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Executive Summary
In the face of climate change and a growing world population, conventional agricultural
practices threaten future global food security. A compelling alternative is vertical farming, a cultivation method that can conserve resources and maximize plant productivity.
Recognizing this emerging industry, the Queen’s Vertical Farming Team (QVFT) is designing and building a functional, software-automated aeroponic vertical farm on Queen’s University
campus. The majority of existing research in this field is conducted by private companies and is
thus inaccessible to the public. Through its open-source approach, QVFT aims to democratize
vertical farming knowledge and research.
This report demonstrates our progress to date and contains a comprehensive overview of
QVFT’s aeroponic system, automation subsystem, dynamic software stack, plant science research, and business operations.
QVFT employs an aeroponic cultivation method, in which plants grow without soil and are
fed by a nutrient-enriched mist. Crops rest in thin plastic root cups, through which their roots hang
into a basin below. Aeroponic vertical farming lends well to automation and can allow for nearcomplete control over the plant growth environment. The system is broadly divided into five zones:
mixing tank, nutrient zone, supply line, growth zone, and return line.
The automation subsystem is an electromechanical feedback control system that automatically maintains optimal growth conditions using interconnected sensors and actuators. These
components interact through a logical framework programmed into their Arduino microcontrollers.
At the same time, sensor readings are continuously logged by a computer located on-site and
uploaded to a website via Ethernet.
The website is really a software stack comprised of a database, back-end, and front-end
client. The front-end client will dynamically display real-time data on qvft.ca, which achieves three
objectives: (i) Allows for remote monitoring of farm equipment; (ii) Provides a reference for future
tuning and improvements; (iii) Creates a public knowledge base to assist other groups with vertical
farming research.
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1. Introduction
a. Background
A global trend of increasing concern is the diminishing supply of arable land per capita. Due to trends such as climate change, freshwater depletion, and soil degradation,
arable land per capita will fall to one-third of the amount available in 1970 by 2050. The
unsustainable practices of conventional agriculture exacerbate these issues. In addition,
the world population is expected to increase from 7.7 billion (2019) to 9.7 billion (2050).
The intersection of these climate and population challenges means that global food security depends on our ability to adapt to increased demand and develop better farming techniques. [1] [2]
Vertical farming is a cultivation practice in which crops are grown in an indoor, climatecontrolled facility. This approach is associated with dramatically reduced water consumption (~95%), minimal transportation costs, and massive improvements in per-acre land
productivity. Vertical farming can grow nutritious, organic produce in any location, at any
time of year. [1] Given these advantages, this technology is projected to become a major
contributor to global food production in the coming decades. The vertical farming industry’s
global market value is projected to grow from $2.23 billion in 2018 to $12.77 billion by
2026, representing a compounded annual growth rate of 24.6%. [3]
b. About QVFT
QVFT is working towards becoming a leader in the university vertical farming space.
To achieve this goal, QVFT is designing and building a functional software-automated
vertical farm, which will generate a body of publicly available data and research. Our 25
alumni and 13 current members come from diverse academic disciplines and represent
all four years of study. Table 1 introduces the various projects that QVFT will be pursuing
over the upcoming school year.
Table 1: Project Descriptions
Project

Goal(s)

Main objective:
Aeroponic system

•

Design and build a functional prototype of an aeroponic vertical farm

Software stack

•

Develop a software interface that allows for remote monitoring of farm equipment
and creates a publicly accessible online repository of real-time vertical farming data
[This component will be stored remotely]

•
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Project
Automation subsystem

Goal(s)
•
•

Develop an electromechanical feedback control system that automatically maintains
optimal growth conditions using sensors, actuators, and microcontrollers.
Upload real-time sensor readings to the software stack.

[This component will physically interact with the aeroponic system]
Plant science research

•

Research strategies for optimizing kale productivity within the context of controlledenvironment agriculture.

Business operations

•
•

Secure the funding and materials needed to support the other team projects.
Promote QVFT and increase awareness of vertical farming amongst the student
community.

2. Aeroponic System
QVFT employs an aeroponic cultivation method, in which plants grow without soil and are
fed by a nutrient-enriched mist. Crops rest in thin, plastic root cups, through which their roots hang
into a basin below. Aeroponic vertical farming lends well to automation and can allow for nearcomplete control over the plant growth environment. The system is broadly divided into five zones:
mixing tank, nutrient zone, supply line, growth zone, and return line.

