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Abstract— Vehicles of today get a better efficiency of their 
drive-train. This means that the aerodynamic drag, the tire losses 
and auxiliary equipment have an increasing influence on the 
resulting consumption of the vehicle. For example, the rolling 
resistance and the drag force are not constants but temperature 
dependent. Effects of wind, rain and altitude change are also 
evaluated. Such factors are not included in typical driving cycle 
tests, but are important for the real consumption of the vehicles. 
At the actual slow speeds in and around the cities, one of the 
main influence factors is the weight of the vehicle and the 
electricity consumption of auxiliaries. The point of view is useful 
as well for electric, conventional and hybrid vehicles. 
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I.  INTRODUCTION 

Both electric and combustion engines are improving 
towards better efficiencies in the whole power and torque 
range. A lot of effort was done in modeling of range extension 
for electric vehicles [1,2]. In the actual electric vehicles about 
70% average efficiency is observed from battery to wheel [3]. 
However, the average efficiency can reasonably rise up to 
about 80% if the drive can be expected in case the best 
available technologies are used [4]. Losses in electric drives 
can be reduced using 2 or more motors each having a single 
stage gear, and hence suppressing (the weight and the losses) of 
a differential gear, the homokinetic couplings or double Cardan 
joints. The effect of downsizing the combustion engines and 
introducing a better control of valves and injection result in an 
improved and more constant efficiency of vehicle engines[5,6]. 
The efficiency is even better if electric and hybrid drives are 
used. However, the drawback of hybrid vehicles is a higher 
weight. But, after an era of efficiency improvements it is 
important to take again a closer look at the diverse losses of 
tire, drag and auxiliaries. In most of rough models, these losses 
are simplified, and also the possible effects of the weather and 
altitude changes are neglected. While using electric vehicles, 
changes in energy levels such as inertia and altitude can partly 
be recovered in electrical and hybrid vehicles but not in 
conventional types. However, rolling and drag resistance are 
anyhow lost. Those losses are rather parasitic effects influenced 

by “details” such as temperature wind and rain. Those effects 
are often neglected as they do not appear in driving cycles such 
as the New European Driving Cycle (NEDC) [7] and the 
World Light Vehicle Test Procedure (WLTP) [8]. Further on, 
auxiliary equipment is also increasing the electric load. All 
these effects result in a real consumption which can be 
significantly different from what driving cycles and simple 
models do predict. In some kind of paradox, the investigation 
in electric cars is also beneficial to improve the conventional 
ones. However, the point of view is somewhat different. The 
user of an electric car often thinks of a range from point A to B 
where the altitude effect and the weather are not averaged over 
a long distance and where the returning from B to A could have 
a different energy need. If one resets the fuel consumption 
meter on each trajectory, in conventional cars, also a number of 
things get clear. This is for instance the effect of a change in 
altitude and traffic jams. Classic cars improved while using 
phase adjusted camshafts and downsizing the engines [5]. 
“Downsizing” reduces the friction losses of the pistons in 
normal use, but the high power range is still obtained using 4 
valves/cylinder and the right use of a turbocharger and cooled 
Exhaust Gas Recirculation (EGR). In gasoline engines the low 
torque area has still a poor efficiency due to the pressure drop 
across the throttle valve. 

II. INFLUENCE FACTORS 

A. Overview 

As efficiencies in car drive lines increase, the total energy 
needed at the axis is better reflected in the energy required as a 
fuel. Also, the losses of auxiliaries can be added to get a more 
total view. The total (equivalent) energy at the axis level 
needed for a distance can be approximated as a sum of losses: 

Ptot = rolling loss+ drag loss + altitude increase + auxiliaries 

(1) 

It is true that the auxiliaries are not on the level of wheel 
axis but trough the alternator which may have 60% efficiency. 
One can correct this efficiency. Attempts are made to improve 
the alternator efficiency [9], but car manufacturers seem not to 
change their production up to now.  



B. Rolling loss 

Neglecting the cosine function of a small angle, the rolling 
coefficient can be approximated by the ratio of the tangential 
force compared to the vehicle weight (2). 
 

