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Design Prompt 

In order to produce high-quality food and feed a growing world population, new methods of 

sustainable farming must be developed that are designed to increase yields and reduce ecological 

impact. Unlike traditional cultivation, vertical farming has the potential to reduce the need to 

create additional farmland and increase the productivity of a farm by a factor of 4 to 6 depending 

on the crop due to year-round productivity. Our goal will be to establish a robotic-centric 

approach to agriculture that takes advantage of modern engineering simulations, mathematics, 

the revolution in sensor technology, controlled environment agriculture, fertigation, and indoor 

farming techniques to transform modern food production. The spire will have an 18-floor, 256.5 

x 114 ft farm located around the UC Irvine campus, and our goal is optimizing it to produce 

15,000 tons of food annually.  This paper has been peer reviewed by: Mazen Nader Alkhatib, 

Abdullah Jawhar, Myriam Khalil, Daniela Uriostegui, and Jesus Reyes. 
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Overview 

This report aims to decrease some of the difficulties associated with the practice of vertical 

farming in addition to providing a uniquely integrated design process. The collaboration of 

several systems including, an agriculturally inspired farm automation tool, intelligent precision 

farming practices, a purification and highly developed reverse osmosis process for water 

purification, and a self-healing concrete solution that will provide seismic resistant structure. Our 

mechanized farming tool operates on a railing system allowing it to reach all area on a floor to 

sow seeds, spray pesticides, pull out weeds, and harvest strawberries hands-free. Precision 

farming is the practice of adjusting crop treatments in order to increase production efficiency. 

This system stores all factors which significantly affect crop yields and develop an 

approximation tool to gain a better understanding of these critical factors and crop response. To 

purify the water that is responsible for the irrigation on all floors a filtration system that uses a 

Thin Film Composite (TFC) membrane to do reverse osmosis filtration. The building’s design 

utilizes recycled materials and structured to handle static and dynamic loads on each floor. 
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Goal 

To design a system that purifies water and uses eco-friendly fertilizer to support user-controlled 

mechanized farming practices within a structure that meets the strength and serviceability 

requirements of an 18 story building. 

 

Objectives 

● Design an autonomous agricultural robotic system that is capable of planting strawberry 

seeds, weed control, spraying pesticide, and harvesting. 

● Create a sustainable, low-cost precision agriculture technique that enables users to 

interact remotely and make decisions for the vertical farm based on the suggestions 

created from data collected from low energy sensors. 

● Design a water purification system that is capable of providing enough clean water for 

irrigation use while keeping the pH level in check and providing liquid fertilizer for the 

crops to grow.  

● Design a multi-story building that meets both strength and serviceability requirements 

when subjected to lateral loads and gravity loads. 
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Project Outline 

 

 

Figure 1: Combined Biomass Production Systems 
  

Together, the systems of AGRiSPIRE INNOVATIONs vertical farming design rely on each 

other for information exchange, automated control, and the advancement of production. This 

process is illustrated in Figure 1.  In order for the farm to have a sustainable production annually, 

it is essential that each system is focused on the biomass. Each floor is designated for agriculture 

and utilizes an array of sensors to gather information about the production quality. These outputs 

are stored in a Relational Database Management System where they can be requested from user 

applications and used by a Support Vector Machine (SVM) classifier. The ability to make these 

predictions will enable users who use our application to make educated strategies when sowing, 

providing nutrients and harvesting their crops. The user instructions are written to the RDBMS 

and can be read by the control system. The motors and linear actuators on each floor will respond 
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to these instructions. The mechanized system itself includes the flexibility of a fully automated 

tool providing that all sowing, spraying of fertilizers, and gathering fruits can be accomplished 

through user commands. By integrating these systems we have actualized the possibility of 

having a surrogate vertical farm, where users can purchase farmland and engage in growing 

produce.  
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Design Breakdown 

Beams  

For our project, we will be using V-slot beams (Figure 2) made out of 6061 Aluminium alloy. 

These V-slot beams will allow for the easy maneuver of the arm throughout the garden. In order 

to ensure the strength of the beams, a SolidWorks strain and von Mises stress test was conducted 

and is shown in Figures 3 and 4. The applied force was 10 lbf across the top face of the beam to 

closely resemble the weight of the arm and strawberries. The Factor of Safety was calculated to 

be 1.7, therefore the aluminum will not yield to the 10 lbf. 

 

Figure 2: V Slot Beams 
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Figure 3: V Slot Beams Strain simulation  

 

 

 
Figure 4: V Slot Beams Von Mises Simulation 
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Four 12V continuous rotation motors (Figure 5) will be attached to the base of the beams and 

will provide up and down movement along the y-axis. A motor and belt will be attached along 

the top beam to allow for side to side movement along the x-axis. And two linear actuators with 

a 12 in stroke and 25 lb thrust (Figure 6) will control the arm’s up and down movement along the 

z-axis.  

 
Figure 5: 12V Continuous Rotation Motor  

 

Figure 6: Linear Actuator  

 

Arm Piece  

The arm piece will have 3 electromagnets attached to it, which will allow it to attach and detach 

to the different arm components, one tube which will be used by the suction/spray design, and a 

connection that will supply power to the seed sower component. The top view of the arm piece is 

shown in Figure 7. 
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Figure 7: Isometric view of the arm piece. The blue dots represent the magnets,  the red dot represents 

the tube where air will flow through, and the orange dot represents the connection that supplies power to 

the seed sower component.   