Figure 1: Zones of Aeroponic System
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a. Mixing Tank
The mixing tank is the central hub of the farm. Recycled water from the return line is
replenished with nutrients from the nutrient zone before being dispensed to the supply line
as needed.
b. Nutrient Zone
The nutrient zone replenishes macronutrients and micronutrients consumed by the
plants during growth and helps to maintain a consistent, weakly acidic pH. Nutrients A and
B (see Section 5b) are kept in separate tanks to prevent their dissolved solutes from reacting with each other while in storage. The pH tank contains a mixture to counterbalance
the water acidification caused by the reverse osmosis (RO) process performed in the return line (see Section 2e).

Figure 2: Nutrient Zone CAD Model
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c. Supply Line
The supply line transports nutrient-enriched fluid from the mixing tank to four sprinkler
lines laid across the two levels of the growth zone.
The 3-way valve normally permits outflow to the growth zone and prevents outflow to
the excess water storage tank. However, its orientation can be reversed by the automation
subsystem when the mixing tank contains excessive water or must be drained for maintenance (see Appendix E: Farm Logic Pseudocode). The valve always permits inflow from
the mixing tank.
The supply pump works in concert with a pressure switch, accumulator, and pressure
regulator to maintain a consistent 60-120 psi pressure at the sprinklers. The sprinklers
require this pressure range to produce the microscopic mist droplet size that allows for
rapid nutrient absorption by the plant roots.

Figure 3: Supply Line CAD Model
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Two solenoid valves control the misting cycles for the two levels of plants in the growth
zone. Currently, the cycle is planned to be: 15 seconds ON (valves = open) and 30 seconds OFF (valves = closed). The diaphragm accumulator prevents pressure fluctuations
between these two modes by storing excess supply line pressure when the solenoids are
closed and passively releasing it when they are opened.
A manual pressure release valve is included to allow an operator to depressurize the
supply line before performing maintenance tasks.
Bernoulli’s equation and conservation laws were used to determine the pump size
and pipe dimensions that would provide the required sprinkler pressure of 60-120 psi. The
MATLAB script created to perform these calculations is available in Appendix D: Supply
Line Pump Sizing Calculations.
d. Growth Zone
The growth zone contains two levels that together hold forty-eight plants. The plants
rest in thin, plastic cups which have slots through which their roots can dangle into a plastic
growth basin. Mist is emitted from ninety-six sprinkler heads (forty-eight per level), which
are oriented at alternating angles to ensure complete mist coverage of the growth basin.

Figure 4: Growth Zone CAD Model
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After spraying, the mist collects on the sloped floor of the growth basin and passively
trickles through the drain and towards the return line. Compared to the inflow from the
supply line, the outbound fluid will be slightly nutrient-depleted and will have lost some
volume due to evaporation.
e. Return Line
The vast majority of the mist sprayed in the growth zone can be recollected and recycled by the return line. Outflow from the growth zone is first stored in the farm runoff storage tank. From here, it will be pumped through a series of filters in the return line before
finally being expelled to the mixing tank for reuse.

Figure 5: Return Line CAD Model

The 3-way valve normally permits inflow from the farm runoff storage tank and prevents inflow from the freshwater storage. However, its orientation can be reversed by the
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automation subsystem when extra water is needed in the mixing tank, and there is insufficient fluid available in the farm runoff storage tank (see Appendix E: Farm Logic Pseudocode). The valve always permits outflow towards the rest of the return line.
As shown in Figure 5, two identical filtration branches are arranged in parallel, each
of which can be blocked or unblocked with a manual shutoff valve. In practice, only one
filtration branch will be active at a time. The inactive branch serves as a bypass for when
the filter components on the main branch are being maintained or replaced. In these situations, the main branch’s manual shutoff valve would be closed, and the bypass branch’s
valve opened, thereby allowing the farm to continue operating without interference. Check
valves are strategically placed on either side of the airlock to prevent flow from the main
branch from passing backwards down the bypass branch or vice versa.
There is a particle filter, RO filter, and ultraviolet (UV) filter on each filtration branch.
The particle filter removes larger sediments from the fluid, while the RO filter eliminates
most of the remaining nutrients and the UV filter kills any pathogens.
The mixing tank contains an electrical conductivity (EC) meter, which is a useful tool
that can detect the total concentration of solids (i.e., nutrients) dissolved in a fluid. However, it is entirely unable to determine the partial concentrations of individual species which
comprise that solute. Given this limitation, all remnant nutrients within the recycled fluid
will be stripped in the return line via RO (EC reduced to ~0) before being released to the
mixing tank. Doing so will allow for an ideal dose (see Section 5b) to be consistently added
to the mixing tank by the nutrient zone.