 (2) 
 
CR: rolling coefficient 
 
This might seem less accurate, but at high slopes, the slip % of 
tires gets also important and results in even more losses. The 
tangential speed of the tire is bigger than the speed of the 
vehicle at hill climbing, this slip is also a loss. Note that the 
tire “friction coefficient” has a different effect and reflects the 
grip on the road against slipping. The rolling resistance is a bit 
influenced by the road contact, but mainly by losses inside the 
rubber such as the rubber in the thread area, in the sidewall 
and the shoulder. Some reduction of losses was observed in 
the last 40 years. Some 21% reduction was obtained by 
changing from diagonal tires to radial tires around 1980. 
Gradually an evolution has been obtained using a radial 
construction and using different rubber grades in the same 
tires and the addition of silica for lowering the rolling 
resistance [10]. Another source [11] observes -7% from 2005 
to 2012, as even -25% may be expected in 2030 (Fig. 1) 

 

Fig. 1. Change in rolling resistance [11]. 
 
Fig 2 shows the temperature effect of typical rubber 
components. With the best category of today tires, an 
approximation of the rolling loss is as an equivalent slope of 
0.8% in summer (25-35° rubber), 1.0% in winter (0 to 5°) and 
0.9% at about 15°C. By their nature, the properties of rubber 

components are highly temperature dependent. The losses deal 
with the deformation energy and the mechanical tan(δ). As 
seen in Fig. (2), the mechanical tan(δ) peaks at temperatures 
between -10°C and -20°C. The deformation itself can be seen 
in Fig. 3. The bending angle α for the thread is about 
proportional to the contact area (for small angles), so inverse 
proportional to the pressure. This tends to increase the rolling 
resistance. 

A similar effect of increased bending at lower pressure can 
be seen in the side walls. However, there is also some loss in 
the contact area which tends to increase with the tire pressure. 
With those adverse effects, the final result is rather a matter of  
careful design and measurements. Moreover, finite elements 
can be used for modeling, but non-linear viscoelastic materials 
are not easy to model. 

A normal rubber operating temperature in Europe, is about 
30°C this is 15° rise compared to ambient temperature for 
front tires at some 100km/h average speed on highway and 
well inflated tires. At 40km/h average speed, the temperature 
rise is rather 9°C (measured at 15°C ambient). Manufacturers 
can tune the properties by the type of construction and the 
combination of material grades e.g. butadiene-styrene, natural 
rubber, silicone rubber and other additives [12]. The practical 
side is that the tire loss is significantly larger in the first 
kilometers, as the tires need time to warm up. The time 
constant can be estimated, while using the rubber mass, the 
temperature rise and the specific heat. 

The approximation is not so accurate, but an order of 
magnitude is useful to know. The total weight of a typical tire 
is 7.0 kg in which 1.5 kg is steel. The thermal inertia is: 

Cth = Wr  cpr +Wst cpfe  (3) 

cpr: about 2 kJ/K/kg for rubber 

cpfe: 0.532 kJ/K/kg for steel 

Here:   Cth= 2×5.5+0.532×1.5=11.8 kJ/K                  (4) 

 The power loss in a tire can be evaluated, e.g. 4000 N on a 
front tire and 0.8% rolling at an average of 15m/s (54km/h) 
results in a 480W loss on a front tire. An own measurement 
gives 12 K above ambient measured with an infrared 
thermometer at arrival. This results in a thermal resistance of 
0.025K/W. The time constant is the multiplication of thermal 
capacity and thermal resistance. The thermal time constant is 
about 295 seconds, which is in the order of 5 minutes. At 
standstill, the thermal resistance is larger. The rubber surface is 
some 0.63 m2 and a typical heat transfer of 14W/m2/K, results 
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Fig 3. Deflection and bending angle α of the thread. 

Fig. 2 Change in tan(δ) for rubber components depending on temperature 
[12]. 



in 0.113 K/W and a time constant of 1263 seconds, 
approximately 20 minutes. It is only approximate value as the 
temperature is not homogenous and the heat transfer to the rim 
and the ground are neglected. 

A known trick to reduce the rolling coefficient is to inflate 
the tires at a higher pressure in order to reduce the deformation 
and hence the losses. A lot of engineers drive with tires 
inflated between 2.4 and 2.8 bar, with normal cars. Electric 
vehicles use often 3.0 bar and sometimes more. Usually, the 
tire pressure for electric and hybrid vehicles is rather 2.5 up to 
3 bar compared to 2.1 bar [13]. The road friction coefficient at 
high pressure is not much different but the driver needs to be 
more careful on wet cobblestone roads. The additional 
somewhat higher rolling noise level can be reduced while 
adapted shock absorbers and suspension elements. The 
maximal allowed cold pressure is mentioned on the data 
printed on the side wall of a tire. A too low pressure is more 
dangerous than a bit too high as the tire can overheat.  