 

 

 

Seed Sower Component 

To ensure that the seeds don’t pour out of the component, a linear actuator acting as a gate will 

block the exit. First, the seed sower component (Figure 8) will puncture holes in the soil to plant 

the strawberry seeds and will transport the seeds. By transporting the seeds, it will finish its task 

while eliminating wasted time. The shape of the seed sower will allow seeds to continue to fall 

continuously when dropped from the sides. Once the component is over the hole, the gate will 

open and the seeds will drop. The gate will then close and the arm will move to the next hole. 
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Figure 8: Seed Sower Component 

 

Pesticide Sprayer 

The pesticide component (Figure 9) will be used to accurately spray pesticides. This will be 

accomplished by pushing air out of the component. This will create a pressure difference 

between the component and the pesticide container; thereby, causing the pesticide to be sprayed 

out of the component. 

 

 

Figure 9: Pesticide Sprayer Component 
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The Claw Component 

The claw component (Figure 10) will be able to complete two tasks: 

1. Pull out weeds 

2. Harvest the strawberries 

The sensor attached to the arm will direct the arm to either the weeds or the strawberries 

depending on the time of year. Once the claw is over its target, the motor attached at the base of 

the claw will rotate the screw and open and close the claw.  

 

Figure 10: Claw Component  

Sensor Network 

For our project, we will be using Bluetooth Low Energy (nRF51822) a Nordic microcontroller to 

connect our network of sensors. Bluetooth Low Energy (BLE) allows us to easily create a user 

interface and also is efficient in its power consumption. BLE can be customized by creating 

different communication protocols, making it easy to connect with a variety of different sensors. 

The low energy solution is ideal for sending data infrequently over a range no larger than 400m. 

The sensors arrays will send radios to receivers on each floor that will be wired to a central 

computer on the first floor. 

 

The following sensors will be included in each network:  

● hyperspectral cameras 

● temperature sensors  

● pH sensors 
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● humidity sensors 

● altitude sensors 

 

The temperature, humidity and pH sensors are necessary for understanding the environment 

surrounding the plants. Our key sensor will take hyperspectral images providing us with data 

such as the soluble solids index of the fruit, firmness, and color index, and area index. To capture 

these images we will be using the HyperCam, an in-development solution from a group of 

Microsoft researchers and University of Washington students. Near-infrared spectroscopy 

methods are known for being the least destructive, however, they don't account for the internal 

gradients within fruits thus predicting values that are far different from the actual ones. We will 

be using hyperspectral imaging because it is a better indicator of fruits soluble solids content 

with reduced background noise. Once these sensors have been set up we are ready to start 

collecting through the ETL process.  

 

 

Suction/Sprayer Design 

In order to control the direction of airflow at the arm tip a suction/sprayer system was designed 

using the following components: 

● Air compressor tank 

● Pneumatic Solenoid Valve: 3-way port 

● Pneumatic Solenoid Valve: 5-way port 

● 3 Way Valve: T port 

The connectivity of this system is shown in Figure 11.  
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Figure 11: Connectivity of the Suction/Sprayer Design for the Seed Sower and Pesticide Components 

Data Storage 

Once relevant data is determined, the BLE controller will be able to send data to the database for 

further processing. Figure 12 shows the flow of data from sensors to the database. The dataset 

obtained from sensors will come from monitoring stations on each floor sectioned into 12ftx12ft 

areas. An Amazon Relational Database Service (RDS) will be used to store the data. 
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Figure 12: HyperCam Setup and Data Flow  

 

Once set up, a table is created based on our database schema to write data collected by the 

facility to the RDS. One of the features that the RDS includes is creating an entire database 

instance for us so we do not have to create our own backup. Figure 13 specifies what information 

we will be extracting from our array of sensors. 
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Figure 13: Database Schema 

 

The data collected will be written to a central database with a single replica in a separate 

geographical location to prevent data loss in power outage or natural disaster. A proxy that 

contains a cache will be placed between the application that writes the data and the central 

database. We choose to design and implement a Least Recently Used (LRU) cache data structure 

in Python with a given capacity. We use a deque structure from python to keep track of the 

number of cached items. Once a certain capacity is reached we evict the data stored in the cache 

by deleting it from our python dictionary.  

 

Intelligent Algorithm  

An intelligent system should provide users with real-time suggestions and forecasts for 

increased yields. We want users to know the firmness and quality of their fruit in order to ensure 

their own satisfaction so we need a method that can predict these characteristics based on the 

data collected. Support Vector Machines (SVMs) can be used since they work well with data 

collected from hyperspectral imaging such as infrared sensors. The SVM method was chosen as 

a classifier for our strawberries because it provides a general, more elegant solution to the 

quadratic programming problem as opposed to many other machine learning methods that are 

only capable of finding local minima.  

 

The term support vectors come from the small subset of relevant points that the method can 

automatically identify, and prevent it from overfitting the data even when it is given large feature 

space. The SVM relies on the features that make it difficult to classify data, for instance, the 

strawberries that are known to be ripe but have a relatively low soluble solids index or a high 

firmness. 

 

To train an SVM we need to take the best subset of free parameters which is done with a cross-

validation method. For example, the an-fold cross-validation method will prevent us from getting 

a subset with poor generalization and a lack of representation. Using n-fold cross validation takes 

a section of the data for validation, the rest for training, and then repeats this procedure n more 

times taking the average of the independent trials. 
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User-Interface 

As defined by our requirements, we need an application to perform reading and writing from a 

central database. If we want to upload the images captured through hyper spectroscopy and the 

images for our users, then we need to consider storage scalability. Users can only download, 

never upload images so we need to focus on providing them low latency for requests.  

 

To isolate both services we will provide separate applications, one for reading and one for 

writing so that each application can scale independently of the other. To further isolate services 

we will differentiate the request application by user requests and by requests from the analysis 

application. 

 

The vertical farm reading from the database, a user reading from the database, and the vertical 

farm or the user writing to the database will be accomplished by three separate applications. 

