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Abstract 
Sustainable electric mobility must be for everyone; our way of living today is trapped in a 

consumerist and selfish society destroying our planet and all its species. Part of our change 

to be more sustainable is to improve our transportation methods and make them more energy 

efficient. But there is a problem: it comes at a high price. What I found is the most comun 

thought when talking about electric vehicles is: “I can’t afford it” but personally I think in 

today’s time everyone should have the opportunity to be sustainable on their own budget. 

The sad truth it's not affordable for everyone as of now. Therefore, on this thesis I will 

propose three different alternative methods for everyone to change to electric transportation; 

the first one is specialized for people to have easy transportation around the city for a small 

budget. Secondly, I am proposing a vehicle which can replace the combustion engine vehicles 

everywhere for a medium budget and thirdly an alternative transport method for people still 

wanting to drive classic cars, looking stylish and having strong power vehicles but electrified 

and sustainably for a slightly bigger budget.  

 

I would like to start with two phrases: 

“I’m sick and tired of worrying about gas prices, sick and tired about wars in the middle 

east, sick and tired of breathing the air we are breathing” (Paine, 2012) 

 

“Driving a fuel car is going to feel like yesterday, driving this car (Tesla Model S) is 

driving the future”. Elon Musk (NatGeo, 2020) 
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Justification 
Nowadays, the improvement of mobility technologies has become a key factor to preserve 

humankind lifestyle on earth. The migration of electric vehicles is becoming more of a clear  

reality every day, the invention of a more efficient and sustainable transport method is 

desperately needed and required to stop earth pollution, as well as a drastic reduction of 

production costs and energy consumption, all while improving the driving experience itself 

with the three different kind of vehicles I’m proposing to giving earth a breath. 

 

Objectives  
Main objectives 

As main objectives I set the following: 

I. Develop a sustainable city transportation method for everyone; easy to afford, easy 

to use, easy on the environment. A sustainable electric mobility for everywhere; car 

roads and bike roads to provide an efficient city mobility. For every time; no matter 

what the weather, at day or at night. With the most important objective of making, it 

easily accessible to everyone; students to workers, handicapped and elderly, 

teenagers, and everyone else. 

II. Develop an electric vehicle (EV) system to replace the now days transport methods, 

to be more specific: combustion engine vehicles (ICE).  Having the same capacities, 

comforts and options but in a cheaper and nicer way for the people and the 

environment. Not only that, but also having the option of choosing style, range 

capacity and speed as wanted. Regardless of your needs, I want to show you that they 
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can be archived in the same way, but just with an electric vehicle and also for a 

cheaper price. 

III. Develop a new way of driving electric vehicles, this project is not about what is 

necessary but what is possible. The idea is to show people that EV’s can be beautiful 

as fast as well, even more than ICE’s. If you are into classic cars and worried about 

the environment this EV conversion is for you. 

 

Sub-objectives 

As sub-objectives I set the following: 

I. Make people conscious about the environmental issues we are facing right now.  

II. Change people way of thinking about the electric vehicle revolution we are about to 

go through, people who still think ICE’s are a better option for transportation. 

III. Analyze and evaluate different kinds of mobility alternatives of now days. Be critic 

and smartly judge which one are the best options right now, and why are they. Also, 

analyze which are their disadvantages and how they can be improved. 

IV. Making research to have a better understanding about electric vehicles as well as 

combustion vehicles to be able to judge them properly and have a clear reality of their 

pros and cons of each of them. As, well as capacities, efficiency, engines, and much 

more. 
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Chapter I 

EV Mobility 
1.1 Electric Vehicles History  

 

When we think on electric vehicles most of us think about today’s vehicles or future vehicles, 

but we never think about 100 years ago or even more. Many would be surprised to know that 

electric vehicles aren’t a new invention but an old one. We don’t know who has invented the 

first EV but is certain that electric motors were used as far back as the early 1800’s. We also 

know that Anyos Jedik made one of the first electric motor in 1828, he also made a small 

model car that could move on its own by using a small electric motor, and this could be the 

first registered electric vehicle. Then other engineers started to build real scale models like 

Robert Anderson in 1832 and electric vehicles went official. The development of the EV’s 

was going well but then something happened that change the path we were following during 

the history and we will discuss it on this document. But now they started to develop quickly, 

and the old inventions are the principal base of them. They will continue developing to have 

better range, battery capacity, speed, torque and more. 

 

1.1.1 Electric Vehicle Timeline  

 (Tarae, 2018) (Energy, 2020) 

1830   - Joseph Henry introduces the first DC.  

1830 – 1835 - Several inventions in Hungary, the Netherlands and the U.S, 

build their firsts prototypes of small-scale electric vehicles. 
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Figure 1.1 Ányos Jedlik scale EV (Jedlik, n.d) 

1832 - Robert Anderson develops the first crude electric vehicle in 

Britain using non-rechargeable batteries. 

 
Figure 1.2 Robert Anderson crude electric-powered carriage (Tarae, n.d.) 

1834 - The first (rail) EV was studied and suggested by Thomas 

Davenport in the U.S (who patent “Improvement in propelling 

machinery by magnetism and electromagnetism”) 
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1859 - French physicist Gaston Planté invents the rechargeable lead-

acid storage battery. It was later improved by Camille Faure in 

1881. 

 
Figure 1.3 Planté lead-acid battery (Magnet Academy, 2014) 

1874 - With the advent of the lead-acid battery. David Salomons 

successfully built a rechargeable battery- powered EV. 

1884 - English inventor Thomas Parker builds the first practical 

production electric car in London. 

 
Figure 1.4 First electric Carriage (Shubareva, 2019) 
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1889 – 1891  - William Morrison from Lowa create the first successful 

electric automobile in the U.S, an electrified wagon for 6 

passengers with top speed of 14 mph (22.5 km/h) 

 
Figure 1.5 Electric six- passenger vehicle (Greenspot Smart Mobility, 2019) 

1899 – 1912 - The Baker Electric, the first production electric car is 

produced by Baker Motor Vehicle Company. Electric cars gain 

popularity as they are quiet, easy to drive and have no 

emissions. By 1900, electric vehicles account for around a third 

of all road vehicles in U.S. 

 
Figure 1.6 The Backer Electric Model V (Eric, 2017) 
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1901  - Ferdinand Porsche creates the Lohner-Porsche Mixte the 

world’s first hybrid electric car, powered by a battery and gas 

engine. 

 

 
Figure 1.7  Lohners-Porsche 1901 (Fahr(T)raum, 2019) 

1908 – 1912  - Ford introduces the model-T and it delivers a blow to electric 

vehicles due to the high driving range and affordability. With 

the inventions of the automobile starter motor Ketter in 1911, 

the need for operating a hand-crank to start the ICE vehicle was 

gone. 

 
Figure 1.8 Ford Model T (Raymond, 2019) 
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1920 – 1935 - Decline in electric vehicles and complete takeover by gasoline 

vehicles owing to cheaper cars and low price of oil. 

1968 – 1973 - Gas prices soar crating renew interest in the develop and use 

of electric vehicles amongst several auto manufacturers. 

Governments enact legislation recommending the use of 

electric vehicles as a means of reducing air pollution. EV 

prototypes develop in the period were limited by low range and 

top speed. 

1971 - NASA’s Lunar rover drives on the moon and runs on 

electricity. 

 
Figure 1.9 NASA’s Lunar rover electric (Esteras, 2020) 

1969 – 1972  - BMW debuted its first electric car concept, BMW 1602E at 

the 1972 Summer Olympics with a lead-acid battery and using 

a 32kW motor. 

1974 – 1977  - U.S company Sebring-Vanguard launches its CitiCar, an 

electric vehicle with a 50-mile range, 30mph top speed and 

using the lead-acid battery. 
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Figure 1.10 Sebring Citicar (Josh, 2019) 

The Zele, a small electric vehicle is introduced by the Italian 

company Zagatto. 

The vehicle could reach 45 mph and had a range of 60 miles. 

The Enfield 8000 built by Enfield Automotive uses lead-acid 

batteries and has a top speed of 48 mph and range of about 40 

miles. 

 
Figure 1.11 Enfield E8000 Electric City Car (Classic cars, kein Datum) 
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1994 - The REVA Electric Car Company is formed in India to make 

EV’s exclusively. The first car REVA1 was launches in 2001 

with 50-mile range. 

 
Figure 1.12 REVAi (REVA, 2019) 

1996 - GM realizes the EV1, an EV with 80-mile range using lead-

acid batteries and using a custom wireless charging system. 

1997 - Toyota introduces the first mass-produced hybrid. Prius in 

Japan, which used a Nickel Metal-Hydride battery. It would 

eventually go on to become the best-selling hybrid in the world. 

1997 – 2000 - Research to improve electric vehicles and batteries takes 

steam amongst several auto manufacturers and research 

institutions. Several EV’s such as Honda’s EV Plus, Ford 

Ranger pickup EV, Nissan’s Altra EV, Chevy’s s-10 EV and 

Toyota RAV4 EV are produced by big car manufacturers. 

2006 - Silicon Valley startup Tesla unveils the Tesla Roadster which 

was the first EV with more than 200-mile range using a 53kWh 

battery. The car came 3 years after Tesla was founded in the 

2003 and sales began in 2008. 
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Figure 1.13 Tesla Roadster 2006. (Car folio, 2006) 

2008  - BYD releases the F3DM, the world first mass-produced plug-

in-hybrid compact sedan in China with 16kWh battery pack. 

The Think City electric car from Norway and Mitsubishi i-

MiEV are introduced with up to a 100-mile range. GM releases 

the Chevy Volt, plug-in hybrid electric vehicle which will 

eventually become the best-selling PHEV in the world. Public 

sales of the i-MiEV in 2009 while that of the F3DM and Volt 

in 2010. 
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Figure 1.14 Think City electric vehicle. (Serafin, 2012) 

 

Figure 1.15 Mitsubishi iMiEV (Driving, 2020) 

2010  - Nissan begins sales of the Leaf, an all-electric car with 100-

mile range using a 24kWh battery. The Leaf which will go on 

to become the most sold EV of all time. 
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Figure 1.16 Nissan Leaf (Ibáñez, 2013) 

2012  - After beginning unveiled in 2009, Tesla began sales of the 

Model S, an EV with 85kWh lithium-ion battery and EPA 

range of 265 miles. In the same year, Tesla unveils the Model 

X, an electric SUV/crossover with similar performance to the 

model S. 

 
Figure 1.17 Tesla Model S 2012 (Costas, 2011) 
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2011 – 2013  - Massive drop in the prices of EV batteries leads to several 

EV’s being launched commercially. 

 
Figure 1.18 Cost for Electric Vehicles and Batteries. (Energy, 2020) 

2014 - Numerous 100% electric and plug -in hybrid electric vehicles 

are now on the market from BMW, BYD, Cadillac, Chevy, 

Citroen, Fiat, Ford, Honda, Kia, Mercedes-Benz, Mia, 

Mitsubishi, Nissan, Opel, Peugeot, Porsche, Renault, Smart, 

Tesla, Toyota, Via, Volvo, Volkswagen, Wheego and more. 
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Figure 1.19 Electric Vehicle Series (Energy, 2020) 

2016 - GM launches the Chevy Volt, the world’s first sub $40,000 

EV with a range greater than 200 miles. Tesla announces its 

affordable Tesla Model 3 with range of about 200 miles or 320 

km and a base price of about $30,000. 

 
Figure 1.20 Tesla Model 3 (Model 3, 2020) 
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2020  We have now a lot of electric vehicles available on the market from classic’s to 

futuristics design’s, from city to highway capabilities, from fast to off-road, from expensive 

to not so expensive and so on.  Here you can consult a really useful table that I found of the 

EV’s available on the market today all of them can go above 80 km/h (50 mph).  (Wikipedia, 

2020). Just to make sure and understand how much electric cars are improving let’s take a 

look again at Tesla company for example, they are launching the Tesla Roadster; an EV 

capable of going from 0 to 100 km/h in 2.1 seconds, with a maximum speed of 400 km/h and 

a range of 1000 km 

 
Figure 1.21 Tesla Roadster 2020 (Tesla, 2020) 
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1.2 Electric Vehicles Technology 

1.2.1 Comparing combustion engine vehicles and electric vehicles. 

To begin with, we need to understand the difference between the two vehicles, combustion 

engine vehicles and electric vehicles which can be also called ICE’s and EV’s. The most 

important part of a vehicle it’s the engine, so let’s analyze how a combustion engine and 

electric engine work.  

Combustion Engine 

 

Figure 1.22 Four-stroke engine principle – steps (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

 

The figure 1.22 shows us how a four-stroke engine works in 4 simple steps. It’s the basic 

principle of how a piston moves forward to transform a linear motion coming from an 

explosion of gasoline into a circular motion. A concept that has been invented 150 years ago 

and it’s still being used today in modern gasoline cars, they all work with this principle. Let’s 

analyze how it works: 

1. First stroke, gasoline valve opens, and a mix of gasoline and air is injected into a 

chamber then the valve closes again. 
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2. Second stroke, the piston moves upward due to inertial force or other pistons 

movement and the gasoline in the chamber is compressed. 

3. Third stroke, the compressed gasoline is ignited by the spark plug. The explosion 

pushes the cylinder down with enough force to move the crankshaft and other 

mechanic parts and the rotational motion is produced. 

4. Fourth stroke, and final step, it opens the exhaust valve, and the piston moves all 

the energy burned (CO2) into the exit which goes into our environment. 

The principle is simple but this mechanism it’s exploding all the time and it gets really hot 

that’s why it requires complicated cooling systems. There’s also a lot of mechanic parts 

moving around which need a lot of oil to avoid friction and wear. In resume is not that simple, 

it can get really complicated.  

 

Electric Engine 

Now let’s see how simple the electric engine works by looking at the figure 1.23. It’s all 

based on magnetics fields and currents. 

1. First, we take a coil of wires and make electricity flow through it, this creates its own 

magnetic field, and it becomes a magnet. 

2. Then, we place this magnetic coil. Between two magnets, so one side of the coil will 

be pushed up and the other side down. 

3. This will make the coil turn until its vertical, and at this point we quickly change the 

polarity of the current.  

4. As simple as that we have a rotary motion.  
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Figure 1.23 Simple direct current motor diagram (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

 

1.2.2 Comparison of an electric and combustion engine. 

If we analyze both motors, we can see that the combustion engine it’s not as powerful as we 

think it is, and if it has power might be because people have been trying to improve it for 

more than 150 years. But now it’s time to leave these ahead and move forward and do the 

same with the electric motors. In the table 1.1 we can see that even though people has been 

paying more attention to combustion engines than in electric engines, an electric motor can 

be 40x times smaller and almost 100% efficient. The combustion engine can’t be that 

efficient and has many heating and wasting problems. It’s complicated and has a lot of 

moving components that are always making friction with each other’s, this makes it hard to 

maintain and really expensive. Unlike the heat engine, electric motors have only two essential 

parts and only one part is moving to make the rotational motion which is the rotor. 
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Table 1  Differences between electric and combustion engine (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Combustion Engine Electric Engine Electric motor is… 

1-3 kW/kg 3-10 kW/kg 3x more powerful 

5-30% efficient 93-96% efficient 3-20x more efficient 

Many moving parts One moving part Maintenance free 

 

1.2.3 Energy storage: Gasoline vs Batteries 

If electric engines are by far much better than the combustion engine, then why do we decided 

to use combustion engines for our vehicles instead electric engines? Here is the main reason. 

To understand it we need to compare the energy storage capacity of an electric motor which 

is batteries and a combustion engine which is gasoline. The main reason why electric vehicles 

didn’t make it in the early days was because of the size and weight of the battery needed to 

move a car. And the fuel proved to be by far more efficient way of energy storage. If we take 

a look at the table 1.2 we can see that the battery technologies are developing really quickly. 

At the point where size and weight are much less of an issue and will be in later years better 

than gasoline. 
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Table 2 Battery capacity thought the years (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Energy source Year Energy (Whr/kg) Compared to gasoline 

Gasoline 1900-20? 12,000 - 

Lead-Acid 1900 10 1,200x worse 

Lead-Acid 2000 35 350x worse 

NiMH 2000 80 150x worse 

Lithium 2015 250 50x worse 

Lithium 2025 400 30x worse 

Lithium-Air  

or others 

??? 12,000 same 

 

For better understanding let’s compare the weight of the battery you would need to carry 

for a 500 km range with an animal weight. 

Table 3 Comparison: Battery weight with animal weight - 500 km (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Energy source Year Extra weight needed for 500 km (kg) Equals 

Lead-Acid 1900 10,000 Elephant 

Lead-Acid 2000 3,000 Rhino 

NiMH 2000 800 Bison 

Lithium 2015 400 Gorilla 

Lithium 2025 200 Pig 
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This is moving quicker every time and the developments are getting better in this area. At 

the point that electric vehicles will soon get lighter than combustion engine vehicles. Also, if 

we remove the weight of some drivetrain parts, complicated cooling systems, gasoline 

storage, exhaust and more electric cars can get lighter in a few years. There’s is a research 

made by Björn Nykvist and Mans Nilsson from climate Change on March 2015 which is 

entitled “Rapidly falling cost of battery packs for electric vehicles”. They said battery prices 

are getting lower and lower every time more, saying also that EV’s will soon be way cheaper. 

 

 
Figure 1.24 Rapidly falling cost of battery packs for electric vehicles- (Björn Nykvist and Mans Nilsson, Nature Climate 

Change 2015, March) cited by (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

 
It is also not only prices getting lower but also about efficiency and power getting higher. 

The problem that it was before is every day less of a problem with all the improvements we 

are now getting in terms of batteries. 
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Table 4 Battery type comparison (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Battery Type Energy 

(Wh/kg) 

Power 

(W/kg) 

Lifetime 

(Cycles) 

Efficiency 

(%) 

Lead-acid (PbAc) 25-40 140-350 200-1500 70-75 

NicD 25.40 500 800-1500 70-75 

NiMH 40-55 500-1400 500-2000 70-80 

Li-Ion 70-130 600-3000 800-1500 85-90 

Ultracapacitor 3-5 2000-10000 500k-1M 95-100 

 

Researches, universities and manufacturers are focusing on somehow store energy, the more 

energy you can storage the better the battery. All our future depends on better energy storge 

because we have a lot of energy everywhere the only problem is to keep it in a place and use 

it whenever we want. 

In the document entitled “Future batteries, coming soon; charge in seconds, last months and 

power over the air”, written by Chris Hall we can read about some of the batteries that are 

coming for the future or already are here to stay. (Hall, 2020) 

Chris Hall explain us that big technology company’s car manufacturers are all ware about 

the limitations of lithium-ion batteries, even though they are good we are looking forward to 

being able to charge in seconds, have enough power for a week or charging them really easily. 

