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Summary

Executive Summary

Current methods for obtaining produce year-round pose an accessibility problem. This project aims to
create an indoor hydroponic garden that runs year-round and overcomes these problems by being cost
efficient and user-friendly.

Introduction

Problem

Current options for growing greens, herbs, and small fruits at home are not widely accessible to many
people due to cost, complexity, size, or climate. The goal of this project is to fulfill this unmet demand by
increasing the accessibility of the means for households to grow these items. It is important to note that
this project does not attempt to completely replace one’s diet but provide the ability for one to grow
their own supplementary produce.

Background Information

In order to design better indoor gardening technologies, the first step is to investigate existing
technologies for indoor horticulture. Two key technologies are hydroponics and aeroponics, which will
be more thoroughly discussed in the design selection process section. Most units on the market
implement a hydroponic system. These hydroponic units on the market divide into two main categories:
fully automated enclosed, fully automated open. Some people elect to build their own home-made “do-
it-yourself" (DIY) systems as well. The following section will detail the functionality of each option and
their shortcomings.

The fully automated enclosed systems, which include, but are not limited to GroBox, Grobo Solid and
LEAF. These systems are “Plug N’ Plant”, allowing the user to plug the box in, plant the seeds in the pods
and the plant will start growing. The general dimensions for these systems are 27" W x 25" D x 62"

H which would be about the size of a small fridge. These products are similar to a terrarium, so it is
sealed and closed to the atmosphere. They have sensors to control pH levels, nutrient concentration,
temperature, airflow, humidity, water level and light. Track the plants growth through an app available
on your phone.

Although the closed systems do everything when it comes to growing the plants but there are many
issues that comes with it. These products are expensive with a starting price of approximately

$2500. Since it is fully enclosed there is no room for expansion, so the number of plants is the limited to
the number of pods. Given that they are the size of a small fridge, this would be difficult to putin a
home with limited space.

The fully automated open systems are made by AeroGarden and there are many different sizes. All
AeroGardens have fully automated grow lights that simulate the sun and have sensors to notify the user
when to add water and nutrients. One of their largest products can hold 24 plants and is 36” W x 12” D
x 34” H. This system is open to the atmosphere which means the plants are easy to access.

Although open systems are cheaper than the enclosed systems, they can run up to $800 or more which
is quite expensive for growing some supplementary produce during the winter. The dimensions for



AeroGarden is quite large and would be difficult to find a location to put in your house. To keep the
plants from outgrowing the box, it is required to continually groom some of the larger plants.
AeroGarden uses soil-free seed pods to grow a plant but the pods are not reusable, so once the plants
have finished growing, more pods need to be purchased, which can be expensive. The house must be
maintained at a certain temperature and humidity year-round to keep the plants healthy.

Both the open and closed systems require electrical sources for the lights and pumps thereby increasing
the costs of growing the plants.

Building a DIY hydroponic indoor growing system requires extensive knowledge of gardening and
hydroponics. he result of a DIY indoor unit is an open gardening system with a large footprint, resulting
in. Since it is not automated, it is labour intensive and requires constant monitoring of the water, pH
and nutrients levels.

Greenhouses are enclosed external structures where plants are grown in climate-controlled conditions.
The walls and roofs are transparent — often glass or plexiglass -- to let in sunlight. In colder climates,
they are ineffective during the winter because they need to be heated and require extra lighting, which
adds to the cost of running it. They need to be in an open area to get enough sunlight during the day.
Greenhouses have a large footprint and may not be feasible an apartments or urban areas where the
space is limited. Pests, weeds and air circulations are issues that can occur in a greenhouse than would
not be an issue if the system was used indoors.

Need for Solution

It has been determined that a demand for in-home garden products exists and that the current options
are not sufficient for meeting this demand. The demand for an increased accessibility for these options
is dependent on people having a desire to grow their own produce, which can stem from various
reasons.

Firstly, those unsatisfied with the produce offered at their local supermarket stand to benefit from their
own production. Many options offered in grocery stores are distributed by large scale supply chain
models which can under-serve areas where it is not as economically viable, such as remote rural areas. A
survey conducted by the Nunavut Bureau of Statistics in 2016 found that the price of food in the
Territory can cost as much as three times the national average, due to the high cost of transportation to
these areas. This area resides in a colder climate where farming is not viable and has not been achieved.
The traditional inhabitants of the area, the Inuit people, existed almost entirely on hunting for food. This
highlights a need for fresh produce that could be potentially grown at home.

Second, people are incentivized to grow their own foods due to the benefit of locally sourced produce.
Sourcing from distance requires methods to preserve food that can hamper food quality and pesticides
implemented by large scale production can compromise the health of foods. The Center for Eco genetics
and Environmental Health, University of Washington, cites studies finding that chronic, low-dose
exposure of pesticides can lead to respiratory issues, memory disorders, birth defects, and cancer. The
transportation of food over long distances also requires preservatives known to have adverse health
effects. The methods for transportation also pose an environmental risk and use energy.



Third, there is an already existing demand for in-home garden products. AeroGrow, a publicly traded
company specializing in home garden products, holds a market cap of over forty million (540M) dollars
as of February 2020. While this asserts a demand for these products, the price for these units isolates
the availability to higher income earners. As a result, there is still a need for more accessible options.