The dependence of the speed and temperature on the 
losses, also influences the measurements of the aerodynamic 
drag resistance measurements for modeling purposes. If the 
speed and temperature and time dependence of the tire is not 
100% taken into account, experiments tends to show better 
aerodynamic drag coefficient than the real one, as higher 
speeds are measured at higher tire temperatures with a 
resulting lower tire rolling coefficient. The rolling resistance 
and lifetime expectancy depend on the relative pressure 
compared to the design pressure. The graphs in [10] were used 
to fit (5) and (6) and are shown in Fig. 6. The rolling 
resistance force is given in (5). Some 1% more pressure results 
in 0.4-0.5% less rolling resistance. 

 
 

(5) 
 
 
 M : mass of the vehicle 

RrefC : reference rolling resistance 

refp   : reference pressure 

 α        : pressure influence exponent 0.4 [Michelin] to 0.5  
 
 

 

Similar effects are seen for racing bicycles tires at about 7 bar, 
buses and trucks at 8 bar. The mechanism is that the rubber of 
less inflated tires is subjected to a bigger bending angle at the 
thread, which shows more losses, also the side wall has more 
deformation at a lower pressure (Fig 3). The contact surface 
(the thread blocks) on the contrary, has more pressure and 
more local losses. The exact resulting effect depends on the 
detailed manufacturing and has been optimized by the 
manufacturers. 

 With an infrared thermometer, a surface temperature rise of 
typically 12 K can be found (country speed) on the front wheel, 
whereas 8 K rise is observed at the rear wheel. This difference 
in temperature rise is explained by the difference in load force. 
Note that tires in the sun can get 40 K higher than ambient at 
standstill. 

 The relative lifetime has a maximum value, which is a bit 
above the design pressure. An approximation for the relative 
tire life in function of the pressure is given in (6). 
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Fig. 4. Rolling resistance according to [10]. 

Fig. 5. Rolling resistance according to [14]. 
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Fig. 6. Relative  rolling resistance and lifetime depending on the 
relative tire pressure. 



 

The proposed approximated formula takes into account the 
low rolling coefficient of silica tires. Some 'collected tire 
equation’  (7) is composed: 
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θ: rubber temperature in °C 
Z: load of the tire, same unit as refZ (reference value) 

p: tire pressure same unit as refp (reference value) 

c: vehicle speed in km/h 
 

In this equation, the tanh function saturates at  +1 when the 
temperature is very high and -1 at very low temperatures. As 
tanh is in the nominator term, the effect at low temperatures is 
more pronounced. Z is the load of the tire in [N]. More heavily-
loaded smaller tires have a small advantage as the exponent of 
Z/ refZ  is negative. The parameter p is the tire pressure. The 

reference pressure pref is often for usual European cars set to 
2.1bar. The speed c generates mainly aerodynamic losses of the 
tire at high speed, which do not depend on the rubber 
temperature. The factor 0.85 is an approximate value for the 
new generation of tires optimized for lower rolling resistance. 

The parameter  θ   is the average tire rubber temperature, it 
is often in steady state 8-20°C higher than the ambient 
temperature, but this steady state is rather obtained after more 
than 10 minutes of driving (two time constants). The 
temperature effect of tires reduces the apparent speed influence 
as the temperature increase due to the losses also reduces the 
rolling resistance, and hence the losses. In usual internal 
combustion engine (ICE) cars, the rear tires get only about 
70% of the temperature rise of the front tires as they are less 
loaded by weight. In electric cars, the load is better distributed. 
Other differences can occur when the solar radiation typically 
heats up one side of the car. 

Equation (7) is checked with the curve of Fig. 6, showing 
the tire temperature dependence, it corresponds well with a 
curve in [10]. The temperature effect is shown in Fig. 7, where 
the temperature rise is taken at 15°C. 

Note that it is very normal to have a higher consumption in 
the first 5 kilometer due to the tires, and also 30 minute stop or 
more. The thermal time constant is longer at standstill due to 
the reduced heat transfer. 

