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Greenhouses are becoming increasingly common as a method 
of growing food as they continue to produce food through cold 
weather if they are properly heated. Generally, fossil fuels are used 
to do this heating (Esen & Yuksel, 2013), hurting the environment. 
Alternatively, compost piles can produce temperatures over 160 ℉ 
(Fernandes et al., 1994) and are convenient to build. 

The purpose of this project was to create an automated system 
that could maintain temperatures in a greenhouse sufficient for 
plant survival and growth, use compost as a thermal energy source 
and fans to prevent overheating, monitor temperature conditions, 
and respond to user set parameters from an Android app.

Most common plants need warm temperatures to flourish. In 
fact, even heating the solution that irrigates the plants with can 
increase their nutrient absorbance and decrease their maturation 
time (Urrestarazu et al., 2008).

A pile with a gradient 
of nitrogen heavy chicken 
bedding and green 
material to wood chips 
was used to test the balance of elements in the pile. Another pile 
tested efficient placement of heating pipes based on location in the 
pile, Graphs 1 and 2 respectively. Each of the components detailed 
in Figure 2 was able to successfully respond within one minute to 
a change made on the app. The servo motors kept the vents open 
for extended periods of time by updating position once a minute. 
The fans had a noticeable effect when used, however due to the 
colder weather the ventilation fan was not utilized much. The 
pump primarily stayed on auto which entailed a four minute on-off 
cycle (the time it takes water to circulate through the pipe). 
Despite minimum temperatures of down to 25 ℉ outside, the 
dome remained above freezing.

The developed system uses hydroponics solution as a heat 
exchange medium, pumping it through pipes in an active compost 
pile. A heating pile was created based on two test piles for material 
concentration and location. The hydroponics solution is stored in a 
275-gallon intermediate bulk container (IBC tote) that is used to 
irrigate the plants and radiate heat through a geodesic dome 
greenhouse. A printed circuit board (PCB) controls components 
with an Arduino Nano microcontroller and software. An XBee
radio module communicates temperature measurements and 
parameters with a Raspberry Pi computer. The computer hosted a 
web server for an Android app so users can set parameters for the 

system. Temperature and humidity 
sensors were used to monitor the 
conditions around the dome and in the 
pile. A 433 MHz radio frequency (RF) 
transmitter was used to control 
RF outlets to actuate circulation and 
ventilation fans. Additionally, the PCB 
controlled servo motors and the water 
pump. The software enabled a user to 
select manual or automated mode so 
that they can directly control each 
component or allow the system to 
control components based on the
current temperature and parameters.

The goal to maintain temperatures sufficient for plant growth 
were achieved as the temperature usually stayed above 40 ℉ and 
never went below freezing. However, future studies should 
determine whether this compost heat is sufficient in the colder 
winter months to have the greatest environmental and economic 
benefit. Half nitrogen heavy material and half wood chips with 
heating coils concentrated towards the upper middle of the pile is 
ideal for a heat producing pile to last about two months. 
Improvements to elements like crimps in PCB connections can 
still be made to increase system reliability.
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Figure 2: A diagram 
showing the 
connectivity of the 
components of the 
project with other 
projects.
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Figure 1 (above): A cross 
section of the pile with pipe 
coils during construction.

Graph 3 (right): Temperature 
inside the dome using an 
average of measurements 
from three sensors, 3/15/2021 
to 4/28/2021.
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Graph 2 (right): Temperatures in a full-scale test 
pile based on where in the pile the measurement 
was taken from. Note, the east and west locations 
were considerably closer to the ground than north 
and south.

Graph 1 (left): Temperatures in a test pile based on 
the percent of nitrogen heavy starter material by 
volume, see legend in upper right. The other 
volume was composed of wood chips. The pile was 
constructed by creating two opposite sloped piles, 
one of each material, and turning them over each 
other to create a larger pile with a concentration 
gradient.


