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ABSTRACT 

  The goal of this research is to develop a small-scale energy resource that can be used by 

the survivors of a natural disaster event who are left without power. The desired energy resource 

is intended for low power applications (e.g. trickle charge of electronic devices such as mobile 

phones), should be small scale and inexpensive, and should not rely on battery power. It has been 

shown in the literature that thermoelectric generators (TEG) can utilize a temperature gradient 

and convert it into electricity. The hypothesis put forth in this research is to use the naturally 

occurring temperature gradient that exists in the soil and the thermal energy of the sun in order to 

create the temperature differential needed to produce power from a TEG.  TEGs require a hot 

and a cold side to produce power.  In this thesis, solar radiation collected from a black body is 

used to create the hot side of the TEG. To create the cold side, the earth is used as the heat sink 

to dissipate the heat.  As long as there is a temperature differential, the TEG will produce energy.  

Direct solar radiation is ideal but even exposure to ambient temperature will work. This research 

will also investigate the situation when the low ambient temperature during the winter time 

allows the TEG to work backwards and still produce power.  Through experimental case studies, 

we have studied the effectiveness of producing power through a TEG as well as a Peltier device 

under different configurations and weather conditions.    
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 CHAPTER 1: INTRODUCTION 

Many solutions exist when it comes to backup power. Fossil fuel based generators, solar 

panels, battery energy storage systems, and wind turbines are some of the commonly known 

sources used in different applications.  However, they all have weaknesses and limitations.  

Fossil fuel based generators can generate a large amount of power and have a short response time 

in certain configurations.  But, they are limited by the amount of fuel that is available in the fuel 

tank.  While this can be replenished, if there is a blackout in a wide area, the ability to pump the 

fuel is lost.  Moreover, natural disasters may affect the fuel transportation network and its ability 

to operate in a timely fashion.  Solar or photovoltaic systems are very common and popular in 

residential and industrial applications.  Moreover, solar energy is a renewable resource with little 

maintenance required, and is scalable and relatively inexpensive.  However, its main dependency 

is the amount and intensity of solar irradiance.  Battery energy storage is another solution that 

can provide instantaneous power.  The more common battery type in higher power applications 

is lead acid.  They can provide a high amount of DC current that is converted by an inverter to 

produce the required AC current.  Their limitation however is both their capacity and aging.  In 

addition, in certain applications it may not be feasible, cost-effective or easy to replace the 

battery on a regular basis. Wind turbines offer another green solution. They come in variety of 

sizes, and smaller sized solutions are available that are more suitable for low power applications.  

However, naturally they depend on wind, which may or may not be available during the time of 

need.   

Despite different limitations, the above solutions have been used in variety of 

applications in the power system. The focus of this research however is on an energy resource 
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that is inexpensive, does not require maintenance or battery replacement, can work under various 

weather conditions, and is suitable for low power applications. The goal behind this research is 

to develop a solution that can be used by individuals in a disaster affected area, in the aftermath 

of the event. The idea is to provide means to charge small scale electronic devices until the time 

that usual electric service is resumed by the electric utility. One such example is a mobile phone. 

While victims of a natural disaster have many basic needs in terms of food, shelter, and medical 

facilities, the ability to contact loved ones would definitely be of high priority. To achieve the 

above objectives, we propose to use thermoelectric generators (TEG). The goal is to build a 

device that can trickle charge a low-power electronic device under different weather conditions. 
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 CHAPTER 2: BACKGROUND AND LITERATURE REVIEW 

2.1 Literature Review 
There are a few solutions in the literature that discuss the usage of TEG for low voltage 

applications. In (Snyder and Lawrence 2003), a prototype was designed to measure the heat flow 

between the soil and the air for a ground heat sink.  A TEG was not used here but the work 

focused on heat flow of different designs.  This paper provides additional research in an 

uncommon field that can be useful in designing an effective heatsink to dissipate enough energy 

to produce optimal power.  The heatsink used in this thesis has similar characteristics. The 

design in (Snyder and Lawrence 2003) consisted of a finned heatsink at the top, an insulated rod 

and fins at the bottom of the rod to dissipate the heat.  Copper was used due to its low thermal 

resistance.  The paper calculated and measured the heat flow, and with that information, one 

could calculate the potential power that could be produced with a TEG.   

