Purpose

Converting Excess Heat Generated
from Furnaces into Usable Energy

The objective for this project is to create a device that can capture energy
from furnace flue pipes hot gas emissions that would otherwise be diluted into
the air and convert it to electricity that can be used to power a generator or
other appliances.

Abstract
About 70% of the energy used in the U.S. every year is wasted in the form
of heat. This wasted heat, however, could be converted to electrical energy.
Most homes in the U.S. are heated by furnaces or boilers, and depending on
their efficiency, can waste anywhere between 10 - 44% of the energy it uses.
The objective for this project was to design a device that can capture hot air
emissions from furnace flue pipes that would otherwise be wasted, and convert
them to electricity.
To do this, an aluminum tube was used to simulate the flue pipe, wrapped
in insulation to prevent heat loss. Ten thermoelectric generators (TEGs) were
attached to it in series. A heat gun was used to simulate the hot gas from the
flue pipe, directed into the aluminum tube. The voltage meter recorded 3 volts
of energy potential generated by the TEGs. As this experiment was done on a
small scale, it did not produce enough energy to power a battery, but if more
efficient/reliable TEGs are used in a greater quantity, more energy would be
produced. In addition, because of the heat gun needing to be held a few
centimeters from the pipe for safety reasons, some heat was lost and not
evenly distributed to all of the TEGs. With an actual flue pipe, this would not
be an issue. The experiment demonstrated that waste heat from a flue pipe can
be captured and converted to electricity.

Procedure
Testing:
1. Aim the heat gun at 75 degrees Celsius at the hot side of a thermoelectric generator while outdoors.
2. Attach a voltage meter to the TEG and record the voltage.
3. Repeat for each TEG.

Materials
●
●
●
●
●
●
●
●
●

Heat gun
10 thermoelectric generators
Double sided Thermal tape
Duct Insulation
Voltage meter
14 inch by 10 feet thin aluminum flashing
Shears (can cut up to 20 gauge metal)
Thermometer
Duct tape

Building:
1. Cut off 1.5 feet of the sheet of aluminum flashing with shears and roll it into a pipe shape, taping it
in place with thermal tape. The pipe should have a diameter of approximately 3.5 inches.
2. Use double sided thermal tape to attach 10 thermoelectric generators (peltier module
SP1848-27145) to the aluminum pipe and connect their wires in series.
3. Roll another 1 foot of aluminum flashing into a funnel with the larger end the same size as the
original pipe (3.5 inch diameter) and tape the funnel to the pipe on the opposite end of the
thermoelectric generators.
4. Cover the rest of the pipe and funnel that does not have thermoelectric generators with insulation.
5. Use the first and last thermoelectric generators’ wires (about 300mm length) to attach to a voltage
meter.

Introduction
The United States wastes an estimated two-thirds of about 100 quadrillion
BTUs of energy that we use each year. Waste heat largely contributes to this
waste. Not only is it lost energy that could have been otherwise used, it also
contributes to global warming. Power plants and other facilities must burn
more fuel to compensate for the wasted heat. The resulting greenhouse gas
emissions contribute to global warming. Additionally, most homes in the US
are heated by furnaces and boilers. However, most furnaces currently used
have anywhere between 56% and 90% efficiency. This means that 10 - 44%
of energy used to heat homes is wasted in the form of hot air emitted from
flue pipes. This is significant, especially during winter in relatively cold areas
such as New England where furnaces are being used most of the time.
The idea for this project came from seeing a statistic about wasted energy
from the heat produced by cell phone chargers. After looking into possible
solutions to that issue, it was determined that there would not be enough heat
produced by computers to effectively create a substantial amount of electrical
energy. However, other household appliances produce waste heat, a
significant one being furnaces. Furnaces are used in many New England
homes in the winter, so it creates a notable amount of waste heat when added
up over the winter season.
Though newer homes being built are being heated with furnaces with
higher efficiencies, it will likely take years before furnaces with 90+ percent
efficiency are widespread. Furnaces are expensive, so it is difficult to replace
them. With the current average efficiency of furnaces used in homes, a device
that could reuse this wasted energy would be extremely useful. In addition,
this concept could be applied to similar instances where waste heat in the
form of hot air is produced.
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Experiment:
Go outside and record the outdoor temperature. This experiment will be done outside.
Plug in the heat gun.
Set it to 75 degrees Celsius. Then, let it heat up the pipe for 5 minutes by holding it at the opening
of the funnel. Hold it 3 cm away from the pipe.
Record the number of volts shown on the voltage meter.