NAWA Technologies has already designed and patented an Ultra-Fast Carbon Electrode, 

which uses vertically aligned carbon nanotube (VACNT) and can be the changing everything 

on the battery market. It could increase storage by three times, and battery cycle by five times 

more. They said that 1000 km (620 miles) range could become a norm and charging times 

will be cut to 5 minutes to get 80% of your battery. This battery can be on production in 2023. 
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If you are worried about battery pollution specially with metals like cobalt, then Svolt Energy 

Technology Co. proposed an alternative of a cobalt-free battery designed especially for the 

EV’s market. Aside from reducing rare earth materials they said that their batteries have 

higher energy density, which can give us range from about 800 km (500 miles).  

There’s also another alternative for this, which is called Lithium-Sulphur batteries (Li-S 

batteries) which have a lower environmental impact. It’s been developed on Monash 

University and researchers said that this battery can power your smartphone for 5 days 

without charging it. This new battery technology has a lower environmental impact and lower 

manufacturing costs, even so, it doesn’t sacrifice power, instead it makes it better saying it 

could easily power an EV for 1000 km (620 miles). 

Aluminum-air battery, which gives a 1,770 km (1,100 mile) drive on a single charge. The 

secret of this battery is to use oxygen from the air to fill its cathode. This makes it lighter and 

gives car a greater range. The average driving per year is 20,000 km (12,000 miles ) to 24,000 

km (15,000 miles)  in combustion engine cars and about a 320,000 km (200,000 miles) life 

expectancy range, imagining driving 1,770 km in only one day without stopping for a charge 

it’s impossible for me, is almost like going from California U.S to Mexico City. 

Gold nanowire batteries, solid state lithium-ion batteries, graphene batteries, supercapacitors, 

urine powered batteries, sound powered batteries, sodium-ion batteries, liquid flow batteries, 

Zinc-air batteries and so much more. And not only batteries but fast way of charging, safety 

method of energy storage, transparent solar chargers which can be use on wind shields to 

give more power to the vehicle,  over the air charging for putting it on your house floor or 

parking spot and not even need plug in your vehicle. Technological advances are unlimited 

and everyday getting better and closer. This is a really interesting document everyone should 

read about these technologies. On this document we are not focused on the battery storage 

system but in new alternatives of driving, but just to mention that we are moving forward 

trough this direction. You could also get more battery information on the website of battery 
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university. (Battery University, 2020) (United States of America Patents). US9,300,018B2, 

2016). 

 

1.2.4 Electric Engine Types 

There are different types of electric engines, from all of them the design should be optimized 

so that the kinetic energy of the vehicle generates as much electrical power as possible and 

that the stored energy from the battery can be delivered to the road wheels as efficiently as 

possible. EV motors are not as industrial motors, they require high low-speed torque when 

accelerating and most be able to operate at a wide range of speed. Industrial motors are 

generally optimized for specific rated conditions and have less dynamic operating conditions. 

Each engine type has different characteristics; therefore, we can find the right one depending 

on the EV vehicle we are looking for.  

So, let’s analyze the different type of motors we use in EV’s. 

• Brushed DC motor 

• Induction motor 

• Permanent magnet motor 

• Synchronous reluctance motor 

 

Brushed DC motor 

• Easy of control 

• Fault tolerance 

• High efficiency 

• Cruising (high power at high speed) 

• High power density 

• Acceleration (High low-speed torque) 
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• Peak torque 2-3 times the continuous torque rating 

• Extended constant power region of operation 

• Low acoustic noise (Low Electromagnetic Interference - EMI) 

 

The simplest one it can get is a brushed DC motor, but you can barely see it on electric 

vehicles. They are very simple; it has a stator and a rotor with electric coils. When the coil is 

connected to the battery and generates direct current, the coil generates a magnetic field that 

causes the rotor to rotate, and then these poles face the opposite poles of the permanent 

magnet in the stator. To maintain this momentum, the polarity of the coil is switched, and the 

motor keeps rotating. Because of that simplicity and because you can directly connect it to 

the battery some EV use it, therefore we started using more AC motors even though we need 

to convert the power from DC to AC they are more powerful, efficient and easy to maintain. 

(QuietFlyer Magazine, 2002) 

 

Figure 1.25  Brushed DC motor (Wikipedia, 2014) 

 

 



 
 
 
 
 
 
 

  38  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

Induction Motor 

Induction motors are powered by alternating current and do not require permanent magnets. 

Instead, the magnetic field is created by the current flowing through the windings in the 

housing or stator. Now, if we connect the stator to AC, it means the magnetic field in the 

stator will also change. When a three-phase AC input is used, a so-called rotating magnetic 

field or RMF is created.  The magnetic field from the stator induces voltage and current in 

the rotor windings. Therefore, it is called an induction motor. This in turn leads to the rotor 

creating its own magnetic field and this magnetic field will cause the rotor to rotate to line 

up with the magnetic field from the stator. The rotor will follow this rotating magnetic field 

in the stator without the need for a commutator with brushes. 

 

Figure 1.26 Induction motor (Burns, 2011) 
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#Table 5 Advantages and disadvantages of induction motor (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Advantages Disadvantages 

Simple and rugged Inducted currents in rotor cause losses and 

heat 

No brushes No, the lightest and most compact motor 

No permanent magnet  

No position sensor  

No starting mechanism  

Easy speed control  

 

Permanent Magnet Motor   

If we use permanent magnets to construct the rotor, we no longer need to induce a magnetic 

field in the rotor. This avoids losses and heat generation in the rotor. Therefore, the permanent 

magnet motor is currently the smallest and lightest motor you can buy. Because the rotor has 

been magnetized, it is always synchronized with the rotating magnetic field. Therefore, 

permanent magnet motors are also classified as synchronous motors. 
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Figure 1.27 Permanent magnet motor. (Introduction to InstaSPIN™-BLDC Motor Control Solution, 2012) 

 
Table 6 Advantages and disadvantages permanent magnet motor (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Advantages Disadvantages 

Light and small Permanent magnets (cost + environment + 

can demagnetize) 

Silent Position sensor 

Efficient (specially at lower speeds) Starter mechanism 

 Electric controller 

 

Synchronous Reluctance Motor 

Synchronous reluctance motors have not been developed until recently and seem to have the 

best of both worlds. It has a rotor that contains metal, which is formed in such a way that it 

hopes to align itself naturally with the surrounding magnetic field. This means that it does 

not need to generate its own electric field by induced current like an induction motor, which 
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means lower losses. Finally, it does not require permanent magnets, so it is much cheaper 

than permanent magnet motors.  

 

 
Figure 1.28 Synchronous Reluctance Motor (Gyllensten, et al., 2016) 

 
The rotor will create torque whenever there is a magnetic field present in the air gap that is 

not aligned with the rotor. The rotor is aligned with the magnetic field, so no torque is 

produced (A). In (B), the rotor is not aligned with the magnetic field and (counterclockwise) 

torque is produced. 
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Table 7 Advantages and disadvantages of synchronous reluctance motor (Bauer, Hoekstra, Ram, & Wegemaker, 2020) 

Advantages Disadvantages 

Torque comparable to permanent magnet 

motor 

Lower efficiencies at lower speeds 

Efficient at higher speeds Higher inherent noise and torque ripple 

damped by advanced controllers 

Cheap and clean to produce (no permanent 

magnets) 

 

 

Comparison of electric engines. 

 

Figure 1.29 Today’s EV motors comparison (Zeraoulia, Benbouzid, & Diallo, 2006) 

 

Zeraoulia, Benbouzid, & Diallo provide us a table to compare each motor; analyzing 

reliability, cost, size and weight, efficiency, speed range and the most important potential for 

improvements. As we can see the best ones right now are the permanent magnet motor and 

the synchronous reluctance motor. But what would happened if we combine both? 
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Figure 1.30 Electric propulsion system for electric vehicular technology (Kumar & Jain, 2014) 

 

Permanent Magnet Synchronous Reluctance Motor. 

Now big manufacturers like Tesla with the Model 3 or BMW with the i3 a permanent magnet 

synchronous reluctance motor which combines both motors and make the best out of it. It’s 

the most economical and powerful way of an electric engine by now. 

The permanent magnet assistance synchronous reluctance motor also called LS-PMA-

SynRM is a line-start synchronous reluctance motor (LS-SynRM) but with permanents 

magnets inserted in order to reduce the power factor of the motor.  

 

LS machines are classified into asynchronous and synchronous speed 

 

Asynchronous operation. 

In asynchronous operation, the rotor current is being generated by the slip speed that is 

relative acceleration between the synchronous and the rotor speed. Similar as the induction 

motor, the rotor current provides the required magnetic torque for the acceleration to 

approach synchronous speed. This magnetic torque can be calculated with the following 

formula: 
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𝑇! = 𝐾" 	Φ#	𝐼%𝑐𝑜𝑠𝜙 
(1) 

Where:  

𝑇! 	: is the torque generated by squirrel-cage bar  

𝐾" 	 : is the torque constant  

Φ#		: is the mutual flux  

𝐼%	: is rotor current 

𝜙 : is the power factor angle 

 

Synchronous operation 

Efficiency 

For the synchronous speed, the operation principle of LS- machines it’s the same as that for 

synchronous machines. The efficiency of the synchronous machines is being determined 

based on the mechanical power of the motor, core and copper losses as in the next formula: 

 

𝜂	 =
𝑃&'(	
𝑃)*

=
𝑃&'(	

𝑃&'(	 + 𝑃+&,,
=	

𝑇- 	𝜔-
𝑇- 	𝜔- + 𝑃!&..-/ + 𝑃!&/-

 

(2) 

Where:  

η is efficiency 

Pout is mechanical power 

Pin is electrical input power 

Ploss is total loss of motor 

Te is torque of motor 

ωe is synchronous speed 

Pcopper is copper loss 
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Pcore is core loss. 

 

The equation 2 indicates that if the power it’s the same, then the efficiency is determined by 

the losses of the LS machines, which are mainly core and copper losses, core losses depend 

on the magnetic flux and frequency, this depends on the design of the motor, meanwhile the 

frequency depends on the synchronous speed. Therefore, there is a limitation when reducing 

core loss. In contrast, the copper loss is dependent on the resistance and current. If the torque 

per current is increased, the copper loss is reduced, and the efficiency can be increased. 

Therefore, the design method for improving the torque per current is important to improve 

the efficiency. 

 

If we compare both motors, the LS-SynRMs and the LS-PMA-SynRMs, we can notice that 

the LS-PMA-SynRMs generates a plus in the magnetic torque. Therefore, because the torque 

per current o fit is larger than the LS-SynRM, the efficiency can be improved for the LS-

PMA-SynRM and the torque formula will be the next one: 

 

𝑇- =
3
2 ∗

𝑃
2 2𝜆0𝑖1 + (𝐿2 − 𝐿1)	𝑖2𝑖1 		9 

(3) 

Where:  

𝑇-: is torque of motor 

𝑃: is pole 

𝜆0: is the flux linkage 

𝑖2 and  𝑖1: dq-axis current 

𝐿2: and 𝐿1: dq-axis inductance. 

 

Power Factor 
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The power factor is determined by the phase angle difference between the voltage and the 

current, as we know, the closer the power factor to 1 the better. Here is how we calculate it: 

 

 

 

 

 

 

 
(4)  

 

 
Figure 1.31 Power factor triangle (Wikieditor4321, 2015) 

 
The phase angle difference can be determined from the dq-axis vector diagram. In the figure 

1.31, incise b), d) and f) we have the vector diagram to determine it for three different motors; 

permanent magnet synchronous motor (IPMSM), LS-SynRM and LS-PMA-SynRM. As well 

as the interior of each on incise a), c) and e) respectively. 

As we can see the LS-PMA-SynRM combines both motors to improve the efficiency and 

power of these designs. In this one the difference between the voltage and the current phase 
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is decreased according to the increasing flux linkage. Therefore, the larger the flux linkage, 

the larger the power factor. As result, LS-PMA-SynRM can improve the power factor and 

efficiency of electric motors compared to the LS-SynRM or the IPMSM. (Kim, Park, Liu, 

Han, & Lee, 2020) 

 

 
Figure 1.32 IPMSM, LS-SynRM and LS-PMA-SynRM  (Kim, Park, Liu, Han, & Lee, 2020) 

 
The figure 1.32 diagram show us the LS-PMA-SynRM vector diagram according to the flux 

by permanent magnets. Where the reduction of the power factor is given from 𝜆03  to  𝜆0%  
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Figure 1.33 LS-PMA-SynRM vector diagram according to the flux by permanent magnets (Kim, Park, Liu, Han, & Lee, 

2020) 

 

Electric Engine Improvements 

 

So, depending on the capabilities and capacities I know which electric motor is the best right 

now, but there can be also improvements on the LS-PMA-SynRM design and after doing 

research I found on different sources and research papers that the optimal design is taken 

from the following: 
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Figure 1.34 LS-PMA-SynRM design 1 (Ortega, 2015) 

This design takes a Synchronous Reluctance Motor Assisted with Permanent Magnets for 

Pump Applications, it was studied by Adrian Ortega Dulanto and this is the data he collects 

from his experiments. 

If we take the exact same model you have in the figure 1.34 but you combine them with 

different ribs and different magnets like in the table 1.8. 
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Table 8. Different geometry topologies for a three-flux-barrier PMASynRM enforced mechanically with radial ribs of 
1mm (Ortega, 2015) 

 1 rib (V2) 2 ribs (V6) 

Ferrite magnets 

 
 

 
 

NdFeB magnets 

 
 

 
 

 

You will obtain, as Adrian Ortega did, the following results from table 9. We can see better 

results with the second engine design which uses NdFeB  magnet applying no ribs at it, we 

can obtain a power factor of 1 and an efficiency of 93.86 without ribs. If we do the same with 

ferrite magnets which are really common in the earth, and therefore we have an advantage of 

prices and easy extraction then we also obtain great result as the table 9 shows.  
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Table 9 SPEEDs results for the different designs presented (Ortega, 2015) 

 V2 V6 

 No ribs 1rib 2ribs No ribs 1 rib 2 ribs 

Efficiency 

(%) 

93.19 93.17 93.13 93.86 93.85 93.84 

PF 0.92 0.92 0.92 1.00 1.00 1.00 

Eq1 (V) 57.02 55.18 52.52 130.55 128.64 125.10 

Magnet 

type 

Ferrite Ferrite Ferrite NdFeB NdFeB NdFeB 

The table 1.9 also shows the negative effect of introducing radial ribs on the efficiency and 

PF. However, since radial ribs are only of 1mm the effect is small. The efficiency is decreased 

by 0.03% per rib in V2 and 0.01% per rib for V6. Introducing ribs have a larger effect on V2 

since it also reduces the amount of ferrite in the design, slightly decreasing the back emf from 

57V when no ribs are used to 52V when two ribs are introduced. Furthermore, the magnets 

are divided into two parts which increases the number of magnets and the magnet price might 

increase.  

Adrian Ortega found after all his investigation that  the optimal design of a LS-PMA-

SynRM as a final parametric motor design and analytical motor design, the following. 

By using a non-rare earth material in between. (Ortega, 2015). 
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Table 10 Final parametric motor design and analytical motor design (Ortega, 2015) 

V2 Analytical motor design (v2.A) 

  
 

As results he obtains that efficiency can go up to 93.2 and a power factor of 0.92 which is a 

great design and really close to perfect for what we wanted. 

 
Table 11. Results for V2 and V2.A (Ortega, 2015) 

 V2 V2.A 

Efficiency (%) 93.2 92.3 

PF 0.92 0.84 

 

Table 11 shows that V2 reaches 1% higher efficiency and 10% higher PF than V2.A. 

Therefore, the parametric sensitivity analysis has given a better motor design than the 

analytical. With this investigation I want to demonstrate that electric engines can also be 

improved and can be almost 100% efficient with high capacities of reaching a power factor 

closer to 1. The more we improve the electric engines the less the power losses and the best 

our transport systems are going to be.  
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Chapter II 

Environment 
2.1 Environmental Impact 

 

Climate change is one of the greatest challenges of our time. Many scientists consider the 

CO2 emissions, which  have drastically increased since the beginning of the industrialization 

where humans start to intensively exploit the earth's carbon stocks, the main cause of global 

warming. Changing the composition of the gases in the atmosphere has an influence on the 

thermal balance of the earth - this fact is known as the greenhouse effect. (Wallentowitz, 

2011) Since the Industrial Revolution and the man-made activities that came with it, a 45% 

increase in the atmospheric concentration of CO2 was produced: from 280 ppm  (parts per 

million, which is the amount of a chemical in relation to the substance that contains it) in 

1750 to 415 ppm in 2019 - the highest concentration ever over the last 14 million years. This 

is largely caused by the burning of fossil fuels and by deforestation. This increase in the earth 

atmosphere translates directly into the current situation of global warming. At the Paris 

climate conference in December 2015, 195 countries accepted the global climate deal with 

contributions of each of the countries to reduce greenhouse gas emissions - which since then 

has been reported and monitored transparently. The European Union’s (EU) 2030 target is to 

reduce emissions by at least 50%, possibly 55%, and making the EU carbon neutral by 2050. 

One of the goals is to completely stop selling gasoline and diesel vehicles. The emissions 
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caused by humans actually appear small but can still permanently disrupt the fragile system 

of CO2 exchange. (Hucko, 2017) 

 

Today’s transport contributes to almost one-quarter of all energy related carbon dioxide 

emissions to the atmosphere, and it is set to reach one-third in the next years, its growing 

faster than any other sector. The count of people living on the planet is continuously growing 

as well, therefore the global passenger car fleet will grow to almost double the number by 

2050 in developing countries (like Mexico), most of these countries have no vehicle 

emissions standards.  

In order to achieve a cleaner transport, we need to implement a combination of safety 

measures around the world; better designed cities, no combustion engine transport, more 

public transport methods, renewable energy sources, cleaner and more efficient on-road fleets 

including electric vehicles. 

We all know the increase of CO2 on the planet is a real problem but to prove it let’s give some 

important data from our world: before the industrial revolution the world’s CO2 emissions 

were very low, and then it began to grow, but not rising as fast until the mid-20th century. 

1950 the world emitted just over 5 billion tons of CO2 - same amount as the US or the half 

of China is emitting annually today.  By 1990 this number went up by four times to 22 billion 

tones, and emissions continued growing rapidly since then. By 2017 we reached an emission 

of 36 billion tones each year, going straight into the atmosphere. It’s also important to 

mention that emissions have slowed over the last few years, but we haven’t  reached the peak 

yet and we need to change our way of thinking and reduce annual emissions drastically right 

now, before is too late. Figure 1.35 shows the total carbon dioxide emissions during the years, 

as you can see it went up continuously from 1950 to 2017. 
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Figure 35 Annual C02 emissions (Ritchie & Roser, 2018) 

 
 
In Our World in Data, you could also find the same upper graph but separate from each 

continent CO2 emissions and much more. To enter more in detail here is the data of how the 

world is right now, which countries are more polluted and approximately how much millions 

or even billions of carbon dioxide tons they produce annually. For example, Mexico was 

polluting with a 500 million tons of CO2  at 2018 and we were almost fully dependent of coal, 

oil and gas production so almost 155.9 million of those tons came from the transport. (Hannah 

& Roser, 2017) 

If you are more like me, and prefers visible information, here is a video that explains clearly 

who is the responsible of climate change and why is important to fix it.  (Kurzgesagt, 2020). 