Design Selection Process - Solving the Problem

Criteria

When looking at developing an in-home garden that is more accessible than those already on the
market, we had to consider many different criteria. After research and discussion, it was determined
that a successful project would incorporate three main criteria:

1. Accessibility
2. CEfficiency
3. User-friendliness

The main objective of this project is to create accessibility through affordability. This means keeping the
costs as low as possible, while providing a high-quality product that is reliable. When it comes to
efficiency, the produce must grow produce as fast as possible, without having large operation costs to
come with it. The garden should be efficient in its power and water usage, so not to raise the bills at
home. The third criteria is user-friendliness, meaning the garden must be easy to use by someone
without technical skills. Set up and required maintenance such as cleaning should also be easy. This
project aims to raise the standard in this market for these three previously mentioned metrics.

Type of gardens

There are a variety of growing mediums used in indoor gardens. Several options were researched as
possibilities, all of which have unique benefits and disadvantages. The conventional method is planting
directly in soil. The advantage of this type of garden is its simplicity, and its familiarity to people who
may have grown vegetables outdoors before. These gardens are also more forgiving then hydroponic
setups, since the latter dry out much slower if the water supply is interrupted. Unlike the other growing
mediums researched, soil gardens often require pesticides, of which some of the negative effects have
been previously stated.

The most widely used alternative to a soil garden is a hydroponic setup. In this setup, the roots are
placed in another porous material such as coconut fiber or gravel. A nutrient solution is then pumped
through to deliver water and nutrients. Hydroponic gardens grow faster than soil gardens and yield
more produce. Since the runoff solution drains back to a reservoir, more water is conserved and
recycled. They are also pest resistant. The downside of these systems is the complexity added by
introducing electronic and mechanical systems which includes but is not limited to power supply, pump,
sensors. Plants in these gardens can also be at risk when the system fails, due to the reliance on
mechanical processes. There are many possible configurations for hydroponic systems, diagrams of two
hydroponic setups considered for use in our project can be found in the Appendix.

The final growing medium considered is an aeroponic system. In these gardens the plant’s roots are left
suspended in the air and misted with a nutrient solution. These systems are even more water and
nutrient efficient than hydroponic systems and grow faster and yield more. They are also more space
efficient as the plants are not competing for nutrients. The downside of these systems Is the additional



added complexity, since Aeroponic systems require more maintenance and inspection. Since water and
nutrients are very specifically targeted to the plants, any failure in the system will cause the plants to die
very quickly.

With the information and the criteria presented above, it has been determined that the project will
implement a hydroponic set up. This type of system maximizes efficiency without unnecessary
complexity.

Project Specifications - Plants Growing Needs

Plants need certain conditions to grow properly. While designing this garden, the biggest problem will
be making sure the plants are provided with everything they need. A pH of 6.0-6.5 will need to be
maintained for the plants to absorb the optimal level of nutrients. The solution also must consist of
nitrogen, potassium, phosphorus, calcium, magnesium, Sulphur, iron, manganese, copper, zinc,
molybdate, boron, and chlorine to provide the plants with all the needed nutrients. The air humidity in
the unit will also have to be adjusted because the average humidity in a house during the winter is
around 30-40% while plants require at least 50% humidity, some needing up to 70-80%. The
recommended temperature of a hydroponic unit is within the range of 17-25°C which is around room
temperature meaning our design will not have to maintain a temperature. Most plants that we are
looking into including as options grow to be around 1-2 feet tall, which will be a main deciding factor in
our design dimensions and take around 2-3 months to be ready to harvest.

Taking all these needs into consideration the garden will likely be able to grow this variety of plants:
e Leafy Greens: Lettuce, Spinach, Kale, and Cabbage
e Herbs: Basil, Parsley, Cilantro, and Mint
e Dwarf/Cherry Tomatoes
e  Mini Bell Peppers

e Strawberries

Analysis

Engineering Aspects
This project will require the use of engineering applications learned in the engineering courses.

Creating the hydroponic solution will take chemical engineering. The pH must be kept constant and
within a certain range along with a balanced nutrient content for the plants to thrive. A big problem for
this project will be meeting this criteria and skills learned in our first-year chemistry labs will help with
the task.

The unit will be designed in a way that looks appealing and can support all the weight of the plants and
equipment. We will utilize our skills learned in Design & Graphics and Strengths of Materials classes to
do this.



Our plan to make our garden easy to use for consumers requires that most of the working parts be
automated. This will require writing code for a microcontroller and possibly creating a circuit board.
Using aspects from the Computer Programming and Circuits courses will allow us to accomplish these
tasks.

The use of a water pump for the hydroponic solution will require calculations taught in our Thermo-
Fluids course to adequately analyze the system.

Timeline

Stages of Project

The project will consist of three stages: the design stage, build stage, and the analysis stage. The design
stage includes finalizing dimensions for the garden, designing the hydroponic system and enclosure,
finding out what components are needed for the prototype, and creating AutoCAD/Inventor drawings.
The build stage will start after our components are received and will last around two weeks. This stage is
planned to be finished three weeks before the end of the project to leave enough time to test growing a
species of plant. The analysis stage will have two parts: the engineering analysis and the economic
analysis. The engineering analysis will include all the calculations and planning around the engineering
aspects of our project, outlined in the Engineering Aspects of this proposal. The economic analysis will
look at the cost of materials and components as well as the ongoing cost of operating our garden.
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Figure 1

Conclusion

The goal of this project is to increase the accessibility of home garden options by creating a unit that is
user-friendly and of reasonable size and cost. Indoor garden options are limited and by creating a new
design, more consumers will be able to supplement their diet with fresh vegetables and smalls fruits.



Appendix: Hydroponic Systems
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