Fig. 8 shows the effect of the speed and the tire temperature 
on the rolling coefficient. A remark is that the tire losses 
increase with speed, but in real use, after some time, the 
temperature will rise, and also the tire pressure, which results 
in a finally lower rolling resistance coefficient at high speed in 
steady state. This has an effect on measurements in 
aerodynamic performances if they are done at different rubber 

Fig. 8. Rolling resistance coefficient in %, depending on the tire 
temperature and the speed of the vehicle. 
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Fig. 7. Relative dependence of the rolling coefficient depending on 
the ambient temperature assuming that the rubber has a 15°C 
temperature rise, and 80 km/h 



temperatures, and/or pressure the losses in the tires are not a 
“constant force”. There is also a frequency dependent loss 
increase, but manufacturers try to set this at a high frequency 
value to increase the grip, but not the rolling resistance (10).  

Figure 9 is identical to Fig. 8, but recalculated for 
kWh/100km/1000kg. There are still a few useful remarks. The 
rolling resistance is reduced by 25% over the life span of tire. 
The reason is that less material is compressed in the thread area 
[10]. The type of road (roughness) could change the tire loss by 
40% [15]. Tires that are inflated at about 20% increased 
pressure have a bigger diameter of about 2%, the driver should 
be aware of it to avoid exceeding speed limits. Typically, the 
pressure reduces form summer to winter. The autumn is the 
time to check the tire pressure more often.  

 The influence of a wet road is less easy to evaluate. Noting 
almost each trajectory of my classic car (Fiat Punto Evo 2012), 
about 10% lower loss in the first 5 km for a wet road is 
observed. However, for longer distances, the tire remains 
colder (about 7°C rise wet compared to 12°C rise dry, checked 
with an infrared meter). So, for a light wet road, the difference 
seems not so noticeable in long distance. However, a heavy 
rain increases the rolling losses; it cools the tire deeper in the 
threads, also causes hydraulic flow losses of the water, some 
10% rolling resistance increase could be attributed to heavy 
rain. 

The bearing loss is estimated at 0.1% cold, 0.05% warm, 
this is added to the tire rolling resistance. Damper losses are 
also present, especially on bumpy roads. On normal roads, it is 
in the order of bearing losses. Also the gear has also no-load 
losses, which are also experiences in the same way as bearings. 
The number of stages and the quality of a gear can influence 
the gear losses. Sport cars have often over-sized gears and a 
heavier oil grade, both resulting in higher gear losses. The gear 
loss of a two stage gear seem in the order of 4% power, the full 
load efficiency is in the order of 98% per stage, and 97% at 
20% torque if a very good design is made[16]. A way to reduce 
the gear losses in the winter is to screen the radiator in order to 
have less cold temperatures in the gear. It can change gear 
losses by a factor of 2. The use of synthetic oil did reduce the 
sensitivity to the temperature, but it is still present. 
 

C. Altitude changes 

The difference in altitude is generally not considered in test 
cycles, not in NEDC  [10] and neither in the WLTP [11]. 
A distance from point A to B may have a small or high 
difference in altitude. A difference of 200 m rise on 100 km is 
already 0.2% and it can need about 10% more energy. In 
mountain areas, it can make a large difference, although in 
mid-northern Europe, an average slope of 5% is often avoided 
in road design, as it results in difficulties with ice in winter. 
Attention should be given not to over size drives, as a “worst 
case slope” of 5% during 100 km would result in 5000 meter 
climbing, this is higher than the Mont Blanc (4810m 
compared to sea level). An altitude difference of 1000 m and 
1000 kg corresponds to 
 
 Wa = M ∆h x g  (8) 

is   9.81 MJ/1000m/ton = 2.725 kWh/1000m/ton 

 M: Mass of the vehicle 
 ∆h: altitude difference 
It means that the influence is not that big in the low countries 
of West Europe. However, in the case of electric and hybrid 
one should be aware of overcharging a battery when starting 
from the top of a hill, a resistive dissipating means might be 
required to avoid overcharging. 
 