In (Lorenz 2003), two prototypes were built for surface and subsurface power generation.  

A Peltier was used in this work.  The design was geared towards utilizing the temperature cycles 

and for use on planets other than our own.  One proposed design placed the Peltier in the center 

of two heatsinks and was subsurface.  The other design placed the Peltier at the surface.  A 

finned heatsink, with a body made from brass, was also used in both designs at the top to serve 

as a solar collector.   

In (Bitschi 2009), the author modeled both a large scale and small scale thermoelectric 

power plant.  The paper contained useful information on types of TEGs and the different 

materials used in each one.  It also covered various calculations associated with TEGs.    

In (Anand and Ramesh August 2013), a prototype was designed that used the temerature 

gradient of the ground and surface of the soil to dissipate the heat from a TEG.  The hot side was 
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generated by the ambient temperature of the air via a standard finned heatsink.  Voltage from the 

TEG was measured based on the depth and the type of soil. 

2.2 History 

2.2.1 Thermocouple History 

In 1821, Thomas Johann Seebeck, a German physicist observed that joining dissimilar 

metals would create an electrical current when the joints had a temperature differential.  When a 

temperature gradient is present in dissimilar conductors, there is a diffusion of charge carriers.  

This, in turn, creates a voltage differential between the joints. He discovered that the voltage 

produced was directly proportional to the temperature differential.  From this, the Seebeck 

coefficient (S) was derived.    

The produced voltage can be quite small but based on the Seebeck coefficient of the 

metals used, the temperature can be calculated. These thermocouples are commonly used in 

digital thermometers and other temperature sensors.  A list of Seebeck coefficients can be seen in 

Table 2.1. Common components used in today's thermocouples are bismuth telluride (Bi2Te3), 

lead telluride (PbTe), and silicon germanium (SiGe).  As can be seen in Table 2.1, these 

compounds have a high Seebeck coefficient.  
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2.2.2 TEG History 

Due to the output voltage of a single thermocouple being so minute, it is not able to 

produce usable power.  If the thermocouples were arranged into an array (also known as a 

thermopile), higher voltages and currents can be achieved. Higher voltage TEGs would be 

formed as an array in series where higher current TEGs would be an array in parallel.  A 

combination of series and parallel arrays would produce a media of the two.   Efficiency of a 

TEG is between 5-10%, whereas the theoretical efficiency can be up to 20% (Fujisaka and 

Suzuki 2013).   

 

 

Table 2.1 List of Seebeck coefficients (Lasance 2006) 
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Figure 2.1. Diagram of a TEG (Lawson 2005) 
 

 

2.2.3 Peltier History 

Jean Charles Athanase Peltier, in 1834, discovered that heating or cooling could be 

achieved by applying a current to two dissimilar metals.  He was able to demonstrate the ability 

to freeze water when current was applied. Then, by reversing the current, he was able to melt the 

ice.  He discovered that the heat created/absorbed at the junction was proportional to the 

electrical current applied.  This is known as the Peltier coefficient.  Typical materials used to 

create a Peltier are silicon based.  The efficiency of converting electricity into a temperature 

differential is around 10-15%. 

2.3 Applications 

2.3.1 Thermocouple/TEG 

2.3.1.1 Thermometers 

The most common use for a thermocouple is in digital thermometers.  The thermocouple 

produces a small amount of voltage.  Based on the type of dissimilar metals used, the 
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temperature can be calculated from the voltage measured.  This data can be shown on a digital 

display for digital thermometers or can be used as a temperature sensor.                                         

2.3.1.2 Automotive Thermoelectric Generator (ATEG) 

Automotive Thermoelectric Generators are devices that are used to capture waste energy 

from automobiles and convert it into electricity.  An automobile engine typically is only around 

20% efficient.  Much of the energy is wasted in the form heat. The heat is lost through the 

radiator and also through the exhaust.   The ATEG is connected to the exhaust or the radiator, 

and converts the waste heat into electricity.  The electricity can then be used to charge the battery 

and offload the alternators, which results in increasing the efficiency of the system as awhole.   

