of mapbased foresight. This approach uses the potential energy of the truck for zatiefer
during downhill driving, & shown inFigure14. The velocity is raised in front of the hill in order to
provide the maximum engine torque at full turbo pressure. In this sectiorttiee Predictiosystem

saves time compared to a conventional cruise control. Ortdpeof 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 ugectéan3highway or motorway
driving compaed to driving with normal cruise control.

Figurel4: 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, titaircéhe road slope for
western and central parts of Europe, the weight of the vehicle combination, the cruising and downhill
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