Introduction
With the current drought and terrible dry conditions within
California and the United States, water is more precious than ever. We
must work together to conserve water resources and think of creative ideas
to solve this problem.
With that, we would like to introduce, ecoRoof.
ecoRoof is green-friendly, roo∘op garden which harnesses the
rainwater and excess irrigation water in order to create a water sustainable
method of growing plants. Our system is designed around the concept of
water conservation and its importance to our current water crisis. We
wanted to do our part in cutting back in water and the ecoRoof is a perfect
way to both save water, and have an ef∘cient gardening area.
The components of our ecoRoof:
●
Roofbox: This is our main roof box that contains the materials layers
needed to make a green roof. The layer includes: topsoil, multiple
growing mediums, ∘ltration fabric, drainage, insulation, and roof
deck. Excess water used for irrigation will eventually permeate
through the layers and stored in the Water Reservoir to future use.
●
Water Reservoir: The main storage area for irrigation water and
excess ∘ltrated water. The pumps used for irrigation and simulating
rain are stored here.
●
Rainbox: To illustrate water permeating through the layers, holes on
the bottom of the box simulate rainfall.
●
Electronic Display Panel: Using a LCD display, LED matrix, and two
momentary switches, this panel integrates incoming/outgoing data
to and from the users.

Inspiration
Within Del Oro’s Future Farmers of America organization, we have a
hydroponics program, which is a method of growing plants in sand, gravel,
or clay beads instead of using soil. Using nutrient additives within the
closed-loop system, it creates a perfect environment for plants to grow in.
The excess water then goes through a ∘ltration process, including ∘ltration
through ∘sh, and fed back in order to reuse and recycle the water.
We were truly inspired by this idea and decided that we wanted our
physical model to represent the importance of conserving and reusing
water. We knew that we wanted to incorporate a closed-loop water system
in which we would capture the excess water and rainwater for future use.
However, instead of hydroponics, we would be using aquaponics, which
doesn’t use ∘sh for ∘ltration for our project. Seeing and exploring the
hydroponics greenhouse certainly caused us to envision the future
technology of making the world more environmentally friendly and green.
A∘er visiting the hydroponics area, thoughts were racing about how
we wanted to implement and execute these core ideas in which we learned
through our experience. With our water crisis in California that would take
us years for us to recover from, we must do our part in ∘ghting the battle
again this record drought.

Planning & Workflow
In any project, planning is crucial. Understanding the importance of
planning is necessary in order to use your time and resources ef∘ciently,
determine risk management, help to achieve objectives, and also
encourage creativity and innovation. Having a well formulated plan
facilitates proper coordination and allows us to have consistent control of
the project. Planning helps improve the quality of organization and
invigorates the mind to focus at the task at hand. Great quality of
preparation within the project would foreshadow great success. With
ecoRoof being a highly sophisticated and complex idea and project, we
knew we must take our time in planning.
Before every work session for ecoRoof, we created prioritized goals
in which we want to achieve before our session is over. Using this strategy,
we improved our ef∘ciency and time management which allowed us to
remain focused while being organized. Having this goal list based on the
order of importance and priority, we remained concentrated on the crucial
components of the ecoRoof without the distraction of minor, less
important parts of the project.
During the development of ecoRoof, we planned out the angles
needed for our mounting structures, electronic schematic circuit designs,
and pin outs for varying sensors and displays. With these detailed plans
ahead of time, the execution and work∘ow of ecoRoof was signi∘cantly
smoother .

Construction
ecoRoof is constructed with:
●
Plywood
●
Plexiglass/Acrylic sheets
●
Polycarbonate tubing
●
PVC joint connectors
●
Cement glue and various epoxies
The boxes, including the Roofbox, Rainbox, and Water Reservoir,
were assembled by using cement glue. The cement glue melts the plastic
between the two joining pieces, and later fuses the joints together,
ensuring a strong connection. In addition, since it is necessary for these
containers to be water tight, we added caulk along the inside seams in
order to prevent water seeping out of the boxes.
With the Roofbox weighting around 28 pounds, it is crucial for the
mounting structures to be stable, strong, and reliable. To make sure the
side panels are secure, we attached three mounting brackets per panel,
two being on the outside, to protect against the weight and downward
forces pushing outward. In addition, we added a tension cable spanning
lengthwise across the two side panels in order to prevent the separation of
the panels.
The laser cutter was a crucial component of the construction
process. Since we needed multiple inside cuts for the Electronic Display
Panel, the laser cutter allowed us to make extremely precise, accurate, and
∘awless cuts. By uploading a ∘le to the laser cutter from a computer, we
were able to be very detail-oriented with our cuts.

Electronics
With current automated irrigation technology, people can only
monitor and control the times at which their plants are being watered,
giving them a one-dimensional feedback system. However, the times at
which plants are irrigated needs to be much more sophisticated than just
time itself. We wanted to create a smart system which decides the best
time for irrigation based on the temperature and moisture of the soil.
Having a multi-dimensional irrigation system allows us to optimize our
water usage in order to conserve water.
ecoRoof is embedded with a microcontroller, relays, liquid crystal
display, and other various sensors in order to create a smart irrigation
system. By using these sensors, it gives us critical information and
multiple perspectives of the states of the soil.
Our electronic smart system includes:
●
Arduino Mega 2560:
○
Our main computer for reading and analyzing incoming and
outcoming data.
●
Relay Circuit:
○
Since our water pumps operate at 12V and the Arduino Mega
can only handle a 5V output, the relay circuit allows us to
control the 12V pumps using 5V from the Arduino.
●
Ultrasonic Distance Sensor:
○
This sensor sends out an ultrasonic sound pulse, unhearable to
the human ear, which then measures the time it takes for the
sound to come back. By using the speed of sound, we are able
to calculate the distance from the ultrasonic distance sensor, to
the targeted object.
●
Temperature Sensor:

This digital sensor uses a thermistor, an electrical component
that is affected by temperature. Based on the voltage across the
thermistor, we are able to calculate the temperature of the soil.
Moisture Sensor:
○
This sensor has two prongs on either side which is able to
conduct electricity. Based on the dielectric constant, electrical
current varies depending on the amount of water contained
within the soil. By measuring the amount of current between
the two prong, we are able to determine the saturation of the
soil.
LED Matrix:
○
The matrix illustrates the water level within the Water
Reservoir based on the information from the ultrasonic
distance sensor. When the water level changes, the LED matrix
changes accordingly.
Momentary Button Switches:
○
These switches controlled either the rain pump or the
irrigation pump. When the Arduino reads one of the switches is
high, it sends an interrupt signal and turns on the
corresponding pump.
LCD display:
○
This displays the current statuses of the pumps, saturation and
moisture of the soil, as well as the water level within the Water
Reservoir.
○

●

●

●

●

Finalized Project

Future Goals
This experience of building ecoRoof has been very rewarding as we
have learned and grew very much from this project. By developing
ecoRoof, we encountered multiple situations where critical thinking is
necessary to solve the problem. Thinking both practically and analytically
allowed us to ∘nd a great solution to the problem.
When ecoRoof is actually implemented, we would use a drip
irrigation system instead of our current irrigation system. Since our pumps
were not able to handle the 30 psi which drip irrigation requires, we were
unable to use this water conservative method.
Also in the future, we would base our irrigation time on the data
from both the moisture sensor and temperature sensor. For demonstration
purposes, we controlled the irrigation times on the inputs from the
momentary button switches.
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