Users are able to complete the actions represented in the use case diagram in the table below 

(Figure 14) through a web interface. 

Use Cases Actors (User/Admin) 

Login/Logout 
Buy Section/Sell Section 

Buy Crops/Sell Crops 
Donate Crops 

Change Nutrient Levels 
Observe Crops 

See Expected Biomass 
Receive Notifications 

Spray Pesticides 
Sow Seeds/Pull Weeds 

Harvest Biomass 
Exchange Arm Component 

U/A 
U 
U 
U 
U 

U/A 
U/A 
U 

U/A 
U/A 
U/A 
U/A 

Figure 14: Use Case Diagram 

 

Reads for results will be redirected to the analysis application so that the number of reads from 

the central database is reduced. If analysis finds any results that are significant these will be 

stored in the central database. These analysis machines don't need backups and will only store 

data for a limited amount of time. The central database, however, will be replicated in a separate 

geographical location to preserve it in the event of a natural disaster.  
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We will use a proxy to take advantage of collapsing user requests. A cache will be inserted into 

the proxy instead of inserted into multiple nodes so as to decrease cache misses by forcing all 

request nodes to check the same spot. This proxy/cache combination will serve our needs 

because we expect a high load situation and we want to use limited caching to preserve our 

memory and lower our cost. The proxy itself can collapse requests meaning that it will delay 

writing data to the database so it can wait to reduce duplicates and reduce the number of times 

the database is written to. By using machine learning techniques we can bring information 

together from our hardware sensors and datasets. This process is visualized in Figure 15.  

 

 

 

 

Figure 15: User-Side Application  
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Water Extraction 

 

 Figure 16: Vacuum Water Extraction System 

 

The extraction system will be utilizing the pressure gradient to extract water at high speed 

without inputting an excessive amount of energy. We will connect a vacuum pump to the pipe to 

create a vacancy environment and use the suction provided from the pressure difference to guide 

the water into our pipeline and to our 100,000-gallon reservoir (141” x 160”H). As you can see 

in Figure 16, the water will be guided to our system by using the pressure difference and lead 

into the reservoir. The excessive air will escape through the pump as more water flows into our 

system. 

 

With this technique, we could save an enormous amount of energy that’s needed for water 

extraction since we don’t need to input excessive amount energy to pull the water out from the 

source and just guide water into our system by using pressure difference. 

 

From the data we extracted from the United States Geological Survey (USGS), we found the 

average flow rate of the San Diego Creek to be 1.7273 cubic meter/ sec. We can calculate the 

average dynamic pressure by using the equation extracted from Bernoulli’s equation 

.  
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 Figure 17: Polyvinyl Chloride (PVC) Pipe Chart 

 

Based on the flow rate we needed (>60 gpm) and the flow velocity we have, from Figure 17, we 

chose the pipe diameter to be 3 inches.  

 

We then can use Bernoulli's equation to calculate the volume flow rate at the end of the pipeline 

to make sure we have enough flow rate for our filtration system (>4000 gallons/hour).  
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We have our Z1 = 9.14, P1 = 14996, p = 997, V1 = 378.6, Z2 = 0, P2 = 0, hL = 80, we can 

calculate our final flow velocity V2 to be 376 meter per sec.  

We then can calculate the final flow rate, which pipe diameter = 3, velocity = 376, we get a flow 

rate of 133 gal per min or 7,890 gal per hour.  

 

We extract our water from the San Diego Creek river, which is about 1 mile away from the UCI 

campus. Our prefiltration starts as we extract the water from the river, we place a 5 layered panel 

at the entrance of our pipe to take care of the larger floc and aquatic creatures. We then will 

connect the pipe with a vacuum pump that creates a pressure different from our atmosphere and 

we will utilize that pressure to guide the water into our system. As the water travel through our 

pipeline, we will also place a pressurizer throughout the pipe to gradually increase the internal 

pressure of the pipeline. The reason for gradually increasing the pressure in the pipe is to prevent 

highly pressurized air bubbles to form within the pipe. The highly pressurized air bubbles, due to 

the extreme pressure from water, will have a really high temperature. With high pressure and 

temperature, the air bubble will easily rust the pipe, exposing the unfilmed metal and causing 

water to become metallic which is harmful to both humans and crops.  
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Filtration System 

 

 Figure 18: RO filtration system with TFC membrane   

 

We will do a pre-filtration by using metal panels to take out the floc, other large impurities, and 

prevent aquatic creatures from entering our system (Pre-Filter). From Figure 18, prefiltration will 

have panels that are arranged in 45 degrees with respect to each other and layered 5 times. Each 

panel is 20% smaller than the previous to provide full coverage at the 5th panel.  

 

The second filtration system is by using a Thin Film Composite (TFC) membrane with a water 

permeability of 9.4 L/m^2*h*bar at 29 atm pressure. The reason for choosing such membrane is 

its high permeability of water and small pore size that could be used in an osmosis system where 

it has been proven to be one of the most efficient filtration technique since it can remove all the 

virus and bacteria without using any chemicals as shown in Figure 19. TFC membrane is proven 

to be able to exhibit satisfactory stability with the pH range of 7 - 4.5 (Ricci et al.).  
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Figure 19: Removal rates for different separation process 

 

The TFC approach also has a wide variety of selective layer that can be optimized for the desired 

combination of solvent flux and solute rejections, while the porous support layer can be 

optimized for maximum strength and compression resistance combined with minimum resistance 

to permeate flow. TFC membrane also does not need to be constantly changed and have an 

average lifespan of 4 years. To allow water to flow through the membrane with a reasonable 

flow rate (>250 gallons/hour), we will use a Pentair pump at the end of the membrane to create a 

pressure of 29 atm at the end of the pipeline in order for the membrane to function at the 

optimized condition. 

