
 

 

 

 

 

 

 

 

 

 

 

1 



Table of Contents 
 
Biography                                                                                         3 

My love for horticulture 

Introduction 

Capstone Process 

The Engineering Design Process 

The Overall Design 

Sensors and Systems 

Materials Used 

Code and My Program 

Computer Aided Design 

Project Reflection 

Bibliography 

 

 

 

 

 

 

 

 

2 



 

Biography 

 

I am a student graduating in the class of 2020 at Science 

Leadership Academy. I have been in the CTE Engineering 

Program for the past three years at SLA. I am a member 

of SLA’s engineering and robotics club, I could also be 

found working at my Uncle’s Hardware store, or offshore 

fishing. I am also a Philadelphia Futures Scholar, and I am 

going to Villanova University’s College of Engineering this 

fall. I plan to major in Mechanical Engineering, and look to 

be an active student on campus. 

For any questions please contact me at ​jdsiegel24@gmail.com 

 

 

My Love For Horticulture 

Over the past few years horticulture and growing plants has become a big hobby 

of mine. I believe that greener living environment has all sorts of positive benefits. 

Growing plants is proven to reduce stress, improve social skills, and improve memory 

and cognition. There are also many positive benefits to physical wellness associated 

with horticulture. Eating a plant-based diet is proven to reduce carbon emissions, and 
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plants produce oxygen improving air quality. A goal for my greenspace was to promote 

a “cleaner and greener” environment, and to promote eating habits that have a positive 

impact on the environment. 

 

Introduction 

 

For my capstone I planned to make an automated greenspace in SLA that could 

later be used to by students, and members of the SLA community. I planned to use my 

skills in engineering in order to design and build this space. I also wanted to use my 

engineering skills to control different variables that affect plant growth. I also planned to 

learn how to code and learn how to design a complex system. 

I chose to work with horticulture for my project because I have really liked 

growing plants, and I wanted to spend time focusing on them with my capstone. I 

helped build a greenhouse at my uncle’s store last year, and I learned a lot throughout 

that process. I have a bunch of plants that I grow at home, and I thought that it would be 

a fun and challenging topic to work with. I also knew that SLA needs a greenspace, 

because it would be a great thing for students to interact with. 

I feel like my capstone does a great job addressing all of SLA’s core values. 

Inquiry and research are big parts of my project, I think that each of the core values 

played a key part in my project. As I began brainstorming different potential locations 

and layouts for my project, I embodied the core values of inquiry and research. I felt like 
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I had utilized my resources pretty well as I designed my project. I collaborated with Mr. 

Kamal a lot, and had a ton of questions for him as I laid out my project design. As far as 

presentation goes, I would have been able to work with this core value a lot more if I 

could have actually built my greenspace. 

Process 

I spent a lot of time inquiring and doing research in order to come up with a 

design for the green space I planned to make. I faced a lot of obstacles throughout the 

process, because there are a lot constraints when it comes to putting a green space into 

the school. One big concern had to do with using electricity to control the different parts 

of my growing system, and making sure it was safe to have low voltage near water.  

I started working on this project by watching a lot of youtube videos about 

growing plants, and utilizing the list of resources I had made. I also looked at a lot of 

designs that have already been created with similar urban growing spaces. There are 

many obvious obstacles when trying to grow plants in a classroom, and making a 

complex growing system. A big resource for me had been knowledge I gained from my 

work at the plant store. A mentor that helped me with this project had owned a bunch of 

greenhouses in the past, and he had spent a lot of time working with Raindrip watering 

systems, LED grow lights, Capillary mats, floating shelves, and othe creative devices 

used to grow plants efficiently in a controlled setting. 
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The Engineering Design Process 

During my time in SLA’s CTE Engineering program 

I learned a whole lot. We spent a lot of time working on 

projects, and with every project there was always one 

constant. We needed to use the engineering design 

project in order to solve our problem and create our 

product. Whether it was the Bridge Building Challenge or 

our final project on Climate Change and Global Warming. 

With my capstone I had only made it through the first three steps of this process, but 

hopefully someone will be able to finish the project in the next couple of years. There 

was recently a green club created at SLA, and hopefully that club can take the initiative 

to follow through with making a greenspace. 

