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Résumé: 

L'objectif de ce projet est d'explorer les nombreuses façons dont une énergie perdue peut être 

récupérée dans une automobile et transformée en énergie électrique. Dans la première partie, 

deux modèles de freinage par récupération préexistants sont présentés. Celui des voitures 

hybrides et électriques qui repose sur le mouvement inversé d'un moteur électrique, ainsi que 

du système de freinage hydraulique à récupération utilisant une pompe hydraulique à 

déplacement pour gérer et stocker l'énergie cinétique sous forme de pression. Afin de 

maximiser la quantité d'énergie restituée, permettant ainsi aux voitures hybrides de faire un 

effort supplémentaire lors de longs trajets et réduisant la charge sur les moteurs à combustion, 

un dispositif thermoélectrique sera implémenté pour exploiter principalement le flux de 

chaleur dans un tuyau d'échappement causé par: le débit des gaz de combustion. Les 

différences de température dans les matériaux permettent au système de fonctionner, 

favorisant ainsi le flux de courant. Tout au long de ce projet, une étude de l'efficacité du 

dispositif thermoélectrique sera effectuée. Elle comprendra des calculs relatifs aux propriétés 

physiques, à l'énergie convertie et économisée (électrique), ainsi qu'à tous les calculs et 

estimations liés aux coûts économisés et réduits. Enfin, les limitations seront abordées suite à 

une simulation 3D du dispositif proposé.
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ABSTRACT: 
 

The aim of this project is to explore the numerous ways that lost energy can be recovered in an 

automobile and transformed into electrical energy. In the first part, two preexisting 

regenerative braking models are introduced. That of hybrid and electric cars which relies on 

the reversed motion of an electric motor, and the hydraulics regenerative braking system 

which utilizes a displacement hydraulic pump to manage and store the kinetic energy in the 

form of pressure. As a way to maximize the amount of restored energy, thus allowing hybrid 

cars to go the extra mile in longer trips and reducing the load on combustion based engines, a 

thermoelectric device will be implemented to primarily exploit the heat flux in an exhaust pipe 

caused by the flow of the flue gas. The temperature differences in the materials allow the 

system to function thus favoring current flow. Throughout this project, a study of the 

efficiency of the thermoelectric device will be performed which will include calculations 

related to physical properties, energy converted and saved (electric), and any computations and 

estimations related to costs saved and cut. Finally, the limitations will be tackled following a 

3D simulation of the proposed device. 

Keywords: regenerative braking, hydraulics, electric motor, kinetic energy, hydraulic pump, 

thermoelectric device, heat flux, flow … 
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1. INTRODUCTION 
 

The hybrid and electric cars industry in Morocco is not flourishing at the rate that it should be. 

The latter is due to the multiple complications such as the significant price increase – A 

Hybrid Toyota Auris costs 30% more than its petrol powered counterpart – which discourages 

buyers from opting for the greener option regardless of the recently proposed bill to abolish 

custom duties and annual taxes on these types of cars. Another plaguing issue is the lack of 

charging stations across the kingdom which is not encouraging future buyers and drivers to 

purchase the environmental friendly option. Moreover, the lack of local manufacturer further 

impairs the popularity of electric or hybrid cars in Morocco. 

 

Numerous limited efforts have been attempted to better appeal to the potential buyers and 

better manage energy consumption before such as making a car lighter, driving smarter (less 

aggressiveness and rapid acceleration), and properly filling tires. Still, none of these pleasant 

solutions are significantly efficient especially when considering the long term implications and 

their practicality. 

 

The plausible step to make is to improve on the less environmental yet widespread and 

popular alternative. The solution is identifying indirect sources of energy and harvesting this 

energy by transforming it into electrical energy that will provide an additional push that will 

reduce the use of fuel. 

 

A pre-existing technology is the regenerative braking system used in hybrid and fully electric 

cars, and hydraulics regenerative braking, which will further be discussed later on and 
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compared to the suggested system which exploits a different type of energy which is Heat. A 

car in motion has multiple surfaces that overheat. Furthermore, identifying these spots and 

harnessing power out of them is an ideal solution and will further be studied and defined 

throughout this project. 