 

With our project, RO system combined with TFC membrane is suitable for municipal wastewater 

treatment with as high as 85% of water recovery for a TFC membrane that layered with 

superhydrophilic sulfonated polyphenylene sulfone (sPPSU) polymer as shown in Figure 20.  
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Figure 20: sPPSU polymer layered TFC membrane 

 

To find the water flux of our filtration system, we will use the following equation,  

 

To get a reasonable flux, J> 80 lmh, we need a membrane that has a dimension of  4m(radius) x 

65m (length), which gives us a surface area of 1,632 square meters and a volume of 3,265 cubic 

meters. Use the flowrate we calculated, we get the water-flux to be 115.97 lmh.  
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pH Control System 

 

 Figure 21: pH Control System  

 

Within the pH control system, we place a large pH probe above another 100,000-gallon reservoir 

and in touch with the liquid in order to constantly measure the pH level change as shown in 

Figure 21. We will place two chambers above the reservoir, one for caustic chemicals (Sodium 

Hydroxide), one for acidic chemicals (Hydrochloric Acid). We used the 70% reservoir to 

calculate the HCl needed for pH balancing assuming the reservoir will be at least 70% filled at 

all time.   
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Once the pH level exceeds 6.8, the acidic chamber will release 8g of Hydrochloric Acid in 2 

minutes interval to bring the pH level down. On the other hand, once the pH level gets lower 

than 5.2, the caustic chamber will release 8g of Sodium Hydroxide in 2 minutes interval to bring 

the pH level up. We also place 5 Teflon stirrers, which is made out of Polytetrafluoroethylene, 

slippery, and can endure both strong acid and base, at the bottom of the reservoir to keep the 

water well mixed and to increase the saturation rate. once the pH hits 6.0 then the chamber will 

close. 

 

The reason for using Hydrochloric Acid and Sodium Hydroxide is that both chemicals will not 

produce any harmful byproduct when mixing with water and the chlorine in hydrochloric acid 

could actually act as a cleaning agent for our water source. Chlorine cleaning is a well-known 

method for water disinfection, we can utilize the chlorine from our acid to make our water more 

purified.  

 

 

 

   Figure 22: Nutrient film technique (NFT) cycle 

 

Furthermore, we will also implement the nutrient film technique (NFT) to recycle the excessive 

water and guide it back to our pH control system to reduce water and fertilizer usage. To use 

E) 
70000gal = 264978Liter mol = M * l, = 8.41 * 10- 7 * 264978 = 0 .. 22mol 

0.22mol * 36.46( ~d"H of HCl ) = 89 

Feed back water 

Horizontal Pump 



 

      
27 

Design 
Report 

NFT, we will place a small reservoir underneath the crops and use a pump to guide the water 

back to our pH control system and eventually flow back to the irrigation system as shown in 

Figure 22. 

  

Micronutrient Optimization System 

           

         Figure 23: Micronutrient Optimization System 

 

We use a biodegradable material, cow manure, to fertilizer our water to make a liquid fertilizer in 

our system as shown in Figure 23. Nitrogen pollution is a big issue for farms and with cow 

manure, we can greatly decrease the chance of having an excessive amount of nitrogen since cow 

manure provides us with the lowest nitrogen concentration comparing to other animals. 

 

 

 

One big issue with using cow manure as our fertilizer is that the cost of using a big quantity of 

cow manure can be really expensive and depends on the type of cow or cattle manure we using, 

usually, they lack a significant amount of phosphorus content which is essential for crops to 

grow. We mix the cow manure with water to make a liquid fertilizer and add soft rock phosphate 

to compensate the deficit in phosphorus. the reason of making a liquid fertilizer rather than using 

solid ones is because liquid fertilizer can be absorbed by plants more efficiently, the number of 
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nutrients for our fertilizer can be manipulated, and will decrease the cost. soft rock phosphate is 

one of the purest forms of phosphate, can be found easily, and is one of the best ways to combat 

phosphorus deficit according to Sustainable Agriculture Research & Education (SARE). 

 

From the dimension of our building, we have 256.5 x 114 feet floor and assuming we can use at 

least 80% of the farmland for crops, we will have an area of 102 x 102 feet. According to a study 

from Iowa State University extension and outreach, each row of strawberry will need to be 1 foot 

apart and that gives us a number of 10,404 plants of strawberry per floor. We will have a total 

187,272 numbers of plants in our project. According to Sustainable Agriculture Research & 

Education (SARE), during the first year of planting strawberry, each plant should have at least 

0.00156 lbs of Nitrogen, Phosphor, and Potassium (NPK) per plant. With a total number of the 

plants, we will need 292.144 lbs of NPK. With the cow manure of our choice, we will have an 

NPK ratio of 25:9:20 lb/1,000 gal. Among of cow manure used will be around 11,685 gallons. 

This will give us enough amount of NK concentration but we still need to find a way to 

compensate the Phosphor shortage from our manure.  

                                

                         Figure 24: Soft Rock Phosphate 

 

With 11,685 gallons of cow manure, we will have 105.16 lbs of phosphor, subtract from the 

amount we needed, we will still need to figure out a way to add 186.98 lbs of phosphor into our 

fertilizer. We decided to use soft rock phosphate (Figure 24)  to fill up the phosphor we need for 

our fertilizer since it is the purest phosphate source and is proven to be the best method to deal 

with phosphor deficit. Since it is hard to calculate the exact amount of phosphor that soft rock 
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phosphate will provide, we will use our area to do the calculation. We have a phosphor deficit of 

186.98 lbs, which is about 64% of the total amount needed. By using our total area, we will need 

to cover 6,658.56 square feet of farmland (102 x 102 x 0.64). Since 12 lbs of soft rock phosphate 

are needed per 1,000 square feet according to SARE, we will add 78 lbs of soft rock phosphate 

into our fertilizer.  

