Building a Thermoelectric Generator System
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1 Abstract
For my second semester ASR project, I chose to build a thermoelectric
generator system that can convert a temperature difference supplied
by the sun and the earth into usable electricity. I chose this project
because I am very interested in the field of alternative energy, an area
that has only recently begun to amass significant scientific interest as
demand for energy has skyrocketed while supply of non-renewable
resources continues to diminish. This project allowed me to explore
concepts of thermodynamics in the context of macroscopic bodies,
including the Earth itself, as well as the concepts of magnetism and
itstheir relationship with electron and charge carrier theory. I have
successfully built a generator system that generates electricity by
running solar-heated water across one side of a Seebeck module, and
earth-cooled water across the other.
2 Introduction
Thermoelectric generators (or TEGs) are devices that convert
temperature differences into electricity through the phenomenon
known as the Seebeck effect. Though TEGs have been used in the
occasional heating or cooling device, only recently has interest arisen
regarding their potential as an alternative energy source. When we look
at our world and where a majority of our energy is lost or wasted, it is
surprising this technology has only recently garnered interest. As the
market for these TEG devices continues to grow, scientists predict that
thermoelectric generation will be a billion dollar industry by 2023 [1].
Given my interest in alternative energy sources and the fact that TEG
devices will likely be a big part of our energy future, I thought it would
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be very interesting and relevant to build a thermoelectric generator for
my second semester ASR project.
2.1 Early Study of Thermoelectricity
Though thermoelectric generators have only recently begun to find a
niche in the alternative energy community, the science behind these
generators has been known to exist for nearly 200 years. In 1821,
German physicist Thomas Johann Seebeck discovered that a compass
needle could be deflected by a closed loop formed by two different
metals, joined in two different places, with a temperature difference
between the junctions. Though the theory of this effect will be explored
in much greater detail in a later section, I will explain it simply here:
the needle is deflected because charge carriers in the metals respond to
the temperature difference in different ways, thereby creating a current
through the metal loop and a magnetic field to which the needle
responds. At the time Seebeck witnessed this effect, he did not realize
there was an electric current involved and thus called the phenomenon
the “thermomagnetic effect.” Later, Danish physicist Hans Christian
Orsted corrected his mistake and coined the term “thermoelectricity.”
In 1834, a French watchmaker and part time physicist, Jean Charles
Athanase Peltier, discovered that running an electrical current through
a loop of two dissimilar metals would produce heating or cooling at
the junction of the two metals. Peltier had discovered the same effect
as Seebeck, just performed in reverse; rather than generating electricity
from a temperature difference, Peltier was able to create a temperature
difference using electricity. The synthesis of both Seebeck’s work and
Peltier’s work, the conversion of temperature differences to electric
voltages and vice versa, is now known as the “thermoelectric effect” [7].
2.2 Thermoelectric Applications
Almost 90% of the world’s electricity is generated by heat energy.
Unfortunately, most of these electricity generation systems operate
between a 30% to 40% efficiency range [7]. This means that about two
thirds of the energy input is lost as wasted heat. Given the reliability
and simplicity of thermoelectricity, the use of thermoelectric materials
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has provided a practical way to recapture some of the energy that is
currently lost in conventional electricity generation systems.
2.2.1 Automotive Thermoelectric Generators
One of the rising applications for thermoelectric generation is in
capturing the energy wasted by car exhaust systems. Two-thirds of of
the potential energy in gasoline is lost to wasted heat. Scientists are
attempting to harness some of this wasted heat and convert it into
usable energy. By using a car’s exhaust as a heat source (providing
temperatures of almost 700ºC), and using the ambient air outside the
car as the cooling source for a TEG system, scientists are able to generate
a temperature difference of a few hundred degrees. Given an optimal
electrical load, this temperature difference is capable of generating 500750W of electricity. This energy could be used to recharge the battery in
a way similar to that of a regenerative braking system.
2.2.2 Space RTGs
Interestingly, applications of thermoelectricity have even reached
beyond the atmosphere of our planet. Many unmanned space probes
have begun to use thermoelectric generators as an alternate form of
electricity to solar power. These space probes have been sent to the
farthest reaches of our solar system where the sun is not a sufficient
source of energy. The Mars rover Curiosity found use for thermoelectric
generation as it is only exposed to the sun for half a Martian day.
The heat source of the TEG devices used on the Curiosity rover and
other space probes comes from a radioactive isotope of plutonium
that releases significant heat as it decays. The high-energy particles
released by the plutonium bombard a viscous oil, thus heating the
liquid and creating a heat source. A labeled diagram for a radioisotope
thermoelectric generator (also called an RTG) can be seen in Figure
1. The RTG used on the Curiosity rover can be seen in Figure 2. One
of the benefits of RTGs as a form of electricity generation is that they
have no moving parts and thus have a low risk of breaking. On a space
probe or rover, this reliability is highly valued.
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Figure 1: A labeled diagram of an RTG. On the Mars Curiosity rover, the heat source
is provided by decaying plutonium, found within the GPHS (General Purpose Heat
Source) modules. Large radiator fins act as heat sinks by dissipating heat into the
Martian atmosphere. [2]
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Figure 2: The RTG used on the Curiosity rover can be identified by the radiator fins
(shown in Figure 1) near the top-center of this self portrait taken by the rover. [2]