 

A thermoelectric device inside an insulating box is to be added to the exhaust system to 

perform the desired conversion of heat into electric energy through the Seebeck effect. In this 

project, a solution to the thermally induced strains will be suggested in addition to an approach 

related to the optimal location of the device and the results of its implementations. 

 

The future work will include the newly emerging technology of converting vibrations into the 

desired energy since a moving car is a perfect source of vibrations. 

 

2. Conceptual Framework: 
 

In this section, a background study of the topic will be given as a way to contextualize the 

suggested concept by discussing technologies that rely on that same idea of recycling wasted 

resources. Multiple aspects regarding each of the chosen systems will be tackled such as their 

compatibility, workings, efficiency, amount of energy and money saved along with the 

equations that will help quantify the previously mentioned elements. Furthermore, figures and 

graphs will be utilized to assist in visualizing the data and the models. 
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2.1. Regenerative Braking: 

 

Each time a driver brakes, all the built up energy from the moving power is lost in the form of 

heat through the brake pads. On average, about 40% of the energy is wasted alone on the 

brakes [1]. The optimal idea and solution to this wasted energy would be to harness it by 

capturing this generated power and heat, and produce electric energy. Here comes the use of 

the regenerative braking system which enables a restoration of a reasonable amount of that 

once obsolete energy. The upcoming sections will address two different regenerative braking 

systems; the first one directly relies on the kinetic energy and momentum from the motion of 

the car, while the second device - which is hydraulic - makes use of pumps to generate 

electricity. 

 

2.2. Electric Regenerative Braking:  

 

For the most part, regenerative braking is used in hybrid and entirely electric cars. This system 

relies on recycling the energy that is generally wasted when braking and transforming it into 

electricity thus feeding the battery. This type of brakes is more efficient in scenarios where the 

car goes through a cycle of stopping and then starting again such as in traffic jams or the pace 

of an urban area with numerous traffic lights. A regular braking system functions thanks to the 

friction between the brake pads and the brake rotors in addition to the resulting friction 

between the wheels and the road [2]. 

 

Regenerative braking, on another hand, only uses this type of traditional halting as a support 

system in instances where the primary arrangement cannot provide enough countering power. 
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The latter only works in hybrid and electric vehicles since it relies on the electric motor, which 

also serves as an electric generator, to slow down. When braking, the electric motor’s motion 

is reversed which reduces the movement of the wheels. In parallel, the motor fulfills its 

secondary role through this same inverted action by generating electricity which helps sustain 

the battery and expands the life cycle of the brakes by avoiding early wearing [3]. 

 

An extremely important component is the brake controller which makes sure that the 

electromagnetic motor is able to control the force needed to stop the car. Accordingly, the 

controller chooses which braking system is the most appropriate for the adequate situation. In 

the case where the regenerative system cannot handle the required braking force, the controller 

instantly switches the responsibility to the traditional friction brakes. 

Additionally, the brake controller monitors the speed of wheels and is utilized to find the 

magnitude of the force that can produce additional electricity for the battery – Torque. During 

the braking process, the controller ensures that a proper amount of the produced electrical 

energy is properly directed into the batteries or the capacitors, they are used to store excessive 

electricity. Controllers are therefore important in a way that they never allow the batteries to 

receive a dangerously excessive amount of electricity [2], [4]. 
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Figure 2.2 2: Electric Regenerative Braking System 

    Source: [5] 

The physical quantity which enables a vehicle to retain its forward motion is the momentum. 

Its dependency on both the velocity and the mass of the car is used to reverse motion thus 

initiating the regenerative process. The electric motor rotates in response to the forward 

motion of the car or momentum in the same direction. 

 

A regular fuel powered car can only score 20% on its energy efficiency [6], the rest is lost due 

to friction and about half of it can be regained through regenerative braking. Eventually, 10 to 

25% of the fuel usage is reduced allowing drivers to save up to 5.6 Liters per 100 kilometers 

[3]. The brakes of a Tesla Motors’ Model S can help the battery recover up to 60kW [7]. 