3. Automation Subsystem
The automation subsystem is an electromechanical feedback control system that automatically maintains optimal growth conditions using interconnected sensors (inputs) and actuators
(outputs) (see Appendix A: I/O Components of Automation Subsystem). These components interact through a logical framework programmed into their Arduino microcontrollers (see Appendix
E: Farm Logic Pseudocode). At the same time, sensor readings will be continuously logged by a
computer located on-site. The computer will reformat the data to be human-readable and then
upload it to a website via Ethernet (see Section 4).
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Figure 6: Map of Automation Subsystem (Farm) and Software Stack (Website)

4. Software Stack
The software stack entails the database, back-end, and front-end and ultimately aims to
provide a publicly accessible repository of real-time vertical farming data. This repository achieves
three objectives: (i) Allows technicians to remotely monitor farm equipment, which improves operations and resource allocation efficiency. (ii) Provides a record for future tuning and improvement of the farm by comparing data to commercial vertical farms and conventional producers. (iii)
Creates a public knowledge base to assist other groups with vertical farming research. The majority of vertical farming research is currently conducted by private companies and is thus inaccessible to the public. QVFT’s mission is to democratize and advance scientific knowledge in this
rapidly developing field.
The lowest level of the stack is a SQL-enabled database, which receives real-time farm data
from an Ethernet-enabled computer located on-site (see Figure 6). The database architecture
corresponds to each element shown in Appendix A: I/O Components of Automation Subsystem.
It is also flexible enough to accommodate future farm expansion or the addition of multiple farms
running simultaneously.

9

Figure 7: DS9 Database Architecture

The back-end runs through Flask, a Python-based web framework. Flask allows the frontend interface (available through qvft.ca) to display content stored in the database dynamically.
The front-end of the stack has been designed with Bootstrap, an open-source CSS package. Bootstrap allows for the design of websites that scale to multiple resolutions on mobile and
desktop. Graphical mock-ups of the Supply Line and Return Line portals are shown below. Further
mock-ups of the front-end client are available in Appendix C: Front-End User Interface Mock-Ups.
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Figure 8: Front-End Mock-Up of Supply Line Portal

Figure 9: Front-End Mock-Up of Return Line Portal

5. Plant Science Research
a. Crop Selection
In theory, any crop can be cultivated through vertical farming. However, current operations almost exclusively involve small fruits and vegetables such as lettuce, kale, spinach, strawberries, and tomatoes. Leafy greens are popular choices as they meet many of
the criteria outlined in Table 9 (Appendix F). [10] Due to its hardiness, adaptability, and
existing prevalence in the industry, QVFT will focus solely on the cultivation of kale. [1]
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b. Nutrient and pH Requirements for Kale
Precise control of nutrient dosing can significantly improve the yield and speed of plant
growth. The three macronutrients that are crucial to all plant life are Nitrogen (N), potassium (K), and phosphorus (P). Micronutrient ratios can be customized to suit the optimal
preferences of a particular species. These include calcium (Ca), magnesium (Mg), iron
(Fe), and zinc (Zn), among others. Even within a particular species, the optimal nutrient
mixture can vary between different stages of its life cycle.
Table 2 lists the ideal nutrient proportions for leafy greens at various lifecycle stages
(ppm). Note that the data reflects optimal conditions under conventional (non-vertical) hydroponic cultivation. While the proportions may change somewhat under aeroponic vertical farming, research in this specific realm is unfortunately scarce.
Cursory research suggests that kale is most productive under slightly acidic conditions
(pH of 6-6.5), although further investigation would be beneficial. [5]
Table 2: Optimal Nutrient Mixtures for Leafy Greens at Various Lifecycle Stages
Lifecycle Stage

Optimal Nutrient Proportions [ppm]

Seedling (1-2 weeks) [6]

N = 140, P = 40, K = 210, Ca = 90, S = 32, Mg = 24, Cl = 89, Fe = 1.00,
Mn = 0.25, Zn = 0.13, B = 0.16, Cu = 0.023, Mo = 0.24

Juvenile ( 3-4 weeks) [7]

