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Abstract: 
 
Electrical vehicles are seriously considered today. However their energy needs depend seriously on the way how they are  designed, 

ranging from electric bicycles to the electrical utility vehicle, it can differ from 1kWh to more than 20kWh/100km.  One can look at the 
problem if it is better to use compressed natural gas in a vehicle directly or is it better to make electricity first and use that electricity in 
an electric vehicle. A special attention is given to the development  of ultra-light electric cars “Ecologic Low Budget Electric Vehicle” 
ELBEV. It permits to cut down the energy consumption down to 2-3kWh/100km, especially suited for single person daily commuting 
needs. 

 
Résumé: 

Les véhicules électriques sont pris au sérieux dans les temps actuels.  Cependant, leur consommation dépend très fort comment ils sont 
conçus, du vélo électrique, au véhicule utilitaire, cela peut changer de 1kWh vers plus de 20kWh/100km . On peut aussi entrevoir si on 
fait mieux de rouler avec du gaz comprimé ou de produire de l'électricité et de l'utiliser dans un véhicule électrique. Une attention 
spéciale est donne au développement des véhicules ultralégers "Véhicule électrique écologique à budget limité" VEEBL. Cela permet 
de réduire la consommation vers des valeurs très basses de 2-3kWh/100km, spécifiquement utile pour les déplacements quotidiens. 
 
Index Terms—Electric, Vehicle, Ecologic, Environmental Factors, Power conversion 
 
 

I. INTRODUCTION 

irst a historical note is given.  In the beginning of private 
transport, the electricity was in competition with fuel 
powered vehicles. For example, the first car that reached 

more than 100km/h was electric one, it reached 105km/h at 
Achères in the South of Paris (Fig.1)[1]. It was done by a 
Belgian, named Camille Jenatzy in 1899. His car got its name 
as it was a bit capricious :“La Jamais Contente”. It had two 
independent motors on the rear wheels (so no differential). It 
had no mechanical brakes, one had to brake while reversing 
the two direct drive 25kW motors.  
 

 
Fig 1. “La Jamais Contente”, [1], 1899  Camille Jenatzy   first 105.88km/h , 
electric, 1450kg where the batteries are 50% of the weight., 50kW in two 
motors, 100 cells of Lead-acid batteries. “ 

 

 
 
 
It did not contain a steering wheel, but a steering handle and 
one for motor control. The materials were new and light for 
that time, 9 rings of riveted partinium (an aluminium copper 
tungsten… alloy), laminated with magnesium. 
He also made other vehicles like a beer truck, which made the 
distance Wieze to Brussels (32km) at about 5km/h (Fig 2)[2]. 
It was mainly intended for advertising.  
Also in 1899-1904 there was an electric tramway on batteries 
in Ghent “de accutram”[3]. 

 
Fig 2. A “Beer truck” Wieze, about 1905, Camille Jenatzy. [2] 

F
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II. MECHANICAL NEEDS 

The load of a vehicle is mainly tire friction and aerodynamic 
friction. The braking of kinetic energy and the potential 
energy going downhill could in principle be recovered. This 
could be in a mechanical, electrical or using compressed air. 
The recovery of kinetic energy recovery system “KERS” is 
known in formula 1. [4]. Also keeping the motor running at 
standstill is not very useful, but more cars have a “start-stop” 
feature in these days. 
So, the real mechanical losses may be the tire friction and the 
aerodynamic friction, which is quite independent of the drive 
system. Very different results can be found depending on the 
vehicle. In a car also about some 300W auxiliaries have been 
considered. Table 1 shows a few parameters for diverse 
vehicles. The tire friction in low consumption eco marathon 
competition vehicles like Energy 5 is very low (Table 1 and 
Fig 3), but the lifetime of the tires is too short for a common 
use. The contest vehicles do not contain a suspension. The tire 
friction loss is hence mainly dependent on the weight of the 
vehicle. The air friction cross section area is definitely lower 
for single person vehicles. Electric cars have the advantage 
that also the bottom side of the vehicle can be better finished, 
which results in lower air friction. 
We see that a car, Wc , needs a lot of mechanical energy 
(Fig3), but we will see that the mechanical required energy is 
still low compared to the energy of the fuel consumption. 
A bike, Wb (electric or not) is OK, but due to the bad drag 
coefficient, it performs not so well at high speed. 
The proposed elbev, WL (ecologic, low budget electric 
vehicle) performs well, but not so good as the human powered 
Wq. After the first designs, the surface S of the elbev increased 
(and also the comfort), but probably one has to make an effort 
to reduce S it again. 
In human powered vehicles, important efforts were done to 
reduce weight. But it is a compromise with safety, maximal 
speed, hill climbing and acceleration. The lowest energy 
vehicles are the eco marathon designs, We., but they are not 
intended for road traffic and are made for persons (usually 
girls) of 55kg. 