This video is part of a climate change series backed by Breakthrough Energy, a coalition 

founded by Bill Gates, which works to expand investment in clean energy and support 

innovations that will lead the world to reach zero carbon emissions. 
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Figure 2.2 Annual CO2 emissions, 2018 (Hannah & Roser, 2017) 

 
From figure 2.2 we can see that the places with the most pollution are those which have more 

population therefore more industries, agriculture, transport and so on. We can say the more 

the people the worst the CO2 emissions. Like in the following formula which we can also 

find on the Our World in Data website. This is simple to understand, every person in it‘s life 

it’s going to need transport, it will have wastes, it’s going to buy products and so on, therefore 

it’s going to make if you like it or not CO2 emissions. What I want to do is to reduce people 

impact by giving them an alternative for a method of transportation.  
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Figure 2.3  What determines total CO2 emissions? (Ritchie & Roser, Our World in Data, 2018) 

 

But now let’s see how much CO2 transport sector is contaminating, by 2017 and 2018 climate 

reports said transport sector was taking ¼ of all the carbon dioxide on the atmosphere. Recent 

studies from 2020 by the World Resources institute said that transport sector is taking the 

third place on the table with 16.2% of the CO2 emissions as we can see in the figure 1.38. 

With a 11.9% of road transport emissions from the burning of petrol and diesel from all 

transports. Sixty percent (7.12%) of road transport emissions come from passenger travel 

(cars, motorcycles and buses); and the remaining forty percent (4.76%) from road freight 

(lorries and trucks). This means that, if we could electrify the whole road transport sector, 

and transition to a fully decarbonized electricity mix, we could easibly reduce global 

emissions by 11.9%. Here is the sector where I can help specially on the 7.12% of the world 

global emission sector, even though it seems a little bit, actually it’s a lot of help to the worlds 

global warming. 
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Figure 2.4 Global greenhouse gas emissions by sector (Ritchie & Roser, Our World in Data, 2018) 

 
 
2.1.1 Risks we can be facing. 

Global climate change already had observable effects on the environment. We had glaciers 

shrinking, ice on rivers and lakes breaking up earlier, accelerated sea level rises and for longer 

periods of time and more intense heat waves. plant and animal ranges have shifted, and trees 

are flowering sooner. Effects that scientist had predicted in the past as result of global 

warming are now occurring.  
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Scientists have high confidence that global temperatures will continue to rise for the coming 

decades, largely due to greenhouse gases produced by human activities. The 

Intergovernmental Panel on Climate Change (IPCC), which includes more than 1,300 

scientists from the United States and other countries, forecasts a temperature rise of 2.5 to 10 

degrees Fahrenheit (1.4 to 5.6° Celsius) over the next century which is a lot more than we 

think. (IPCC, 2020) 

According to the IPCC, the extent of climate change effects on individual regions will vary 

over time and with the ability of different societal and environmental systems to mitigate or 

in the need to adapt to change. 

In the following map we can see the anomally of the temperature on the year 2020. The most 

affected areas on this temperature changes are the poles, this also leads to the melting poles 

and the raise of the sea level, as long as droughts, floods, wildfires, extreme storms, changes 

in land cover and terrestrial biogeochemistry, ocean acidification and other changes, you can 

get detailed info on the CSSR website (Climate Science Special Report, 2020) 
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Figure 2.5 Temperature from January to July 2020 update (Rohde, 2020) 

 

Berkeley Earth provide us information about the global temperature each month. July 2020 

has the highest recorded temperature, the warmest moth ever observed on the planet earth. 

 

 
Figure 2.6 Earth’s Average Temperature - July 2020 (Rohde, 2020) 
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If you still don’t believe this source you can also check the NASA temperature record and 

how the temperature has been increasing since 1884 (NASA: Global Climate Change, 2019). 

If we continue our path, we are going to start with more continuous natural disasters and we 

will end up with an unhealthy, unhabitable planet, unable to regenerate itself. What can help 

it is that countries take cards on the matter and start making climate policies. 

 

Climate policies as the 2015 Paris Climate Talks have agree, they can help us to reduce how 

much global warming we can get in the next years. Climate action tracker made an estimation 

of the global warming from now to 2100 in which the worst case scenario we have no climate 

policies and we keep doing the same, we end up with 4.1 to 4.8 °C more, the planet has gain 

1°C more by now, if you are curious to know what would happened with 2°C more on the 

planet you can watch the video called: What happens if Earth gets 2°C warmer? (Lederman, 

2018). 
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Figure  2.7 Global greenhouse gas emissions and warming scenarios (Hannah & Roser, 2017) 

 

The best-case scenario is to reduce our carbon dioxide consume and get this number to at 

least 2° C which is our limit or even better to 1.5°C.  For that we need all countries to have 

climate policies and even better policies for less contaminants. By not allowing combustion 

vehicles, big companies CO2 emissions, and much more. And we all as humans need to 

reduce our demands and do more than that. The less we contaminate the better our planet 

will be in the next years and the less worried we need to be for living on a warm big circle. 

 

Why two degrees is so important, it's an unusual event on the history of the earth climate 

record, usually average temperature is stable over long periods of time. Furthermore, small 

changes in temperature correspond to enormous changes on the environment, for example: 

at the end of the last ice age, Northeast of U.S was covered by more than 3,000 feet of ice, 
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and the average temperatures where only 5 to 9° F (2.8 to 5.04 °C) cooler than today. (NASA: 

Global Climate Change, 2020) 

 

And only to mention according to researchers, there are diseases hidden in Tibetan glacier 

for thousands of years. Climate change might wake them up. If that happens, we might be 

exposed to deadly bacteria and viruses that we have never seen before. The conclusion is that 

if we keep warming the earth with this path, hundreds of unknown’s events we are not 

prepared to deal with, might be set free and could potentially harm our ecosystem. 

 

2.1.2 How to Help 

We need to be in favor of the climate policies, even though it affects us a little bit now, it 

won’t affect us anymore in the future, supporting governments which are seeking to improve 

the environment also helps. But what helps the most is being conscious about that we as 

humans aren’t the only specie on earth and the planet is not ours, but we are from the planet. 

Therefore, even though we can’t do it completely, try our maximum effort to reduce our 

carbon footprint and be as much sustainable as we can. Knowing that our action will impact 

in our future generation’s life, we need to be responsible and make consciousness about what 

we do to the planet. It’s also a matter of taking care of the common goods, like the water, the 

air, the energy, the ground and biodiversity. All these factors are necessary for the existence 

of any living creature, we need to use it in the most efficient way to guarantee it‘s continuity. 

Would you like to take a quick carbon footprint calculation? Check the website of global 

footprint network (Global Footprint Network, 2020). This tool can help you to calculate your 

carbon footprint depending on your demands, how much transportation you use, what kind 

of food you eat, which type of house do you have and other factors. You will see exactly how 

many worlds humans would need to live if the whole world population was living the way 

you are living now. 
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How much did you get? 2, 3 or even 5 planets? How many planets do we need if everyone 

was living the way you are? The average U.S citizen need 5, Germans 3.2 earths, Chinese 

2.1, Brazilian 1.8. I did mine and we would need 3.1 earths if everyone was living the way I 

am today, most of my carbon footprint comes from the inefficient shelter energies. And the 

ineffective mobility systems I’m using for the moment even thought I use the bike a lot. 

 

 

Figure 2.8  Juan Pablo Cirett footprints results (Global Footprint Network, 2020) 

 
With an ecological footprint of 5.3 global hectares, 9 of CO2 emissions in tones per year and 

59% of my total ecological footprint. 

Now let’s do it again, but let’s imagine we are driving an electric vehicle, using the bike more 

often and renewable energy is being collected by solar panels in our rooftop. Everything else 

remains the same, only with this few changes I reduce from 3.1 to 2.2 planets, even though 

it’s not enough it helps intensively to reduce my ecological footprint. Now mine number 

reduce from 5.3 to 3.8 global hectares (gha), by carbon footprint from 9 to 5.4 of CO2 

emissions in tones per year and from 59% to 49%.  

What we can do is to reduce our carbon footprint in terms of: 
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City: with 70 to 80% of the world’s population expected to live in cities by 2050, smart urban 

planning and development strategies are crucial to managing our resources. Visit the city’s 

website and challenge your city leader to support sustainable policies. 

Food: diet and cutting food waste are powerful sustainability levers. Can you be smarter 

shopper and reduce food waste? Can you try a new vegetarian recipe once a month, once a 

week? 

Population: addressing population, size is essential to creating a sustainable future for all 

within our planet’s ecological budget. You can choose the size of your family to affect our 

long-term footprint. Support women’s right and access to family planning. 

Planet: protecting and regenerating the natural ecosystem’s that our wellbeing depends on 

is essential to living in balance with the Earth. What can you do at home, at work, or in your 

community to help nature?  

Energy and transport: renewable energy is a direct path to reducing your ecological 

footprint and addressing climate change. Can you change your combustion vehicle for an 

electric vehicle or at least take transit or bicycle instead of solo driving once a month? Once 

a week? 

 

2.2 Why to Choose an EV 

 

They can help reduce CO2 emissions and save you money. Amazing advantages come along 

with electric cars, you will not only be helping the planet to breathe again but also improving 

your economy and all the environment around you. Number of great benefits of driving an 

electric vehicle over conventional petrol/diesel cars, some of these benefits are listened on 

this part of the document. 
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2.2.1 Cheaper to run. 

By having an EV as your transport method you have the advantage of much lower running 

cost. The electricity to charge an EV works out around a third as much per kilometer as 

buying petrol for the same vehicle. According to Consumer Expenditures in 2019 by the U.S 

Department of Labor’s the average person spends $8,849 dollars per year for having an ICE, 

with an EV you will be spending 2/3 less of this, only $2,949 dollars and without counting 

the replacement part and repairs, electric vehicles are cheaper to maintain and the almost 

don’t need to have service. If you are curious to know how much you could be saving by 

driving an EV you could use the following reference to do it. (My electric car, 2020) With 

my way of living this were the results.  

If I had an EV like the Tesla Model 3 which takes 14.9 kWh/100 km and electricity prices in 

house are $0.807 and $2.862 if we exceed the limit then let’s said it’s $2.862 mexican pesos 

and our petrol prices are on $18.33 Mxn. pesos which are also $0.8786 dollars we will be 

annually paying for the petrol car a cost of $948.89 dollars and for the annual electricity cost 

would be $64.40 dollars. In total we will be saving $884.49 dollars, money that goes directly 

to our pockets. 

How much charge do we need for an EV in our homes? 

Less than a water heating system. (Energy Efficiency & Renewable Energy, 2017) 

 



 
 
 
 
 
 
 

  67  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

 
Figure 2.9 Average Energy Use for a Household - This is data from a 2013 Nissan LEAF (Energy Efficiency & 

Renewable Energy, 2017) 

 

By looking this figure 2.9 we can say that having an electric car is like having two 

refrigerators at your house. It is not as much as we think, this energy could be easily collected 

by solar panels at your rooftop or by windmills if you live in a non-solar area. If you do that, 

which I think you should by getting an electric car you will be free dependent and you won’t 

be paying any bill anymore for at least 8 years, because that the warrantee big manufacturers 

give you, but of course could be much more time depending on your driving habits and the 

care you put into your vehicle.  

 

You could also compare and see vehicles in the official U.S government source for fuel 

economy information in the section of fuel economy to compare side by side electric cars 
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and others, it can be interesting if you are planning to buy one. (U.S. Department of Energy, 

2020) 

 

2.2.2 Cheaper to maintain 

A battery electric vehicle (BEV) or EV’s has a lot fewer moving parts than a conventional 

petrol/diesel car. There is relatively little servicing and no expensive exhaust systems, starter 

motors, fuel injection systems, cooling water radiators, gasoline pumps and many other parts 

that aren’t needed in an EV. 

The American Automobile Association (AAA) reveals that the average cost of maintenance 

of normal cars is $1,186 dollars, which in EV this number is reduced as the lowest to $982, 

they also need tires change and suspension check and so on. But the only have two parts at 

the engine, not even compared to all the parts a combustion vehicle engine needs. 

With just one moving part – the rotor – EV’s are particularly simple and very strong. Just 

maintain the brakes, tires and suspension and that’s all. Batteries do wear out so replacement 

batteries will eventually be needed. Most car manufacturers warrant EV batteries for around 

8 years. A recent AAA survey revealed that 1-in-6 Americans are likely to choose an electric 

vehicle, the majority motivated by their lower long-term ownership costs. 

 

2.2.3 Other savings  

Such as the state's annual work on registration fees, government financial support, etc. These 

incentives mainly take the form of purchase rebates, tax exemptions and tax credits, as well 

as additional allowances, from passing bus lanes to waiving tolls, tolls, parking, tolls, etc. 

The amount of financial incentives may depend on the size of the car battery or the full range 

of electricity. Usually includes hybrid vehicles. Some other countries/regions extend the 

benefits to the conversion of fuel cell vehicles and electric vehicles. 
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Recently, some governments have also established long-term regulatory signals with specific 

target time limits, such as the Zero Emission Vehicles (ZEV) directive, national or regional 

CO2 emission regulations, strict fuel economy standards, and the phasing out of sales of 

internal combustion engine vehicles. For example, Norway has established a national goal 

that all new car sales should be zero-emission vehicles (electric or hydrogen) by 2025. Some 

other countries have announced similar fleet electrification goals, for a timeframe between 

2030 and 2050. 

 

2.2.4 EV Advantages 

Less pollution: By choosing to drive an EV you are helping to reduce harmful air pollution 

from exhaust emissions. An EV has zero exhaust emissions. This could be the main reason 

to start using EV’s for all of us, to decrease CO2 emissions and help to reduce the 16.2% of 

the total emissions that are made by transports. All the problems I have mention before can 

be reduced by using a sustainable transport method. 

Renewable energy: If you use renewable energy to recharge your EV, you can reduce your 

greenhouse gas emissions even further.  You could recharge your EV from your solar panel 

system during the day instead of from the grid.  Another idea is to purchase green power 

from your electricity retailer. For me an EV comes with a renewable energy system in your 

house, or from your city grid, for example these energy sources which are fully collected 

from natural resources. (EDF, 2020) 

1. Solar energy 

2. Wind energy 

3. Hydro energy 

4. Tidal energy 

5. Geothermal energy 

6. Biomass energy 
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Renewable energy facts: 

• Solar PV could account for 5% of global demand by 2020 and up to 9% by 2030. 

• By the year 2050, our energy needs can be met by 95% renewable energy. 

• Price Waterhouse Cooper predicts that Africa could run on 100% renewable energy 

by 2050. 

• Over the last four decades, the price of solar PV panels has declined 99% 

• A US study showed that renewable energy creates three times more jobs than fossil 

fuels. 

• Investment in renewable energy has surpassed fossil fuel investment. The global 

renewable energy market is now worth over $250 billions 

If you live in Iceland you could get your green energy from Hellisheidi geothermal power 

station, which is the 2nd largest geothermal power station in the world, this plant only uses 

hot water that comes from nature by geothermic activities. (Power Technology, 2020) which 

makes more than 303 megawatt of electricity and 400 megawatts of thermal energy. If you 

live in Israel you have options like the sun most of the time over you, therefore your energy 

could be depending on the Ashalim solar thermal power station (Bright Source, 2020) which 

can make up to 250 megawatts. If you live in the north of Germany where there are strong 

winds your source could be produced by windmills, or even your rooftop can provide you 

from energy if you install the necessary solar panels. 

Let’s see some important maps of potential renewable energy sources depending on the 

location. 

 



 

Solar energy potential 

 
Figure 2.10  Photovoltaic Energy Potential- 
Worldwide (British Business Energy, 2016) 
(SolarGIS, 2016) 

Geothermal energy potential 
 

 
Figure 2.11 Geothermal Energy Potential - 
Worldwide (Richter, 2020) 

Wind energy potential 

 
Figure 2.12 Wind Energy Potential- Worldwide 
(Reve, 2020) 

 
 
 
 
 
 
 
 

 
Hydro energy potential 

 
Figure 2.13 Hydro Energy Potential - Worldwide 
(Zhou, et al., 2015) 

Tidal energy potential 

 
Figure 2.14 Tidal Energy Potential - Worldwide 
(Chen, 2010) (NASA, 2010) 

Biomass energy potential 

 
Figure 2.15 Biomass Energy Potential - Worldwide 
(European Biomass Industry Association, 2017) 
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To be noticed: countries like Mexico have almost all of the renewable energy resources and 

the more of these a country has the better, because we are not fully dependent on one but on 

different. Anyways all the parts of the world have some way of renewable energy source and 

we are not taking advantage of them. Some of us are understanding that there’s something else 

than petrol sources but we all need to understand it to make the world better. 

Eco-friendly materials: There is also a trend towards more eco-friendly production and 

materials for EV’s. The Ford Focus Electric is made up of recycled materials and the padding 

is made out of bio-based materials. The Nissan Leaf’s interior and bodywork are partly made 

out of green materials such as recycled water bottles, plastic bags, old car parts and even 

secondhand home appliances. 

We are in search of biodegradable material for batteries as well, and not only that but also 

making batteries out of non-rare earth materials, even making batteries that work with carbon 

dioxide. Manufacturers in search for EV solutions are often thinking in making the world 

better, therefore the carbon footprint it's way less than now ICE manufacturers. 

Health benefits: Reduced harmful exhaust emissions is good news for our health. Better air 

quality will lead to less health problems and costs caused by air pollution. EV’s are also quieter 

than petrol/diesel vehicles, which means less noise pollution which drastically reduces stress. 

Safety improvements: Recent findings have shown that several EV features can improve 

safety. EV’s tend to have a lower center of gravity that makes them less likely to roll over. 

They can also have a lower risk for major fires or explosions and the body construction and 

durability of EV’s may make them safer in a collision. 

Our energy security: On a national level, EV’s can help with energy security. At present, 

Australia is highly dependent on other countries for petroleum imports. EV’s are easy to power 

from local and renewable energy sources, reducing our dependence on foreign oil. There are 

also better employment benefits for Australians through the use of locally produced electricity. 

This can be easily made with other countries as well. 
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2.3 Which options do we have now? 

 

By now, we have hundreds of options on the market, starting from electric bikes for city 

transportation, to trucks for delivery’s around a country.  