2.3 The Future
As thermoelectric generation begins to take hold in a variety of
applications and industries, its future uses look incredibly promising.
However, one of the obstacles facing TEG devices is their infamously
low efficiency. Even the best Seebeck modules only approach 10%
efficiency. If the efficiency of these modules could be improved, the
potential for these devices is nearly limitless. In a world where a majority
of energy is wasted through heat, we could harness unfathomable
amounts of wasted energy through highly efficient TEG devices, thus
allowing us to curtail our reliance on non-renewable energy sources.
3 Design
The design for my TEG system is composed of three main parts: (a) the
underground cooling system or copper coil, (b) the solar vacuum tube
heating system, and (c) the thermoelectric module used to generate
the electricity. A CAD drawing of the complete system can be seen in
Figure 3. My generator used hot and cold water to create the temperature
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difference necessary to generate electricity with the Seebeck modules.
Approximately 7.4 liters of water are stored in a black PVC reservoir.
No pump is necessary for water to flow through the system as the
water in the reservoir has enough gravitational potential energy (given
its height and mass) to flow itself. Due to the fact that rubber is an
excellent insulator, rubber tubing was used to carry water from one
part of the system to another, thus ensuring that minimal heat was
lost or gained along the way. The path of water-flow in the system is
as follows: water from the reservoir exits the PVC pipe through a ball
valve at a controlled rate and enters the vacuum tubes. It is important
to note that I had filled the vacuum tubes with water and allowed the
water to fully boil in the sun before starting the water flow. As new
water flows into the vacuum tube to boil, the already boiling water
flows out, entering a small box that touches one face of the Seebeck
module. After heating one side of the Seebeck module, the boiling
water flows out of the box and into the underground cooling coils.
After passing through all three coils, the water has cooled to 70-80
degrees Celsius (depending on how long the system has been running).
This water then leaves the copper coils and enters the second box that
touches the other face of the Seebeck module. The chilled water cools
this face of the module, while the boiling water continues to heat the
other face, thus creating the temperature difference necessary for the
module to generate electricity. The cooled water, now also purified of
contaminants and bacteria after being boiled, could then be collected
and used for drinking. As shown in Figure 3, the generator (excluding
the copper coils) rests on a wooden disc, which was attached to another
disc using a lazy Susan bearing. This allowed me to rotate the top disc
so that the vacuum tubes were always under direct sunlight. There was
enough slack in the rubber tubing throughout the whole system to
allow for the small rotations necessary to keep the vacuum tubes facing
the sun. The design for the three major components of the generator
(the heating system, cooling system, and Seebeck module) will be fully
explored in the next subsections.
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Figure 3: Isometric back view of completed thermoelectric generator. Water storage
system (in black), three vacuum tubes, and Seebeck module (sandwiched between hot
and cold boxes) rest on turntable. The three copper coils are buried underground.
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3.1 Cooling System
The underground coil was made from quarter-inch inner diameter
copper tubing and was coiled around a PVC pipe with an outer
diameter of 10cm. The tubing was coiled for approximately 10 turns
and then the tube was extended up the center of the coil back to the
top. A SolidWorks 2D drawing of the cooling system can be seen
in Figure 4. The reasoning behind the coil shape was to expose the
hot water to the cold Earth for as much time as possible. The Earth’s
thermal inertia (the rate at which a body approaches the temperature
of its surroundings) is enormous due to its gigantic mass. As a result,
the Earth is a self-sustaining cooling source that will stay at a constant
temperature no matter how much heat it absorbs from the hot water
in the copper pipes. Thus, solar-heated water can be quickly cooled
to a reasonable temperature underground so that it can also act as a
heat-sink. The rate at which this water cools is given by Newton’s Law
of Cooling and is directly proportional to the temperature difference
between the Earth and the water. Due to copper’s high level of thermal
conductivity (401 watts per meter kelvin), it is an optimal metal to use
when transferring heat. Thus, I used copper tubing to improve the rate
of heat transfer between the water and the Earth in my thermoelectric
generator system. Table 1 compares copper’s thermal conductivity to
that of other common metals.
Metal