In order to quantify the Kinetic Energy gathered when braking, the following formula is used: 

 

 is the percentage of initial kinetic energy which is huddled by the flywheel as 

rotational energy.  

The potential energy and enthalpy change are considered insignificant.  
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is the mass 

is the velocity recorded prior to braking. 

In order to get the generated power from the kinetic energy and the generator’s efficiency, we 

combine the two previous equations in order to get: 

 

 is the input work and  Is the output work. 

is the braking time. 

Concerning the battery, its work, efficiency, and produced power, the ensuing equations tackle 

all these quantities: 

Table 2.2 2 Table of the efficiency, Output Power, and Produced Energy of a ERS 

 Equations 

Battery Efficiency 

 

Output Power 

 

Produced Energy ( ) 
 

 

Regenerative braking is most widely used in motorsports as KERS - Kinetic Energy Recovery 

System - in Formula 1 starting 2009. In 2014 the ERS has been introduced as a substitute and 

an attempt to maximize energy restoration through two motor generator units the MGU-K and 

MGU-H [8]. The K one for kinetic energy is already successful however the H unit, for heat, 

was deemed too costly considering the tremendous needs of the sports and the amount of 
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subsequent engine failures. Regarding regular car manufacturers, Volvo has been able to 

develop their S60 T5 with a regenerative braking system, there is also the Toyota Prius, a 

hybrid car, and again Tesla with their fully electric models. 

Regenerative braking is not only used in the automotive industry, for example the London 

Underground regenerates 20% of the network’s energy [9] and the Delhi Metro was able to 

achieve a decrease in production through RBS by 90,000 tons per year between 2004 and 

2007. [10] 

RBS is mostly used thanks to its energy efficiency and performance improving. Additional 

benefits include the increase in both the braking system and engine lifetime by reducing wear, 

its small size makes it easier to install, and  emission is reduced due to the decrease in the 

dependency on the combustion engine to generate energy. The drawbacks are the added 

weight to the vehicle which requires additional energy usage to accommodate, installing a new 

system in a car is costly and maintaining this system requires additional measures and 

spending. Furthermore, friction based brakes remain indispensable (for previously mentioned 

reasons). 

 

2.3. Hydraulics Regenerative Braking:  

 

Hydraulics regenerative system or HPA for Hydraulic Power Assist System makes use of a 

reversible pump which works thanks to kinetic energy amassed during the braking process and 

released as torque during the acceleration [11]. 

This system can be implemented in any vehicle. However, the most optimal and efficient use 

of the HRB is in transportation that follow a constant and repetitive stop and go scenario. An 

example of this situation is merchandise vehicles, city dwelling cars (Taxi and buses for 
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example), and delivery ones [12]. Therefore, being equipped with such a system helps in 

dealing with fuel management inefficiencies. 

A hydraulic regenerative braking system stores kinetic energy as pressure (just as the electric 

regenerative braking system, this device makes use of the momentum) when hydraulic fluid is 

pushed in an accumulator by a displacement pump. During the acceleration, the accumulator 

discharges the stored pressure thus spinning the shaft (conducts torque in the engine) and 

resulting in an increase in the car’s acceleration. The way these brakes work is by enabling a 

reversible motor-pump transferring the fluid from the accumulator with the lowest pressure to 

that with the largest. By compacting nitrogen in gas form in the accumulator, the hydraulic 

fluid is pushed into now unoccupied space resulting in a decrease in the hydraulic pressure 

thus slowing down the car. 

The logic followed by the system comes from the comparing the Braking Force  with the 

Regenerative Force of the Hydraulic Motor  [13].  

 

When the former is greater than the latter, the vehicle relies on both the regenerative and 

conventional braking. Thus, the torque , brake force , and the inlet pressure 

becomes 
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On another hand, when , only the regenerative system is utilized, and the 

pressure at the inlet is . Thus, the braking torque is equal to the motor torque 

where:  

 

Fig.2.3.3 illustrates the algorithm used in a parallel hydraulic regenerative braking system. 