 

2.3.1.3 Radioisotope Thermoelectric Generator (RTG, RITEG) 

The RTG or RITEG are devices that use radioactive decay as the heat source for the hot 

side of the TEG.  They are typically used in environments where the heat can be dissipated.  

They typically produce around 100W of long term power.   Unmanned spacecraft such as the 

Voyager 1/2 and New Horizons and rovers such as Curiosity all used RTGs.  The Voyager 1, 

Figure 2.2. Exhaust ATEG (Boyle 2001) 
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launched in 1977, is expected to continue operation until the year 2025.  Due to the environment, 

RTG has also been used in attic lighthouses by the former Soviet Union.   

 

 

Figure 2.3. RTG (NASA 2008) 

2.3.1.4 Wireless Sensors 

Where heat differential and low power requirements exist, TEG-powered wireless 

sensors can be used. This is furthered helped by the fact that in certain situations, changing the 

battery is either not ideal or not possible.    

2.3.2 Peltier 

2.3.2.1 Refrigeration 

Seeing that a Peltier is an electric heat pump, it is being used in refrigeration applications.  

A unique characteristic about a Peltier is that if the polarity of the voltage applied is reversed, the 

flow of heat reverses.  Therefore, changing a Peltier from a cooler to a heater only requires the 

polarity of the power supplied to be reversed. USB heaters/coolers are one example.  Also, small 

devices based on Peltier are available to help keep a coffee mug warm or cold. Another popular 

device that uses a Peltier for heating/cooling is the automobile heater/cooler.  These use the 12V 

power from the car to power the device.   
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2.3.2.2 CPU coolers 

One continuous issue with CPUs is the dissipation of the heat.  Peltier devices are quite 

common in the CPU industry where a device is needed to keep the CPU cool.  They are 

sandwiched between the heat sink and the CPU. This replaces the use of more expensive exotic 

techniques such as liquid cooling. 

 
 

 
 

Figure 2.4. Peltier used in conjunction with standard CPU heatsink and fan (Frozen CPUs – An 
Introduction to Cooling 2015) 

 

2.3.2.3 Dehumidifiers 

Peltiers are also used as an electric dehumidifier.  As the air is cooled on the cold side of 

the Peltier it is able to extract the humidity and remove the moisture from the air.   

 
 

Figure 2.5. Peltier used as a dehumidifier (Electric Portable Mini Dehumidifier 500ml Air Dryer 
100V 220V For Damp Baby Room 2016) 
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2.4 Thermoelectric Generator vs Peltier 
 

Table 2.2. Comparison between a TEG and a Peltier 
 

Characteristic TEG Peltier 

Cooling Usable Best 

Power Generation Best Useable 

Thermal Breakdown High Medium 

Cost High Low 

Power Generation Efficiency Highest Medium 

2.4.1 Cooling 

Both devices are capable of serving as a cooling device.  However, the TEG is more 

efficient. On the other hand, the advantage of the Peltier is the price since silicon costs less to use 

than the rare earth metals used in TEGs. 

2.4.2 Power Generation 

TEGs were designed specifically for converting heat into power.  Peltiers are capable of 

doing this as well although at about half the output power. 

2.4.3 Thermal Breakdown 

TEGs were designed for high temperature applications and therefore designed to 

withstand high temperatures.  Peltiers have a lower thermal breakdown than TEGs but based on 

the application, a Peltier could suffice. 
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2.4.4 Cost 

Due to the rare earth materials used in the construction of TEGs, they have a higher cost 

compared to Peltiers. But due to their other benefits and characteristics, TEGs may be the only 

option especially when it comes to higher temperature applications. On the other hand, if lower 

power is only required, a Peltier may be sufficient. 