Thermal Conductivity (W/m.K)

Copper

401

Aluminum

205

Gold

310

Silver

429

Stainless Steel

16

Iron

80

Table 1: A comparison of the thermal conductivities ofvarious metals. All thermal
conductivities given at 25ºC. [4]
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Figure 4: SolidWorks 2D drawing of the cooling system.
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3.2 Heating System
To heat the water in my thermoelectric generator system, I used solarevacuated tubes. These tubes can quickly boil water when exposed
to direct sunlight and are used in some houses, as they are cheaper
and more energy efficient than conventional boilers and other water
heating systems. These tubes were perfect for my uses as they use no
electricity to generate heat and can boil water in only a few hours. These
tubes are made from low-emissivity borosilicate glass, a glass with very
low iron content and very high durability and heat resistance. As seen
in Figure 5, these evacuated tubes use a black AL/N selective coating
that enables the tube to absorb heat from the whole solar energy
spectrum. This gives the tube greater thermal efficiency in bright
sunshine, while also efficiently producing heat in overcast or diffuse
sunlight conditions. The outside of the tube is made up of two layers
of glass with a vacuum between them. Due to the lack of air molecules
within this evacuated space, heat that is absorbed into the water by
the black reflective coating has no way of transferring past the first
layer of glass back into the atmosphere. This phenomenon is known as
the “thermos effect.” Thus, even when the tube contains boiling water,
the outer layer of glass remains at a comfortable temperature and can
still be held. A close view of the vacuum tube setup in my SolidWorks
drawings can be seen in Figure 6. Rubber tubing was colored based on
the temperature of water it was carrying (red for hot, blue for cold).
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Figure 5: Diagram of a solar-evacuated tube. The“heat pipe condenser” and “centering
heat transfer fins’ attached to it were removed from the tube as they werenot applicable
to my system.

cold
water
tube

hot
water
tubes

Figure 6: Close-up of vacuum tubes in TEG system. At the top of the diagram, cold tap
water exits the reservoir and enters first vacuum tube to be heated, thereby displacing
already boiling water into the next tube. This repeats until the water exits the third tube
(at bottom of diagram). Three vacuum tubes are used to maximize boiling capacity,
thus ensuring the exiting water has reached boiling point even after the system has
been running for an extended period of time.
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The caps for the vacuum tubes were 3D printed with two holes in each
cap, one for the input tube and one for the output tube. The caps have
two deep grooves along the circumference of the base of the cap. As
seen in Figure 7, rubber O-rings were slipped into these indents to
ensure there would be a secure seal when the cap was inserted into
the vacuum tube. This was done not only for safety, but also to ensure
that the water inside the tube had no way of transferring out its heat
through contact with fresh air molecules from outside the tube.

