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Task
Design a device that 
can be added onto an 
electric vehicle (EV) that 
gathers excess forms of 
energy to be then 
stored and directed 
toward the use of the 
vehicle somehow
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Goal
Allows the vehicle to 
eventually save 
electrical energy 
thereby increasing 
the performance of 
the vehicle
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Importance
Any effort towards 
having a cleaner earth is 
beneficial for all of us as 
well as pushing the field 
of the automotive 
industry to become 
more efficient in the 
long run will better the 
field
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Background
● Objective: Design an aftermarket product that can harvest energy while 

the EV is on the road.
● The product will include two components: 

○ solar panel
○ thermoelectric generator.

● The current design will help conserve battery and provide approximately 
50 watts of power.

● The current design must save large amounts of energy while trying to be 
light and efficient as possible
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Benchmarking
● Thermoelectric generators (TEG)

○ TEG1-12611-6.0
■ Volts: 4.2V
■ Amps: 3.4A
■ Watts: 14.6W
■ Size: 56mmx56mm
■ Cost: $48/pc (Thermoelectric-generator.com)

○ TEG1-12611-8.0
■ Volts: 4.8V
■ Amps: 2.7A
■ Watts: 13W
■ Size: 56mmx56mm
■ Cost: $60/pc (Thermoelectric-generator.com)

○ TEG1-4199-5.3
■ Volts: 6.7V
■ Amps: 1.12A
■ Watts: 7.5W
■ Size: 40mmx40mm
■ Cost: $33/pc (Thermoelectric-generator.com)
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Figure 1: TEG1-12611-6.0 [7]

Figure 2: TEG1-12611-8.0 [7]

Figure 3: TEG1-4199-5.3 [7]
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Benchmarking
● Rooftop solar panels

○ Monocrystalline Silicon Solar Panel
■ Volts: 18V
■ Watts: 300W
■ Size: 670mmx1129mm
■ Cost: $117.09 (walmart.com)

○ Monocrystalline Solar Panel
■ Volts: 12V
■ Watts: 100W
■ Size: 48in x 21.5in x 0.08in
■ Cost: $167.19 (renogy.com)

○ Polycrystalline Flexible Solar Panel
■ Volts: 5V
■ Watts: 100W
■ Size: 435mmx200mmx30mm
■ Cost: $37.63 (alexnld.com)
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Figure 4: Monocrystalline 
Silicon Solar Panel [8]

Figure 5: Monocrystalline 
Solar Panel [9]

Figure 6: Polycrystalline Flexible 
Solar Panel [10]
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Literature Review - Thermoelectric Generators (TEGs)
● Thermoelectric generators (TEGs) are 

used to convert thermal energy into 
electrical energy via the Seebeck 
effect.

● Environmentally friendly since TEGs do 
not contain chemical products and 
operate silently since they do not have 
moving parts [3].

● TEGs have become an area of interest 
in the field of energy harvesting
○ Energy efficiency (~4 - 5%)
○ Free of maintenance for about 30 years.
○ Long lifetime (over 100,000 hours of 

continuous use).
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Figure 7: Integration of the TEG into the 
underfloor of a Ford vehicle. [3]
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Literature Review - Solar Powered Cars
● Solar Powered cars are 

environmentally friendly
○  produces no pollution or greenhouse 

gases
● Solar energy gets converted from 

thermal energy to electrical 
energy and stored in the car’s 
accumulator.

● Lightyear one has a driving range 
of 425 miles with one single 
charged battery.
○ Tesla’s model S driving range: 379 

miles.
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Figure 8: Lightyear One covered in a total 
of 16 sq ft of solar panels on it’s roof and 
hood. [4]
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Literature Review - Harvest Energy from Brake Discs  
● Use thermoelectric generators (TEG) to 

restore energy from braking system.
● Simulations showed that at 25°C, the disk 

brake reached 200°C and the TEG delivered 
about 4.25W.

● Just know, that brake discs can get hotter 
than the simulation temperature.

● The test showed that the TEG efficiency is 
about 0.3% of the total thermal energy 
from the braking system. 
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Figure 9: Full disc and 
pad used in simulation 
test [6]
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Literature Review - Water Immersion & Offshore Wind Farm
● (1) - This journal entry describes the 

efficiency gain from using a water 
immersion cooling technique for solar 
panels
○ This is useful to our project because it gives us 

some insight into the newest technology in the 
field of solar energy

● (2) - This article uses an offshore wind farm 
in Denmark as a benchmark to correlate 
determine the relationships between many 
differing variables in wind-energy 
generation
○ This is relevant to our study because it will help 

the team understand how these variables can be 
used to calculate the total energy gained in order 
to help choose three different forms of energy
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Figure 10: A strip of submerged photovoltaic 
panels. [1]
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Customer Needs  Engineering Requirements
● Must not add a significant amount of 

weight
● Must not cost a lot of money
● Must supply enough power to 

perform at least one vehicle function
● Must not ruin the vehicles aesthetics
● Must be a device that is added on to 

an existing vehicle
● Must capture and use at least three 

forms of energy 
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● The team have turned this list into a set of 
engineering requirements that act as the goals 
or guidelines for the design task. 

● Device must be able to withstand road 
conditions
○ Weight (< 150 lbs)
○ Price (≤ $1000)
○ Power (≥ 80 Watts)
○ Aesthetically Pleasing (Y/N)
○ Aftermarket Device (Y/N)
○ Three types of energy used (Y/N)
○ Withstand average road wear (Y/N)

● This was accomplished by taking the 
customers wants and finding measurable ways 
that we could meet their desires 
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Quality Function Deployment (QFD)

Figure 11: House of Quality EV Moghaddam 9/15/21



Schedule - General Overview
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Figure 12: General overview of EV Moghaddam’s Gantt Chart
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Schedule
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Figure 13: Detailed overview of Phase One of EV Moghaddam’s Gantt Chart
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Budget
● Current budget is at $1000.
● Rough estimate of how budget will 

be utilized:
○ $900 for prototyping

■ ~$800 Car Parts (solar panels, 
TEGs, Capacitors, etc.)

■ ~$100 Tools
○ $100 for contingency budget
○ Subject to change if necessary.
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Figure 14: Keeping track of budget. [5]
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