D. Braking and accelerating. 

Acceleration takes more power from the battery. However, 
during braking, the power direction is reversed and an 
additional small cycle is created in the battery. The level of 
recovery of fast braking depends on the drivetrain efficiency 
and also on the battery: if 100 accelerations are done in 100 
km with 1000 kg mass without energy recovery, it results in 
an energy of: 

 
Wacc(c)=100 × 0.5 × (c/3.6)2 × 1000/(3.6×106)           (9) 

 
Where c is in km/h and Wacc an energy in kWh. This is 
accelerating once a km. A 66.6% brake electric energy 
recovery could be still realistic with the best drives and could 
correspond with 300 accelerations with recovery. This is a 
very dense city traffic, and close to the “city” part of the 
NEDC. A slow deceleration of  about 0.2 m/s2 is almost not 
changing the power flow and should not be considered as an 
additional braking. The power required for acceleration is: 

 
Pacc(c)= M (c/3.6)2 a          (10) 

 
a: acceleration in m/s 
 
An acceleration of 2 m/s2 corresponds to an equivalent slope 
of about 20% (+ about 2% drag and rolling). 

E. Mass reduction 

Looking at the three last paragraphs, it is obvious also that the 
mass of the vehicle is important and acting as well on rolling 
loss, acceleration and altitude changes. It can be observed that 
the mass increased in the last 60 years almost with 500 kg. 

A number of cars were known below 600 kg curb weight: 

- Citroën Mehari, 570kg [17]  
- Fiat 500, 1957, 499kg 
- Renault 4  1961  540kg 
- Volkswagen beetle: 750kg [18] 

Note that the new beetle weights 1274–1505 kg [19] 
 

In 1980, a formula 1 car had a minimum weight of 500 kg in 
[20]. Typical cars of today are almost all above 1100 kg. The 
argument is that they are “more safe” and they have an 
“improved technology”. But, to the authors opinion, a 
technological improvement could also have been at a similar 
weight. In practice, the everything increased in weight, seats 
are now between 12 and 25 kg, where race seats are rather 
6.5kg. There is some 40 kg to gain . There is already a wide  



choice in racing kart seats exist below 2 kg, so our today 
technology can do it! 

Indeed, some manufacturers do cosmetic changes while 
removing the normal spare tire (with rim) of 16 kg and replace 
it with a spare tire of about 8 kg or a compressor with repair kit 
of 1.75 kg. 14 kg saved may be more than 1% in rolling 
resistance loss. Making vehicles for less persons is also a way 
to reduce the curb weight, as cars in Europe are in average 
filled with 1.1 up to 1.5 persons.  

 Extreme low weights of <30 kg can be found in 
covered/faired human powered vehicles velomobiles [22], so in 
between, there is a possibility for a good compromise between 
increased safety and performance, which is searched in the 
elbev which was helped by the author to start [21]  

A historical note is that light vehicles existed already 100 
years ago, Fig. 12, [23,34].  The weight was about 100 kg, and 
used a 5th wheel for the propulsion. It was powered by a 
Briggs and Stratton motor and afterwards battery electric 
powered. It contained biomass (wood), had a flexible chassis, 
but was not weatherproof and not very safe, no good 
aerodynamics, but the about 50kg/person was a great 
achievement of a century ago 

F. Drag Resistance Loss 

The drag force resistance of a cross section area is a well-
known equation, at least in its simplified form. Often the effect 
of the wind is neglected. The wind speed is not so high in 
inland regions with a lot of trees, but still present, and even 
more in coastal areas or in the mountains. In flat regions, the 
meteorological data concern measurements at a 10 m high pole, 
and often only peak values are mentioned, where the vehicle is 
rather at 1 m, where an average of 3 times lower wind speed 
can be expected. At heavy wind, the author experienced 3.3 
l/100km  in the morning, 50 km/h average and wind in the 
back, compared to 4.4 l/100km in the evening with the wind in 
front while returning for the same 30 km trajectory with the 
mentioned Punto diesel car. The reading was is corrected for 
the real consumption. For an engineer, it is a surprising effect, 
but even more differences could be observed with electric 
vehicles. As a cyclist, it just confirms to me what every cyclist 
experiences: the wind can be more tedious than a hill. 
However, people in the shell of a car are used to get  enough 
power and forgot the influence of the wind. The wind speed 
component in the same direction of the vehicle is important. It 
is also useful to consider the temperature coefficient of the 
specific density of the air. 
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 A: cross section of the car 
 Cd: drag coefficient 

oρ : air density at 15°C and sea level = 1.225 kg/m3 

 c: vehicle speed [km/h] 
 cwx: wind speed component in the direction of motion [km/h] 
 

Note that the wake of the previous vehicle (car or truck) 
influences significantly the drag losses, by creating a local air 
speed, even at a space of 50 m if there is no side wind. Fig. 13 
shows the drag depending on speed at no windy time, +10 
km/h and -10 km/h in the vehicle direction. Note that also at a 

Fig. 10. Elbev prototype (without cover about 80kg) [21]. 