Figure 7: Close-up of vacuum tube caps. O-rings were inserted into grooves to ensure
a tight seal between the cap and the glass of the tube. This seal ensured both that no
boiling water would leak out and harm the holder, and that no heat was lost to air
molecules outside the vacuum tube.
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3.3 Thermoelectric Module
For the third part of my TEG system, the thermoelectric module, I
used a Seebeck tile. One such Seebeck module (the physics of which
will be explored in a later section) can be seen in Figure 8. As seen
in Figure 9 (a close-up of the tile set-up in a SolidWorks drawing),
this tile was sandwiched between two boxes, one containing hot water,
one containing cold water. In Figure 9, rubber tubes carrying hot and
cold water are labeled accordingly. The face of both the hot and cold
boxes that touch the tile is a copper plate. Once again, copper was used
to ensure maximum heat transfer between the hot/cold water in the
boxes and the Seebeck modules. As seen in Figure 9, boiling water
enters the first box from the vacuum tubes and heats one side of the
tile. This hot water then leaves the box and enters the underground
cooling coils where it is cooled to 70-80 degrees Celsius. Next, this
cooled water enters the second box, thus cooling the other side of
the Seebeck module. After the cold water has served its purpose of
cooling one side of the tile, it flows out of the box and can be collected
as drinkable water.

Figure 8: A very simple Seebeck module. Heat is applied to one side and released
from the other, thus creating a temperature difference across the module.
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Figure 9: A close-up of the tile set-up in the generator. The Seebeck tile (with wires
extending up from it) is sandwiched between a hot and cold box (white boxes in center
of diagram). A copperplate is used for the face of each box that is in contact with the
Seebeck module.
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3.4 More SolidWorks Drawings

Figure 10: A top view of the entire TEG system. The path of water, starting from the
reservoir at the top, and ending at the left-most open-ended tube, can be easily followed
in this view.
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Figure 11: A front isometric view of the TEG system.
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4 The Physics of Thermoelectric Generation
4.1 What is Electricity?
To fully understand how thermoelectric generators such as Seebeck
modules work, it is necessary to first delve into the subatomic level.
As defined by electron theory, electricity is the movement of electrons
in a closed circuit. This will occur when there is (a) a continuous
conductive path for the electrons to move through andas well as, (b) an
electromotive force to set the electrons into motion. The most common
way for this electromotive force to be applied is through a voltage. The
movement of electrons is measured by an electric current (defined in
terms of the quantity of electrons moving past a given point in a second,
where an amp is the movement of 6.25 ×1018 electrons per second).
4.2 Charge Carriers and Conductivity
Charge carriers (such as electrons) are the physical particles of a given
material that carry electric charges. The characteristics of these charge
carriers in a given material are defined by the atomic structure of the
material. For example, the fewer valence electrons (electrons on an
atom’s outermost shell) an element has, the more loosely bound the
valence electrons are to the atom’s nucleus. Because these electrons
are more loosely bound, it is easier to make these electrons flow with
the application of an electromotive force. Copper, silver and gold are
all examples of elements with only a single valence electron. The fact
that these single valence electrons flow better with an applied voltage
makes all three of those elements excellent conductors.
4.3 Semiconductors
A semiconductor is a material that can mimic any degree of electrical
conductivity from that of a pure conductor (such as copper) and
that of a pure insulator (such as glass). Semiconductors provide
the foundation for modern electronics and their ability to change
conductivity makes them incredibly useful for constructing devices
that interact with energy input or output. These semiconductors are
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“grown” into simple crystalline structures that can be given any level
of conductivity by virtue of what “impurities” (also known as dopants)
are added. Without dopants, base semiconductor materials form
incredibly stable crystalline lattices such as the silicon crystal shown
in Figure 12.