2.4.5 Power Generation Efficiency 

TEGs were designed for power generation and therefore are more efficient than a Peltier.  

Inch for inch, they are roughly two times more efficient.  Hence, depending on the application 

and the need for efficiency, either one may be used.  If space is not an issue, doubling the 

number of Peltiers would compensate for the lower efficiency.   

2.5 Thermoelectric Generator vs. Photovoltaic 

 
Table 2.3. Comparison between a TEG and Photovoltaic 

 

Characteristics TEG PV 

Light Absorbed UV, Visible Visible 

Operation Period Day and Night time Daytime only 

Operation Condition 

 

Direct Sunlight/Ambient Temperature Direct Sunlight 

 

Photovoltaic (PV) is a very commonly used renewable energy device.  But it has its 

limitations.   
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2.5.1 Light Absorbed 

While there have been breakthroughs in the ability for PV to convert the infrared 

spectrum into electricity, the cost of these devices could be quite high. So typically, PV is only 

able to convert the visible light spectrum.  On the other hand, through a simple blackbody 

median, TEGs can absorb most of the light spectrum. 

2.5.2 Operation Period 

PV is limited to operation during the daytime only.  And based on the location and the 

season of the year, the number of hours each day with sunlight can change.  TEGs also work 

during the daytime but in this configuration, as long as there is a temperature differential, power 

can be generated.  This would include the night time as well. 

2.5.3 Operation Condition 

PV requires direct sunlight and the power produced varies throughout the day based on 

the incident angle of the PV array.   TEGs could also take advantage of direct sunlight to heat the 

plate but even with it, as long as there is a temperature differential from even just the ambient 

temperature of the environment, it can continue to produce power. 

2.6 Equations 

2.6.1 Basic Seebeck Coefficient 

T

V
S 

   

 
Equation 2.2.1. Basic Seebeck Coefficient  
  
    
 S=Seebeck Coefficient 

V=Voltage 

T=Temperature 
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2.6.2 Vector Differential Equation of Seebeck Coefficient 

 
TS - V  J  

 
Equation 2.2. Vector Differential Equation of Seebeck Coefficient 
          
 
J = current Density 

δ = electrical conductivity 

S=Seebeck Coefficient 

∆V=Voltage differential 

∆T=Temperature differential 

 

2.6.3 Absolute Seebeck coefficient 

 

'
'

)'(
)(

0
dT

T

T
TS

T 
 

 
Equation 2.3. Absolute Seebeck coefficient 
  
 

S(T)=Absolute Seebeck coefficient 

Μ=Thomson coefficient  
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 CHAPTER 3: METHODOLOGY 

3.1 Solar Radiation 
To achieve the required hot side of the TEG/Peltier, a renewable energy source, i.e. the 

sun, was chosen here.  In theory, to absorb the full potential the sun has to offer, a tracking 

system could be used; although, this would introduce additional cost.  In this configuration, a 6” 

square aluminum plate was chosen.  Aluminum was chosen because it has a low thermal 

resistance, but at the same time, it has low cost.  To absorb the thermal energy from the sun, the 

aluminum plate was coated with a flat black paint.  The darker the paint, the more energy will be 

absorbed.  The ideal material to be used for this purpose would be a product call Vantablack.  

This is the world’s darkest material, which is capable of absorbing 99.965% of the light spectrum 

(Vantablack 2017).  In comparison, standard flat black paint absorbs around 97.5%.  Vantablack 

is made from carbon nanotubes.  Carbon nanotubes are one of the highest thermal conducting 

materials available, and would be ideal in this application. Nevertheless, due to cost limitations 

and the availability of Vantablack, a standard flat black paint was used in this design. 

3.2 Geo heat dissipation  
The other requirement for a TEG to work is to have a cold side. Multiple configurations 

were tested in this work in order to determine the best option.   