The hydraulic regenerative braking system regardless of where it is mounted is made up of the 

following main components: A displacement pump, an accumulator, a hydraulic motor, and a 

reservoir. The position of the hydraulics system was to be inside the wheels as a way of 

Figure 2.3 3 Algorithm followed in a parallel hydraulic regenerative braking system 
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making it adaptable and detachable. Unfortunately, this addition threw off the wheels’ balance 

due to the motion of the hydraulic fluid [14] which begged for a change in location. The later 

suggestion was to attach the hydraulic motor to a secondary driveshaft thus altering the 

differential. This suggestion requires modifying the conventional vehicle design along with 

the addition of precision parts such as gears which will increase the weight and the fuel 

consumption. (For each 100 lbs. or 45 kgs added, gas mileage decreases by about 2% [15]). 

Eventually, the adopted hydraulic regenerative braking system is the parallel one where the 

low and high pressure accumulators are parallel to and on opposite sides of the driveshaft 

which goes through the motor-pump. When the power is instantly transmitted to the wheels by 

skipping the driveshaft the system used is a series or hydrostatic hydraulics braking one. 

The hydraulic motor doubles as a pump when decelerating as it traps energy that is normally 

lost due to friction. When braking, pressure build up in the accumulator produces torque that 

is used in the following acceleration. In hybrid vehicles, the efficiency of this braking system 

is higher, about 12%, considering the fewer energy conversion operations that occur; kinetic 

energy is turned into fluid pressure which is stored as energy [11],[16]. This consists of less 

steps than the electric regenerative braking system that first converts kinetic energy into 

electric which in turns is transformed into chemical energy in the battery.  
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Figure 2.3 4 Block Diagram of the components of a HRBS 

Source: [17] 

As per fuel economy, a parallel hydraulics regenerative braking system allows a 40% increase 

and 40 kWh of energy extracted [11], while the one in series records a 60% to 70% increase in 

fuel economy. 

The system is considerably light which limits fuel consumptions, easy to equip, and maintain. 

Additionally, it is estimated that emissions are reduced by about 40% especially on trucks 

[12]. Unfortunately, the lack of batteries in this system does not allow the independent 

operation of electronics devices such as the radio and air conditioner (A/C). 

 

3. Theoretical Framework: GE-Unit:  

It has been established that hybrid vehicles rely on both a combustion engine and an electric 

generator. Since, in the previous segment a couple of ways of enhancing the electric generator 

or hydraulic motor were discussed, this section will be tackling a method that will help exploit 
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the combustion engine. More specifically, the exhaust gas which is mainly nitrogen (N2), 

carbon dioxide (CO2), and hydrocarbons is released through a pipe. 

3.1. Thermoelectric Generator: 

3.1.1. Definition 

A thermoelectric generator relies on the Seebeck Effect in order to turn temperature 

discrepancies into electrical energy. In addition to not relying on any mechanical force or 

energy, this type of generator uses semiconductors and is therefore a solid state device. The 

generator’s three main parts are the Thermoelectric Systems, Thermoelectric Material, and 

Thermoelectric Modules [18]. 

Considering the high temperatures needed in the proper execution of the conversion, the 

generator requires a cooling system. This system can either be a self-sustained one thus 

making the thermoelectric generator a preferable option for remote missions 

(Underwater/Outer Space), or a mechanism that calls for employing and maintaining a cooling 

fluid [19]. 

Additional advantages of the thermoelectric generator are its compatibility with most devices; 

it is extremely easy to implement the generator into any machinery thanks to the fact that one 

can shape it to whatever proportions and form they desire. The efficiency, and workings, of 

the generator makes it a green technology, and a stable and dependable supply of power 

considering their high resistance to strenuous environments and thermally demanding 

situations. 