TABLE I  
PARAMETERS OF VARIOUS VEHICLES 

 

TYPE  CURVE  M  [KG] 
CURB + 

USER  

FC   
[./.]   

S 
[M^2]   

CX  

TODAY CAR  WC  1200+100  0.008  2  0.3  

E-BIKE  WB  25+85  0.006  0.5  0.8  

QUEST  WQ  39+85  0.005  0.22  0.47  

ENERGY5  WE  60+55  0.002  0.136  0.254  

ELBEV  WL   100+100  0.008  0.9  0.3  

 
 

Fig. 3: Mechanical energy needs depending on speed for various vehicles. 
 
I did verify that a car of 1300kg (driver included) keeps a 
constant speed in neutral at 20m/s (72km/h) at a slope of 2.0 
%. This corresponds to 7.01 kWh/100km, which is almost on 
the curve, this test was done at a concrete road surface and no 
wind, and tires inflated at 2.6 bar. 
 

 
Fig. 4: Mango “quest” human powered vehicle type “velomobiel” (Wq) [5] 
 

 
 
Fig. 5: Energy 5, design for eco marathon competition on electricity (We) [6] 
 
Table II gives an impression of what we consider as light and 
ultra-light. It is clear that non covered vehicles attain easier a 
low weight, but the diver is directly exposed to climate, and 
the air friction is high. 
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TABLE II   

SOME IDEA OF LIGHT AND ULTRA-LIGHT VEHICLES 

 

III.  “ELBEV”  ECOLOGIC LOW BUDGET ELECTRIC VEHICLE 

The idea was that a big part of the mechanic needs in short 
distances in the city is due to the tire friction. This can be 
lowered by lowering the weight of the vehicle. Also if the 
cross section can be reduced, and the drag coefficient. Also 
the battery weight reduces if the total weight reduces. 
So the compromise was to design a single person electric 
vehicle. But a lot of people use a car with a single person in it 
for commuting. And a single person vehicle is always 100% 
filled… . 
 
The target specifications of the “elbev” are: 
 
- Single person (for the moment) 
 Curb weight    ± 100 kg 
 Three wheel: two driven front  wheels, one back 
 Max Speed range    70-80km/h 
 Gradability     >=20% 
 Acceleration: about 0-50km/h   8 seconds 
 Consumption country side  2kWh/100km  
 Consumption city    3kWh/100km 
 Battery type     (Li-ion 
 Battery Voltage    2x48V 
 Drive type: front wheel 2x4kW peak , 2x 1.5kW average 
 motor weight 1.6 kg/motor, a special designed gear. 
 Elements as safety, avoiding 12V battery…. 
 

 
Fig. 6. Elbev, side impression 
 
In ultralight vehicles, every component should have two or 
more functions. The chassis must be at the side for side impact 

protection. The heat losses of the converter are used for 
heating. Thermal insulation also active for acoustics and may 
be for seating comfort. The yellow lines are the damping and 
thermal insulation inside (Fig.7). If two options are possible, 
the lightest should be chosen. The vehicle is not too low for 
traffic safety (to see and be seen) and not too high for side 
wind sensitivity. 

Fig. 7: Elbev, front impression, cross section. 
 
The actual state of the art allows making electric motors of 
high power to weight ratio. Also batteries of the Lithium 
family allow a high energy/weight ratio. But if a similar effort 
is done for the mechanics, very light vehicles can be made. A 
reasonable compromise with safety can be obtained while 
putting the chassis at the side, not at the bottom. 
The “egg” form allows reducing the front area. But in the real 
embodiment, some compromise was taken there. The yellow 
lines are the damping and thermal insulation inside. 
 