N = 165, P = 40, K = 250, Ca = 90, S = 32, Mg = 24, Cl = 89, Fe = 1.00,
Mn = 0.25, Zn = 0.13, B = 0.16, Cu = 0.023

Mature (5-6 weeks)

N = 190, P = 40, K = 300, Ca = 90, S = 32, Mg = 24, Cl = 89, Fe = 1.00,
Mn = 0.25, Zn = 0.13, B = 0.16, Cu = 0.023, Mo = 0.24

In QVFT’s nutrient zone, nutrients should be separated into three tanks to prevent
adverse reactions between compounds while in storage (Table 3). [6] The solvent should
be distilled water or water that has undergone an RO treatment process. Refer back to
Table 2 for a complete list of nutrients and their proportions.
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Table 3: Mixtures for Nutrient Zone Tanks [6]
Name

Nutrients

Nutrient Tank A

KNO3 (½ of total) , Ca(NO3)2, Fe3+ (iron chelate)

Nutrient Tank B

KNO3 (½ of total), K2SO4, KH2PO4, MgSO4, (NH4)(H2PO4), N2H4O3, and all
other micronutrients

pH Tank

Basic mixture (TBD) to counterbalance the acidic effect of the RO process in
the return line.

c. Misting Cycles
Since aeroponic vertical farming lacks an absorbent medium like soil, care must be
taken to ensure that plant roots do not dry out while suspended midair. As such, the roots
must be misted on a frequent, constant cycle. While scientific research regarding ideal
misting cycles is scarce, commercial producers have suggested using a continuous 15second ON, 30-second OFF cycle.
d. Lighting
The productivity of a particular plant species can be increased by optimizing the intensity, wavelength, and photoperiod of its LED light source.
Light wavelength significantly affects the concentration of primary and secondary metabolites in vegetables. [8] One study of kale found that peak metabolite production occurred at approximately 440 nm and 640 nm in the blue (430-453 nm) and red (642-663
nm) spectral regions, respectively. [9] Another study of Chinese kale in a controlled-environment agriculture context found that an LED red:blue light ratio of 6:3 induced peak
nutritional value, whereas 8:3 induced peak physical size, fresh weight, and dry weight.
Chinese kale requires relatively high irradiance intensity to grow effectively. One study
reported an optimal daily light integral (DLI) of 47.22 [mol/m2-day] for Chinese kale. In
comparison, the optimal DLI of lettuce and Chinese spinach were 14.51 and 19.90
[mol/m2-day], respectively. [10] In general, saplings require greater intensity as they are
further away from the LED light source. As they grow taller, the intensity requirements
decline. [1]
Finally, a study found that an LED photoperiod of 16 hours ON and 8 hours OFF (16/8)
produces greater fresh and dry kale yields than 12/12 and 2/1 photoperiods. Leaf length
was also 17.1% greater under 16/8 compared to 2/1. [11]
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QVFT’s farm will employ a 16/8 photocycle and use pulse-width modulation to adjust
light intensity throughout the plant growth stages. However, the wavelength of LEDs used
on the farm will not be controlled and will depend on the specifications provided by the
manufacturer.
e. Harvesting Kale
Kale is known to have a relatively quick growth cycle under conventional (outdoor)
growth conditions, with approximately six-week cycles from transplant to harvest. Up to
30% of a kale plant can be partially harvested at once. [12] [13] Leaves should be taken
from the bottom to middle of the plant and removed by pulling downwards from the stem.
A partial harvest can occur every 6-9 days after some regrowth has occurred. [12]
f.

Diagnosing Nutritional Deficiencies and Preventing Pathogens
Regularly monitoring plant health protects the crops and can help indicate broader
systemic issues in the vertical farm. A host of nutritional problems can be diagnosed by
inspecting the leaves and stems of plants. Nitrogen overload can cause leaves to overgrow and result in weak and broken stems. Potassium deficiency can result in weak stems,
drooping leaves, or yellow spots on leaves. Calcium deficiency can cause lower leaves to
dry up and turn yellow. [14]
Fungi, parasites, and diseases pose another threat to crops. Fungal growth can result
in a brown-tinted stem, yellowed leaves, or spotted leaves, among other effects. The
growth basin interiors and return line filtration systems must be regularly maintained to
avoid these issues.