Figure 12: The stable crystalline structure for silicon. All valence electrons are shared
between adjacent silicon atoms. [3]

The various atoms that make up this structure share their valence
electrons with each other and these electrons are tightly held in the
orbits of adjacent nuclei. This makes the structure very stable, and as a
result, not at all conductive. However, when dopants are added to the
material, the conductive properties can be profoundly affected. If we
were to take the silicon structure shown in Figure 12 and add arsenic
impurities (with five valence electrons rather than silicon’s four), we
would end up with free electrons that do not fit into the rigid crystal
structure, as seen in Figure 13. These electrons are thus not as tightly
held by any nuclei and can be easily moved to pass electrical current,
thus greatly increasing the conductivity of the material. These loosely
bound electrons that do not fit into the structure are the charge carriers
for this “negatively doped” or N-type material.
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Figure 13: Earlier silicon structure doped with arsenic impurities. Electrons that do
not fit into crystalline structure are formed, thus making the material more electrically
conductive (N-type material).

A similar phenomenon occurs if we add Indium impurities (which have
three valence electrons rather than silicon’s four) to our stable silicon
structure. As seen in Figure 14, this creates a crystalline structure
containing “holes” that would usually be filled by electrons if the
material was pure. Also shown in Figure 14, the three valence electrons
move around in an attempt to form four covalent bonds, thus filling
the hole, but now creating a new hole in an adjacent silicon atom. This
gives the hole the appearance of movement in the opposite direction to
that of the electrons filling in the holes. Thus, holes are positive charge
carriers (as they move in the opposite direction of the electrons).
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Figure 14: Indium dopant creates P-type material with “holes” in crystalline structure.
As electrons move to fill these holes, the holes appear to move in the opposite direction
of electron movement, thus making the holes positive charge carriers.

This form of “electron acceptor” dopant is also known as a P-type dopant,
thus creating P-type materials. This doping also greatly increases the
conductivity of the material as the “holes” created make it easier to
convey electrons through the material when a voltage is applied. The
fact that N- and P-type semiconductors create opposite current flow
when exposed to the same conductive path and electromotive force is
vital to Seebeck technology.
4.4 The Basis of Thermoelectricity
Thus far, we have only spoken of an applied voltage in setting charge
carriers into motion. However, it is also possible to cause electrical
current to flow through the use of a magnetic field along a conductor, or
even by the flow of heat. If the charge carriers are forced into motion, this
creates a voltage and current. The concept of thermoelectricity, producing
electricity through the flow of heat, is at the heart of Seebeck technology.
Now we have arrived at the crux of thermoelectric generation and
Seebeck technology. If a temperature difference is created across the
ends of an electrical conductor, thermal energy will be transferred
down the temperature gradient from the hot to the cold side. The
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physical transferring of that heat also tends to set charge carriers into
motion in the same direction as the heat flow. Thus, the creation of a
temperature difference across a conductor supposedly could be used to
generate electrical current. However, this could only occur if we could
somehow complete the circuit. Therein lies the problem. If the circuit
were completed with an identical conductor, the flow of thermal energy
down the temperature gradient would create equal charge movement
in both conductors. Thus, as seen in Figure 15, the current flow in
one conductor completely opposes the current flow in the other, and
therefore there is no net current flow.

Figure 15: Current flow from identical conductors cancels one another out. Thus there
is no net current flow.

To get around this obstacle, Thomas Johann Seebeck pioneered the
idea of using two dissimilar conductors to make a circuit. If one N-type
conductor was used in conjunction with one P-type conductor to
complete the circuit, the different capacities for moving charge carriers
in these two dissimilar materials in response to the flow of heat down
a temperature gradient results in one conductor complementing the
other, and thus a net current flow, as seen in Figure 16.
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Figure 16: When dissimilar conductors are employed, the current flow from each
conductor complements the other, thus resulting in a net current flow.