These are:   

1. Using a 40mm40mm square aluminum rod which was inserted into the ground to 

dissipate the heat. 

2. Using the bare ground to dissipate the heat. 
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Originally, a 40mm circular rod was used; however, it didn't match the square-shaped 

TEG, which decrease its ability to dissipate the heat.  The motivation for using a rod inserted into 

the ground is due to the temperature gradient in soil.  By only digging down 12” below the 

surface, the temperature dropped to 58.5ºF.  Increasing the depth to 18” only decreased it to 

57ºF.  A depth of 12” was chosen due to it being a practical depth as well as the diminishing 

returns, i.e. increasing the depth by 50% only decreasing the temperature by 1.5 degrees. 

3.3 TEG/Peltier devices 
For a TEG, the Laird HT8,12,F2,4040 (http://www.lairdtech.com) was chosen because of 

its high power output and small footprint.  For the Peltier, an off-the-shelf SP1848 device was 

chosen.  The internal resistance of the Laird device is roughly ½ that of the Peltier.  This would 

produce twice the power output from the TEG.  The drawback though is that the cost of the TEG 

is roughly 12 times that of the Peltier.  This provides an overall cost per watt of 6 times that of 

the Peltier.   

3.4 Single vs Array configuration 
Both single device and array configurations were tested for the Peltier.  The single device 

configuration consisted of both the TEG and the Peltier with the square bar inserted into the 

ground. 
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Figure 3.1. Single TEG/Peltier configuration 

 

The array configuration was tested using the bar as well as using bare ground.  The array 

was configured in two different ways.  One was to separate the TEGs as much possible 

sandwiched between two 6” square aluminum plates.  This did not work well with the rod and 

the configuration was changed to concentrating the array closer together and sandwiching it 

between a 6” square aluminum plate and a 4” square aluminum plate.    

 

Figure 3.2. TEG/Peltier array configuration 
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The bare ground configuration was to test to see if the aluminum rod could be eliminated 

altogether and simplify the design. 

 

Figure 3.3. TEG/Peltier array configuration on bare ground 
 

3.5 Calculations 

3.5.1 Blackbody power absorption 

6”6” square black body surface (36 sq.in) = 0.0232258 m2  1120 W (direct and indirect solar 

power from the atmosphere) = 24.39 W  

Blackbody efficiency compensation: 

~95%  24.39 watts= 23.17 W 

3.5.2 Thermal Resistance and conductivity of Aluminum 6061 

sigma = 173 [W/mK] = thermal conductivity, Watts per meter-Kelvin 

Rho = 1/sigma = 1/173 [mK/W] 

Thermal Resistance  = RhoL/A  [mK/W]*[m]/[m 2] = [K/W]  

L: Length [m]  

A: Area [m2]  
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6”6”0.25” plate: 

L = 0.00635 m 

A = 0.0232258 m2 

Thermal Resistance = (1/173)(0.00635 m/0.0232258 m2) =  0.00158 K/W  

 

4”4”0.125” plate: 

L = 0.003175 m 

A = 0.0103226 m2 

Thermal Resistance = (1/173)(0.003175 m/0.0103226 m2) = 0.00178 K/W  

 

2”2”12” rod: 

L = 0.3048 m 

A = 0.00258064 m2 

Thermal Resistance = (1/173)(0.3048 m/0.00258064 m2) = 0.68272 K/W  

3.6 DC/DC Boost Converter 
 The voltage output of the TEG/Peltier will vary as the temperature differential changes. 

To compensate for this, a DC/DC boost converter was used to provide a constant DC output. The 

one that was chosen is a 0.9V-5V USB boost converter (www.chinalctech.com).  As long as the 

output of the device is above 0.9V, the convertor will boost the input voltage to 5V.   

3.7 DAC equipment 
A vital part of the research is the recording of the data.  The equipment used consisted of 

the following: 
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3.7.1 Temperature Sensor 

Two different USB temperature sensors were used due to the fact that the software 

supplied for data acquisition could only communicate with one sensor at a time.  One sensor was 

placed on top of the blackbody plate to record the hot side of the TEG/Peltier.  The other sensor 

was placed on the bottom side next to the cold side of the TEG/Peltier.   