If you are looking for an EV there are a lot of option available on the market today all of them 

can go above 80 km/h (50 mph) therefore are highway capable, there is a list which is updating 

of all the electric vehicles you could find and buy right now. (Wikipedia, 2020) 

Here is a list of the top 10 most affordable cars available on the market today (2020). Based on 

the Electric Vehicle Database (EV Database, 2020) 

1. Smart EQ forfour 

2. SEAT Mii Electric 

3. Volkswagen e-Up! 

4. Fiat 500e Hatchback 24kWh 

5. Renault Zoe 

6. Volkswagen ID 3 

7. Peugeot e-208 

8. Mazda MX-30 

9. Mini Cooper SE 

10. Nissan Leaf 

 

EV-database.org (EV Database, 2020) allows you to compare the electric cars available on the 

market and the ones which are coming in the few years (2021 or 2022), so if you are looking 

forward to buying an electric vehicle you should definitely take a look at this site before, here 

you will be able to compare EV’s capacities and prices. Here is a table from the cheapest 

electric vehicles you can get now to the most expensive ones like the Tesla roadster. In order 

to see more or less, the capacity you can get at the different prices.  
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Table 12 EV comparison models 

EV 
Batterie 

(kWh) 

0-100 

(sec) 

Top Speed 

(km/h) 

Range 

(km) 

Efficiency 

(Wh/km) 

Fast Charge 

(km/h) 

Price 

(Euros) 

SEAT Mii Electric 36.8 12.3 130 195 166 170 20,129 

Vokswagen e-Up! 36.8 11.9 130 195 166 170 21,421 

Renault Zoe ZE40 R110 54.7 11.4 135 255 161 230 29,234 

Peugeot e-208 50 8.1 150 275 164 420 29,682 

Volkswagen ID 3 Pure 48 10 160 280 161 260 30,000 

Honda e 35.5  9.5 145 170 168 190 32,997 

Polestar 2 75 4.7 205 385 188 520 56,440 

Tesla Model Y 75 3.7 241 410 177 900 65,620 

Porsche Taycan 4S Plus 93.4 4 250 435 192 91 109,302 

Audi e-tron GT 93.4 3.5 240 425 197 850 125,000 

Porsche Taycan Turbo 93.4 3.2 260 400 209 840 148,301 

Tesla Roadster (2020) 200 2.1 410 970 206 920 215,000 

 

As we can see on the table the cheapest EV car you can get it from more or less 20,000 euros 

which is $500,000 Mexican pesos and they go up to $5,000,000 pesos for the most powerful 

ones. A price most of the people can’t afford specially on less developed countries like Mexico.  

 

Fortunately, there are not only electric cars on the market, in fact there are hundreds of other 

options right now, not only on electric cars but in bicycle’s, scooters, trains, metros, buses, 

boats, everything you can use as a transport method. But again, prices are not so good, but at 

least we already have the alternative, the solution is out there but not as cheap as we all wanted. 

This is a list of the alternative fuel vehicles we have today. 
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Table 13 List of electric cars currently available (Wikipedia, 2020) 

Alternative fuel vehicles 

Fuel cell 

• Fuel cell vehicle 

Human power 

• Electric bicycle 
• Pedelec 

Solar power 

• Solar vehicle  
o Solar car 
o Solar bus 

• Electric aircraft 
• Electric boat 

Compressed-air engine 

• Compressed air car 
• Compressed-air vehicle 
• Tesla turbine 

Electric battery 

• Battery-electric locomotive 
• Battery electric vehicle 
• Battery electric multiple unit 
• Cater MetroTrolley 
• Electric aircraft 
• Electric bicycle 
• Pedelec 
• Electric boat 
• Electric bus  

o Battery electric bus 
• Electric car  

o List 
• Electric truck 
• Electric platform truck 
• Electric vehicle 
• Electric motorcycles and scooters 
• Electric kick scooter 
• Fuel cell vehicle 
• Gyro flywheel locomotive 
• Hybrid electric vehicle 
• Hybrid train 
• Motorized bicycle 
• Neighborhood Electric Vehicle 
• Plug-in electric vehicle  

o List 
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• Plug-in hybrid electric vehicle 
• Solar vehicle 

o Solar car 
o Solar bus 

Electric motor 

• Battery-electric locomotive 
• Battery electric vehicle 
• Battery electric multiple unit 
• Cater Metro Trolley 
• Electric aircraft 
• Electric bicycle 
• Pedelec 
• Electric boat 
• Electric bus  

o Battery electric bus 
• Electric car  

o List 
• Electric truck 
• Electric platform truck 
• Electric vehicle 
• Electric motorcycles and scooters 
• Electric kick scooter 
• Fuel cell vehicle 
• Gyro flywheel locomotive 
• Hybrid electric vehicle 
• Hybrid train 
• Motorized bicycle 
• Neighborhood Electric Vehicle 
• Plug-in electric vehicle  

o List 
• Plug-in hybrid electric vehicle 
• Solar vehicle 

o Solar car 
o Solar bus 

Biofuel ICE • Alcohol fuel 
• Biodiesel 
• Biogas 
• Butanol fuel 
• Bio gasoline 
• Common ethanol fuel mixtures 
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• E85 
• Ethanol fuel 
• Flexible-fuel vehicle 
• Methanol economy 
• Methanol fuel 
• Wood gas 

Hydrogen 

• Fuel cell vehicle 
• Hydrogen economy 
• Hydrogen vehicle 
• Hydrogen internal combustion engine vehicle 

Others • Autogas 
• Hybrid electric vehicle 
• Liquid nitrogen vehicle 
• Natural gas vehicle 
• Propane 

Multiple fuel • Bi-fuel vehicle 
• Flexible-fuel vehicle 
• Hybrid electric vehicle 
• Hybrid train 
• Hybrid vehicle 
• Multifuel 
• Plug-in hybrid 
• Solar vehicle  

o Solar car 
o Solar bus 

• Electric aircraft 
• Electric boat 

Documentaries • Who Killed the Electric Car? 
• What Is the Electric Car? 
• Revenge of the Electric Car 

See also • Wind-powered vehicle 
• Zero-emissions vehicle 
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There are hundreds of them to choose on each category there are different competitors and 

different vehicles capacities. First you would need to choose one according to your necessities.  

And if you have one that fits you then looking over the market competitors can help to look for 

the better option, good luck with finding the one that’s fits you better at your budget because 

it’s not that easy, that’s why I propose solutions for that.   

 

 

2.4 Future of Electromobility 

 

These days, everyone is talking about climate change, for a good reason. We recently 

discovered that we don’t have long to turn the environment around before we are all doomed. 

The main discussion in the world’s conversation about climate change is the idea of changing 

for renewable energy sources. With the goal of cutting all the non-renewable energy sources 

and start to use only solar, wind, nuclear, wave, thermo, fusion and all this new natural energy 

extraction methods. But by improving all these sources we also need to improve the energy 

storage capacity to keep the energy wherever we want. 

Solutions for the future seems promising and some of them taken from a sci-fi movie, as we 

saw before the battery prices are decreasing and the energy storage capacity will become way 

much more, therefore the electric vehicles as well, capable of doing more for less price.  

Today’s governments are focused hardly on electromobility. Norway for example leads the 

way with a target for all new cars to have zero emissions by 2025, they have been using tax 

breaks to incentivize purchases since the 1990s, early starters. Germany, Ireland and the 

Netherlands have all set a target of 2030 for sales of new internal combustion powered vehicles 

bans. UK targets state that all new cars will be ‘effectively zero emission’ by 2040, though a 

report from the Business, Energy and Industrial Strategy (BEIS) select committee suggested 

bringing the ban forward to 2032  instead– as well as Scotland’s target. In 2011, the European 

Commission published a white paper, ‘Roadmap to a Single European Transport Area’ which 

provided 40 initiatives to build a competitive transport system that will increase mobility, 
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dramatically reduce Europe's dependence on imported oil and cut carbon emissions in transport 

by 60% by 2050. By 2018, 16 countries had acted to phase out internal combustion 

transportation. However, good progress has been made at talks in Poland, with over 40 

countries signing a declaration called ‘Driving Change Together– Katowice Partnership for 

Electromobility’ - one of the concrete dimensions of implementation of the Paris Agreement 

and fulfilment of the Global Climate Action objectives. Among the signatories are the UK, 

China, Japan, Indonesia, Mexico, France and Germany, alongside thirteen international and 

non-governmental organizations, including the World Bank and The Climate Group. (Kett, 

2018) 

 

2.4.1 What’s holding progress back? 

A study made in 2018 identified three major areas that are holding back E-mobility; 

1. Affordability 

2. Infrastructure availability 

3. Lack of investment 

First and most important, affordability. Market shares of electric vehicles still small and only 

grew in the EU by 0.9% between 2014 and 2017, with 85% of all EU electric car sales 

concentrated in just six Western European countries (with some of the highest GDPs.) Only in 

Germany, UK, France, Netherlands and Belgium: a total of 167,682 EV`s were registered in 

2017. And in only one years the number almost triple it. But let‘s be honest, right now is not 

for everyone, but it will be. 

To tackle the unaffordability of e-vehicles, Norway has introduced a set of taxes that make 

buying electric vehicles a sensible financial option. An imported VW e-Golf 36 kWh costs 

£28,285 before taxes, compared to the petrol-fueled Golf 1.2L at £19,867, however, after a 

range of taxes and charges the petrol car is over £2,000 more expensive. On countries like this 

one savings don’t stop after the point of purchase: Norwegian e-vehicle drivers can save over 

£3,000 a year from road toll exemptions because road tax savings and other government 

interventions. 
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Other problem is the lack of investment, this is easily watchable on charging point 

infrastructure around your city, the lack of charging ports is putting customers off buying 

electric vehicles, therefore my solution for this could only make EV’s with more range and 

battery capacities, as well as own energy sources to not depend on the government but only in 

yourself. (Hsieh, 2020) 

 

2.4.2 The vision for the future. 

E-mobility will not only be just limited to cars, there will be personal mode of transport, like 

e-scooters, indoors transportation; imagine a bus stop at a hospital, school or shopping mall 

which can take you to wherever you need easily and effectively without spiting a drop of oil. 

There will be electric autonomous vehicles (AV’s)  as well as other forms of transport like the 

Hyperloop or electric air transport methods, even sci-fi project such as Uber’s Elevate, most of 

them depending fully on renewable energy. The big car manufacturers have stepped up and 

announced that they will focus on the electric transport in the near future and they are actually 

doing it with all kinds of projects, from retro design to futuristic ones.  

 

2.5 Proposes introduction 

 

As an engineer my job is to find solution to problems, I already found what I think is one of 

the biggest problems on the planet and we have to face it now. That’s why I propose three 

solutions not for solving the problem, but for giving people the alternative to start solving the 

problem themselves.  For me, it will be easy to do that change, I’m already starting but if it's 

only me it won’t help much; for a real solution we all need to change our transportations 

methods to sustainable ones: as in a  bike, an electric car or basically anything except  

combustion engine vehicles. What you might be thinking about it right now is “I can’t afford 

it” or “I can’t ride bike all the time, it's just not for me”. but I can give you what I think is the 

best solution for new transport methods, fitting your lifestyle and your budget just right. 
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Chapter III 

Project I- Personal Electric Vehicle (Bike-Car) 

 
Figure 36. Personal Electric Vehicle (Bike-Car) 

 

3.1 Abstract 

 
The purpose of this project was to design and build a functional personal vehicle prototype to 

generate an alternative to currents ways of transports, such as the bike-car. The proposal is to 

offer a method of transportation that has less environmental impact and promotes a more active 

life. The most important factor about it, is that it was designed to make it as cheap as possible 

but with a good quality and replaceable bike parts you can find anywhere as spare parts. So, it 

will last for more years than conventional today cars. It’s a vehicle mainly made for city 

transportation that can be used by students to assist to classes, to make delivery services in the 

city such as food service, documents or anything non heavy. The Bike-Car was designed to be 

able to move around a 100 km2 with a 1 ½ hours battery use and a top speed of 60 km/h. Which 

makes it perfect for moving around the city whatever is your purpose. Of course, the Bike-Car 
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is powered by electric energy to reduce CO2 and environmental impact in the city. The 

technological trend is aimed at creating better and more efficient ways of generating electricity 

with the purpose of totally eliminating or significantly reducing the consumption of fossil fuels. 

For that, we also can do better and smarter ways of transportation such as the Bike-Car.  

Additionally, this project is perceived as a solution for all the people who say they can’t afford 

an electric vehicle but the want to help the planet. A solution for people with low purchasing 

power. This project was made from: 10/09/2018 to 10/12/2018. 

 

 

3.2 Introduction 

 
3.2.1 Velomobile  

The velomobile is a vehicle that uses aerodynamics and ergonomics to increase the limited 

range of a normal cyclist.  It also sometimes uses the power of a battery-powered electric engine 

to assist the user in muscle power. Consequently, a remarkable increase in the distance that the 

user can travel is achieved. 

That is why a velomobile can be compared to an electric car, as both vehicles can be equipped 

in terms of speed and range. They are also 80 times more efficient: around a quarter of the 

existing wind turbines would be enough to power as many electric velomobiles as people. They 

need so little energy because of the aerodynamics and low weight and efficient motors they 

have. 

As Decker mentions for LOW-TECH magazine:  

“In the United States, for example, 85% of bicycle trips have a range of less than 5 km. 

Even in the Netherlands, the most bicycle-friendly country in the western world, 77% 

of bicycle trips cover distances less than 5 km. Only 1% of Dutch bike trips are longer 

than 15 km. In contrast, the average distance of journeys by car is around 15.5 km in 

the United States and 16.5 km in the Netherlands, with the average distance to work 

being 19.5 km in the United States and 22 km in the United States. Low." (Decker, 

2013). 
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This is the main reason why bicycle is not an alternative for cars, Apart from the limited 

distance reached there are other disadvantages such as climatic factors; wind, rain and sun also 

sweat that can cause physical wear and tear and pain in hands, back, wrists, shoulders and legs 

when making long trips. 

We can’t change people behavior, but we can give them a better alternative for driving, 

therefore the velomobile is a solution. First, the bodywork protects the driver and their luggage, 

while its ergonomic seat relieves stress and pain from long journeys. Similarly, even without 

electric assistance, a velomobile is much faster than an electric bicycle. Rolling resistance 

increases in proportion to speed, while air resistance increases with speed squared. Since the 

aerodynamics of a velomobile rider is much better than that of a cyclist, the drag coefficient is 

up to 30 times lower, so even though the velomobile is motor assisted, the driver can reach 

much higher speeds with the same effort.  

 

 
Figure 37 Velomobile WaW without electric assisting (Decker, 2013) 

 
A heating system is not necessary in a velomobile, not even in winter, because the hands and 

feet are protected by the bodywork, and because the driver remains active (body activity is the 

most important factor in maintaining thermal comfort). On the other hand, the need for cooling 

in summer will decrease the autonomy of the vehicle since the driver will rely more on the 

engine.  

If more people where using velomobiles in the city’s I would be a much safer, effective and 

cleaner place to be. the safety in velomobiles is high because it is a closed capsule and it is 
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practical because it has space to transport up to 130 liters. If we substitute cars for velomobiles 

we would all have better lives. Like actually in Belgium fathers take their children to school in 

these vehicles because they know is safe, possible and easy to do, even though they have heavy 

winters.  

 

3.2.2 Recumbent Trike 

A recumbent trike is an adult size trike which is more comfortable than a bike because you can 

lay back, is three wheeled muscle powered cycle, it doesn’t have a cover like the velomobile, 

but it has an ergonomic design for riding long distances at considerable speeds.  

 

Recumbent trike advantages. 

1. Comfort. 

The main attraction to recumbent trikes is the ability to distribute weight equally and remove 

the pressure point on the butt, back, wrist and shoulders on traditional bikes. The comfort on 

the recumbent trike is incomparable to normal bikes, therefore you can have longer trips.  

2. Speed. 

They can perform more speed than a traditional bike, because of the aerodynamic seating and 

the position that decreases the wind target.  

3. Driving 

The driving on these vehicles is amazing because you have a lower gravity center, this reduce 

the risk of tipping over in corners or on sloping terrain. The steering wheel it’s really 

manageable. For taking turns and moving around the track is perfect.  

 

3.2.3 Electric Bike 

Electric bikes or also called e-Bikes are here to stay. It’s a $15.4 billion industry as of last year 

(2020) and there is now sign of a slowdown selling percent. Even e-bikes surpassed traditional 

bike sales in Netherlands. And there’s nothing to fear about, because e-bikes don’t take our 

chances to be active humans, instead it makes us more powerful of going further and faster 

than a traditional bike. I’m going to explain some data we need to know about electric bikes 

for this project. 
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1. E-bikes make pedaling easier: E-bikes are bicycles with a battery powered assist, that 

means that when pedaling a small electric motor engages and gives you more power, a 

boost. By having this boost, you can easily go up hills and cruise over tough terrain 

without making yourself exhausted.  

2. They go pretty fast, to a certain point: It is like bicycles the harder you pedal the more 

speed you get, in e-bikes the harder you pedal the bigger the boost you get and so speed. 

But they aren’t motorcycles and they weren’t made for speed, even thought they could, 

industries design them to have limit top speed of 30 to 50 km/h, depending on the e-

bike. 

3. You will ride a lot more kilometers: According to a survey of nearly 1,800 e-bike 

owners in North America, getting an e-bike increase drastically how often the ride a 

bike. From 55% they use to do it with a traditional bike it increases to 91% with a e-

bike. No matter if you are professional biker e-bikes only make trips more attractive 

because of speed and longer distances with better views, less time as well if you have a 

tight schedule. And for those who aren’t frequent riders e-bikes open a whole new world 

of joy and better way of transport. Covering distances, you will never imagine in such 

an easy way. Increasing the use of bike by 94% for non-cyclist when having an e-bike. 

4. There’s an e-bike for everything.: No matter what you do, you can find the perfect e-

bike for you; carrying stuff or get your children to school get a cargo e-bike which can 

transport almost 200 kg at 25 km/h. You are a pro mountain biker, get an (Electric 

Mountain Bike) E-MTB which can go uphill easily trough rough terrain and if you want 

speed at the road you can also get a road e-bike.  

5. They can replace driving: People often buy e-bikes to reduce the car trips. In a survey 

Ed Bejamin, senior managing director at the consulting firm eCycleElectric, made 

where 28 people bought a bike to reduce car trips, other ones did it for carrying stuff or 

kids, avoiding parking and traffic and for the environment. Also, because they wanted 

to ride a bike without getting sweety to the work. It’s important to mention that half of 

all driving trips are shorter than 15 km’s, with an average trip of 9 km’s therefore all of 

them can be covered with e-bikes without a problem. The survey discovered that 

owners replaced 46% of their daily work driving and 30% of their errands with an e-

bike, going shopping, meeting friends, anything.  
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6. You’ll still get exercise: If exercise is what matter the most to you, then you will get it 

with the electric bike as well. The University Colorado researchers found that when 20 

non-exercising people e-bike for 40 minutes three day a week, they improve 

cardiovascular fitness and blood sugar in just a month. You can easily do an hour of 

riding in an e-bike by going places you need or want to go and still get your daily 

amount of exercise on top. Especially for sedentary people e-bikes are a great option to 

do exercise while making things they need to do or just for healthy benefits. 