 

Structural Analysis: Seismic 

The Seismic parameter were analyzed for coordinates on UCI property. Using the SAP 2000 

program and including the seismic factor for earthquakes into the load combination during load 

analysis it was proved that structural design met the  requirement of the ASCE 7-10 Standard. 

 

 

The following constants correspond to Figure 25. 

Load combination = 1.2D + 1.6L + 1.0E  

Seismic factor = 1.0 E 

MCEr ground motion (for 0.2 second period), Ss = 1.594 

MCEr ground motion (for 0.1 second period), S1 = 0.581 

Site Class = D- stiff soil  
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Figure 25: Design Response Spectrum  

 

Beams and Girders 

The vertical farm is designed to count for a 100 pound per square foot dead load on each floor 

slap. The major factors for the dead load were the concrete weight, steel and the framing that is 

holding up the hydroponics PVC pipes since they anchored to the girders structure. The live load 

on the building results from maintenance staffs, workers and light equipment. Following the 

design code (ASCE 7-10) for the dead and live loads, the equation that is used to find the sizes of 

each beam and girder for the frame design section considering the lateral weight is 1.2D + 1.6L. 

 

According to structural design criteria of live load reduction, it is assumed that large areas are 

unlikely to reach the critical loading in any location. Thus, live load simplification was justified. 

However, in the core area; live load simplifications were not done because it is expected to have 

large water tanks that would be filled regularly which defeats the importance of the live load 

simplification. Due to this reasoning, it was not valid to implement the live load reduction in the 

core area of the floor plans, which resulted in larger beam sections. 

 
Figure 26: Beams and Girders distributions in the first floor slab - plan view 
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Figure 27: Beams and Girders distributions for (2-18 floor) slab - plan view 

 

In Figure 26 and Figure 27 beams placed at a distance of 28.5 feet x 9.5 feet. Girders placed at a 

distance of 28.5 feet X 28.5 feets 

 

Columns 

The exterior columns demand [medium - heavy] column section (Figure 28) due to the vertical 

loads acting on it. A W14x24 and W27x84 wide flange sections are used for the structural 

design. 

 

 

 
 

Figure 28: Columns Distribution along the front side 
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Hydroponics System Design 
 

The main reason of choosing hydroponics system instead of soil beds in to significantly reduce 

the overall weight of the structure therefore reduces the need of heavier structure components as 

well as reducing the overall cost. 

 

The hydroponics growing system consist of PVC pipes spans in range of [ 10 – 30 ft] long. Each 

pipe would have holes drilled at the top with [ 8 – 10] inches apart from each other to allow an 

adequate space for crops to grow. These pipes also serve as distribution system that delivers 

nutrient-rich water to the plants. The actual plants would be planted in a rich nutrient soil holder 

that is placed into the holes of the PVC pipe. These holders or containers are designed to absorbs 

further nutrients that is flowing through the PVC pipe. The hydroponic pipes are attached to 

fixed framed placed directly above the steel girders. 

 

 

Self-healing Concrete 

Concrete materials have been used in the construction industry for centuries. Concrete still 

remains a major construction material today, from foundation making to the structural building 

(Frazier, 4). Sometimes, the concrete materials deteriorate before their expected service life. 

Self-healing concrete could solve this major problem in the construction industry. 

Dr. Henk Jonkers developed self-healing concrete in the attempted to increase the life span of 

concrete materials (Arnold, 1). The self-healing concrete biologically produces limestone. This 

limestone is capable of healing cracks that appearing on the surface of the concrete structure. The 

healing occurs upon activation of the limestone by the water. This is due to the induction of 

genus Bacillus bacteria, calcium lactate, phosphorus, and nitrogen to the concrete mixture. This 

bacteria is activated by air and water sipping through the cracks. 
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 The Bacteria increases the life span of concrete structure up to 200 years from the ideal life span 

of concrete, which is 86 years (Bacterial Concrete or Self-Healing Concrete for Crack Repairs, 

1). It increases the duration of a standard building. It is an assurance that the structure can 

operate for two centuries. Additionally, the increase in durability shows that the structure is 

safer. This is due to the increase in the flexural strength and compressive forces of the self-

healing concrete. 

 

 The advantages of using self-healing concrete are that it reduces the number of repairs needed. 

This saves on the operational cost of the business. Due to the self-healing effect of the concrete, 

there are limited freeze-thaw attacks, thus reducing the risks of bigger cracks (Frazier, 5). The 

self-healing concrete will be best for a vertical farm to grow strawberries. Since strawberries 

require cool and warm temperatures, there will be no hazardous water sipping through to the 

plants. The bacteria used in the production of this concrete is environmentally friendly that can 

be used effectively. 

 

Light Emitting Diode 

Plants require light for photosynthesis. Plants enclosed in a structure require external source 

since the sun rays cannot get through to plants. Light emitting diodes are a great potential 

supplement as a source of light to indoor growing plants such as strawberries, iceberg lettuce, 

and tomatoes among other vegetables( Massa,3). They can also be used as a source of light for 

farming done off and on the earth surface. 

 

They are small in size, durable and have a long lifetime operating cycle. They produce specific 

wavelengths as required by the plants. The output waveband of these diodes is narrower as 

compared to the traditional sources of lighting used for plant production. Most of the light 

emitting diodes produce red and blue lights which are the most essential, from the broad 

spectrum wavelength of light. Normally, plants the optimum blue and red colored lights for 

growth. A combination of the two colors increases the leaves photosynthesis rates. The LED 

lights have great effects on the morphology and anatomy of the crops due to the quality of the 
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spectra. The functional components are amplified by the LED, plays a major role in selecting ant 

oxidative attributes. 