In the electric vehicles a whole range between 1 and 
25kWh/100km  is observed. This is much wider than in 
conventional fuel vehicles as from motorbike (2-
3Litres/100km) to an SUV 9 l/100km there is only a factor 4. 
 

 
Fig. 8. Electric mini-bike (23kg), [7] 
 
 
Table III gives an overview of expected energy consumption 
for various electric vehicles. 
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Fig. 9. Electric covered light vehicle (Ducati Free Dug, 240kg) [8] 
 

TABLE III   
COMPARISON OF WEIGHT AND CONSUMPTION 

 
 

IV.  EFFICIENCY OF CONVENTIONAL ENGINES 

Usually one teaches that the 
efficiency for combustion 
engines in cars, is about 35% for 
diesel and some 30% for 
gasoline. However, these are 
rather maximal values. 
Practically, in actual good cars, 
for the ratio (air + tire 
friction)/fuel, we get 14% for a diesel, (5liter/100km,2.0% 
equivalent slope, 1300kg) and 13% for gasoline which are 
often used in lighter cars, (5.5 liter/100km, 2.0% equivalent 
slope, 1050kg). The efficiency of the internal combustion 
engines did increase in the last years, by the better (electronic) 
timing of fuel injection, downsizing the engines, by adaptive 
shifting of the valve angle and friction reduction. Further 
reduction would need a substantial reduction of the weight. 
The NEDC tests show a quite low result but in practice about 
10 to 20% more fuel seems to be needed. There are some 
explanations why, but this is not the scope of the article. We 
can also discuss the “mobility efficiency”. This is the 
efficiency x useful weight/total weight. 
For a single person in a car one gets 1.09% diesel, and 

gasoline. From the engineering point of view,  these figures 
are not to be proud of. 

V. EFFICIENCY OF ELECTRIC VEHICLES  

One can estimate the maximum 
efficiency of charger, battery, 
converter, motor=  
 95x90x96x90 = 74% 
Practically, in real conditions 50-
60% in high efficiency drives, 
<40% in average efficiency 
drives.  
Some reasons are: 

- Driving at very low speed on hills. 
- The no load losses of the electric motor is not 
negligible compared to the friction 
- The efficiency in acceleration and braking is also 
much lower than optimal.. 

 
At 50% efficiency and 7kWh/100km mechanical, some typical 
14kWh/100km would be needed for 1300kg. If one improves 
the drives and lowers the weight 10kWh/100km is possible to 
reach [9] and Fig. 10. However it is probably done in NEDC 
(New European driving cycle) conditions, which uses slow 
accelerations of 50km/h in 25 seconds, nor hills, and rather 
slow average speeds. 

 
Fig. 10. Electricity consumption of electric vehicles. 
  
Mobility efficiency: 
For a normal vehicle for 50% efficiency and 100kg useful on 
total 1400kg total results in 3.57%. 
For ultra-light high efficiency vehicles: for 60% efficiency and  
100kg useful  on 200kg total results in   30%!! 
 
So an important improvement can be done if high efficiency 
electric vehicles are used, but much more if light electric 
vehicles are designed. Our today mobility has a very low 
efficiency if the motion of the real useful weight is considered 
compared to the energy in the consumed fuel. 
Even if one considers that electricity would be 100%  made by 
fossil fuel, the difference still remains. 

VI.  USE NATURAL GAS OR CONVERT GAS TO ELECTRICITY 

FIRST? 

The gas resources last longer than the conventional oil 
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resources. So there is a tendency to use rather natural gas in 
vehicles. The dust particles emission is low, but the 
greenhouse gas  in CO2 equivalent is not so good due to 
possible methane leaks (1% methane is 21% CO2 equivalent). 
An example of CNG vehicle is a Fiat Punto which needs 
3.9kg/100km of CNG (compressed natural gas) [10]. The 
electric energy to compress the gas to 200 bar is some 5% of 
the gas energy in electricity, but taking in account the 
efficiency of a gas power plants it corresponds to about 9%, or 
rather 4.25 kg natural gas. 
Another way is to make first electricity from NG. One can 
charge vehicles at night, and in this way use the highest 
efficiency power plants. Today gas turbine combined cycle 
power plants can get up to 59%, even 60% is reported [11]. At 
59% and 10% losses in the distribution at night, and 45.86 
MJ/kg LHV one can get 6.76 kWh/kg gas. An electric car at 
10kWh/100km needs in this way 1.48kg of NG, this means a 
factor 2.87 compared to directly use the gas in internal 
combustion engines. If an ultralight vehicle is used at 
2.5kWh/100km, one can even get 11.5 times longer distance 
for the same primary NG consumption. 