Thermoelectric generators can be found in power stations and space probes. However, and for 

the latter, the thermoelectric generator is a radioisotope one which transforms the heat from 

the decay of radioactive matter again using the Seebeck Effect as a way of generating 

electrical energy. 
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3.1.2. Components & Materials 

 

This section will tackle the aforementioned three components of a thermoelectric generator 

that work collectively to ensure the proper generation of energy.  

 

3.1.2.1. Thermoelectric Material 

 

Thanks to their low thermal conductivity yet high electrical conductivity, thermoelectric 

materials allows the conversion into electric energy of temperature fluxes. The materials’ 

moderate thermal conductivity is what enables the system’s working by keeping one face cool 

while the opposite surface is heating up or is noticeably hotter. This difference is crucial and 

promotes a certain voltage generation due to the flow of electrons from the hot end to the 

colder one hence the desire for a larger temperature difference. This is called the Seebeck 

Effect which is a current/ voltage generating electromotive force [18]. The following equation 

illustrates the magnitude of the emf:  

  

Where S is the Seebeck or thermopower coefficient which characterizes the thermoelectric 

materials and varies based on the temperature where -100μV/K < S < +1,000 μV/K  

is the temperature gradient. 

When in a steady state, the formula for the voltage gradient is: 

 

Concerning the specific composition of the materials, metals are avoided due to their limited 

Seebeck Coefficient. Therefore, doped semiconductors are used and the most commonly used 

ones are Bismuth or Lead Telluride, and Silicon Germanium respectively, , PbTe, and 
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SiGe [19]. The efficiency of a thermoelectric material is determined by the figure of merit 

 

Where  is the thermal conductivity. 

 

3.1.2.2. Thermoelectric Module 

 

The overall circuit which holds the aforementioned thermoelectric materials is called the 

thermoelectric module. The electricity is inhibited from temperature differences thanks to 

negative (n-type) and positive (p-type) semiconductors. The temperature contrast between the 

two sides of the materials results in the flow of an electric current in the circuit following the 

current magnitude formula: 

  where is the conductivity. 

 

When it comes to the module’s design, it has been 

established that the materials must be parallel 

pertaining to the thermal feature. However, for the 

electrical one, the materials must be in series in 

order to enhance both the efficiency and the 

produced electrical power. 

 

A thermoelectric module is a sturdy component of the 

generator since it can withstand high temperatures, and their resulting thermal strains and 

compression loads of over . Concerning the shear strength, the module must not be 

Figure 3.1.2.2 2 Thermoelectric Module 

Source: [20] 
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supporting the system. It is then recommended to mount the module using the clamping 

technique as a way to avoid damage from constant vibrations and sudden hits.  

3.1.2.3. Thermoelectric System 

The thermoelectric system consists of the entire device including the exhaust intake from the 

combustions in the engine. The high temperature and the need to keep one side cold requires 

the usage of a cooling system. A cold-side and hot-side heat exchangers are mounted on the 

surfaces of the module to modulate temperature changes and thus completing the 

thermoelectric system.  

 

3.2. GE-Unit: An Automotive Thermoelectric Generator: 

The proposed device, GE-Unit, is an automotive thermoelectric generator that relies on 

temperature differences across semiconductors to generate electrical energy. Located before 

the muffler, the unit is penetrated by the exhaust pipe since the gas being transported fuels the 

device by going through the heat exchanger, raising the central temperature on one side of the 

device, thus negating the colder surface of the generator.  The device is symmetrical along the 

heat exchanger since the same number of thermoelectric modules, ten, are fixed on both sides 

and topped by a cooling channel that supports the heat flux. 

3.2.1. Thermoelectric Module 

The generator contains two parallel rows of 

five thermoelectric modules each. These 

modules are composed of two sides (Hot and 

Cold) of ceramic, more specifically, ridged 

Alumina Ceramic substrates that are also 

great electrical insulators and thermal Figure 3.2 3 Motion of electrons in a thermoelectric 

module 

Source: [21] 
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conductors.  In between the ceramic plates, an even number of P-type and N-type 

semiconductors (PN couples) made of Bismuth and Tellurium allowing dissimilar electron 

densities. N-type semiconductors have a surplus of electrons while P-type bear a shortage in 

electrons. Copper pads connect PN couples or pairs creating a circuit where a current flows 

willing to cool down P-type semiconductors and heat up the N-type ones. The corresponding 

reaction is a hot side that is getting hotter, and a cold side which is getting colder.  