Through this experiment, a device utilizing TEGs was designed, built, and
tested that would turn hot air into energy potential.

Through this project, a device was created that did convert heat into energy
potential. This energy, in a greater quantity, could be used to power a battery or
other appliance. Though there was not as much energy produced as was
expected, this experiment proved that this concept works and can be replicated
on a larger scale to be used in homes.
An issue presented during this experiment was that the first time it was
attempted, the TEGs were overheated and burned out, causing them to not
work. This was due to a lack of a heatsink as the project was originally
attempted indoors. To solve that, new TEGs were used and the experiment was
done outdoors.
The heat gun has a narrow opening, and therefore could only heat up one
part of the pipe at once. In order to help distribute the heat more evenly, there
was a funnel added. Though the funnel did not completely solve the issue, it
did help with the heat distribution.
Originally, the device was meant to power a battery, however due to the
battery being 12 volts and the amount of energy potential produced being 3
volts, this was not possible. It is unclear why each individual TEG did not
produce as much energy potential as was stated in the description of the
product. However, this could be repeated with a different TEG model to see if
there would be different results.
In addition, this experiment could be repeated at different temperatures to
test how the device would work in different environments.
Overall, this experiment demonstrated that waste heat from a flue pipe can
be captured and converted to electricity.

Limitations
There were some limitations to this project including the following.
● Not being able to apply to an actual flue pipe due to gases such as
carbon monoxide being potentially dangerous.
● Heat gun safety features requiring it to be held at least 3 cm from the
pipe, causing some heat loss.
● Uneven heat distribution and the entire pipe not being heated up due to
the heat gun only heating up a part of the pipe at a time.
● Access to higher quality TEGs was limited
● One reason for uneven heat distribution was the air channel geometry
(diameter of the pipe) and the TEG placement was not optimized.

Areas for Future Study
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thermometer
shows the outdoor
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This image shows
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process of being
built. The TEGs
are connected in
series.

This concept of using TEGs to convert waste heat to electric energy can
be applied to many different sources of waste heat. A big source of not only
waste heat but also pollution is smoke stacks in factories. A device could
be designed to filter smoke coming out of factories as well as converting
the hot air into electricity that is reused in the factory. The heat from hot
water in homes can also be captured and converted to energy. TEGs being
small and compact could make them usable for converting heat from
smaller devices as well, including light bulbs, computers, or home
appliances such as ovens or washing machines.

Results
Bibliography
Note that the outdoor temperature during this
experiment was -2℃, therefore there was a temperature
difference of 77℃.
The series of TEGs produced a total of 3 volts of energy through the series, which
was not enough to power a 12 volt battery. However, this experiment was done on a
small scale and the way the heat gun is structured it could only heat up one area of the
pipe at a time, meaning that not all the TEGs were working at once. This is likely why
there wasn’t a very large amount of volts produced.

For this project, thermoelectric generators (TEGs) were used to convert
the waste heat into usable energy. TEGs utilize a temperature difference and
use the Seebeck Effect to create a voltage potential. Unlike other energy
conversion devices, TEGs do not emit any greenhouse gases to operate, are
silent, and provide a direct energy conversion without losing any heat in the
process.
There have been some other solutions put forward to address this problem.
For example, researchers at UCLA Henry Samueli School of Engineering and
Applied Science have demonstrated how to use a spintronics device to capture
waste heat. This device was made to be used in computers and electrical
devices, however.

Conclusion and Discussion
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