6. Business Operations
a. Partnerships
QVFT benefits from a strong partnership network. Some partners offer mentorship
and advice, whereas others provide financial donations. We offer three tiers of financial
partnerships: Bronze ($100+), Silver ($500+), and Gold ($1,000+). The benefits associated with each tier are listed in Figure 10 below.
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Figure 10: Financial Partnership Tiers
Table 4: List of Partnerships
Name

Description

Type

Start-up incubator at Queen’s

Mentorship,
Financial
(Gold)

•
•

Donated $1,000 to QVFT in Jan. 2021
Provides extensive engineering advice related to
all aspects of the farm’s mechanical design

Kingston-based
hydroponic
equipment supplier

Financial
(Gold)

•

Agreed to offer employee pricing on all products
(-30%), which will represent >$1,000 in savings

Queen’s Arts &
Science Student
Initiatives Fund

Institutional fund
for self-directed
projects by students

Financial
(Silver)

•

Donated $900 to QVFT in Jan. 2020

SIMBL Business
Enablement

Consulting firm
for start-up
founders

Financial
(Silver)

•

Donated $500 to QVFT in Feb. 2020

Supplier of
small-scale
commercial vertical farms

Mentorship,
Semi-Financial

•

Provides engineering advice related to the nutrient zone and filtration in the return line
Offered to donate a complete ZipFarm to
Queen’s University through QVFT, which has a
market value of $200,500 (paused due to
COVID-19)

DDQIC

BMA Hydroponics

ZipGrow Inc.

Degree of Involvement

•
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Name
iGrow

Aerok Inc.

EngSoc

Description

Type

Degree of Involvement

One of the
world’s mostvisited vertical
farming news
website

Mentorship

•

Provides advice and insight into ongoing developments in the vertical farming industry

Aeroponic vertical farming
start-up

Mentorship

•

Provides engineering advice related to all aspects of the farm’s mechanical design
Provides advice and insight into ongoing developments in the vertical farming industry

Student-organization

Affiliate

•

•

QVFT is a ratified organization within EngSoc

b. Community Outreach
QVFT regularly participates in events within the student community. We hosted trade
show booths at the 2020 CEEC and QWEC conferences (in-person). In both cases, our
booth was among the most popular attractions for attending delegates. We distributed
materials, recruited students, and raised awareness of vertical farming. More recently, we
participated in the 2021 CEEC and QHBC virtual trade show events.
QVFT also maintains an online presence, with a website (qvft.ca) and social media
profiles on LinkedIn and Facebook.
c. Finances & Inventory
QVFT has received $2,400 in combined sponsorship funding to date and requires an
additional $5,500 to manufacture the vertical farm prototype on Queen’s University campus. See Appendix B: Budgets and Inventory for a component-by-component breakdown
of planned and incurred costs.
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Appendix A: I/O Components of Automation Subsystem

Figure 11: Location of I/O Components in Nutrient Zone CAD Model

Figure 12: Nutrient Zone Circuit Configuration
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Figure 13: Location of I/O Components in Supply Line CAD Model

Figure 14: Supply Line Circuit Configuration

iii

Figure 15: Location of I/O Components in Growth Zone CAD Model

Figure 16: Growth Zone Circuit Configuration

iv

Figure 17: Location of I/O Components in Return Line

Figure 18: Return Line Circuit Configuration

v
Table 5: Inputs (Sensors) to the Automation Subsystem
#
1

ID
Read-MixingTank-Level

Description
A liquid level sensor (“input”) that continuously transmits data to a
microcontroller. The microcontroller is pre-programmed with the
minimum and maximum acceptable mixing tank liquid levels. If this
“input” data is below the minimum threshold, it will execute commands to the pumps and valves in the return line to deposit additional fluid into the mixing tank. These conditions will remain until
the readings from “Read-Mixing-Tank-Level” indicate that the liquid
levels in the mixing tank have been restored to the maximum
threshold.

Product ID
Continuous Fluid
Level Sensor: PN12110215TC-X
(Datasheet)

If the liquid level exceeds the maximum threshold, the automation
subsystem will command the three-way valve in the supply line to
close the branch leading to the growth zone and open the one leading to the excess water storage tank. It will also command the supply line pump to turn on to push the excess fluid towards this tank.
These conditions will remain until the readings from “Read-MixingTank-Level” indicate that the liquid levels in the mixing tank have
been lowered to the maximum threshold.
if this sensor indicates that the fluid levels are not within the ideal
range, the other I/O components in the nutrient zone will remain
inactive until ideal conditions have been restored.
2

Read-Water-EC

Measures the electrical conductivity (EC) level of the fluid about to
enter the supply line through the mixing tank outlet. EC serves as a
proxy for the concentration of nutrients within the water.