4.5 The Seebeck Effect
The phenomenon in which a temperature difference between two
dissimilar electrical conductors or semiconductors creates a voltage
difference is known as the Seebeck effect. This resulting voltage can
be measured over the terminals of the dissimilar conductors and is
referred to as the Seebeck voltage. Scientists also defined a Seebeck
coefficient (S) as:

S =

(-ΔV)
ΔT

In the equation, ΔT represents the temperature difference between the
hot and cold side, and ΔV represents the voltage difference between
the hot and cold side. The negative sign represents the charge of an
electron and comes from the conventions of current flow. Thus,
electrons are the primary charge carriers in a material with a negative
Seebeck coefficient (N-type materials), while holes are the primary
charge carriers in a material with a positive Seebeck coefficient
(P-type materials). As explained by the Seebeck effect, both N- and
P-type semiconductors are necessary to produce current flow in a
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thermoelectric generator. The efficiency at which a material is able to
generate this current flow is given by (Z) where:

Z =

S2 x σ
K

In this equation, the efficiency (Z) is defined in terms of the Seebeck
coefficient, the thermal conductivity (k), and the electrical conductivity
(σ). As seen above, the efficiency of a material is most dependent on its
Seebeck coefficient.
Thermoelectric generators use special semiconductors (typically
bismuth telluride structures) that are optimized for the Seebeck
effect, and replicate this effect on a large scale very efficiently. These
TEG devices use many N- and P-type semiconductor couples wired
electrically in series but configured thermally in parallel (a threecouple module can be seen in Figure 17). Because of alternating N- and
P-type semiconductors, current generated in each semiconductor does
not oppose the next. Practical TEGs wire together many of these N and
P couples couples together to output Seebeck voltages of practical use
(a Seebeck module typically has 127 couples or more).

Figure 17: A three-couple Seebeck module. N- and P-type semiconductors are
alternated. Conductors are wired thermally in parallel, and electrically in series. [3]
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5 Results
I dug three holes in my backyard and buried the three copper coils.
After letting the vacuum tubes sit in the sun for a few hours to pre-boil
the water, I set up my water reservoir and connected it with rubber
tubing to the vacuum tubes, tile boxes, and cooling coils. My first goal
was to determine which water flow rate would lead to greatest power
output from my Seebeck module. I knew beforehand that if the water
flowed too fast, the vacuum tubes and underground coils would be
unable to boil/cool the new water fast enough, but if the water flowed
too slowly, there wouldn’t be enough fresh cold water flowing into
the cold box to keep that side of the tile cold, and heat would quickly
conduct across the entire tile leading to minimal power outputs. Over
the next few pages, I show the hot and cold side water temperatures
over time for two different flow rates. It is important to note that the
temperatures measured were of the hot and cold water itself, not of
the tile faces. This was because there was no easy way to measure the
temperatures of the tile faces of the tile without disrupting the system
and stopping heat transfer by removing the tile from the hot and cold
box sandwich.
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Time (min)

Hot Side Temp (°F)

Cold Side Temp (°F)

1

212

68

2

212

69

3

212

69

4

212

69

5

212

70

6

212

70

7

212

71

8

212

72

9

212

72

10

212

74

11

212

75

12

212

75

13

212

76

14

212

76

15

212

78

16

212

78

17

212

78

18

212

78

19

212

78

20

212

78

85

Table 2: Hot and cold side temperatures for flow rate of 3.1 liters per hour. This flow
rate proved to be the optimal balance and ensured the water had enough time to boil/
cool, and fresh water entered the cold box fast enough. Voltage outputs (Table 4) were
measured only after the temperatures had reached equilibrium (which occcurcured at
about 15 minutes).
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Graph 1: Cold side temperatures measured every minute vs. time.
Data was collected over 20 minutes, at a flow rate of 3.1 L/hr.
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Time (min)

Input Temp (F)

Output Temp (F)

1

212

70

2

212

73

3

212

75

4

212

75

5

212

77

6

212

79

7

212

80

8

212

83

9

212

85

10

210

87

11

206

88

12

205

89

13

203

89

14

197

89

15

191

89

87

Table 3: Hot and cold side temperatures for flow rate of 4.0 liters per hour. This flow
rate was clearly too fast as the cold side temperature reached equilibrium almost 10°C
higher than the previous flow rate. Additionally, the vacuum tubes were no longer able
to keep up with the flow rate after 10 minutes and the hot side water temperature
began to drop.
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Graph 2: Cold side temperatures measured every minute vs. time.
Data was collected over 20 minutes, at a flow rate of 4.0L/hr.