 

 

 

 

 

 

 

Within the GE-Unit, the ten thermoelectric modules have the dimensions 100x100x5mmm 

and their semiconductors have the following specifications: 

Table 3.2 3 Table summarizing the specifications of n-type and p-type semiconductors 

Source: [18] 

 

Parameters n-type p-type 

Seebeck Coefficient 

(μV/K) 

215 -215 

Electrical Resistivity 

(Ωm) 

1.04 x  1.04 x  

Thermal Conductivity 

(W/m.K) 

1.5 2.5 

Electrical Conductivity 

( S/m) 

7.1 6.6 

Height (m) 0.003 0.003 

Figure 3.2 4 Components of a thermoelectric Module 

Source: [22] 
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The thermal resistance is expressed as such: 

 

The thermal resistance of the PN pair is:  0.79  

And the thermal resistance of the ceramic plate is:  0.04  

The total thermal resistance of one module is:  0.87  

Where is the thickness of the thermoelectric module. 

is the thermal conductivity. 

is the area of the module. 

The varying values of the temperatures of the module’s both side along with the physical 

quantities it relates to are expressed in the table: 

Table 3.2 4 Changes in Hot and Cold side temperatures, change in the Seebeck Effect, Thermal Conductivity, 

Internal Resistance, and Figure of Merit in a thermoelectric module 

Cold Side 

(°K) 

Hot Side 

(°K) 

Seebeck 

Effect 

(V. ) 

Thermal 

Conductivity 

 

Internal 

Resistance 

 

Figure of 

Merit 

ZT 

313 533 0.0263 2.93 0.79 0.18 

317 543 0.0272 2.8 0.83 0.19 

321 543 0.0267 3.00 0.8 0.175 

325 533 0.0274 3.04 0.85 0.185 

329 555 0.0280 2.83 0.81 0.197 

333 583 0.0279 2.98 0.75 0.22 

337 523 0.0296 2.72 0.91 0.234 

341 535 0.0261 3.14 0.75 0.178 
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The open voltage of a single PN pair can be determined using: 

 

 are the Seebeck Coefficients of the p type and n type semiconductors 

respectively. 

are temperatures of the hot and cold end of the modules. 

In order to get the open voltage of the entire device, we use: .  

Eventually, the combined power of all the thermoelectric modules is: 

where N is the number of modules, in our case ten. 

is the internal resistance and is calculated using the following equation:  

 

is the electrical resistivity. , along with the load resistance is used to find the current 

. 

 

To find the output power and its maximum we respectively use: 

 

Undoubtedly, power loss occurs. We can evaluate this loss through the following equations: 
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 Pressure Loss: V̇dot 

Pump Loss:  

Weight Loss:   

is the rolling resistance and depends on the nature of the road. For concrete and 

tarmac, it is 0.01. 

is the weight (N),  is the speed in km/h 

and is the efficiency of the powertrain. 

3.2.2. Heat Exchanger 

Concerning the heat exchanger, the device makes use of a pre-existing brazed heat exchanger. 

The most optimal design, smallest and most optimal, the BL190, is chosen amongst four 

available heat exchangers, based on dimension, weight, maximum pressure, and maximum 

flow rate. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2.2.1 Brazed plates in the Heat Exchanger. The blue arrows indicate the flow of the 

coolant while the red arrows indicate the flow of the hot gas.  

