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Abstract. The Stirling engine is a path that was not intensively researched and developed on
compared to internal combustion engines. However, with advanced technology one has now
compared to the 1800s, Stirling engines can be used for purposes including generating electricity
and heat in households. Its potential lays in its high thermal efficiency, long life span, as well as
the advantage that it can operate quietly. This study investigates and discusses the applications
of Stirling engines in houses. There are a lot of ways that Stirling engines can be implemented
in daily life, including micro-CHP, water pump, electricity generator. In the future, with better
technologies, Stirling engines may be brought up more due to its high efficiency and other
beneficial traits. These results aim to increase the attention to Stirling engines and the possibility
of implementing it for residential purposes, possibly leading to further research on the topic to
further exploit the potentialities of the Stirling engines.
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1. Introduction

Invented by Robert Stirling in the 1816, the Stirling engine is an engine that converts heat energy to
work [1]. According to James Stirling, Robert Stirling’s brother, the Stirling engine aims to work as a
safer alternative as well as to save fuel, as many casualties were caused by the unstable parts of other
engines at around that time [2]. Later in the 19th century the Stirling engine appeared as a small sized
tool for pumping air or water. The design was fairly easy to use and average residents can operate it with
ease [2]. However, it was replaced by electric motors or small sized internal combustion engine in the
20th century, and minimal progress was made on Stirling engines until solar energy was designed to
fuel Stirling engines in the 21st century [3]. By 2003, Stirling engines once again entered
accommodations in the form of micro combined heat and power (also known as micro-CHP) [4].
However, there wasn’t many discoveries and research on Stirling engines in recent years.

This paper aims to increase the attention to Stirling engines and the possibility of implementing it for
residential purposes. In this paper, there would be a definition of household Stirling engines, a brief
review on the operation principles of the Stirling engines, introduction to micro-CHP and other ways
Stirling engines are used for residential purposes.

2. Descriptions of household engine
Household Stirling engines focuses on the Stirling engines used in households for ordinary citizens. The
Stirling engine may be applied for a variety of purposes, such as generating heat energy and electricity,
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for air conditioning (cooling), as fridges. There doesn’t exist of any category to this topic, and Stirling
engines used for residential purposes aren’t given much attention and is narrow enough to be seen as a
single category.

3. Principle of Stirling engines

Stirling engines have many configurations, one of the most intuitional is the alpha configuration. A
sketch is shown in Fig. 1 [5]. Generally, there are four steps as presented in order from Fig. 2 [6]. The
first step of the cycle is when most of the gas is pushed to the cylinder with the heat source and expands
from the heat to push both pistons inward, propelling the flywheel clockwise. The second step is when
the gas has fully expanded and the piston with the heat source pushed to the furthest. With the
momentum of the flywheel, the piston pushes the heated air to the cylinder with the cooler. The third
step is when most of the heated gas enters the cylinder with the cooler and cools down. The last step
symbolizes the end of one cycle and the beginning of another when all of the gas are in the cylinder with
the cooler and cooled down, using the momentum of the flywheel, the gas are pushed back to the cylinder
with the heater.

This cycle also features a regenerator, a unique feature for Stirling engines contributing to the high
thermal efficiency, here it is the green structure in the shape of the net. Regenerators carry the role of
storing the heat of one cycle and pass it on to the next. They are usually built with materials like foil and
metallic sponge [7].
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Figure 2. Four steps for the engines: expansion, first transfer, contraction and second transfer [6].

4. Sate-of-art facilities

One of the newest applications of Stirling engine in households is called Micro Combined Heat and
Power, micro-CHP in short. Micro-CHP is a facility used in modern households powered by a Stirling
engine. It offers the advantage of generating electricity and providing heat simultaneously. A household
used micro-CHP can generate up to 1 kW of electricity when heated up [7]. Although the fuel in
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generally LPG (liquified petroleum gas) and gas, it boasts of an efficiency than plainly burning fossil
fuel for heat and is therefore considered as renewable energy [7]. Furthermore, the latest models can use
relatively cleaner sources such as biodiesel [7].