TDS Sensor/Meter
for Arduino:
SEN0244
(Datasheet)

3

Read-Water-PH

Measures the pH of the fluid about to enter the supply line through
the mixing tank outlet.

pH Meter: SEN0161
or SEN0169
(Datasheet)

4

Read-ExcessWater-Level

Measures the fluid level within the excess water storage tank. Once
the fluid level exceeds the specified maximum threshold, an alarm
is activated to alert an operator to empty the tank manually. This
alarm will take the form of a physical light installed on-site and a
digital alarm that can be viewed online through the front-end client.

Continuous Fluid
Level Sensor: PN12110215TC-X
(Datasheet)

5

Read-SupplyPressure

Measures the local pressure midway through the supply line. Since
pressure should be between 60 and 120 psi at the sprinkler nozzles,
it must be somewhat higher at the point of measurement to account
for friction losses, minor losses, and Bernoulli effects.

TBD

6

Read-Freshwater-Level

Measures the fluid level in the freshwater storage tank. Once the
fluid level dips below the specified minimum threshold, an alarm is
activated to alert an operator to refill the tank manually. This alarm
will take the form of a physical light installed on-site and a digital
alarm that can be viewed online through the front-end client.

Continuous Fluid
Level Sensor: PN12110215TC-X
(Datasheet)

7

Read-FarmRunoff-Level

Measures the fluid level in the farm runoff storage tank. It is important to ensure that the return line pump is only activated (ActReturn-Pump = ON) if Read-Farm-Runoff-Level is above the minimum specified threshold, which must be physically higher than the
pipe that transports fluid from the tank to the pump. Otherwise, air
could be sucked into the return line, damaging the pump and reducing its efficiency.

Continuous Fluid
Level Sensor: PN12110215TC-X
(Datasheet)
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8

Read-PH-TankLevel

Measures the fluid level within the pH Tank. If levels are below
the specified minimum threshold, an alarm is sent to the frontend to prompt an operator to manually add more of the pH balancing fluid (a base, TBD).

Continuous Fluid Level
Sensor: PN12110215TC-X
(Datasheet)

9

Read-Nut-TankA-Level

Measures the fluid level within Nutrient Tank A. If levels are below the specified minimum threshold, an alarm is sent to the
front-end to prompt an operator to add more of the Nutrient A
mixture manually.

Continuous Fluid Level
Sensor: PN12110215TC-X
(Datasheet)

10

Read-Nut-TankB-Level

Measures the fluid level within Nutrient Tank B. If levels are below the specified minimum threshold, an alarm is sent to the
front-end to prompt an operator to add more of the Nutrient B
mixture manually.

Continuous Fluid Level
Sensor: PN12110215TC-X
(Datasheet)

11

Read-AmbientTemp

Measures the ambient temperature in the farm room. This data
does not affect the actions of any outputs and will be displayed
on the front-end client at qvft.ca.

Temp/Humidity Sensor:
DHT22 (Datasheet)

12

ShowLivestream

Transmits a live video feed of the crops to the front-end client,
which the public can access on qvft.ca. This feature is low-priority and will not be implemented in the short term.

TBD

13,
14,
15,
16

Track-PlantWeight-1,2,3,4

A piezoelectric pressure sensor is placed under each of the four
corners of a plant tray. Together, they measure the combined
pressure exerted by the plants and tray. From this, the average
mass per plant can be deduced by using basic statics formulas,
subtracting the mass of the plant tray, and dividing by the number of plants on that tray.

Load Cell: SEN-10245
(Manual, Datasheet)
Load Cell Amplifier:
HX711 (Manual,
Datasheet)

Table 6: Outputs (Controls) from the Automation Subsystem
#

ID

Description

Product ID

1

Act-SupplyPump

Sends an electrical signal to turn the supply pump ON. By default, the pump is OFF whenever no signal is being sent.

TBD (actuator attached
to pump)

2

Act-Supply3Way-Valve

Sends an electrical signal to open the branch leading to the excess water storage tank and close the one leading to the growth
zone. By default, the reverse orientation is true whenever no
signal is being sent. The branch coming from the mixing tank is
always open.