VII.  RENEWABLE AND GREEN HOUSE GAS ASPECTS  

A yearly distance of  ten thousand km at 3kWh/100km  (city)  
corresponds to 300kWh. This is what 3m 2  photovoltaic panel 
can produce in the same year, even in the Belgian climate. But 
it is not realistic to store it over a half year, so still fossil fuels 
will be needed. One often takes an equivalent of 40% 
efficiency to recalculate to primary energy. In that case it 
corresponds to about 0.75 liter/100km,  The CO2 production 
of one liter of gasoil is 2.36 kg of CO2, or 17.7 gr CO2/100km.  
However, in the near future, an electric efficiency of  70-80% 
could be reached using SOFC-GT (solid oxide fuel cells 
power plants with turbine) [7]. This technology is not practical 
to be on board of vehicles, but in can be used in medium size 
and large size power plants, the listed efficiency is not for 
today, but today a large penetration of electric vehicles is also 
not a fact today. But in that case, the equivalent  CO2 may be 
in the order of 10 gr/km. We see that the resources of natural 
gas may last longer than petrol. So, it is probably better to 
convert first natural gas to electricity than compressing natural 
gas in vehicle tanks. The about 10% electrical energy to 
compress NG is already sufficient to drive an ultra-light 
electric car. 
 

VIII.  THE ELBEV CONCEPT  

Elbev: “ecologic, low budget electric vehicle”. “Ecologic” as 
one can also make non energy efficient electric vehicles. “Low 
budget” as a lot of non-affordable electric vehicles exist. Also 
the investment costs for production should be limited. The 
purpose was an electric single person vehicle, mainly for 
commuting purposes. It has three wheels, to reduce weight and 
friction. Two front wheels are driven and are steering. The 
reason is that one wants to avoid slipping on a wet road when 
electric braking. Some data: 

• Curb weight is about 100 kg 
• Maximum  speed 70-80 km/h 

• Range ±100 km but can be extended if more batteries 
are used 
• City and suburbs 

The dimensions are: 
• Total length 2200 mm 
• Total width 1200 mm 
• Total height 1300 mm 

So one could park more vehicles on the same surface. 
The chassis is made of aluminium (σmax. = 35,55 N/mm²) and 
has a total weight of 10kg. Finite elements (Nastran) have 
been used to check the strength, Fig. 11 and 12. 
 
 
 
 
 
 
 
 
Fig. 11.  The chassis. 
 

 
Fig. 12.  Finite elements of the chassis 
 
For the moment, an available motor type has been used and a  
double stage gear has been made. However, and improved 
motor and single stage gear, dedicated to the vehicle are under 
design. 
 

 
 
Fig. 13. A light multipole motor with outer rotor, 1.6kg.  
 
The front wheel suspension has to take in account that a 
steering is present and also the drive motor. The gear box is 
also used as a kingpin for turning. 
The mechanic brakes are in proportion with the vehicle and 
taking in account that mainly electric braking will be used 
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Fig. 14. Motor with adapted two stage gear 
 

 
 
 
Fig 15. Gear motor and wheel 
 
The rear wheel has its own suspension. 
 

 
Fig. 16. Suspension of the rear wheel 
 

 
Fig. 17. Finite elements of the rear Wheel suspension 
 
 
 

  
Fig. 18. Front Wheel brake 

 
 
Fig. 19. Handle, one for gas and one for 
braking  
 

 
There is a room for converter above the feet and steering 
wheel 

 
Fig. 20. Room for the converter 
 
 

 
Fig. 21. Steering system (subject to change) 
 
The battery is composed of two packs in series of each 48V 
and 20Ah.  
The dashboard is kept somewhat austere but is functional. 

 
Fig. 22. dashboard 
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Fig. 23 Motor-gear assembly 
 
Fig 23 shows the motor assembly 
The dashboard contains a cycle analyst with vehicle speed, 
odometer. There is also some electric information about the 
battery, light switches and some leds for temperature 
monitoring. 
 