 

The LED quality spectral is also vital for pathogen development and crops nutrients uptake. This 

ensures that the produce is nutritious all year round. LED lighting allows farming at any time of 

the year, all around the world. The cost per photo is a bit high but the long term maintenance cost 

is less. Farmers can take advantage of the LED lighting distribution pattern since it is more 

focused, so as to increase the capture of the radiation. The statistic shows that LED used in the 

growing of strawberries have increased the number of fruit yield (Kubota, and Chun, 116). 

 

LEDs are economical since they require less operation and maintenance cost lower than other 

sources of lighting in indoor farming. They generate less heat thus there is no need for a cooling 

system. They also cause less evaporation of water from the plants hence lowering the water bill. 

This is also an indication they can be used for farming in dry areas (Efficiency and Economic 

Benefits to Using LED Lighting for Indoor Grow Operations, 1). They require less electricity to 

operate thus fewer energy bills. 

 

Decontamination Airlock Systems 

Restriction of access in a specific controlled environment is mandatory. Decontamination 

Airlocks systems protect a specified area due to the material movement and interaction with 

humans. An airlock system is necessary for vertical farming to avoid cross-contamination. 

Airlocks prevent air flowing from one room to another due to a different level of 

cleanliness(Choudhary,1). 

 

Airlock System is important in the modern methods of farming such as vertical farming 

(Corporation Berkshire, 2). This helps in maintaining the optimal condition needed for Crop 

production. It helps in maintaining a low cost of energy since no heat will be lost. The Cascade 

airlock is the most common type of airlock. The decontaminating system ensures that there is no 

entry of bacteria, fungi or any plant pathogen. 
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Normally, it has a lower pressure on one side and higher pressure on the other side (Choudhary, 

1). In this airlock system, the good quality air pressure from the internal zone flows with higher 

pressure to the airlock. The air then flows from the airlock toward the area with lower pressure 

levels. Therefore, it prevents entry of dirt, dust particles and other elements of contamination to 

the airlock from the outside. It also prevents the entry of the contaminated elements from the 

airlock system to the inner area (Zeidler, and Schubert, 59). 

 

This is best suited for vertical farming since only the crops in the structure require protection 

from the outside. The people and the environment outside the vertical farming business do not 

need protection from the plants. Workers will wash hand using soapy water and wear sterile 

clothing, shoes, and helmets before entering the vertical farm to avoid contamination. Therefore, 

airlock systems are economical since they reduce operation cost. This is due to their ability in 

reducing infections and infestation on the plants. 

 

 

 

 

 

 

 

 

 

  

----E)-



 

      
36 

Design 
Report 

 

Bill of Materials 

Item Description Link Manufacturer Price per unit Quantity Total Price 

Extrusions 

97” x 1” Track 

Extrusion Link Grainer $27.50 1170 $32,175.00 

Belts 

Black & Decker 

Drive Link MowSpares $8 104 $830 

Plates and 

Brackets 

Bundle of 13 

components Link FarmBot $387 26 $10,062 

Plastic Parts 

Bundle of 19 

components Link FarmBot $246.00 26 $6,396.00 

Fasteners 

300 M3 Stainless 

Steel Screws Link Amazon $11.99 26 $311.74 

Power 

Supply 

Supply Single 

Output 12 Volt 

12.5 Amp 150 

Watt Link Jameco $43.49 26 $1,130.74 

Raspberry Pi 

3 Motherboard Link Amazon $35 26 $910 

Motor 

200 

steps/revolution Link FarmBot $60.00 52 $3,120.00 

Linear 

Actuator 

12 in stroke 25 lb 

thrust Link ServoCity $129.99 26 $3,379.74 

Electromagn

et 

Holding force 

equal to 185N Link uxcell $11.59 26 $301.34 

Air Tank 100 g Link Northern $799.99 26 $20,800 

Pneumatic 

Solenoid 

Valve- 3 

Port 3 port 2 position Link 

Automation 

Direct $20.50 52 $1,066 
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https://www.grainger.com/category/aluminum-extrusions/structural-framing-systems/material-handling/ecatalog/N-c3q
https://www.mowspares.co.uk/drive-belts
https://genesis.farm.bot/docs/plates-and-brackets
https://genesis.farm.bot/docs/plastic-parts
https://www.amazon.com/300pcs-Stainless-Socket-Screws-Assortment/dp/B073VH59DJ/ref=asc_df_B073VH59DJ/?tag=hyprod-20&linkCode=df0&hvadid=214510054050&hvpos=1o1&hvnetw=g&hvrand=3214598284616069374&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031483&hvtargid=pla-367573180779&psc=1
https://www.jameco.com/z/SP-150-12-MEAN-WELL-AC-to-DC-Power-Supply-Single-Output-12-Volt-12-5-Amp-150-Watt_173421.html?CID=GOOG&gclid=Cj0KCQiA8_PfBRC3ARIsAOzJ2uo5mitZMZW4MKizr0SMFXS2fGYgnWTHLDoSBnG2afvYHzxJxYgqVl4aAkDdEALw_wcB
https://www.amazon.com/Raspberry-Pi-RASPBERRYPI3-MODB-1GB-Model-Motherboard/dp/B01CD5VC92
https://genesis.farm.bot/docs/electronics-and-wiring#section-nema-17-stepper-motors-with-rotary-encoders
https://www.servocity.com/hda12-2
https://www.amazon.com/uxcell-Electric-Lifting-Electromagnet-Solenoid/dp/B01N4NE0BX/ref=asc_df_B01N4NE0BX/?tag=hyprod-20&linkCode=df0&hvadid=241981689490&hvpos=1o1&hvnetw=g&hvrand=7885970938797896482&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031569&hvtargid=pla-446546617331&psc=1
https://www.northerntool.com/shop/tools/product_200685169_200685169?cm_mmc=Google-pla&utm_source=Google_PLA&utm_medium=Air%20Tools%20%2B%20Compressors%20%3E%20Air%20Compressor%20Receiver%20Tanks&utm_campaign=Industrial%20Air&utm_content=60544&gclid=EAIaIQobChMIkKDV97b93gIV7h-tBh0f2Q1lEAQYASABEgIGJPD_BwE
https://www.automationdirect.com/adc/shopping/catalog/pneumatic_components/pneumatic_valves_-a-_accessories/general_purpose_solenoid_directional_control_air_valves/3-port_(3-way),_2-pos.,_body_ported_-z-_manifold_(avs-3,am_series)/avs-3111-120a?gclid=eaiaiqobchmiqnaetc7_3givvyctbh2bpwl0eaqybiabegj5_vd_bwe
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Pneumatic 