TBD (actuator attached
to 3-way solenoid valve)

3

Act-SprinklerValve

Sends an electrical signal to close the solenoid valves for 30
seconds. By default, the solenoid valves are open whenever no
signal is being sent. The default state is held for 15 seconds.
This cycle repeats continuously, resulting in 30-second gaps between 15-second misting cycles.

TBD (actuator attached
to solenoid valve)

4

Act-ReturnPump

Sends an electrical signal to turn the return pump ON. By default, the pump is OFF whenever no signal is being sent.

TBD (actuator attached
to pump)
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5

Act-Return3Way-Valve

Sends an electrical signal to open the branch from the freshwater storage tank and close the one from the farm runoff storage
tank. By default, the reverse orientation is true whenever no signal is being sent. The branch leading to the rest of the return line
is always open.

TBD (actuator attached
to 3-way solenoid valve)

6

Act-NutrientPump

This output is not adequately depicted in Figure 11. Instead of a
single large pump, two peristaltic pumps will be attached directly
to the hose port: one which controls the flow of a fixed ratio of
nutrients A and B, and another which controls the flow of the pH
balancing fluid. Their ON/OFF status depends on the supplyline inputs “Read-Water-EC” and “Read-Water-PH”, respectively. For example, if EC levels are outside the specified ideal
range, then “Act-Nutrient-Pump” commands the pump to turn
ON and dispense fluid from the three buckets. The pump turns
OFF once “Read-Water-EC” registers that EC levels have returned to the ideal range.

TBD (actuator attached
to pump)

7

Act-Hose-Port

This feature is shown in the CAD model but is no longer relevant
and can be ignored.

N/A

8

Alter-Light-Intensity-1

Modulates the intensity of the LED tubes on the lower level of
the growth zone.

TBD

9

Alter-Light-Intensity-2

Modulates the intensity of the LED tubes on the upper level of
the growth zone.

TBD
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Appendix C: Front-End User Interface Mock-Ups

Figure 19: Front-End Mock-Up of Overall Farm Portal

Figure 20: Front-End Mock-Up of Growth Zone Portal
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Figure 21: Front-End Mock-Up of Supply Line Portal

Figure 22: Front-End Mock-Up of Return Line Portal
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Appendix F: Crop Selection for Vertical Farming
Table 9: Commercial Suitability Factors of Crops [10]
Factor

Description

Growth Cycle

As vertical farming is a cost-intensive food production process, crops that have a short growth
cycle are preferred.

Harvestable
Yield

Plants with high harvestable yield (e.g., kale, lettuce, Swiss chard) are preferred as they minimize the amount of energy wasted on unusable parts of the crop. Examples of plants with
low harvestable yield include tomatoes, blueberries, and blackberries.

Stature

Plants of shorter stature require less spacing between growth layers, meaning greater
productivity within a fixed indoor space. Horizontal spacing will account for the expected width
of the plants at maturity.

Seasonal Demand Variability

Vertical farms can be optimized specifically for crops with year-round demand as they eliminate the need for crop rotation. Consistent demand and crop specialization lend well to increased productivity, profitability, and automation.
Watermelon, however, is an example of a crop that experiences seasonal demand variation,
possibly due to the noticeable quality differences between seasons. If able to deliver consistently high-quality watermelons year-round, vertical farming could perhaps have a competitive
edge (and experience elevated demand) outside the summertime.

Geographic
Growth Range

Certain crops such as wild blueberries require precise soil and climatic conditions, resulting
in a limited geographic growth range. Other examples include tropical fruits and coffee beans,
which must be imported by those in northern climates year-round. As vertical farming makes
geographic constraints irrelevant, it could potentially produce such crops locally and offer a
fresher, tastier, more sustainable product.

Automation
Compatibility

Crops conducive to automation can minimize labour demand.

Perishability

Highly perishable crops grown through conventional methods often have a brief shelf life, as
time is required to transport from farm to market. By operating within or around cities, vertical
farming can deliver produce sooner to consumers and have a distinct advantage in this area.

Market Value

As vertical farming is not yet an economy of scale, food production is inevitably costlier than
the conventional alternative. Crops which already demand premium pricing such as baby
lettuce are better suited to vertical farming given the present realities of the industry.

Potential for
Added Value

Vertical farming is able to grow crops of potentially higher quality than that of traditional agriculture through CEA controls and optimization. Organic by design, these crops may also have
improved texture, colour, flavour, and shelf life. As a result, crops selected for cultivation
should be those which present the greatest opportunity for improvement on the existing industry standard.