Fig. 11. WAW of Fietser.be, < 30kg [22]. 

 

 

Fig. 12. Smith Flyer, using a 5th wheel, about 100kg [23,24]. 



speed of 60km/h a big difference can be observed. In 
simplified finite element and wind tunnel tests, often some 
details are neglected such as side mirrors and antennas. The 
drag coefficient can be better for electric than for combustion 
engine car as, the bottom can be more flat and there is less need 
for radiator surface since the amount of heat to remove  is less. 
 

In an ICE car, the radiator opening is essential for a good 
cooling in summer, and also for air conditioning. The radiator 
in an ICE car is about some 5% of the front surface but has a 
worse drag coefficient. A radiator is some kind of 
‘aerodynamic consumer’: a flow and a pressure drop, Eq. (6): 
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RaA : radiator area 
CpRa: radiator power loss coefficient 
 

 The CpRa would be zero at no flow and also at no pressure 
drop, it is rather likely to be between 0.5 and 1. Less cooling is 
required in electric vehicles, so one can strongly reduce the air 
flow in the radiator, mainly while reducing the opening surface. 
Note that in winter, by own experience, classical cars need only 
about 25% of the normal radiator opening, it can be verified by 
a temperature measurement on top of the motor in order to 
have not more temperatures than in the summer in warm 
countries. So, 70% can be covered, resulting in a lower drag 
coefficient. The own experience is that it mainly acts on the 
drag, and it also helps keeping the engine and gear warm.    

 Electric cars need less cooling but some cooling is better 
for electric motors as the copper resistance decreases. Power 
electronic converters have a higher efficiency at low 
temperature mainly by a reduction of conduction and switching 
losses. In contrast to this, one likes to recover some losses for 
heating in winter and so it may also be interesting to still 
reduce the cooling from outside. 

 Some final check with own measurements show that at 70 
km/h about 1.8% equivalent slope in summer is sufficient to 
keep the a constant speed at idle and 2% equivalent slope are 
needed in winter (70 km/h is close to 20m/s). At 35km/h some 
1% slope is sufficient to keep a constant speed. These data 
correspond well with the model.  

 

G. Auxiliaries 

In electric vehicles, some electric heating or airco-cooling can 
be considered, but this will affect the range of the electric 
vehicles. Heating could be avoided by cloths, gloves or a local 
heating of the steering wheel and seat can improve comfort. An 
old Norwegian proverb says: “There is no such thing as bad 
weather, only bad clothing”. Heating or cooling should be 
considered per hour use, so their contribution could be very 
large/km in traffic jams. A positive point for electric vehicles is 
that the heat loss of the on board charger can be used to pre-
heat the driver/passenger room. In normal cars the heating is 
less problematic, but people forget that almost no heat is 
present in the first 6 km. Air conditioning needs power in both 
electric and convectional cars. 

Light is another topic in auxiliaries. A number of consumers 
may be distinguished: two head lamps of 55W, two rear of 
10W, a tax plate lamp of 5W. Together, it is 150W, with some 
fan GPS, radio and diverse consumers together about 180W, or 
200W at the input of a 90% efficiency converter in the electric 
vehicle case. In the conventional vehicle, it is produced at some 
60% efficiency from mechanical energy, resulting in 333W 
absorbed at the mechanical level. It is clear that LED lamps 
improve the efficiency of both electric and conventional cars, 
especially in traffic jams. Fans in classic cars take between 
2.5A (lowest position) and 15A (highest portion) at 13V. The 
use of tight pollen filters may be the reason, as the fan acts like 
a “vacuum cleaner”. In the case of the Fiat Punto diesel, some 
measurements were done: 10.9A is already needed for the 
engine functionality, such as the fuel pump, the dashboard, 
processor, actuators and control. A current increase of 13.4 A is 
observed when the low beam lights are on, this is taken from a 
generator of 13.8V, is 185W which is close to the estimation 
above. If some almost worst case is considered, running 
engine, radio, fan on position 2, the rear window heating and 
low beam lights, some 33.3A are drawn from the generator, at 
a 60% alternator efficiency it corresponds to 766 W at the 
mechanical level, which is not at all negligible. 