Source: [23] 
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Table 3.2.2.1 The Four available heat exchangers and their specifications 

Heat 

Exchanger 

model 

Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

n = 7 

Weight (kg) 

n = 7 

Maximum 

Pressure 

(MPa) 

Maximu

m Flow 

Rate 

(m3/h) 

BL120 

 

528 246 
10+n*2.36 

T=26.52 

7.2+0.52*n 

W=10.84 
3 42 

BL200 

 

738 312 
13+2.7*n 

T=31.9 

13+0.75*n 

W=18.25 
2.1 100 

BL210 

 

739 322 
13+2.55*n 

T=30.85 

13+0.78*n 

W=18.46 
3 100 

BL190

 

696 307 
13+2.75*n 

T=32.25 

12.5+0.72*n 

W=17.54 
3 100 

 



22 

When choosing the heat exchangers, the device will rely on an altered version of JiaWei’s 

brazed plate heat exchangers. This type does not need sealing thanks to the brazing of the 

numerous frame plates guaranteeing pressure resistance and a higher efficiency in heat 

transfer. The heat exchanger’s tight and solid body makes it occupy as little space as possible. 

Moreover, the device is pretty light and cost-efficient. The plates, which are brazed together 

using copper, are ridged and made of stainless steel. The two flow channels each have specific 

countering functions. One carries the refrigerant in its two phases, liquid and vapor, the other, 

transports the hot gas throughout the plates [23]. 

The company allows its customer to bring alterations to the design, and choose the number of 

plates. Regarding the suggested device, two GE-Unit designs are suggested based on the 

BL190. For both, the channel, in which gas flows are located on the side plane surface instead 

of the bottom surface to maintain a horizontal design. The difference remains in the number of 

channels; one uses twice as much as the other in order to accommodate for the flow of the 

cooling fluid as well as that of the gas exhaust. The issue lies in the intricacy of this design 

which now contains two cooling systems, one within the heat exchanger while the other 

sandwiches the device as a way to enable temperature difference between the thermoelectric 

modules.  The second arrangement consists of one single channel that crosses the heat 

exchanger and allows for a balanced system. Finally, the number of plates chosen in the heat 

exchanger chosen for either designs is seven. 

3.2.3. Design of the GE-Unit: 

 

As previously discussed, there are two possible designs for the system. Design number 1 

which relies on one single flow channel is favored as it uses one pipe instead of two, and does 
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not require an additional cooling channel specific to the heat exchanger, this means that the 

device weighs less. The table below shows the differences between the possible devices by 

display various perspectives angles of the unit. 

Table 3.2.3.1 Different Angles of the two possible designs for the GE-Unit 

 

 Design 1 Design 2 

Front 

  

Side 
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Bottom 

 
 

Hot Side 

 

 

Cold Side 

 
 

 

Two cooling channels sandwich, and are clammed to as a way to ensure maximum pressure, 

the thermoelectric modules and the heat exchanger and can rely on either the ambient 

temperature, a cooling fluid, or a completely independent cooling system. The ambient 

temperature tends to be insignificant or ineffective compared to the high temperatures carried 

by the gas exhaust. Moreover, installing a new and separate system that will ensure the 
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cooling of the GE-Unit is not recommended as again, it is an additional weight that will 

reduce the efficiency of the system and increase fuel usage. Subsequently, attaching the device 

to the preexisting cooling system of the vehicle thus making use of a cooling fluid is the most 

optimal alternative. 

A zigzagging pipe transporting the cooling fluid lays on top on the thermoelectric module 

from both sides of the generator. Obviously, the cooling channel rests on the cold side of the 

modules (Blue in Fig. 3.2.3.1)  

Eventually, the total weight of the GE-Unit approximates 38 kg where the heat exchanger 

weighs 17.54 kg, both cooling channels weigh 20 kg, and since the thermoelectric modules 

weigh 25 g each and there are ten modules, bringing the total weight of all modules 0.25 kg. 

Table 3.2.3.2 Weight of the different component of the GE-Unit along with the total weight of the device 

 Heat Exchanger 
Cooling 

Channel 

Thermoelectric 

Module 
Total 

Weight (kg) 17.54 10 0.025 - 

Number 1 2 20 - 

Total Weight 

(kg) 
17.54 20 0.5 38 

 

The main goal behind installing and implementing a GE-Unit in any vehicle is to increase the 

autonomy, and improve the efficiency. This can be quantified through the equation: 

 

is the heat flux:  

 Where is the specific heat in kJ/kg.K 

 is the mass flow rate in kg/s 
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 is the temperature difference between the inner and outer outlet of the heat 

exchanger. 