Fig. 3 is a diagram in comparison of receiving heat from a boiler and electricity from a factory verses
the having heat and electricity generated by the micro-CHP. As shown in the diagram, to produce 1 kW
of electricity and 6 kW of thermal energy, it would require 8.95 kW and 7.29 kW for the non-micro-
CHP side and the micro-CHP side respectively [8]. Additionally, the amount of wasted energy of the
non-micro-CHP side is roughly 6.7 times the wasted energy of the micro-CHP. In the bottom of the
graph, there is the clear difference in the efficiency, with the micro-CHP having a much higher efficiency,
at 96% [8]. Fig. 4 illustrates the general structure of a Stirling powered micro-CHP for household usage.
The micro-CHP mainly consists of 8 parts. The pellet tank and screw feeder for fuel supply; the primary
combustor and the Stirling engine for generating electricity and heat energy; the chimney for exhaust of
gas; the radiator to spread the heat into the room; the controller and electric load to transfer electricity
to the house [9].
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Figure 3. Comparison between traditional means and micro-CHP on heat and electricity supply [8].
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Figure 4. Conceptual diagram of components of a micro-CHP [9].
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5. Applications

Micro combined heat and power is an example of Stirling engine integrating into daily life. A Stirling
powered micro-CHP can process fuels and provide heat energy and electricity simultaneously with a
high efficiency. There are already a lot of implementations of it around the world. Fig. 5 consists of data
collected on selected regions of Africa on the performance of micro-CHP. The Stirling engine uses solar
energy to generate mechanical energy which is used to pump water. It is especially useful in areas far
away from civilization and where there’s not enough electricity supply. The water pump uses solar
power to run the Stirling engine and pump water from the ground for irrigation. There's also the use of
Stirling pumps to solve problems regarding drinking water in rural areas. NASA invented the NASA
water pump, which uses solar energy to pump water from a river, lake, or stream. The purpose of this
system is to provide a low-cost, low-technology pump, which can apply in some undeveloped regions
[11]. With the high thermal efficiency of the Stirling cycle, it is possible to have solar power converted
to electricity and stored to provide a continuous and stable power source. The system generates and
stores electricity in day to be used for lighting or whatever at night. With solar energy and an electricity
storage, rural areas can have an independent electricity source. An invention by Roelf J. Meijer.
combines a Stirling cycle engine, with a solar dish which can produce electricity more efficient than
solar panels [12]. Under water operation usually requires continual supply of work, and as submarines
have a relatively small space, it would be helpful to have a lower noise level. Since the 1980s, 8 Stirling
engine powered submarines have been developed by Kockmus, fueled by compressed oxygen [13].
Furthermore, the capacity reached those of nuclear-powered submarines [13].
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Figure 5. Annual generated energy in kWh for specific locations in Africa [9].

6. Limitations and Prospects

There are multiple limitations to the research of Stirling engines. Firstly, there exists a critical problem
typical for Stirling engines — they need time to change the energy output level. This limits its application
at various places like on the roads, especially in cities where there’s a lot of traffic lights. Car drivers
would need to adjust their driving speed to slow down before red lights, as well as for the difference in
maximum speed allowed in different areas. Not being able to quickly change the output level would
prove to be a great hinderance at driving. In addition, there is a safety measure for cars to instantly
achieve a great speed in critical situation at the cost of large quantity of fuel. However, this feature
would be hard to obtain using Stirling engines. Secondly, Stirling engines have a low power to weight
ratio and a low power density, along with the fact that they are more expensive than diesel or gasoline
engine of similar work output. Lastly, Stirling engines in household applications was not a very popular
topic for research, evident through the number of published research papers regarding the topic.



Proceedings of the 2nd International Conference on Functional Materials and Civil Engineering
DOI: 10.54254/2755-2721/98/2024FMCEAU0102

Nevertheless, with its multiple features, Stirling engines have its own distinct direction of
advancement. With the high thermal efficiency, it is suited for continual low noise operation with low
demand for fast changes in output level. In other words, the Stirling engine can successfully integrate
into many household chores, such as generate heat and electricity (micro combined heat and power) in
urban areas or being used to pump up water in rural and undeveloped places. Furthermore, with a high
thermal efficiency and the advancing technology, it is possible to be widely used in other household
roles like air conditioning, also to be used to generate electricity from the wasted heat of other machinery
like the oven.

7. Conclusion

To sum up, this study presents various implementations of Stirling engines in various fields and
discussed the application of Stirling engines in households. Stirling engines have heat as the source of
power and can achieve high thermal efficiency with the regenerators. There are a lot of ways that Stirling
engines can be implemented in daily life, including micro-CHP, water pump, electricity generator. With
the advance of technology, Stirling engines are now brought up sometimes and participated more in
various fields including residential purposes. In the future, with better technologies, Stirling engines
may be brought up more due to its high efficiency and extended life span. It would then be possible for
it to be included in more household chores which demands of low noise, continuous, and high efficiency.
This paper aims to increase the attention to Stirling engines and the possibility of implementing it for
residential purposes.
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