H. Total axis energy need 

The temperature dependence has been kept, but the wind 
and altitude have not been plotted in Fig. 6. The curves in Fig. 
14 show that the temperature dependence of tires and air 
density are non-negligible. It shows also that some attention 
should be paid to auxiliaries in traffic jams of 5 km/h, which 
could need more than 6Kwh/100km causing troubles even in 
electric drives. Effects of heavy wind and long traffic jams 
could be solved providing a (very) small and light range 
extender, which could extend the range if required. It could 
mainly useful in coastal areas where high wind speeds may be 
expected. The losses by acceleration are high at high speeds. 
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Fig. 13. Basic drag energy in kWh/100km depending in on speed for 
no wind, +10km/h and -10km/h, for Cd=0.3 and A=2.0m2 and 15°C] 



 

 

However, in cities, speeds higher than 50 km/h are 
generally not allowed and on highway where the accelerations 
are less frequent. 

I. Idling losses 

In gasoline engines the low torque area has still a poor 
efficiency due to the pressure drop across the throttle valve of 
about 60 kPa resulting in about 40 kPa after the valve (which 
can correspond to 400 W loss, which explains a big part of the 
no load loss at idling of 0.6 kg/hour for a 1000 cc engine at 800 
rpm and 0.9 volumetric efficiency of intake. This corresponds 
to the figure mentioned in [26]. 

Neglecting the Joule-Thompson effect, the temperature is 
almost constant across the throttle valve (p1=105, p2=4x104) 

V2 is about 0.45 liter /revolution for a 4 stroke 1000 cc 
engine at 0.9 volumetric suction efficiency: The fuel mass flow 
at 20°C is about: 
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The fuel mass flow [kg/hour] is about (16): 

kg/hour592.03600)2( =×pQf                  (16) 

Fig. 15 shows the consumption in liter/hour, depending on 
the pressure after the throttle valve, at 800rpm and per 1000 cc. 
In diesel engines, there is no throttle valve, but at idle there are 
friction losses by higher pressures and heat exchange to the 
walls. The obtained fuel consumption per hour at idling can be 
lower than in the gasoline equivalent for the same cylinder 
volume at about 0.4-0.5 liter/hour /1000 cc. But the 
performance depends on the lubrication state of the engine: not 
too little, not too much oil, temperature of the engine. 

In electric drives the losses at standstill can be zero. If the 
design is optimized, also the consumption at low speed can be 
low. 

 

J. How  to get the NEDC specifications for fuel consumption 
in practice? 

In Belgium, it is reported that the actual fuel consumption 
is some 25-30% higher than the standard NEDC. There is 
something artificial in the test which are the slow acceleration 
and deceleration of about 50km/26s=0.53m/s2, and only a short 
high speed distance. The slow decelerations are eliminating the 
need of recovering the brake energy as about -0.2m/s2 
deceleration is already obtained with air drag and tire losses.  
Also sustained speeds of between 2 and 15 km/h are not 
present, but they are present in slow traffic jams. In the NEDC 
test cycle, a distance of 11.023 km is done at 33.6 km/h 
average.  

The author tried to see if the listed NEDC fuel consumption 
of 3.5 liter/100 km, (Fiat Punto Evo 1.2 liter diesel) could be 
attained in practice. The car has a start stop system and also a 
phase shift on the camshaft. 
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The daily commuting distance of the author was about 29 
km. An altitude difference of about 65 m (75 m and 10 m 
above sea level = + and - 0.22% average slope). The distance is 
longer than the NEDC. The readings of the consumption meter 
were corrected for 0.2 liter too optimistic readings (some 0.15 
l/100km deviation due to inaccuracy and 0.05 L/100km 
averaged for the regeneration of the particular filter each 380 
km). The low consumption of 3.5 liter/100 km and sometimes a 
bit better, is obtained for average return (to avoid altitude and 
too much wind effect) if a number of conditions are fulfilled. 