7. The batteries are getting better: A disadvantage of e-bikes with traditional bikes is that 

you still need to charge them. Today you can expect your battery to last for a 50 to 200 

km range depending on your bike and you’re pedaling.  But as we can see batteries are 

getting way lighter, more powerful and cheaper through the years. Meaning on cheaper 

e-bikes, longer trips and more assist if you need it. 

8. Trail access can be tricky: E-bikes have batteries and a motor, therefore are more heavy 

and harder to drive in compare with a traditional bike, for example, mountain bikers 

prefer by far a non-motorized bike because it’s easier to get too complicated tracks and 

ramps. 

9. They are not cheap, but they can save money: E-bikes aren’t cheap right now, but if 

you leave your car in the garage more often you will see how much money you will be 

saving in your pockets, because of gas and maintenance. Not to mention, less doctor 

visits and less medicine required because of health benefits. 

10. They’re heavy: Cyclists when buying a bike always carry them to see how much they 

weight, with an e-bike this task is harder because of the components it has you are 

adding about 10 extra kilograms in the bike, therefore is harder to carry it into a rack, 

ladders, metro or anywhere you need to carry it too. 

11. They’re the future of transportation: e-bikes major and small manufacturers are growing 

and growing every day. Even car companies are making e-bikes already, like Ford, 

General motors, Hyundai and companies like Bosch or Continental. And we need them 

specially in high-density urban areas, even big transportation companies like Uber and 

Lyft are succeeding because of e-bikes. The use of e-bikes in cities makes a huge 

difference in traffic congestions, less environmental impact and more efficient transport 

methods, therefore these programs are growing as well.  
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12. Now, you can even race them: There are competences in Europe and even great tracks 

for training. Racing circuits for e-bikes are opening now for e-road and e-mountain 

bikes and there is even a e-bike championship you can participate at if you are good 

enough, like the 2019 World Mountain Bike Championships. 

13. Impossible to ride it without a smiley face: As a biker I can say the wind on the face 

and the feeling you get when riding a bike is incomparable with anything, for me one 

of the best feeling you can get. A smile is always coming to your face when riding and 

even e-bike testers use to called them “wheee!” bikes because of how much fun is to 

ride these bikes.  

 

An electric bicycle is essentially made up of the following components: 

• “Cycle” part (frame, wheels, brakes, pedals, gears, etc.). 

• Battery: It is the device in which the electrical energy that feeds the controller is 

accumulated and supplied, which will make the motor and consequently the bicycle 

move. 

• Controller: Its function is to regulate the flow of electrical energy supplied by the 

battery to power the motor. It feeds the motor by means of "pulses". Some incorporate 

regenerative brake, although its price is high, and its efficiency is not significant. 

• Electric motor. The motor has the function of assisting depending on the pedaling of 

the cyclist, because it is disconnected if the cyclist does not pedal or brake, so he will 

always have to put a minimum effort on his part. 

 

Now we know that there are really good alternatives for riding without pollute the environment. 

But from all these three alternatives; velomobile, recumbent trike and electric bikes, even 

though they are really good and always a smart option to get, they still have something missing 

and some disadvantages to mention. 

 

 

 

 



 
 
 
 
 
 
 

  88  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

 
Table 14 Prices and advantages of each vehicle type (Saddle up yer Velomobile, 2006) (Jacobs & Roe, 2020) (Toll, 2018) 

 Velomobile Recumbent trike Electric bike 

Cruising speed 50 km/h 25 km/h 30 km/h 

Range 60 to 130 km Physical condition 40 to 100 km 

Comfort ✓ ✓ ✘ 

Weather proved ✓ ✘ ✘ 

No-Exhausting ✓ ✘ ✓ 

Price $5,000 to $10,000 $1,000 to $7,000 $1,000 to $10,000 

  

If we see the table 14, we can notice there are such important factor we need to consider when 

using a transport. For me, a drivable transport method should have all of them like the 

velomobile does. The poorest alternative is the recumbent trike with a limited 25 km/h cruising 

speed, range depending on the physical condition of the driver, no weather proved and the 

factor that you can get tired really fast because of non-existing motor to assist. Then in number 

two we have the electric bike with a decent 30 km/h cruising speed but also limited, enough 

range for the city but no weather proved, meaning in case of rain, snow, etc. you can’t use it 

properly, and also you can get sunburned as well, but you are assisted and that’s important. 

The best option of this three is the velomobile with a cruising speed of 50 km/h, excellent range 

for the city, ergonomic, weather proved, and assisted so you don’t get exhausted and you can 

get work without sweeting.  The three alternatives are good for me and better than the 

conventional car we all use now, but there is a real disadvantage with all of them: the price. All 

of these alternatives are way too expensive for most people, e-bikes and recumbent trikes up 

to $1,000 dollars for the cheapest and more for a decent one, even though their disadvantages. 

I also know the velomobile is the best option of these three, but it has the biggest problem as 

well, it is really expensive and not even middle socioeconomic level people can have it because 

of it. I definitely wouldn’t get it for this price. My solution to this problem is the following one.  
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3.3 Design 
 

A motor of 500W power (P = VI) fed at 36V, will demand a maximum current of: 

𝐼 =
500𝑊
36𝑉 = 13.8	𝐴ℎ 

(3.1) 

 

In order for our motor to work at a power of 500W, it needs the battery to be capable of 

supplying 14 A, and the controller therefore to be 15 A or 20 A. The Ah indicate the maximum 

amount of charge that the battery can store. That is, the amps that it is able to provide 

continuously for one hour. The decision was to use a 500 W controller with a voltage of 36 V 

and a maximum current of 22 A as it easily meets the needs. Also, it was decided to follow a 

strategy of connecting batteries in Series - Parallel, with batteries of equal capacity. This 

strategy allows to increase the voltage and ampere hours at the same time. 

Next, this work presents the description of the activities that we have carried out for the Bike-

car. The prototype is mainly made up of three essential parts: the design and construction of 

the chassis, the electric motor, and the power supply stage. 

 

For the purposes of this project, only a battery conditioned to the needs of the project was built. 

However, it is important to mention that a dedicated stage is needed to control the charge / 

discharge cycles of the battery bank. 

For this project, I decided to partner with Bicla: a company that specializes in bicycle rental in 

Puebla, they decided to take a leap in electromobility and they were looking to generate electric 

bicycles for rent and sale. This company support me in the acquisition of materials and 

components necessary for this project and for exchange, I proposed to Bicla to redesign its 

current prototype of electric bicycle with better technology, improvements for a more efficient 

e-bike, with better capabilities and a more attractive design for the clients. As well as the 

integration of a BMS (Battery Management Systems), a dedicated circuit for controlling battery 

bank charge cycles and extending their life cycle. 

The BMS connects to the battery system and its essential functions are: 
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1. Disconnect or turn off the load when the voltage of a battery cell drops below 2.5 V. 

2. Stop the charging process when the voltage of a battery cell rises above 4.2 V. 

3. Shut down the system whenever the temperature of a cell exceeds 50 °C. 

To make it clearer a BMS: 

• Avoid undervoltage in cells by disconnecting the load when necessary. 

• It avoids overvoltage in the cells by reducing the charging current or stopping the 

charging process. 

• It disconnects the system in case of overheating. 

• BMS is essential to prevent damage to large Li-Ion battery banks. 

 

To start this project, an investigation of personal vehicles with three wheels that functioned as 

a bike as well as a car was carried out, seeking the idea of a comfortable means of transport for 

one or two passenger that can be used in cities without any problem. A vehicle to get to and 

from work regardless of the weather conditions and avoiding fatigue. It was discovered that 

there are already several vehicles that are used by pedal impulse, they are called "Velomobile". 

As we read before Velomobiles are the best option available on the market, except for the price.  

 

 
Figure 3.3 Velomobile (Velomobile.nl, 2020) 
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The idea was to make a proper velomobile but cheaper for everyone to use it as a daily transport 

method in the city, with at least 100 km range and a 40 km/h speed. Using the velomobile 

aerodynamics, comfort, range, speed, weather probed and motor assist in the cheapest way 

possible. Starting from scratch wasn’t an option, and there is a lot of design on internet, that’s 

why we took one from internet and reediting it with our requirements using the software Fusion 

360. We end up with the following design. 

 

      
Figure 3.4  Electric vehicle design (Bike-Car) 

 
To probe if everything was fitting and in right placed, we looked for an average man in CAD 

and put it in our design. We place it as sited in the vehicle and probe that everything was 

perfectly placed and sized for humans. Also, we can see that just by looking it seems really 

easy to ride and with a good ergonomic design for the human body. 

 

     
Figure 3.5  Average man on the vehicle 
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A prototype car body was then designed to make it easier to see how the overall shape would 

look. The bodywork seen in the image is not the final one for the vehicle, it will be modified 

during the process at the time we fabricate the physical model. 

 

    
Figure 3.6 Bodywork of the general prototype. 

 

Once having completed the 3D design of the vehicle or how I like to call it: bike-car, the design 

was divided into components; I got three different important parts, steering, suspension, and 

traction: 

 

3.3.1 Steering 

The direction was first planned as a 5 pieces mechanism. As we can see in the following image, 

the blue parts are the direction, one big arm to transport the movement from the steering wheel 

to the central direction, and from this by a T form peace to the two arms which are going to 

move the wheels. Red arrows show us the movement it supposed to have and the direction of 

it. 
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Figure 3.7 Steering System 

 
But this was the first idea, when building the trike we decided to change a little bit this system 

and make it as simple as possible, in order to do that we skipped the central parts and we places 

the steering directly to the wheels with only flying it to an existing trike part and making the 

steering tube little bit longer. And of course, fixing both tires with the two arms so they move 

at the same direction every time you turn. 

 

   
Figure 3.8 Steering parts and configuration in the Bike-Car 
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The basic parts were generated from scratch, starting from sheet metal and tubes, here an image 

of a key component for the direction; the arms that support the bicycle wheel. 

 

 
Figure 3.9 Holders for wheels movement 

 
3.3.2 Suspension 

For the suspension the first system planed was a mechanic suspension that comes from the 

upper central frame arm to the lower arm, both moving independently to have better driving 

and suspension in the track. The suspension we took is the doble link suspension. And for the 

back its thanked to be and normal bike part used normal for back suspension tires. So, it’s just 

putting something that is already on the market existing into one part of the trike.  
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Figure 3.10  Suspension System 

 
Both as to the first idea there were also things to improve while making it. I decided to change 

the arrange of the arms, by making one shorter to move the suspension to the side, to have 

better suspension system. Then we reenforce the lower suspension and fix it to the wheel with 

a cross X. In this way we avoid moving parts in the upper arm, gets simpler and better as we 

wanted.  

 

 
Figure 3.11 Suspension system in the Bike-Car 
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3.3.3 Traction 

For the traction the initial idea and it remains is to take the power from the pedals, even though 

it’s a long chain is the best way, and with two tensioners as shown in green, all the way to the 

gears to be able to change gears and move the trike as the speed you need.  

 

 
Figure 3.12 Traction System 

 

This but with a motor assist as well in the rear. This was the main idea. But on the prototype, 

we wanted to make it full electric to see if it was possible to be driven fully electric without 

making an effort. This is what I think the most comfortable for most of the people. So, it would 

be nicer to have both option available.  For that we need an engine as well to make it possible. 

 

 

3.4 Process 
 

3.4.1 Prototype construction 

To begin with the prototype construction, we did first the entire metal structure, the necessary 

material was purchased, such as tubes, screed and metals that we were going to use, and the 

manufacturing process began by cutting the tubes to certain measures. In addition, it was 

necessary to get angles and measures from our CAD and make a cut in them so that the tube 
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would fit at a certain angle, so when welding them would be easier. We can see in the following 

image how one of the pieces was presented. 

 

 
Figure 3.13 One piece of the structural design 

 
For the complete structure, different pieces were made based on our 3D model, to make the 

principal structure and having the shape and the main frame done, as we can see it below in 

the images. 

 

 
Figure 3.14 Bike-Car main frame 

 

Then, components such as bearings, for the suspension and ball joints for the steering, as well 

as shock absorbers and bicycle pedals were purchased. All of them for a cheap price and 

available on the market easily.  
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Figure 3.15 Bike-Car mechanical components 

 

Next, the steering arms were generated from tubes of different dimensions with a template so 

that they were all the same and to avoiding problems in distances or angles. Once having this, 

it was set up provisionally, to see how the project was looking and this was the result. 

 

   
Figure 3.16 Basic vehicle frame in the Bike-Car 

 

In order to make it ergonomic and comfort we needed to add a nice light seat this seat was 

made at the Cirett Autos Clásicos workshop with a form we have there. They are mainly made 

for sport or buggy cars because they are really comfort and light, made out of fiber glass. 
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Figure 3.17 Seat choose and dimensions. 

 

The following image show us how they look on the vehicle and how ergonomic they seem. 

 

 
Figure 3.18 Seat for the Bike-Car 

 

Then we assembly everything together from the direction, suspension, traction, engine to the 

bearings, screws and rubbers for frictionless movement. In addition, the wheels of the bicycle 
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were placed, and suspension tests were carried out, applying 100 kg to the bone system of a 

person and also jumping, without any problem reacting as expected and cushioning correctly. 

 

 
Figure 3.19 Mechanical suspension system for the Bike-Car 

 

In the figure 67  its only missing the direction system with the steering rods and ball joints. In 

order to let it have certain degrees of freedom, but also fulfilled the necessary movement to 

steer the vehicle. In the following image we can see the assembly process. 

 

   
Figure 3.20  Suspension System complete in the Bike-Car 
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These pictures show us how the system is composed, with two bike shock absorbers forming 

an X. Upper part straight holding everything on place and giving strength to the body and the 

lower part dynamic to move up and down to absorb the impact in case of streets imperfections.  

 

 
Figure 3.21  Direction assembly process 

 
Once the hole mechanic system was completed, we place the connected electric components 

in a box in order to do test driving and see how the electric vehicles was behaving. We these 

we could tell the speed which could reach and how the suspension and direction was working. 
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Figure 3.22 Testing with electronic components 

 

Then the seat was painted, and everything started to take shape as expected. The mechanical 

part was almost complete except for the direction. 

 

 
Figure 3.23 Seat placed and vehicle advance. 
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For the electronics part we needed to add to the frame some boxes to place them. Supports in 

the form of boxes were made to place all the electronic components such as: batteries, 

controller, wiring and others. In addition, very well reinforced and welded seat supports were 

made, as this will support the entire weight of the person sitting on the seat. 

 

     
Figure 3.24 Electronics boxes on the vehicle. 

 

Almost one of the final parts from the mechanical part was the hardest. The part of the steering 

wheel to move the steering was critical since there was no way to move the axis without running 

into some tube that did not allow the turn. It was thought a lot, different ideas were proposed 

such as using pulleys, gears, chains, and so on. But at the end it was concluded to make it as 

simple as possible and indeed very efficient. Simply looking to move the tires to move the 

entire system through levers or arms that will also function as a steering wheel. As seen in the 

image. 
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Figure 3.25 Steering or steering control system 

 

In addition, as we can see it was painted, for this the entire vehicle was completely 

disassembled to be able to paint piece by piece and it was assembly together again. This time 

tightening each screw and placing every detail that was missing. Now the hole vehicle was 

done, at least mechanically talking.  

 

3.4.2 Electric Engine 

The amazing idea of putting an engine directly in the wheel for e-bikes is just great, you won’t 

need to have power losses in the transmission or the chain, not even wear caused by friction or 

anything and the power can be transmitted directly to the wheel, with a good distribution of 

weight which also help to keep rolling the bike even when it's to being powered.  

 

The first idea was to use an engine MXUS XF08 with the following characteristics: 

• Model: MXUS XF08 
• Nominal voltage: 24V/ 36V/ 48V 
• Rated power: 250 W 
• Wheel size (inches): 16-28¨ 
• Rated speed: 25-28 km / h 
• Reduction ratio: 1: 4.4 
• Weight: 3 kg 
• Beam: 36 beam hole 12g / 13g 

• Position: rear 
• Construction: gear 
• Drop / open size: 135mm 
• Magnet poles (2p): 10 
• Brake, type: disc brake 
• Freewheel: 6s-9s 
• Cabling route: right central axis 
• Temperature: -20 to 45 ℃ 
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• Efficiency: ≥78% 
• Noise grade (dB) <55 
• IP rating: IP65 

• Salt Spray Test Standard (h) 96 
• Surface color: black

 
Figure 3.26 MXUS XF08 Engine 

 

First idea of the motor was nice, but in order to improve it way better. I decide to do it nicer 

with an 500W 36 V motor or even better an 1000W 48V motor. Therefore, you could have 

both options.  

 

 
Figure 3.27 Engine 48V DC | 1000W and 36V DC | 500W
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Table 15 Engine Options 

Option 1 - 48V DC | 1000W Option 2 - 36V DC | 500W 

Maximum speed of 45 km / h. 
Comes with 26 "REAR wheel. 
It uses a powerful 48 V motor with 1000 W 
of power, without gears or brushes. 
Two parking brakes to help stop the engine. 
Pedal sensor to help power the motor. 
Disc brake compatible with 140mm to 
160mm brakes. 
Highest quality standards, CE, EN15194. 
Stainless steel spokes, alloy wheel and 
nylon tire. 
 
Specification: 
Wheel Size: 26 " 
Maximum speed: 28 mph (45 mm h) 
Motor voltage: 48 V. 
Motor power: 1000 W. 
Weight: 10.5 kg. 
Requires: 48V Li, lead acid, NiMH battery 
Maximum load capacity: 199 kg. 
Torque: 45 Nm 
Wheel axle: 175 x F10mm 
Spokes: Steel, 12G x 2.6 mm. 
Wheel: Double wall alloy. 
Tire: Nylon. 

Maximum speed of 35 km / h. 
Comes with 26 "FRONT wheel. 
It uses a powerful 36 motor with 500 W of 
power, without gears or brushes. 
Two parking brakes to help stop the 
engine. 
Pedal sensor to help power the motor. 
Disc brake compatible with 140mm to 
160mm brakes. 
Stainless steel spokes, alloy wheel and 
nylon tire. 
 
Specifications: 
Wheel Size: 26 " 
Maximum speed: 22 mph (35 km/h) 
Motor voltage: 36 V. 
Motor power: 500 W. 
Weight: 10.46 Kg. 
Requires: 48V Li, lead acid, NiMH 
battery. 
Maximum load capacity: 150 kg. 
Torque: 45 Nm 
Wheel axle: 170 x F10mm 
Spokes: Steel, 12G x 2.54 mm. 
Wheel: Double wall alloy. 
Tire: Nylon. 
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Table 16  Relations 

Volts 

(V) 

Watts 

(W) 

Speed 

(km/h) 

Autonomy (km) Charge (kg) Batterie 

24 250 30 30 100 24V, 12Ah 

36 500 40 40 100 36V, 15Ah 

48 1000 50 50 100 48V, 20Ah 

48 1800 55 55 150 48V, 40Ah 

60 2000 60 60 150 60V, 35Ah 

72 3000 60 60 150 72V, 40Ah 

      

Speed = approximate maximum speed in plane. 