Solenoid 

Valve- 5 

Port 5 port 2 position Link 

Automation 

Direct $25 26 $637 

Vacuum 

Pump vacuum pump Link CPS Product $324.80 1 $324.80 

Pressure 

Booster increase pressure Link DuraMAC $664.99 1 $664.99 

Water Pump water pump Link TACO $104.95 3 $314.85 

Water Valve Flow rate control Link Hoffman $89.95 1 $89.95 

Flow Meter Monitor Flow Rate Link Blue-White $327.23 1 $327.23 

Thin Film 

Composite 

Membrane Main Membrane Link DESAL $778.61 10 $7,786.10 

Cow 

Manure Fertilizer Link Gardeners $1.08 44232 $47,770.56 

Stirrer Stirrer Link IKA $870 5 $4,350 

Chemicals Sodium Hydroxide Link 

Belle 

Chemical $44.99 10 $449.90 

Chemicals Hydrochloric Acid Link Duda Energy $89.95 10 $899.50 

Reservoir 

10000 gallon 

reservoir Link Norwesco $5,699 3 $17,097 

Amazon 

RDS 

Reserved Instance 

of AWS RDS for 

mySQL db.t2.large Link Amazon $1,592.00 1 $1,592.00 

Elasticache 

Reserved instance 

AWS cache will 

also be used as a 

proxy 

cache.m4.large Link Amazon $624.00 1 $624.00 

EC2 t3.medium Link Amazon $412.00 1 $412.00 
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https://www.automationdirect.com/adc/shopping/catalog/pneumatic_components/pneumatic_valves_-a-_accessories/general_purpose_solenoid_directional_control_air_valves/5-port_(4-way),_2-pos.,_body_ported_-z-_manifold_(avs-5,am_series)/avs-5212-24d?gclid=eaiaiqobchmis8f68pic3wivob-tbh1ypagkeaqyasabegktz_d_bwe
https://www.trutechtools.com/CPS-VP6D-Premium-Series-Vacuum-Pump-6-CFM-Two-Stage_p_5550.html?gdffi=82d4608f40bc44b8876f395eb04c4801&gdfms=DF0AFAB838AD400C81D035112325ABFB&gclid=Cj0KCQiAj4biBRC-ARIsAA4WaFhvZptQvF_1AKAsI501MfchyuaSmSph21o5_Sp-nWl-PWk-h88uEFkaAnx8EALw_wcB
http://www.consumersplumbing.com/site/consumers/productdetail.exc?cmd=630_view_prod&isApp=true&page=1&co_id=630&item_id=76263&prod_id=12355&gclid=CjwKCAiAsoviBRAoEiwATm8OYE-hDvop9xLgr2m2vJ7LA-G43h5Nu6dCJcI_58lQYH20aqGPhUYFoxoCwDoQAvD_BwE
https://www.supplyhouse.com/Taco-007-F5-8IFC-007-Cast-Iron-Circulator-with-Integral-Flow-Check-1-25-HP?gclid=CjwKCAiAsoviBRAoEiwATm8OYChfaZvxZEkWhurE_qD3G0DzDgNAdfemQmQp7C1D4h-HqPlN2Pg44BoCAxkQAvD_BwE#product-overview
https://www.supplyhouse.com/Hoffman-401488-79-1-2-x-3-4-Straight-Water-Main-Vent-Valve-11744000-p?gclid=CjwKCAiAsoviBRAoEiwATm8OYDJHv5A0ijO9svIDFISqAz1hBHoicq9QU7s6nwnUx3_rZz-muolOXBoCZF0QAvD_BwE
https://www.servapure.com/Blue-White-RB-200AT-GPM1-30-to-300-GPM-2-IPS-Pipe-Size-Paddlewheel-Flowmeter-F-1000-Series_p_3637.html?utm_source=google&utm_medium=cpc&adpos=1o6&scid=scplpRB-200AT-GPM1&sc_intid=RB-200AT-GPM1&gclid=CjwKCAiAsoviBRAoEiwATm8OYK6uZd3Q4tf1o_DX6SHoZv0yKwxV5Ssl2ZQ-2m9UnDA22hM2zvR90hoCdvoQAvD_BwE
https://www.freshwatersystems.com/products/ge-osmonics-desal-ag8040f-9200-gpd-ro-membrane-element?variant=13249905360939&utm_source=google&utm_medium=shopping&gclid=CjwKCAiAsoviBRAoEiwATm8OYCt04bsOX35pUPo-KMynwx7Jl4clRS3DtFEqz7xA0swy-MjRE1KxdBoC0msQAvD_BwE
https://www.lowes.com/pd/Gardeners-1-cu-ft-Organic-Compost-And-Steer-Manure/3240020?cm_mmc=SCE_PLA-_-LawnGarden-_-Soil-_-3240020:Gardeners&CAWELAID=&kpid=3240020&CAGPSPN=pla&store_code=2605&k_clickID=go_625853898_34614682510_111134462110_pla-261252920097_c_9031528&gclid=CjwKCAiAsoviBRAoEiwATm8OYLv12Apu-cN1by7DByx9YJu1K5H9xFSJ7bXRrQGwXSkIXXdp4dxqkBoC2gkQAvD_BwE
https://www.sycamorelifesciences.com/products/equipment/overhead-stirrers-and-stirrers/ika-2343600-r-1389-overhead-stirrer-accessories-propeller-stirrer-3-blades.html?gclid=CjwKCAiAyMHhBRBIEiwAkGN6fHw5L9lyWhiRxx7lhnbojb7LRVid1EtreecJXyRDs0nFz1TimP7bkBoC2MIQAvD_BwE
https://www.amazon.com/Sodium-Hydroxide-Pure-Grade-Caustic/dp/B0735CK8WT/ref=asc_df_B06W57NL8S/?tag=&linkCode=df0&hvadid=309944394874&hvpos=1o1&hvnetw=g&hvrand=5244592488163867873&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9031528&hvtargid=pla-492676623295&ref=&adgrpid=62022137216&th=1
http://www.dudadiesel.com/choose_item.php?id=5ghydro&gclid=CjwKCAiAsoviBRAoEiwATm8OYCvV3c9GvQlgg4m5Y0OuhgZFlH8VA1uq-d3d_wLjDHEhePxhXU-DqxoCo4wQAvD_BwE
https://www.tank-depot.com/productdetails.aspx?part=N-43132&gclid=CjwKCAiAyMHhBRBIEiwAkGN6fPe22Qr9eWd7FZNZimYou6wvxP0j9RNL8q_4pBcNB69JxB3G2R3hPxoC5igQAvD_BwE
https://aws.amazon.com/rds/mysql/pricing/
https://aws.amazon.com/elasticache/pricing/
https://aws.amazon.com/ec2/pricing/reserved-instances/pricing/
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nRF52832 