1. Ambient temperature above 20°C (tire, aerodynamic 
friction, gear oil). 

2. Tires inflated at 260 kPa compared to 220 kPa  normal  
(<350kPa = tire specification) 

3. No lights on, no high fan (= reduced auxiliaries). 

4. Air conditioning off. 

5. Negligible traffic jam, about 30 stops/100km. 

6. Buying a 2-door model, as a 4-door model weighs more but 
is listed with the same consumption in the NEDC standard. 

7. Not testing below 15 000 km, this is avoiding the run-in 
period. 

8. Not with rather new tires. 

9. Outside city, each 100km run the diesel at idle for 3 
seconds at 5000 rpm to clean the engine 

10. Removing the spare wheel and replace it with a repair kit. 
11. Oil level between 40 and 60% between minimum and 

maximum (in the maintenance they put often too much oil) 

12. Driving-style with some freewheeling, (but still motor on), 
rather low rpm, motor braking at about 2000rpm is used to 
charge the accumulator 

13. Slow deceleration towards traffic lights when traffic 
permits. 

14. Typical speeds between 40 and 95 km/h,  

15. Sometimes at 50m (not closer for safety) behind a truck at 
highway.  

16. Covering the radiator for 70% (improving the drag and to 
limit the cooling of the gear) it can be done below 25°C 

17. Some 0.3% acetone in the diesel (improves mileage at low 
torque) 

Each separately, the 17 conditions do contribute much, but 
the combination of all of them has effect. The four  last 
conditions are not permitted in a NEDC test. In NEDC tests the 
tires are inflated to about 2.5 bar to compensate for the 
additional rolling resistance of the smaller curvature of the test 
bench drums. Some radiators have cuttable covers depending 
of the country, or automated covers. A few cm window 
opening consumes less than a fan. The conditions of 
temperature, light and traffic jam cannot be fulfilled in practice, 
so the average experienced year consumption is still 15% 
higher than the NEDC. In periods of traffic jam, because of 
road works, an average consumption rises by 10% in the last 
3km (20 minutes). Doing that distance by bike, so also 
avoiding 3km of traffic jam reduced the average consumption 
by 10%. Hence, the 10% of the distance was in fact responsible 
for 20% of the consumption, the bike was also faster in the city 
(and shortcuts could be taken). Maintaining the listed NEDC in 
Belgium for a full tank is almost not possible as a distance of a 
full tank (about 900-1000km) always contains traffic jams: 
10% higher happens in summer and 20% more at freezing 
temperatures. 

K. What about electric cars and NEDC and WLTP? 

NEDC consumptions generate also too optimistic kWh/100km 
results for electric cars. A first reason is that the slow 
accelerations are very close to the maximum efficiency of the 
electric machine. If full torque accelerations are tested, the 
copper losses dominate in the motor, and the converter and 
battery show also a lower efficiency. During the test, the 
auxiliaries such as the lights, heating and fans are off. But a 
possible improvement is identified is that also electric vehicles 
have an efficiency below 50% at speeds of 5-10km/h. 

What about other tests? 
The newer WLTP test of Fig.17, is testing closer to 1.5m/s2 
which is more realistic. However, as sustained low speeds of 
below 10 km/h are not included in the cycle it will still 
continue to give too optimistic for slow traffic jams 

A correction towards emissions at 10°C instead of 22°C by 
measuring also at -7°C [26]. Also air will be blown. A 
correction for mass of options is provided. The tests will get 
expensive… 

Ultra-light vehicles will not be considered as “cars” but 
rather as “L” type vehicles as they are below 400kg. and will 
get probably adapted test methods [27,28]. 
 
 

Fig. 16; speed profile of NEDC 



III.  CONCLUSION 

The driver of a conventional engine is mainly interested to 
reduce the fuel consumption, whereas the driver of an electric 
vehicle is mainly interested in the actual range of the vehicle 
in practice. Both benefit in a view how the losses are 
distributed. A number of influence factors have been 
investigated in this paper: the temperature effect of tires, drag 
force, local wind, rain, altitude, the number of fast braking 
items and auxiliaries. It is clear that reducing the weight of 
vehicles is very important, as it reduces the energy needs for 
as well the altitude change, acceleration and tire rolling losses. 
The energy needed in practice will never be 100% predictable 
as the speed and the direction of wind is not. One of the most 
relevant conclusions is that at the today speeds the weight of a 
vehicle is responsible for a big part of its energy consumption. 
High efficient led lamps will also be needed. Consumptions 
(or CO2 emissions) listed in NEDC standards are achievable, 
but with a lot of conditions. Electric cars will be simpler in 
that respect. Big improvements in energy consumption can be 
realized only in reducing the weight of vehicles. The author 
opinion is that big technology steps have to be taken towards a 
more sustainable world, and it is possible to have an evolution 
towards vehicles of about 100 kg/passenger, and still satisfy a 
reasonable safety and comfort.  
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