Inititally I had developed five different ideas and potential designs I could use to 

make a greenspace. These ideas included a greenhouse on the 6th floor terrace, a 

greenwall in the hallway on the fifth floor, and a few other similar concepts. After going 

over each idea, the purpose I wanted my project to serve, and the resources I had I 

moved forward with further conceptualizing of my design. The space that I had chosen 

was perfect, because it had access to everything needed to successfully grow all types 

of plants. This solution seemed perfect, especially with the means and capabilities that I 

had to build the space I envisioned. 
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Overall Design 

 

 

 

 

The space I originally planned to use for my project design was the room 

between the science labs on the 5th floor of SLA’s new building. There is a countertop 

against the window in that room, and the space is approximately 108” long by 36” wide 

by 72” tall. In order to house the plants that could be grown I planned to install two 

modules made out of PVC piping, marine grade plywood, and some stainless steel 

hardware to hold them together. Each module would be 54” long by 36” wide, by 60” 

tall. 
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After installing those modules the next phase of the plan is to install trays on 

each shelf that could be flooded using the plumbing system that would be installed later. 

These trays would be designed to allow water to flow into the bottoms of the potted 

plants, and this exposes the roots of the potted plants to water. In order to control the 

water that the plants receive, you would need to use Pex tubing, sprinkler line valves, 

fittings, and an arduino. 

After setting up the plant watering system, there are other variables that will need 

to be focused on in order to keep the plants healthy and growth rates high. The other 

important variables affecting the plants grown include strength of Sunlight, length at 

which sunlight is provided, Temperature, Nutrients/Food in soil, Humidity, Water PH 

Level, and soil Drainage. 
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Sensors and Systems 

When creating a controlled and automated growing space, sensors are crucial to allow 

your computer and program to keep a controlled growing environment. Different parts of 

the growing system that I planned to install included a watering system with drainage 

and moisture sensors. I also planned to install a fan with temperature sensors. 

Materials Used 

Below is a list of the supplies that I planned to use to build the structure 

 

Part Needed Units needed 

10x20 Trays 10 

2 CF Organic Mechanic Potting Soil 1 

LED Wide Spectrum Light Strip 8 

Black Oil Organic Sunflower Seed 1 

Spinach Seeds 1 

Pea Seed  

½ inch pex tubing 50 feet 1 

¾ inch pex tubing 50 feet 1 

Misc. Pex fittings set 1 

PVC Pipe 2 inch 10 feet 2 

PVC pipe 1 inch 10 feet 2 

Raindrip Watering System Installation Kit  

Arduino Circuit  
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Rasperry Pi 4  

14 gauge electric Black/red Wire 2 

Computer Monitor  

  

Varius Succulents, Greens, Flowers  

Support, and Storage for the greenhouse  

Nutrient Water Storage Tank  

Moisture Sensor  

Heating Pads/Cable 6 

Flooding Shelves and capillary mats 2 

10-15 gallon fish tanks with pump and filtr 2 

 

 

Code and My Program 

A big part of the plan for my project was to have all of the growing variables 

controlled by a computer using code. I planned to use an arduino with a bunch of 

different code to determine when the plants needed water, or how much supplemental 

light they needed. 
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CAD 

With the inability to actually make a prototype and build my plant unit, CAD was a 

great design tool that I able to use in order to make a model of my project. I wasn’t able 

to use advanced CAD Software, and I needed to use a software that is cloud-based with 

my Chromebook. 

Reflection 

Overall I am really happy to have chosen to do a greenspace as my capstone. 

Unfortunately, I wasn’t able to produce a physical project like I had planned to do. I ams 

still glad to have a good conceptual design, and that the idea is in place in case 

someone wanted to do this project at a later date. I did learn a lot throughout the 

research process writing this paper. I also learned a lot more about the different ways 

you could grow plants. Prior to this project I didn’t know very much about hydroponics or 

aquaponics. 

Throughout the capstone process I learned a lot about the topics/concepts I 

studied, and also a lot about working on a long challenging project as a whole. 

If I were to do this capstone all over again I think there a few things I would do 

differently. My capstone was kind of dependent on the resources I had, and I had to 

come up with an economical budget. I would have spent more time focusing on the 

CAD and modeling aspect of the project. I wasn’t really able to make the CAD drawings 
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in which I had planned to make, but with more time and the ability to CAD I think that 

would have been a great addition to my project. 

I have learned a whole lot in the time that I spent at SLA. Throughout the last four 

years, SLA has engrained it’s core values into me in a variety of different ways. Through 

each project that I did, I never once could say it didn’t tie back to the core values. I  
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