The power stage for the BLDC motors is designed to be light 
and two times 4kW peak. 
 

 
 
Fig. 24. Converter and control PCB 
 

 
 

Fig. 25. Parts on the power converter PCB 
 

The controller has the following signals: 
Analog signals (brake- and gas handle): Drive ,  Brake 
Digital signals are: 
• Torque direction (forward – reverse) 
• Enable (turn on- and off the BLDC) 
• Hall sensors for the position 
• Temperature protection for electronics  
• Temperature protection for motor  
 
The auxiliary power such as light could reduce in a 
disappointing way the range at night, so care should be taken 

at the efficiency of the light sources and supply. A led 
converter was designed starting from the main battery voltage, 
see Fig 26-28. 
 

 
Fig. 26. Principle Fly-back scheme of the led converter. 
 

 
 
Fig; 27. Practical circuit 
 

 
 
Fig. 28. High power led lights. 
 
The body is composed with panels to avoid expensive moulds. 
A thermal insulation is put inside, the cage is made for crash 
safety purposes. The aerodynamic design was made with some 
compromises as the vehicle must not be too low to be seen by 
other road users. A too long tail is not practical and would 
increase the side wind sensitivity, there must also remain a 
room for some luggage and a support for a tax plate. 
Fig. 29 shows a more complete drawing 
 

 
Fig 29. Canopy and how to get in. 
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Fig. 30. Some views 
 

 
 
Fig. 31. Tail angle 
 

 
Fig. 32. Influence of the tail angle on the drag coefficient 
 
A smaller tail angle helps, but reduces the luggage room and 
also the visibility to the rear. 
The front wheel fender has less influence, it seems than better 
shapes result in more cross section, which reduce the effect of 
the shape. The reason is that a low weight vehicle can use 
narrow tires, for the same road adherence.  
 

 
 Fig. 33 Fender designs 
 
An overview of the chassis is given in Fig 34. 
 

 
 
Fig. 34. Chassis 
 
The influence of a rear wheel cover is significant on the 
aerodynamic drag coefficient. 
 

 
Fig. 32. Model 1 body, Cd=0.32) 
 

 
Fig. 35. Model 2 body, with rear wheel cover, Cd = 0.28 
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A real prototype is under Construction, a seat and some covers 
were already but not shown on Fig. 36. 
 

 
 
Fig. 36. Prototype 

IX. THE EXPECTED RANGE OF THE ELBEV CONCEPT  

For the range estimation we take some assumptions.  
- a battery of 2kWh (one gets more for bigger batteries) 

“Flat”  C
roll

= 0.01 , C
x
= 0.3, A=0.9m

2

  

“Mountain”    
25% time 6% climb, 25% time 6% down, 50% flat. 
“City”   Accelerate to listed speed each 1000m  
 
The model contains a lot of details, not only motor, converter 
and battery, but up to wire and capacitor losses 
In this way we get performance curves depending on the speed 
for each case. Note that very low speeds are penalized by the 
auxiliary consumption and are also penalized in mountains. 
An auxiliary consumption of 30W (light, wipers) influences 
already the range (Fig. 36). 

 
Fig. 37. Predicted range as function of speed (in km/h) for different use, 3W 
auxiliary 

 
This means a heavy auxiliary consumption like wiper and 
light. 
It reduces the range mainly below 30km/h. 
This is the reason to use led lights and no separate 12V 
battery. 

 
Fig. 38. Predicted range as function of speed (in km/h) for different use, 30W 
auxiliary 
 
The ecologic footprint? With 3kWh/100km, a charger 
efficiency and of 90%, and 10000km/year.  
One needs 3m^2 solar panel to compensate: can it be more 
renewable? The problem is that regulations may stop the 
development: 
- Homologation 
- EMC 
- Crash tests? NCAP is not yet active for motorbikes testing. 

X. CONCLUSION 

Well designed electric vehicles use much less prime energy 
than comparable combustion engines. But light and ultra-light 
do perform even much better. It could be a way to reach 
European energy goals of 20-2020 and 50-2050. The 
combination of solar cells or ultrahigh efficiency power plants 
could result in a very low CO2 /km rating close to an indirect 
emission of 10gr/100km in variable traffic. Or 3m2 of solar PV 
panel could compensate 10000km/year.  
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