Autonomy = approximate autonomy in plane using the recommended battery. 

Cargo = total standard cargo weight to travel at table speed. 

Battery = minimum battery recommended to obtain maximum engine power. 

 

The electric engine controller is also coming with the same motor provider in order to have 

easy control of the vehicle speed, as well as the potentiometer to accelerate or decelerate with 

the pedal brakes and the pedal sensor.  

 
Figure 3.28 Engine controller and hand speed controller 
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3.4.3 Battery 

The following analysis was made in order to calculate the battery pack of what we needed for 

a 250 W and 26 V engine like the MXUS XF08 Engine. To any other motor, like the 500 W 

and 36V or the 1000W and 48 V the same process needs to be followed. As well as the battery 

pack selection. Would you like more range, more speed, your job is really close to your home, 

so you just need a simple battery pack? All these depends on the customer needs. 

 

Battery pack Bike-Car ONE 
 

• 40 batteries 18650- 26F Samsung or similar. 
o Price on market: $23 Mexican pesos. 
o Price they give me: $11 Mexican pesos. 
o Found on mercadolibre.com with the name of “Batería pila 18650 Samsung 

De Recuperación”. 
 

• Nickel stripes of 3mm thickness (80 cm. approx.).  
 

• Charger of  42 V 2A. 
o Found on Mercadolibre with the name of “Cargador scooter Hoverboard 42 V 

2A Poder sumini 112054341291” 
o For the price of $799 Mexican pesos. 

 
• BMS 36V, 35A, 10 S 

o Found on amazon with the name of “36V 35A 10Series Tarjeta de Protección 
con Equilibrio BMS Junta de Protección de PCB con Equilibrio para batería 
de Li-ion” for the price of $475 Mexican pesos. 

 
• Battery spot welder. 

 
 
Battery pack for the Bike-Car 
 
Thanking in consideration the batterie characteristics of the  Samsung ICR18650-26F the 
following pack was designed: 
 

• Rechargeable lithium-ion cell 
• Nominal capacity: 2600 mAh (275V discharge) We are going to stablish 3V. 
• Charging voltage: 4.2V +- 0.05V. 
• Nominal voltage: 3.7V 
• Charging method: constant voltage with limited current. 
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• Charging current: Standard 1300 mA (3 hours), rapid charge 2600 mA (2.5 hours) 
• Cell weight: 47g. 
• Max discharge current: 5200 mA. 
• Dimensions battery 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parts needed: 
 

• 40 Batteries 
• Nickel stripes 
• BMS 36 V, 10 cells 
• Point welder 

 
Voltages at 5V, 12V, 24V, 36V re needed at 500 W. 
  
 
Capacity  

2.6	𝐴ℎ ∗ 4 = 10.4	𝐴ℎ 
 

10 ∗ 3.7	𝑉 = 37	𝑉 − 𝑁𝑜𝑚𝑖𝑛𝑎𝑙	𝑉 
10 ∗ 4.2	𝑉 = 42	𝑉 − 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔	𝑉 
10 ∗ 3	𝑉 = 30	𝑉 − 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒	𝑉 

 

𝐼 =
500𝑊
37𝑉 = 13.51	𝐴 

 
10.4	𝐴ℎ
13.51	𝐴 = 0.77	ℎ 

 
13.51	𝐴

2 = 6.75	𝐴 
13.51	𝐴

3 = 4.5	𝐴 

65 mm 

18.4 mm 
cm 
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(5) 

 
Max Discharging 

5.2	𝐴 ∗ 3 = 15.6	𝐴 
Safety factor of 75% 

15.6	𝐴 ∗ 0.75 = 	11.7	𝐴 
 
Battery pack measures: 
 

𝑙 = 8.8	𝑐𝑚 
𝑤 = 22	𝑐𝑚 
ℎ = 6.5	𝑐𝑚 

 
 

 
Figure 3.29 Batterie pack dimensions. 

 

Battery case: Using spacer on each battery cell, 3D designed to build the battery like Lego 

blocks, and then a bigger case for the full battery pack could be also 3d printed or made with a 

plastic mold as well in order to make it waterproof and resistant in case of crashes or falls. 

 

BMS: Capable of 36V and 10 different inputs, we would only use 4 on this model and 8 for the 

bigger battery pack. This BMS specified for the 18650 cells in order to make it more effective. 

The price for the BMS could be between $400 to $700 Mexican pesos. 

 

Battery pack interior: The battery pack was made using the Samsung 18650 with the following 

specifications: 
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Figure 3.30 Batterie Samsung 18650-26F specifications (Samsung ICR18650-26F 2600mAh (Pink), 2019) 

 
Figure 3.31 Specifications 18650 Samsung batteries (Samsung ICR18650-26F 2600mAh (Pink), 2019) 

 

The idea for the prototype was to make a pack of 40 batteries, each one of 3.7 V with a 

maximum voltage of 4.2 V and a current of 2600 mAh. Because batteries are highly variable 

and have different voltages and currents, a special charger for charging and discharging (LiPro 

Balance Charger Imax-B6) was purchased. With this charger shown in the image, each of the 
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batteries were charged at 4.0 V and tested at 4.2 V to see how much the current reached, and 

they were approximately all at 2500 mAh. 

 

  
Figure 3.32 Charging method with the Imax-B6 

 

To charge each of the batteries it took approximately 1:30 hrs. for each battery with a current 

of 1 A and 3.7 V input. Once we had our batteries charged, the battery bank of 10 in series and 

4 in parallel was made to obtain around 36 V and 40 V depending on the load of our batteries. 

 

  
Figure 3.33 Battery pack 

The battery pack could change depending on the capacities or range wanted, therefore the 
battery pack was designed to be able to change the number of cells as wanted. Like in the 
following blueprint we are using only 16 cells. But in our design we use 40 to give the vehicle 
enough power. 
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Blueprint 1  Battery pack design. 

 

In the figure 81 we can see how the battery bank was connected in series parallel. It was 

necessary to charge and discharge a few batteries so that they were all at the same voltage and 

there were no problems when putting them in parallel. These batteries were soldered with 6mm 

nickel strings with a spot welder at a current of 85 A pulse, shown below, this was provided by 

Bicla company.  
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Figure 3.34 Welding machine SUNKO 737B 

3.4.4 Electronics 

 

In addition to the vehicle I wanted to make a device for the user to be able to know the level of 

charge of the batteries. A small device that can know how much charge the batteries has and 

therefore how much range you would be able to get depending on the LED lights.  

 

 
Figure 3.35 Charge measuring system 

 

In the following image we can see 6 LEDs of different colors; green, yellow, and red. Each of 

these LEDs signify a battery percentage. In order the first green LED has a percentage of 100% 

and we reduce it from 20% to 20%, we reach 0% in the last red LED. But although it seems 



 
 
 
 
 
 
 

  115  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

logical, it doesn’t work like that, because the discharge of the lithium batteries we are using, 

better known as LiPo Samsung batteries, is not constant. It decreases more quickly once we 

reach 30% discharge. 

 

 
Figure 3.36 Discharge, capacity (Samsung ICR18650-26F 2600mAh (Pink), 2019) 

 

In the figure 3.35 we can see everything behaves mostly normal until it reaches the 30% of 

discharge which is almost at 3,2 Volts. Then the graph starts to decrease faster, meaning the 

charge of the batteries goes faster every time more. 

 

Based on that we decided to use a circuit in which you could regulate the voltages of your 

resistors and in this way adjust to the value of the voltage in which you want the led to turn on.  
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Figure 3.37 Simulation circuit of our system. 

 

In this circuit we use an LMT324 that works by simply compering two inputs, if the value of 

the resistance, which in this case is adjustable, is equal to the value of our battery voltage then 

it sends a signal and the LED turns on. In this way we can decide which value we wanted for 

each LED, and values can be taken from our battery discharge capacity graph. 

 

 
Figure 3.38 LMT324 Datasheet 

 
To regulate these values, we use trimmers. Its function is very similar to that of a potentiometer, 

it simply acts as an adjustable resistance.  
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Figure 3.39 Normal Trimmer 

 
To obtain the values for each trimmer we need to divide the graph on six quadrants.  

 

 
Figure 3.40 Graph divided: Discharge, capacity (Samsung ICR18650-26F 2600mAh (Pink), 2019) 

 

Then take the values where it cross and make a table with them: 
Table 17 LED light values 

Values 100% 80% 60% 40% 20% 0% 

Volts (V) 4.2 4.0 3.85 3.75 3.55 2.8 

Amperes (Ah) 0 0.44 0.88 1.32 1.76 2.2 

LED GREEN  GREEN YELLOW YELLOW RED RED 
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Table with voltage, ampere and battery percentages. 

 

The components were then welded with the soldering iron taking big care on not to make false 

connections and making a continuity analysis to each one of the welds. And so, the following 

result was obtained. 

 

 
Figure 3.41 Welded physic circuit 

 

And to finish we obtained the following device that fulfills the function of marking the 

percentage of the battery and warns the user when there is little charge in their batteries. 

There’s also a BMS to be able to charge the batteries correctly without damaging them each 

time you charge them, in addition to protecting the circuit. In the same way, a connector that 

is easy to access for the user, which can simply get home to charge it from a common electrical 

outlet. 

Once having all the components, it was ready, it was only necessary to assemble the electronics 

and secure parts such as the accelerator on the steering wheel, brakes on the rear wheel and 

directed at the steering wheel. With this you have the advantage of having total control only in 

your hands. Simple connections were made, and the different terminals were soldered to ensure 

correct operation in terms of electronics. And with the batteries already charged previously and 

the complete vehicle, tests were carried out, with great results.  
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Blueprint 2 Bike-Car important measures 

 
Blueprint 3 Bike-Car Person riding 
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3.5 Improvements 

 
3.5.1 Fiberglas bodywork 

For these EV trikes is planned to cover it with a fiberglass body work. As well as windshield. 

The design hadn’t been made, but I can easily be made in the “Cirett Autos Clásicos” workshop 

for a good price, also after having a mold making fiberglass body gets really cheap and a perfect 

solution for the weather; rain, sun, snow, etc. This improvement is needed in order to make an 

everyday ridable vehicle, therefore have advantages over all the e-bikes, recumbent trikes, 

motorcycles, bikes, like the velomobile but in the most cheaper way possible. Not even 

compared to the prices of all these solutions now on the market.  

 

Fiberglass body kit could look like the following but with some minor improvements. 

 

 
Figure 3.42 Fiberglass body made by ORCA company (Jagyasi, 2014) 
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3.5.2 Outside lights and other components. 

It will also have outside light in order to make it street legal and avoid non-vision problems, as 

bicycles is necessary to have lights in the front and back of the vehicle for your vision and to 

be visible to other drivers. Two big LED light at the exterior and two quarters in the back as 

well to shown which direction you are going.  Let’s see the design of the light made for putting 

in the front part of the vehicle.  

 

 
Figure 3.42 Front light for the Bike-Car 

 

3.5.3 Pedal Assisted 

One of the most important improvement for me is to add the pedal assisting. Some might not 

like it, but it improves the vehicle in so many ways. It has health benefits, warmness benefits 

and what everyone looks on a vehicle; range, with a little bit of assisting to the motor the vehicle 

can go way further away, and you help the batteries and give them a longer life.  

 

Pedal assisting system was also planned as the following  
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Figure 3.43 Pedal assisting design. 

 

3.6 Results 
 

 
Figure 3.44 Final results of the Bike-Car prototype - 1 
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Figure 3.45 Final results of the Bike-Car prototype – 2 

 
Figure 3.46 Final results of the Bike-Car prototype with person 
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 After doing test drives, we got the final results for the model One, other models results where 

calculated equally, as we can see in the table 3.4 

 
Table 18  Bike-Car results 

Model Batterie 

(Wh) 

Range 

(km) 

0-50 km/h 

(sec) 

Top Speed 

(km/h) 

Efficiency 

(%) 

Time of 

Charge 

(hrs.) 

Price 

(Pesos) 

One 288 30 12 35 85 3 17,500 

Two 540 40 9.2 45 87.5 3 18,500 

Three 960 50 8.4 55 89 3 19,500 

Three + 1920 60 7.5 60 90 3  21,500 

 

 

Prices with Body work and Pedal assisting + Profit.  

 
Table 19 Final Prices for the Bike-Car 

Model + Bodywork +Pedal Assisting Profit Final Price 

(Pesos) 

Final Price 

(dollars) 

One 2,500 2,500 5,000 27,500 $1,285 

Two 2,500 2,500 5,000 28,500 $1,333 

Three 2,500 2,500 5,000 29,500 $1,380 

Three + 2,500 2,500 5,000 31,500 $1,475 

 

 

3.7 Conclusions 

 

For the conclusion we might need these table to compare, here we can see the prices and 

specification of the vehicles we had now. 
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Table 20 Prices and advantages of each vehicle type (Saddle up yer Velomobile, 2006) (Jacobs & Roe, 2020) (Toll, 2018) 

 Velomobile Recumbent trike Electric bike Bike-Car 

Cruising speed 50 km/h 25 km/h 30 km/h 35 to 60 km/h 

Range 60 to 130 km Physical condition 40 to 100 km 60 to >130 km 

Comfort ✓ ✓ ✘ ✓ 

Weather proved ✓ ✘ ✘ ✓ 

No-Exhausting ✓ ✘ ✓ ✓ 

Price $5,000 to 

$10,000 

$1,000 to $7,000 $1,000 to 

$10,000 

$1,400 to 

$1,600 

 

The Bike-Car can go at a cruising speed of 50km/h easily, it has a range upper than 60 kms 

even if you don’t pedal at all it can have that range, what you can do if you pedal is go further 

than 130 kms if you would like to. Bike-Car was designed to have comfor, the seat I put into 

the vehicle is really comfortable,  is also used on sport cars or dune buggies. The Bike-Car is 

weather proved or it will be soon, it will have a fiberglass body kit, which can provide you roof 

from sun, rain or snow, it will also be all close beneath and all the electric components will be 

safe, the driver will not have problems and will be able to ride it no matter the weather 

conditions are. The Bike-Car is not exhausting to ride, is just however you want, if you don’t 

want to be exhausted at all it will have 60 km range for the Three + version if you want to go 

further you will only need to assist the electric motor, but not move the whole vehicle, therefore 

you won’t shed a drop of sweat if you don’t want to. The main porpose of the Bike-Car was to 

make it cheap, in order to make it the best of the competitors in the market. It's the cheapest 

option you could ever find on the market with all the advantages of one of the most complex 

systems available like the Velomobile, not even e-bikes or recumbent trike are that cheap 

although they don’t have all the advantages the Bike-Car has.  

  

 

 



 
 
 
 
 
 
 

  126  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

 

Chapter IV 

Project II- EV Conversion

 

Figure 4.1 EV Buggy design 
4.1 Abstract 

 
Getting a combustion engine vehicle (ICE) into an electric vehicle is not that hard and can be 

cheap if you do it with the right components. For me, taking and old combustion vehicle and 

flip it to make it fully electric with a smart system means the opportunity for all to be able to 

afford electric cars. You don’t need to buy a new one, you just need to turn yours into electric, 

for my solution I propose the Volkswagen Sedan platform that is one of the best-selling cars 

on history with 21.529.464 unities sold worldwide. You could easily find more than one on 

every country on the planet. The idea is to reinvent a car that it's easy to find everywhere, 

convert this platform into an electric vehicle platform for different kinds of vehicles, adapted 

to the needs of each person. A solution for todays most common transport method, ICE’s, every 
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person which is able to afford and ICE today will be able to afford an EV vehicle as well with 

the same capacities, the only decision to make it's if you want to take care of the planet or not. 

This project was made from: 20/02/2018 to 10/05/2018. 

 

 

4.2 Process 

 
For this alternative transport it proposes to take an old Volkswagen base, to have something 

well made before to start with, and not starting from cero. We are only going to improve it and 

restore some parts as original. In this case we wanted to make a transport method as cheap as 

possible but with all the characteristics a car has, therefore you could use it at any street in the 

city or even outside the city no matter what the weather or road conditions are. The purpose is 

to take and old Volkswagen Sedan or any closer vehicle with the same platform, could be a 

Jetta, a Caribe, Combi, or even other car brand but with some adaptations on the gear-engine 

couple. In resume anything can be possible but taking in account that is cheap and fixable. On 

this project we took and Volkswagen Sedan from $6,000 pesos which is $280 dollars.  

Here are some photos of how was the initial state of the vehicle.   

 

 

 
Figure 4.2 Volkswagen Sedan (Models can be from 1960 to 2002) 
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As we can see the Volkswagen Sedan was on really bad conditions, but it had all the parts we 

needed for making a good electric vehicle out of it. What interest the most on these cases is the 

platform, it should be on good conditions, avoiding holes on the floor and rust as well. Also, 

systems like the suspension which was good only needed some rubbers and spare parts to make 

it nicer again, steering which was also not bad for the price and fixable. And also, the gear box 

which we can use on this project for coupling the engine into it.   

After having the car in the workshop, we started to fully unussably it, part by part. There were 

some parts that we didn’t need and other‘s which we really needed for the electric conversion. 

We can see in the process which of these parts we need to restore and keep. The other ones 

could be sold for recycling or give them to someone who needs them.  

 

For this project we wanted to make the vehicle as light as possible, in order to be able to be 

moved by a small engine.  That’s where the idea of using an old design from the 60’s of a 

Meyers Manx Buggy came from. These buggies are street legal and can be moved easily 

because of the fiber glass body they have. They initially where made for sand dunes and 

beeches. Therefore, they are rusty free and most of them air opened but it can also be made 

closed like a normal car and fully waterproof as well.  

 

Once the platform was released, tires, front steering, suspension and other parts were removed 

to leave only floors and the central structure of the car. This part was cut approximately 14 ¼¨ 

as shown in figure 4.3. In order to make the car lighter, give it more stability in the same way 

and because the buggy body that was planned to be made fulfilled these requirements. Next,  

where the cut should be in order to make it lighter, smaller, easy to drive and faster to move.  
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Figure 4.3 Cut of 14 ¼ inches of the VW platform. 

 

This is a normal cut which can be made easily but can also take the same 14 ¼ inches and cut 

it differently to in case of collision avoid bending problems. For that we use the next cut shown 

in the figure 4.4, this cut will give the structure more strength.  

 

  
Figure 4.4 Diagonal cut of the platform. 

 

The platform was divided on three parts after the cut, direction, floors and back suspension 

with the gearbox.  
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Figure 4.5 Platform divided - three parts. 