Bluetooth low 

energy and 2.4GHz 

proprietary SoC 

Active Link 

Nordic 

Semiconductor $2.52 486 $1,224.72 

NRF52840-

DONGLE 

Nordic Thingy, 

prototyping Link 

Nordic 

Semiconductor $39.12 5 $195.60 

PS-3204 

Wireless pH 

Sensor Link Pasco Sensors $65.00 486 $31,590.00 

1568-1360-

ND 

Soil Moisture 

Sensor Link DigiKey $5.95 486 $2,891.70 

HyperCam 

low cost 

hyperspectral 

camera rig Link Microsoft $50.00 486 $24,300.00 

Self-healing 

concrete 

structure 

serves as the base 

of the structure Link 

Basilisk 

Concrete 

180 

Per yd^3 

46170 

yd^3 $83,310,600 

structural 

steel 

Used to reinforce 

concrete base Link Schnitzer Steel 22.26 (per LB 

36773.088 

LB $818,568.96 

hydroponics 

PVC system growing system Link Huifa 

$40 (per 100 

meter 5715 M $228,600.00 

Concrete normal weight Link  90 (per yd^3) 

12274 

yd^3 $110,466.00 

Grand 

Total $84,692,258 
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https://www.nordicsemi.com/eng/Products/Bluetooth-low-energy/nRF52832
https://www.nordicsemi.com/eng/Products/Bluetooth-low-energy/nRF8001
https://www.pasco.com/prodCatalog/PS/PS-3204_wireless-ph-sensor/index.cfm
https://www.digikey.com/product-detail/en/sparkfun-electronics/SEN-13322/1568-1360-ND/5764506?WT.srch=1&gclid=EAIaIQobChMI06ix6Ob13gIVQyCtBh325gJ9EAQYAyABEgLB0PD_BwE
https://bgr.com/2015/10/19/hyperspectral-camera-attachment-for-smartphones-video/
https://www.onealsteel.com/calculators.html
https://www.onealsteel.com/calculators.html
https://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=hydroponic+growing+systems
https://www.inchcalculator.com/concrete-calculator/
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Conclusion 

Traditional vertical farms only target consumers within their immediate proximity. They are at 

risk of not having enough customers. The way that AGRiSPIRE INNOVATIONs creatively 

solves this problem is expanding its user base by selling plots of land to remote ‘surrogate 

farmers’ that will not only play for the extra resources that they require the grow the perfect fruit, 

but also will have the option of donating the fruits to a community in need. The building’s 

surrogate farming is achieved through a collection of systems including a highly available user 

interface, a SVM classifier that allows us to analyze biomass, and an overhead railing system 

that is fully automated and equipped with a variety of farming tools.  In addition, the building’s 

use of self-healing concrete minimizes the cost of its maintenance and allows it to maintain its 

aesthetic features of the building. The vertical farms LED lighting require less operation and 

maintenance cost lower than other sources of lighting in indoor farming. With our water 

purification system, we could potentially reduce the usage of water for farming by a huge factor 

and can be easily implemented for vertical farm system. The environmental impact of such 

project is almost non-existent since the only potential harmful part is during the water extraction. 

We refrained from using strong chemicals that could potentially damage our water source and 

soil and instead used biodegradable materials. These components provide us with a 

interconnected system that takes advantage of multiple engineering disciplines and allows us to 

achieve AGRiSPIRE INNOVATIONs mission of creating a sustainable, technologically 

advanced vertical farm. 
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