The efficiency can also be expressed as such: 

 

This time, stands for the ratio between the inner outlet, and the hot and cold sides of the the 

generator. 

Eventually, we find that when using the GE-Unit, the output power reaches 560 W and the 

output voltage climbs to 110 V. Additionally, fuel consumption can be reduced by values 

ranging from 1 to 4%. 

The additional weight of the GE-Unit requires further fuel usage. The 38 kg device increases 

fuel consumption by 0.76%. Furthermore, supplementary maintenance is required when caring 

for the vehicle. 

4. STEEPLE ANALYSIS 

4.1. Social Factors 

Implementing a new system in fuel powered cars will open up new job opportunities for both 

engineers and technicians in Morocco, the reduced gas emissions will also drag down 

healthcare costs. People will notice a reduction in noise, and an increase in the lifetime of 

certain components in their vehicle. Eventually, users will start opting for greener options to 

further gain comfort and ease of life. 

4.2. Technological Factors 

Finding alternatives to save up on fuel and energy is the first step towards the usage of greener 

technologies. Of course, engineers will be more than willing to constantly upgrade the device 

which will lead to a leap in the electrical reusable energy industries. Additional, energy 
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sources will definitely be located and exploited to yet again improve on the profit. The project 

will also encourage the concept of reusing preexisting tools and combining them to come up 

with a simple yet useful energy recovery device as a way to favor recycling. 

4.3. Economic Factors 

The costs related to fuel usage will decrease which will encourage users to switch towards 

environmental friendly alternatives. This project aims at finding the amount that one could 

save up when using the generative energy unit. Eventually, users and future drivers will notice 

the scope of savings related to the greener industry (especially in the long term) and will be 

more than willing to swiftly change towards fully electric cars thus encouraging the industry in 

Morocco. 

4.4. Environmental Factors 

The main criterion fueling this project is to reduce fuel usage and carbon emissions. A study 

of the carbon emission from road cars will be performed as a way to compare it with the 

improvement and energy recovery device will offer. Considering that fossil fuels are a limited 

resource on earth, greener, renewable alternatives will govern out future and help develop the 

industry that will specialize in finding solutions that will help improve air quality, employ 

reusable methods and encourage people to better value the nature and preserve it. 

4.5. Political Factors 

This project will encourage foreign companies to start building strong relations and 

partnerships with local Moroccan investors and companies. Companies specializing in 

producing hybrid cars and eventually fully electric cars will be encouraged to open up 

branches in the kingdom. Additionally, lesser taxes will be proposed to those who go for 

hybrid cars. 
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4.6. Legal Factors 

The device will still allow the car to abide by the automotive safety standards along with the 

regulations related to vehicles’ power limits and will further improve on the set allowed 

carbon emission in the hope of turning it into a concrete law that will ban cars with a 

significant carbon print. 

4.7. Ethical Factors 

The energy recovery device and any research related to its conception will be respect the 

engineering ethics. It is also everyone’s duty to opt for the most beneficial alternative in order 

to improve our society and preserve the environment. All while keeping maintaining full 

integrity, morality, and good behavior. 
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5. Conclusion: 

The race towards greener technologies and alternatives is and will always be ongoing. 

Considering people’s constant and urgent need for transportation, it is of the utmost necessity 

to make such an activity as environmental friendly as possible. Within available resources, 

improving on a hybrid car that relies on both an internal combustion engine and an electric 

motor is the right step. GE-Unit is a device that is installed in the exhaust channel of a vehicle 

and harvests the, normally, wasted heat. This project goes over the possible design of the unit, 

or generator, along with the most efficient components. The smallest, lightest, and adequate 

parts have been chosen as a way to maximize efficiency and eventually, recognize additional 

power sources in a day-to-day vehicle and maybe even get completely rid of fuel based 

engines and fully rely on electricity.  
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