 

Figure 3.4. USB temperature sensors 
 

 
 

Figure 3.5. Black body Al with temperature sensor 
 

3.7.2 Voltmeter 

The voltmeter contained an RS-232 port to record the voltage output from the 

TEG/Peltier.   
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Figure 3.6. Voltmeter connected to laptop 
 

3.7.3 Software 

The software used was a custom application designed for each of the devices.  The 

recording interval was set to 15 minutes.   

3.7.4 Laptop 

The laptop used was a Windows based laptop.  It connected to the temperature sensors 

and the voltmeter, and ran the software to record the data from the devices.  For easier and 

remote access, Remote Desktop was enabled and the laptop connected to the home network via 

Wi-Fi.   

3.7.5 Weatherproofing 

Due to the data being collected outside and the sensitivity of electronics to water, a 

waterproof container was used to cover the laptop, voltmeter and USB temperature sensors. 
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 CHAPTER 4: EXPERIMENTAL RESULTS 

4.1 Measurements 

With the use of the standard equation 
R

V
P

2  the power output of the TEG/Peltier can 

be calculated.  The TEG’s internal resistance is 1.56 and the Peltier’s internal resistance is 3.1 

. 

 
 

Figure 4.1. Data for TEG during Summer 
 

 
 
 

Figure 4.2. Data for Peltier during Summer 
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Figure 4.3. Data for Peltier Array w/ rod during Summer 
 

 

 

Figure 4.4. Data for Peltier Array w/ bare ground during Summer 
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Figure 4.5. Data for New Peltier Array w/ rod during Fall/Winter 
 

 

Figure 4.6. Data for Peltier w/ rod during Winter 
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Figure 4.7. Data for TEG w/ rod during Winter 
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 CHAPTER 5: CONCLUSION 

5.1 Efficiency improvements 
With any experiment, there is always room for improvement.  One possible improvement 

here would be the use of a tapered piece of aluminum connecting the 88mm square array down 

to the 44mm aluminum rod.  This would help keep the array’s temperature more uniform.   

An alternative would be the use of a spike that starts out at 88mm and tapers down to a 

point. This may also be easier to push into the ground, compared to a cylindrical bar. 

 The use of a material with a lower thermal resistance would also be an improvement. 

Copper would be ideal from a thermal resistance perspective, although cost would play a 

negative factor.   

Mentioned before was the use of Vantablack.  This would increase the amount of thermal 

energy from the sun that could be absorbed. 

The use of higher efficiency devices would increase the power output.  These devices 

would typically cost more; therefore, their usage would be application dependent. 

5.2 Component Cost 
6”  6”  1/4” Al plate: $15 
4”  4”  1/8” Al plate: $8 
2”  2”  12” Al plate: $20 
Peltier: $4 
TEG: $50 
 
 

5.3 Concluding Remarks 
The TEG used as a power source seems to be an underutilized technology.  As long as 

there is a temperature differential and the power requirements are small, the TEG can very well 
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be a potential solution to a power source.  These devices are highly robust, have no moving parts 

and therefore require no maintenance. Moreover, in some cases, the location of the needed power 

may not be ideal for connection to a power outlet or may not be feasible for battery replacement.  

TEG can also serve as a potential replacement to low power solar especially when power is 

needed at night time.   

Depending on the required power and the cost restraints, a Peltier may be a better 

solution than a TEG.  This is because although the output power of the TEG can be up to twice 

as high as that of the Peltier, it could be up to 12 times more expensive.  Doubling the number of 

Peltiers would compensate for the lower power output but at the expense of using more space.  

The choice would depend on the application, the available budget, and the available space. 
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APPENDIX A: PROTOTYPE PICTURES 

 

Origional 6”6” configuration 
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2nd Configuration using 6”6” on top and 4”4” on the bottom 