 
Because it is an old car it has some minor holes that we needed to fix. By using MIG welding 

was needed to cut all the rusty parts and replace them with new metal sheets as thick as the 

original platform. The following figure 4.6 show us how this process was done.  

 

   
Figure 4.6  Rusty details of the platform being fixed. 

 

The disassembled steering piece was completely cleaned; First of all, all the rust and paint were 

removed with the card, then it was given a coat of deoxidizer and in the same way it was 

cleaned again with some heavy brushes. A process that can be easily made with sandblasting 

as well. 
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Figure 4.7  Front steering of the Volkswagen Sedan. 

 

After cleaning the hole front bridge, it needed a gray primer to avoid future oxide and protect 

it for the weather. Then a brush was used for covering the primer and make the paint thick with 

a flash coat chassis paint.  This will be our front steering, wheels and suspension for the electric 

vehicle. 

 

  
Figure 4.8  Front steering with gray primer. & flash coat chassis paint 
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Similarly, the ginned gearbox was completely cleaned, and it wasn’t necessary to restore, all 

the shifting gears where okey, just new oil was necessary. The rust and grease were removed 

with degreaser and after it, it was polished to obtain the shine of the aluminum and the arms 

that hold the primer wheels were painted and then a thick brush layer of black paint was applied, 

in the following figure 4.9 it is seen more clearly how it was restored. This is what are we are 

going to be using as the gearbox for the EV.  

 

 
Figure 4.9 Gear box with drawbars. 

 

To continue with the process, the two parts were welded together with thick MIG welder, the 

plate that was cut diagonally into pieces was joined and reinforced with sills so that the basic 

structure of the car did not lose any strength and the cut was clean and you could barely see it. 

After this, the gearbox was assembled with the iron and then the steering was assembled in the 

same way, so that the 3 parts that we had separated were joined and painted with thick layers 

of black paint to prevent oxidation. Now we have a full solid platform of an electric vehicle 

made only with and old Volkswagen Sedan and cheap spare parts like brakes, brake lines, 

suspension, steering, dust covers rubbers and so on, all of these parts easy to find on the market 

and for a good price.  
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Figure 4.10 Back suspension and gear box assembly & Steering, gear shift and front suspension assembly.  

 

Here we can see some detailed photos of the front steering and suspension fully assembled and 

restored. The price of these process in Mexico is for roundabout from $10,000 to $20,000 

Mexican pesos which is like from $500 to $1,000 dollars. 

 

  
Figure 4.11 Mechanic platform of the old VW restored 

 

Once the mechanical part was almost or at least all the platform of the vehicle, we need to get 

the transmission to the wheels. In order to do achieve that, an electric engine was needed,  and 

a coupled with a lathe made part as well.  
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The Couple. 

To couple the engine and the gearbox together we would need a plate to fix the engine and a 

couple, this plate needed to be from a 3/16 inches thick metal plate. And the couple was easily 

made with a lathe. For the 3/16 inches metal plate we use a square we at had the workshop but 

can be easily bought and then making a blueprint for the measures it needed. What was easier 

at the moment was to take a wood plate and trace the outside of our gearbox-end. Then we cut 

any wood plate to use it as a template and trace the gearbox outside, after it it's necessary to cut 

this plate with this figure and use it as a template to trace the exact same figure but now in the 

metal plate of 3/16 inches. A starter engine is not needed because the electric engine has enough 

power to start the car from cero speed so this hole which goes to the gearbox can be closed too.  

 

 
Figure 4.12 Template to make the motor-gearbox union. 

 

Once the metal plate was in place, the holes were made to screw the plate to the gearbox and 

well centered holes were made so that the motor was right in the center of the gearbox, aligned 

with the central axis. 
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The plate was done, then the original clutch coupling to the gearbox was used and a simple 

piece was lathed that could grip the clutch with the 3 HP electric motor. In this way we 

obtained, two pieces for the couple of our gearbox and the engine. 

   

   
Figure 4.13 Coupling gearbox-electric engine parts 

 

Measures of the couple blueprint in mm and some adjust of 26mm on the clutch part made in 

the lathe as well in order to fit it perfectly. These two parts where perfectly welded together so 

it wont have any vibration problem. And the result was the following, already placed in the 

gearbox. 
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Figure 4.14 Coupled gearbox-electric motor attached. 

 

Then we put our metal plate designed to cover the hole we don’t need anymore, and the four 

screws where placed with their respectively nuts. This is the final result with our engine coupled 

to the gearbox. Other engines may need different adaptive plate and couple. 

 

 
Figure 4.15 Electric motor mounted to the gearbox. 
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4.2.1 Electric Engine 

 

For the electric engine we took a 3HP engine only for testing and to see if we could be moving 

the vehicle with a small engine like this. As we made the simplest calculation with second 

newton law: 𝐹 = 𝑚 ∗ 𝑎 

3𝐻𝑃	 = 	2.237	𝑘𝑊	 = 	2237	𝑁	𝑚/𝑠 

𝑎 = 2237/540	𝑘𝑔	 = 	4.1436	𝑚/𝑠 

4.1436
𝑚
𝑠% ∗ U

1𝑘𝑚
1000𝑚V ∗ U

3600𝑠
1ℎ V = 	14.917

𝑘𝑚
ℎ  

(6) 

 

By adding possible frictions, like air resistance, mechanic friction components, friction 

between tires and asphalt, weight, and other factors. Our speed can go to approximately 10 

km/h. 

14.917
𝑘𝑚
ℎ ≈ 10

𝑘𝑚
ℎ  

(7) 

 

But for future work I propose the following engines (EV- Propulsion, 2017) 

• Wrap 9 DC motor 72-156 V, 500 A. 24 kW for 1,640 dollars (Electric Car Parts 

Company, 2017) 

• HyPer 9 AC motor 180V, 750 A, 88 kW for 2,350 dollars (EV.shop.fr, 2018)  

• AC-5 Motor 144-170 volts,  to 500 A, 65 kW for  3,180 dollars (Electric Car Parts 

Company, 2017) 

 

These and other engines can push a car from 80 km/h and up to 180 km/h depending on what 

you want. It can be highway capable and it doesn’t cost that much. You will also need, the 

controller which normally comes with the engine and the cooling system with the chill plate 

beneath the controller. The platform of the vehicle with the engine must be looking like this.  
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Figure 4.16 Mounted electric engine in the platform. (Made by Hector Garcia at his workshop) 

 

With this installed, there is no much more you will need to do in order to have an electric 

vehicle. The components can change in many different ways but by the research made this is 

the components I recommend for the electric conversion: 

 

• Controller: for the Hyper 9 we could use the Netgain Hyper Drive X144 Controller 

• Charger: TCCharger 

• DC converter DC: 1,0kW TCCharger TDC-I-144-12 

• Vacuum pump: MES-DEA 70/6E2 or Hella UP30 

• Charging inlet: Depending on your city and current. 

• Power relays: Gigavac GV200PA (no economizer) and TE Connectivity 

EV200AAANA (economizer attached) 

• BMS: 1 x Orion 2 for 24 cells or 1 x Orion 2 for 36 cells. 

• Maintenance switch: Gigavac HBD41AA 1000V 400A 
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• Power Cables: as long as your necessities 50 sq mm shielded orange cable 

• Charger adaptor for every kind of port. 

• Electric vehicle throttle 

• Shifting won’t be needed but only a lever to do back or forward.  

• Other small parts and accessories. 

 

4.2.2 Battery 

Most of the parts we need for an electric conversion had been already made, are easy to find, 

cheap and had excellent quality standards, the biggest problem relays on the battery packs of 

an electric vehicle. Batteries are the most expensive part of the EV’s, they are hard to find, 

heavy to carry and some of them even dangerous. Therefore, I focused my attention on making 

them cheaper, lighter, safer and more powerful than before.  

The development of the battery is the most important part, because this is going to power our 

electric vehicle. For that a design was made for using as in the electric trike “Bike-Car” the 

18650 Samsung batteries which are really cheap, and you can decide how much of them you 

want. 40 of them are able to power the electric trike. Imagine what 2,000 of them can do, easily 

they can power the EV light dune buggy for a lot of kms. In order to make them a batterie pack 

there is a 3D piece which will hold each cell on place together, it was designed with Autodesk 

software Inventor with the idea of making it easy to assemble and disassemble. Figure 4.16 

shows how is easy to construct and give the necessary distance to each piece, this pieces can 

be made with 3D printers or quicker with injections plastic molds. 
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Figure 4.17 3D design of battery holders 

 

 
Blueprint 4. Battery pack holder up. 
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Blueprint 5. Battery pack holder up. 

We need to add to these batterie packs, nickel stripes to hold them on place and safety 

separating fuses which can shortcut the hole battery pack to only one module, therefore it won’t 

damage the hole battery system but only one small module. We could also do that for each 

battery so you will only have to replace one of them, we have a battery manage system as well 

for taking care of the charge on each module. Each module can look like the following. 
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Figure 4.18 Batterie module for  the EV conversion 

For the battery nickel stripes welding process it's necessary to have a two-point welder like the 

following and all of them must be charged at the same voltage to avoid quick power transfers.  

 

 
Figure 4.19 Nickel stripes welder at 85 Amps 
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Each of these modules must be separated with a fuse, which is no more than a small cable than 

can’t hold much amperes, whenever a battery is damage for any reason (end of their lifetime, 

accident, overcharge, or any other) the can discharge quickly and give a lot of current to the 

circuit, this current won’t pass thought the fuse, it will just brake the circuit and this battery is 

not going to damage all the other batteries, so you will only need to change the battery and the 

fuse between them. BMS will have the responsibility to advert the user of the vehicle and give 

the sign of the trouble occurred and in which module in order to fix it. 

 

If we take 40 batteries in series and 100 in parallel making a total of 4,000 batteries, we could 

be having a battery pack of 148 V as voltage for the storage system, 520 Ah as current of the 

storage system and the capacity of the battery pack will be 77 kWh. If we have different 

necessities and we want it cheaper we could make it with 2,000 batteries and we will have same 

148V, 260 Ah and energy stored of 38.48 kWh. Depending on the engine and our necessities 

is what we are going to design for the EV.   

 

 

4.2.3 Bodywork. 

 

Mechanically talking the vehicle is completed, but many other parts are missing to finish it, 

like the fiberglass body which was thought to be as light as possible but also durable and of 

course waterproof and oxide free. You could take any design as long as is fiberglass and can 

fit the VW platform. For this project there’s a design that was made in California, USA in 

1964–65 by a man called Meyers Manx, he called it the Meyers Manx dune buggy, and this is 

the one we are going to be using. 

The Buggy mold was made with fiberglass, resin, monomer and catalyst, on a already-made 

buggy. To make a mold, first of all, you must pack the already made buggy and apply a spacer 

so that when it is covered with fiberglass and resin it can easily peel off, then a resin mixture 

is prepared. For this, a full bucket of resin and 1 gallon of monomer were used, in addition to 

1 liter of cobalt and catalyst. The fiberglass is cut into parts to cover the full body of the buggy 

then the resin is applied so that the fiber sticks well, this is done covering the entire car and 

applying 3 layers, waiting for each layer to dry for a period of 45 minutes. Once the process 
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has dried, in approximately 2 hours the mold is removed with small strokes using a rubber 

hammer, screwdrivers and other tools, the already-made buggy is released and cleaned and the 

mold is free.  

After this, the mold is cleaned and sanded so that it is completely smooth, in addition, edges 

are made to be able to join the two parts and the way to close it and split it must be carefully 

planned, so that it is easier to remove the piece, in this case a buggy. Actually, this mold is a 

negative of the real buggy. 

Once you have the mold, making the bodywork it is simpler and the process is very similar, 

wax the mold and place a layer of separator to start, let it dry 1 hour. Wet the entire mold with 

resin, and apply the fiberglass over it, this so that the fiber remains in place and is easy to apply. 

Once you have the first layer with the fibers completely covered in resin, apply the second and 

third layers in the same way. If this has been achieved, it is allowed to dry for a time of 3 to 5 

hours depending on the weather conditions. Since the piece is solid, it is removed from the 

mold, here the first layer of separator that you placed helps a lot, if it is not applied correctly it 

will be very difficult in this part of the process to remove the piece. When the piece is out of 

the mold, it is necessary to sand all the excess corners of the fiberglass until it is the perfect 

buggy figure. The piece will come out completely, but it will be necessary to patch to cover all 

the imperfections that may arise, be it bubbles or small scratches from the mold, whatever. 

After patching with tin or plaster paste, it must be sanded correctly until a perfectly smooth 

surface is obtained. For this, it was necessary to sand first with a large 240 grit sandpaper and 

progressively increase until reaching a finish with a 1000 fine grit sandpaper.  
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Figure 4.20 Body work in transparent and mold in black 

 

Next, you can see how the bodywork was sanded on all sides until it was without imperfections, 

in case it has raised surfaces, it is sanded otherwise it has a hole, then light layers of paste for 

car tin can be applied. And it is sanded to obtain smooth surfaces as we can see on the images. 

 

   
Figure 4.21 Body work process of sanding 

 

Some process is also shown to see the equipment we need for this kind of work and also the 

down part of the buggy. Then, other parts such as the coffer and the dashboard of the vehicle 

where also sandpapered to obtain the final smooth surface in the bodywork. Then all the 

components where assembly together and the bodywork was almost finished.  
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Figure 4.22 Fiberglass body kit finished 

 

Later, this bodywork along with the hood and dash were painted, applying two coats of primer 

and then several coats of Paint. Any color can be applied on fiber glass as in metal and it will 

look exactly the same, but it will be way lighter.  

 

Other suggested models for the bodywork are the following: 

• Porsche 356 

• Porsche 904 

• Shelby Cobra 

• Mini Cooper 

• Renault Alpine 

• VW Karman Ghia 

• VW Safari 

• VW T1 

• Other classic models. 

 

4.2.4 Final Assembly 

 

Once all the parts had been painted, all the electronic and mechanical components were 

assembled together. First of all, and mainly the assembly of the body with the Volkswagen 

platform was carried out. Once mounted on the platform, some holes were made in the body 

and wide screws were placed capable of joining the body with the Volkswagen platform or 
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plate. In addition, a rubber was placed between the pieces to avoid sounds and water entry, 

basically it fulfilled the function of a packaging. 

After this, basic components that had to be mounted on the bodywork were placed; the brake 

fluid reservoir, steering wheel, headlights, cables, rubbers and so on. In addition, a board was 

placed for aesthetic reasons to cover the placement of components like speed manometers, 

range measure system, battery manage system and so on. Then all the interiors, seats and 

consoles are placed in the right place, seatbelts, mirrors, etc. and the EV dune buggy is done 

and free to ride on the streets without pollution problems. 

 

This is the final result of how an EV classic dune buggy can look from the outside. 

 

 
Figure 4.23 Final Design of EV conversion with a Meyers Manx Buggy body kit 

 
The final results of the project made with the 3HP engine was decent, with only that small 

engine and one 24 V battery we could move the whole car with a speed of 15 km/h. Which is 

not bad for what we had at that moment, The vehicle was capable of moving 5 people, which 

is approximately 350 kg. more than the normal weight which is 540 kg. and still driving 10 
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km/h. This experiment was tested by normal transistors plate, and a potenciometer as the the 

gas pedal. The engine was asking for more current than the transistors could give, therefore the 

plate could not hold for long. With a EV controller, this problem can be fixed as well as the 

design of the battery system as the proposed for this project. With a more powerful engine we 

could reach top speeds of 120 to 180 km/h without problem.  

 
Blueprint 6. EV Buggy - VW platform 

 

4.3 Conclusion 

 
The Volkswagen EV platform conversion is an alternative for all the people who can afford a 

cheap ICE car right now, I don’t mean a new one but an old one. I know it can be tinny bit 

more expensive at the beginning but after a few kms the EV gives you the money back and 

more, it reduces your expenses and it can take you everywhere no matter the conditions. You 

could be charging it at your house and use it during the week, if you need to go further it's only 

a matter of changing the way of driving an planning your trip to find one or two charging 

stations in the way and stopping for 30 minutes for a normal brake we all need. If you’re not 
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informed and you don’t know where could be possible to charge and drive an electric car you 

could visit the following webpages: like in Mexico we think there’s not much of charging 

stations but there are more than 682 power stations (Electromaps, 2020), (E-drive, 2020). Let’s 

not forget the one we could install right in our home, for not even having to stop at a gas station 

but charging in your own space. 

 

You could be choosing your own design for the bodywork; therefore, you won’t sacrifice any 

style while driving and even range depending on the batteries capacities and engine you choose. 

For me is just a matter of making cousins about the planet, you could steel do the same things 

you always do but in a more sustainable way. And for this project the most important part is 

the economical price, which make it a car for everyone just like the Volkswagen “Vocho” or 

VW Sedan seventy years ago.  
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Chapter V 

Project III- 911 Electric Porsche 

 
Figure 5.1 Porsche 911 3D design 

 

5.1 Abstract 

 
From classic to electric it’s an alternative I have been looking for a long time. It's been getting 

popular in the few decades and I support the idea of taking these beauties into the streets again 

but with a 21st century modern electric and sustainable system. Some cities are starting to ban 

classic cars for a good reason which is global warming, therefore these policies are taking again 

the classic cars from the streets even though they can steel drive properly and have the security 

measures. This could be a potential waste to the planet, and no one will take them if there’s no 

solutions such as this one proposed in the following pages. Some organizations said electric 
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classic cars are no longer historical, but what if you could make them historical whenever you 

want just with a one-day replacement service. Would you make your classic car electric then? 

To be able to ride everywhere in the world, without polluting the city or even better being able 

to drive it as a new car and as a more powerful one, and all this without sacrificing style? Would 

you? 

This project was made from: 29/07/2019 to 10/01/2020. 

 

5.2 Porsche 911 Electric. 
 

This is not about making what is necessary but what is possible, like as the CEO, Max 

Carstensen, of Revive Automotive said: 

 

“We have not done what is necessary but what is possible”. (Carstensen, 2020) 

 

Revive ONE is a sustainable alternative way of transportation for those who love classic cars, 

speed, torque and wanted to help the planet. The main idea is to get an old 911 Porsche from 

1973 to 1989 to the 21st century. Taking a perfectly made design, the silhouette and the history 

but with new 21st century modern technology systems. Some might think is taking away the 

Porsche soul, is not that, but improving it and make it ridable everywhere no matter what the 

pollution policies are. No matter what you could put back again the combustion engine anytime 

you want, the system was designed to be exchangeable by the Revive team, what I’m not sure 

about is that if you are going to want to put it back again. 

This new strong electric engine 911 conversion could be the end of the discussions about CO2 

in the air, nitrogen oxide and driving bans, and it will still be being a 911 Porsche from the 

interiors, from the outside, from everywhere you look around but only with the improvement 

of an electric system instead of the old combustion engine system we are leaving in the past 

for only good reasons.  
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5.3 The design of the conversion. 