To measure power output, I wired up a 2.4-ohm resistor (the matched
load resistance for the tiles) to the Seebeck module and then measured
the voltage drop across the resistor. Then, using the equation Power =
V^2/R, I was able to calculate the power output of the generator. The
power values I was interested in were the maximum power outputs
at any given flow rate. Unfortunately, unlike other generators such as
solar panels or wind turbines, maximum power is not immediately
achieved when the thermoelectric generator is first started. It takes time
not only for the tile to be heated/cooled to create the biggest possible
temperature difference, but also for the underground copper coils to
reach thermal equilibrium with the Earth and the hot water running
through them. Additionally, I quickly discovered that power and flow
rate are not at all related by a simple power curve in my system. This
is because as flow rate increases or decreases too much beyond the
optimal flow rate, other variables begin to enter the equation: as flow
rate increases, it is harder for the vacuum tubes to fully boil the new
water and the cooling coils to fully cool the hot water. As the flow
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rate decreases, the water is further cooled and heated, but slow water
flow through the cold box cannot remove heat conducting across the
Seebeck module fast enough. Thus, for my given system, output power
peaks at a specific flow rate, and decreases as flow rate increases or
decreases. Table 3 depicts the maximum output voltage and power for
the optimal flow rate, as well as the maximum voltage and power for
two other flow rates.
2.2 L/hr

3.1 L/hr

4.0 L/hr

Maximum Voltage (V)

.290

.711

.420

Maximum Power (W)

.035

.211

.074

Table 4: Maximum voltage and power output over 2.4-ohm resistor for three different
flow rates.

Graph 3: Maximum power output vs. flow rate. Highest power output occurs at
3.1 L/hr, and power decreases as flow rate increases or decreases.

Though it took a lot of guessing and checking, I was able to roughly
pinpoint the optimal water flow rate at 3.1 L/hr. Because the first 1015 minutes of running the generator at any given flow rate resulted
in smaller power outputs as not all components of the generator had
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reached thermal equilibrium yet, I had to let the system run for a
while before I could get the maximum power output for a given flow
rate. One problem with the way I ran my tests was the fact that I ran
many tests in a very short period of time. This meant I was heating
the Earth directly around the copper cooling coils, but not giving
it time to equilibrate with the rest of the Earth and return to its
original temperature. This could have given me hotter cold side water
temperatures, and thus lower maximum power outputs for subsequent
tests. Another issue with taking measurements was the fact that I
was unable to get the temperature of the tile itself, and instead had to
measure the water heating the tile. The only way to get the actual tile
temperature would have been to pull the tile out from between the
hot and cold boxes, thus stopping heat transfer completely. Lastly, I
chose to go off of the Seebeck module specification sheet and assume
that the optimal resistance for measuring power output was 2.4-ohms.
Instead of running tests with other resistances to confirm this fact, I
allocated this time to testing other flow rates to get as close as possible
to the optimal flow rate. However, if the specification sheet was off, I
likely could have come up with greater power outputs had I found the
correct matched load resistance.
6 The Next Steps
I have completed my TEG system and have been able to measure power
outputs of over 0.2 Watts. The next two steps I could take are (a) wiring
more tiles into the system in series to gain more power output, and (b)
using a controller board or battery to store the electricity produced by
the TEG system. Storing the generated energy was my original plan, but
finding the optimal flow rate for the system took longer than expected
and I was unable to complete that final piece of the project. Although
the class is technically over, I have a fully functional TEG system in
my backyard and could easily run the system for a day and hook up
the Seebeck module to a battery to store the energy. If I find the time
this summer, I plan to try to harness the energy my TEG system can
generate, and expand the tile system to include more modules.
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