 
The idea of the company was to make something revolutionary but without modifying the 

classic 911 Porsche structure, therefore you could easily remove the old combustion engine, 

gasoline lines, tank, radiator, and old system and easily replace it with the new electrical system 

with all the modern components. The mechanical integration of the electrical components was 

designed to have a minimal alteration by using the original mounting points in the vehicle. 

Only some minimal changes where necessary like in the left fender in order to make the 

charging plug perfectly fitting into the design of the car, so now you won’t put petroleum in 

your car but electrons.  

With this brilliant idea not only, 911 Porsches with an unfixable engine and no longer allowed 

to drive, like in the streets of Stuttgart, Germany are going to be able to run again. There’s no 

need for climate policies, if you’re getting conscious about the CO2 problems and you want to 

change your way of transportation, you can do it without sacrificing the comfort and the style 

of driving a 911 classic Porsche. To be clear this conversion will not harm the historical or 

financial worth of any 911 classic Porsche, original parts can be preserved and safely packed 

delivered to the owner. 

 

 

5.4 Revive ONE 

 
Revive ONE is the first electric Porsche made by the company Revive Automotive, but we 

need to mention is not the first for the company that was helping with some parts of the design 

ECO-tec. This company founded by Mike Regnery has already made some electric 

conversions, starting with a Porsche 912 in 2010 and the most recent work in 2018 a Tuareg, 

in 2019 we start coworking with the 911 Porsche that we can see on the document. 
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Figure 5.2 ECO-tec EV conversions (Regnery, 2019) 

  

So, we didn’t start from scratch, by the help of ECO-tec we start with a really solid base of 

what components are the best, what problems can come with the conversion and which TÜV 

requirements we needed to achieve in order to make it street legal in Germany. 

The Technischer Überwachungs-Verein (TÜV) are German certification organizations that try 

to prevent humans and the environment from the dangers that come from factories and 

mechanisms of all kinds. As an independent consultant, they examine, keep track of factories, 

motors, electrical installations and many other systems. The many subsidiaries of the TÜV 

certifiers may also appear as certifiers of environmental protection. 

There is no German vehicle that can run on public roads without a certificate issued by a TÜV, 

or failing that, a Dekra, its main competitor. In most cases, the certification has to be renewed 

after two years. The certification guides of the TÜV certification companies are among the 

2010 2012 2012

201 201 201

201

2010 -  12 -  
2012 -    -   - 
201  -  -   -  
201  -  11 -   - 
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strictest in the world. Of course, the Revive ONE needed to have it so it can be drivable 

everywhere, without worrying about the pollution policies or environmental contamination. 

 

5.4.1 Process. 

First, research was made to find the perfect 911 Porsche on the market for our conversion, this 

was an important process for investing the money to the best candidate. On classic cars you 

have to be very careful when selecting one, most classic cars come with rust, mechanical, 

electrical and many other problems, solving them can bring many expenses. Therefore, by 

experience we select the best option for a decent price, an option in which we wouldn’t start 

from scratch with the restoration. With the 911 Porsche in our hands, we needed to clean all 

the parts from dust, rust, oil, gasoline and everything you can find on a normal old ICE, after 

doing this we end up with a clean work environment and clean original parts for storing. Is like 

a nice cleaning restoration if the car is in good conditions. If it's not, it will need more than a 

cleaning restoration but a real restoration of some parts of the vehicle. And some minor parts 

need it as well, like brake lines, wheels, steering, suspension. All this parts where restored in 

order to put the car in excellent conditions again.   

 

Second part, is to remove all the unnecessary parts, but taking care any part is damaged, in 

order to keep it for the future in case you would like to drive the normal 911 Porsche again. 

With unnecessary parts I mean:  

 

• Combustion engine 
o Oil tank 
o Oil lines 
o Starting engine 
o Gearbox 

• Cooling system 
o Radiator 
o Water tank 
o Water pump 
o Pipes 

• Exhaust system 
• Fuel supply system: 
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o Gasoline tank 
o Gasoline lines 
o Gasoline pump 

 
Just keeping: 

• Steering system 
• Suspension system 
• Electrical system 
• Transmission system (some parts) 
• Breaking system 

 

 
Figure 5.3 Automobile systems (Jacobson, 2019) 

 

The unnecessary parts remove process must be clean and careful in order to pack them safely 

in a box for the owner. The other components that we are keeping for the EV conversion will 

need service and some few might need restoration, painting of detailing.  With a clean space 

and only the necessary components for the EV conversion, third step was to design the full 

interior of the 911 Porsche. We found the real scale full exterior design on internet for a good 
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price, therefore we dint needed to make it, but we couldn’t find the interior design and we 

needed to build it from scratch, by measuring from the original 911 Porsche.  

 

For the 3D measuring process on the interior of the 911 Porsche we used different techniques 

to collect the 3D data of the physical model. The most important one is to take at least 3 

different dimensional point in the 3D plane, these points must be perfectly measured in order 

to ensure a good design,  because your hole design will rely on these three or more points.   

Using more than three to be more precise and keep everything in the right place to avoid fitting 

problems in the future. The following space was the engine compartment, not only measures 

but photos of the shapes and distances where needed in order to achieve the best results. 

 

 
Figure 5.4 Downside view of the engine compartment. 

 
The front trunk was tricky as well and it has a lot of different angles in the shape, we needed 

to place tapes and thread stripes in order to measure these angles and place planes in our design 

for making the sketches and then building the 3D parts needed in the CAD. 



 

 

   
Figure 5.5 Up view of the front trunk 

 

After having all the 3D available space design of the 911 Porsche from the inside. We 

needed to organize and place the components we were going to use. The process of 

selecting the components was complicated because of the various alternatives they offer 

on the market now. From good quality to bad, and with different capacities and designs. 

The research process was made by analyzing all the different alternatives and select the 

best ones for the project, also because of the solid base we had and experience on other 

electric conversion the selection of these components was easier, and some talks had to 

be made in order to obtain the best prices for the manufacturers. The technical data of 

these components in order to understand the power of the vehicle and capacities, such as 

battery, on-board fast charger, engine, gearbox and some other components will be 

shown. But first in the figure 5.6 we can observe how the components where planned to 

be placed in the 3D space. It's not highly visible but we would see it on the next figure 

5.9 without the Porsche 911 3D bodywork. 
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Figure 5.6 Front view of the 3D design with components placed 

 

 
Figure 5.7 Back view of the 3D design with components placed. 

 

As we can see batterie modules are divided in the two sections having 9 modules in total. 

These modules had a capacity of 4140 Wh, with a nominal voltage of 44.4 V, with a 



 
 
 
 
 
 
 

  159  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

weight of 28 kg each. 48V peak with max voltage, of all of them 9x48 making a total of  

= 432V.  

 

In the back we can see the inverters and beneath both engines non-visible and the gearbox 

as well, some components are missing such as the Power Distribution Unit (PDU) the one 

we can see in the figure 5.8. The on-Board Fast charger was placed before in the front but 

then it changed to the back part of the vehicle beneath the PDU.  

 

 

 
Figure 5.8 Power Distribution Unit - PDU 

 

If we take a look closer and remove the Porsche 3D structure, we can see the most 

impornant components on place in a better way, to explain more, the following figure 5.9 

show us where they main components are placed without the bodywork of the 911 

Porsche. So other like the heater, relay or air compressor are not being shown on this 

image.  

 



 
 
 
 
 
 
 

  160  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

 
Figure 5.9 EV system components. 

 
Figure 5.9.1 below show us how the connections of the system are made on the high 
voltage line of the vehicle, where 3 phase AC is used to charge our vehicle, goes directly 
to the PDU which will distribute the power to all the units, like the two inverter, energy 
modules and  air compressor. Then the invertor-convertor will power the engine with the 
specific voltage they need as well as giving us the chance of have anergy recovery by 
regenerative braking. They will also give the power necessary to power the heater for the 
vehicle and give the 12 volts line for the components on the vehicle who need them. 



 
 
 
 
 
 
 

  161  

Juan Pablo Cirett Jiménez 

 

Thesis by :  

 

Mechatronics Engineering 

 
Blueprint 7. EV system components high voltage line. 

 
Blueprint 8. EV system components communication lines. 

CAN Checked 

TTC Control 
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The electrical systems need to communicate in order to operate properly, give signals to 

the driver when needed and in some cases for security shut down. The figure 5.9.2 show 

how the communication works, the unit that controls this is the VCU or the TTC control, 

this units communicate with PDU, BMS, charger, 12-volt board and the monitor to let the 

pilot know what’s happening in the vehicle. With this you can know at which speed 

you’re driving your motors, how much charge you have by the BMS, how the systems 

are working, how much charge you’re putting into it and much more.  

 

To put all these systems together a structural design was needed in order to place all the 

components but with the consideration of only using original mounting points in the 911 

Porsche. But first let’s take a look at the electric engine for the EV conversion, actually 

to the two engines, each on each side of our gearbox. We are no longer going to need 

complicated transmission systems, because the power of the gearbox goes directly to the 

traction of the vehicle which are the wheels with only using the original arrows of the car, 

this avoids power loses and gives direct torque to the wheels. 

 

Electric engine. 

Technically the motor specifications are the following: 

The speed range is  

0	𝑟𝑝𝑚	𝑡𝑜	𝑛#04 = 12,800	𝑟𝑝𝑚    
(8) 

𝑇.-05 depends on the voltage 𝑉67  of the power electronics. We will be using 400 V battery 

and therefore we will be having: 

𝑈67,#04 = 400	𝑉: 𝑛9 = 4,300	𝑟𝑝𝑚 
(9) 

The peak torque from 0 to 𝑛9 is 𝑇.-05 = 200	𝑁𝑚; 𝑎𝑡	𝑛#04, the peak torque is:  

𝑈67,#04 = 400	𝑉: 59	𝑁𝑚 
(10) 

The continuous torque Tcont at 500 rpm is 95 Nm and attains the following values at 

nmax: 
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𝑈67,#04 = 400	𝑉: 45	𝑁𝑚 
(11) 

The maximum performance with an inverter voltage of:	

𝑉67,*&# = 400	𝑉	𝑖𝑠	90𝑘𝑊 
 (12) 

  At a speed of n = 6,000	rpm 

 

Efficiency 

The following values are typical with an inverter input voltage of 𝑉67,*&# = 370	𝑉 

The efficiency levels are represented for operating points P1 to P5. These represent 

typical operating points during use: 

 

• P1:  3750 rpm/10 Nm  83.4% 

• P2:  3150 rpm/-25 Nm 89.5% 

• P3:  1650 rpm/-50 Nm  82.6% 

• P4:  6650 rpm/20 Nm 90.5% 

• P5:  8250 rpm/25 Nm 90.7% 

 

This only tell us that the higher the speed the more efficient it gets. 

 

The gearbox it's also a key to high speed and torque for the EV. Therefore, we needed to 

use one of the best gearboxes on the market. With the following specifications: 

 

• Max. input power: 720 kW 

• Max. input torque: 922 Nm 

• Mounting position: horizontal or vertical 

• Ratio 1st gear: up to 25 

• Ratio 2ndgear: up to 15 

• Max. operating temperature: 110°C 
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• Weight: 54 kg 

• Dimension:535 x 240 x 370 mm 

• Efficiency: > 0,95 

• Optional: external oil cooling 

 

The modular two gears transmission or gearbox is capable of coupling two motors on 

each side and also because of the two gear we can have initial torque in the car when 

accelerating from 0 to 100 km/h and also the second gear to accelerate over that speed, 

this allow the EV Porsche to go quick in low speed and reach higher speeds when needed 

as well. Non much of the EV’s on the market have it but they are starting to implement 

it, for example the Porsche Taycan. 

 

The main structure to hold everything on place in the back is shown in the following 

image.  

 
Figure 5.10 Porsche 911 mounting structure. 
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As we can see only the original mounting point of the 911 Porsche are being used. No 

holes needed, welding or anything to convert your classic Porsche. All this structure was 

laser cut and professionally bended in the shape we required. 

 

 
Figure 5.11 Mounting components structure 

 

Some other adaptations where needed in order to make it electric, for example the 

automatic gear shifting instead of the old mechanical one. We placed the central console 

in a better angle for the driver because of the short lever, to make it easy to reach and 

more beautiful but without changing the original part of the classic Porsche. A console 

was 3D designed to just place it and by original screw holes assembly it easily.  
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Figure 5.12 Shifting gear and front dashboard 

 

Also, the dashboard needed to be modified, a few changes where made with the original 

components, instead of gasoline measures or oil measure, we change it to measure the 

charge you have on your EV or the kilometers you have left to arrive safe to your 

destination.   

 
 
 
5.4.2 Final Results 

All the components assembled together ended up with a really nice final design of an 

alternative way of mobility. Might not be the best solution for everyone but for sure is the 

best solution for some. This is what a classic Porsche 911 from 1973 to 1989 EV 

conversion looks like: 
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Blueprint 9. Electric Porsche 911 G. 

Rear compartment with all the component on their right place is shown below. 
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Blueprint 10. Electric Porsche 911 G Engine. 

 
Capable of going to a high speed of 220 km/h, with an acceleration from 0 to 100 km/h 

in 6 seconds and with an estimated range of 230 kms. Here is a table of the data we collect 

of the final results we got with the EV conversion of the 911 Porsche.  
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Table 21 Electric Porsche specifications (Carstensen, 2020) 

Specifications 

Power 180 kW 

Torque 425 Nm 

Vmax (km/h) 220 km/h 

Acceleration 0-100 (km/h) 6 sec 

Weight 1330 kg 

Voltage 367 V to 430 V 

Range Ca. 230 km 

Price (Porsche 911 G) 

Only electrification 

150,000 € 

59,500 € 

 

Capable of being charged at your house with 230 V to 400 V on the road on all charging 

points thanks to the adaptor box included. This charge can be fully made in less than one 

hour with a CSS charging with 50 kW DC and a battery capacity of 45 kW/h. With a high 

current connection at home it can be charged in about 3 hours. The maximum charging 

power for AC is 22kW. And 230 V charging is also possible.  

The batteries are also 4 years guarantee with a maximum mileage of 100,000 km. The 

whole car conversion is guarantee for 2 years private and 1 year commercial. 

And don’t worry about the security issues, a comprehensive security concept was 

developed in order to obtain an approval. In terms of body technology, the vehicle 

naturally remains in line with the G-Series associated requirements. All the requirements 

and safety features for the year 2020 have been met for the high-voltage system. The 

vehicle has an emergency stop for the high-voltage battery that can be triggered by the 

driver, also, an automatic triggering in the event of a crash while stationary or driving. 

The cable routing corresponds to maximum security against mechanical influences and 

the risk of fire. 

Here some photos of how the Porsche looks from the outside rear compartment, as you 

can see everything is well planned organized and beautiful. Even though I am a classic 
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cars lover, I can say it's more beautiful than it was before, more fun to drive and more 

improved in so many ways. 

 

 
Figure 5.13 Final Result of the Electric Porsche system 

Outside view of the 911 EV Porsche, you cannot tell if it has been converted unless the 

engine runs on with almost cero noise production and cero gas emissions to the 

environment.  

 
Figure 5.14 Final Result of the Electric 911 Porsche outside view (Carstensen, 2020) 
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If you want to see more information about the Revive ONE you could also enter the 

webpage, where you can find questions you might have, project and contact information. 

(Carstensen, 2020).  

 

 

5.5 Conclusion 

 
This for me represent one of the most important things I had made during my career, my 

contribution with this company was designing all the electric vehicle system which is able 

to replace the combustion engine system from an 911 classic Porsche. Starting from the 

restoration part pair to pair with my boss to the full electric system design of the vehicle 

with my engineer college. We did selection of components, the best for our necessities, 

we did the best adaptation system to them and the vehicle, we did a great 3D design which 

was the most solid base to start the project and we did some pograming for the computers 

of the vehicle as well, everything a classic electric vehicle conversion needs. I would like 

people to have this technology in their hands and be able to ride it no matter what. To 

make more conscious people about the environment and to let them know going fully 

electric mobility it has nothing to do with sacrifices but quite the opposite, more fun, 

better technology, friendlier, sustainable and for everyone. 
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Chapter VI 

6.1 Results 
Bike- Car Batterie 

Capacity 

(Wh) 

Range 

(km) 

0-50 

km/h 

(sec) 

Top 

Speed 

(km/h) 

Efficiency 

(%) 

Time of 

Charge 

(hrs.) 

Fast 

Charge 

(hrs.) 

Price 

(Mnx. 

pesos) 

ONE 288 30 12 35 85 3 2 ½ 27,500 

TWO 540 40 9.2 45 87.5 3 2 ½ 28,500 

THREE 960 50 8.4 55 88 3 2 ½ 29,500 

THREE+ 1,920 60 7.5 60 89 3  2 ½ 31,500 

 

EV 

Conversion 

Batterie 

Capacity 

(kWh) 

Range 

(km) 

0-100 

km/h 

(sec) 

Top 

Speed 

(km/h) 

Efficiency 

(%) 

Time of 

Charge 

(hrs.) 

Fast 

Charge 

(hrs.) 

Price ($ 

Mxn. 

Pesos) 

         

VW- EV 

Car ONE 

 

38.48 80 to 130 12 120 89 3 2 ½ 165,000 

VW- EV 

Car TWO 

77 155 to 260 10  180 92 3 2 ½ 225,000 

         

Revive 

ONE 

Porsche  

45 250 to 300 6 220 95 3 < 1 3,700,000 
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6.2 Conclusion 
After reviewing all of the work done on this thesis I would like to conclude the following 

for  my three project: first of all one of my main goals of developing an easily affordable 

and usable but also efficient electric vehicle, which is easy on the environment was 

achieved: the successful construction of a vehicle you could be driving everywhere, 

anytime but most importantly making it easily accessible to everyone. Second 

development on this thesis was an EV system to replace the now days transport methods, 

to be more specific ICE’s.  Having the same capacities, comforts and options but in a 

cheaper and nicer way for the people and the environment. A platform that  is able to be 

changed for different costumer’s design depending on their necessities and preferences , 

as well as range capacity and speed options to choose from. On this thesis I demonstrate 

that combustion engine system can be easily replaced with electric vehicle systems for an 

accessible price. Third but not least,  a development on the classic cars area was 

successfully made: a new way of driving electric vehicles; not about what is necessary, 

but what is possible right now. With this project I hope that people  start acknowledging 

the development and  that meanwhile EV’s can be beautiful as fast as well, even more 

than ICE’s. 

To hit my proposed objectives to worldwide electric mobility, although it's a big goal to 

achieve, I have no doubts it's the right path to follow. It will be hard to change people’s 

ways of transportation and it's perception in society but by offering an affordable 

alternative with exactly the same capacities and luxuries or even better will help a lot for 

overcoming the fear of new technologies and making this important change we need to 

make before everything gets even harder and therefore less likely to change after all. 
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