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1. What is Hydroponics?

2. Hydroponic Substrate!

3. Why Hydroponics and CEA?



Principles of Hydroponics

What is Hydroponics?

• Hydroponic means “water 
working”

• Hydroponics is the method of 
plant production with a 
complete nutrient solution 
and without soil*



Principles of Hydroponics

What is Hydroponics?

• Hydroponics uses a complete 
nutrient solution which 
contains water and all 
essential elements

• An essential element is 
required for a plant to grow 
and complete its lifecycle

Hooks
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What is Hydroponics?

• 13* essential elements:

• 6 Macro (N P K Ca Mg S)
• 7 Micro (Fe Cl B Zn Mn Cu 

Mo)

• Dissolved in water as inorganic 
ions for plant roots to uptake

Hooks
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What is Hydroponics?

• Hydroponics is soilless which 
means it doesn’t rely on soil in 
the ground for plant 
production

• However, hydroponics 
commonly uses a substrate to 
hold moisture and anchor the 
plant

Grodan



Hydroponic Substrate

• Rock wool is primarily 
produced in The 
Netherlands and coco 
coir comes from India

• There is a growing need for 
substrate that is more 
sustainable and 
renewable!

Hooks

Rock wool

Coco coir



Hydroponic Substrate

• Rock wool is versatile and 
easy to use for many 
different crops and 
hydroponic systems

• However, rock wool is 
generally a one-time use 
product that is difficult to 
reuse or recycle

Grodan



Fungi Blocks for Fresh 
Crops!

• The Fungi Blocks for Fresh 
Crops Project set out to 
reduce waste and make a 
renewable substrate!

• Bio-circular refers to using 
a waste stream as a 
resource to make a 
product



Fungi Blocks for Fresh 
Crops!

• Spent mushroom 
substrate (SMS) is the  
leftover material from 
mushroom production



Fungi Blocks for Fresh 
Crops!

• Mycelium composite 
substrate (MCS) uses 
mushroom mycelium to 
make fungi blocks!



Fungi Blocks for Fresh 
Crops!

• 240 fungi blocks 
produced and over 50 bio-
circular slabs!



Fungi Blocks for Fresh 
Crops!

• ~2500 lbs of substrate 
and agricultural waste has 
been reduced and reused! 

• Over $1000 in direct 
substrate material has 
been saved and 
international shipping 
avoided!



Fungi Blocks for Fresh 
Crops!

• 240 plants grown in fungi 
blocks including 
cucumber, tomato, 
pepper, and melons!



Fungi Blocks for Fresh 
Crops!

• Over 600+ lbs of fresh 
produce has been 
harvested and shared with 
students and sold at our 
local community markets!
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What is Hydroponics?

• Therefore, hydroponics 
enables plant production 
outside of traditional 
agricultural constraints

• This allows for unique and 
limitless methods for growing 
plants – the future of farming!

Bayer
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What is Hydroponics?

Common components of 
hydroponic systems:

• Reservoir
• Solution pump
• Inlet/Return
• Growing unit
• Substrate
• Frame

Reservoir Solution pump

Inlet

Growing unitSubstrate

Return

Frame

Hooks
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What is Hydroponics?

• Nutrient Film Technique (NFT) 
systems are the most common 
and versatile hydroponic 
systems, globally

• These systems consist of 
channels with a thin film of 
solution running through them

Hooks

Reservoir

Inlet

Channels
Return
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What is Hydroponics?

Hydroponics is not new!

• Hanging Gardens of Babylon

• ‘Chinampas’ Aztec floating 
gardens 

• ‘Nutriculture’, ‘Water-Culture’, 
and finally ‘Hydroponics’ by Dr. 
William Gericke in the 1930s

Thearchaeologist.org

Hoagland and Arnon 1950
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What is Hydroponics?

• Today, hydroponics is used 
worldwide to grow many 
different crops and 
compliment/supplement 
traditional agriculture

• Hydroponics is commonly 
used in Controlled 
Environment Agriculture (CEA)

Resh 2022
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What is CEA?

• Controlled Environment 
Agriculture (CEA) is an 
integrated science and 
engineering-based approach 
to provide specific 
environments for plant 
production
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What is CEA?

To provide a specific environment 
for plant production, CEA can 
control:

• Air temperature
• Humidity
• Air flow
• Light
• CO2
• and more…
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What is CEA?

• CEA is made possible 
primarily by a structure that 
enables environmental control

• The structure can be equipped 
with more or less technology 
to enhance the level of 
environmental control
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What is CEA?

High-tunnel (low-tech)

• Simple but effective structure 
that can enable season 
extension

• Benefits include low cost, 
energy, and maintenance

• Suitable for small scale rural, 
urban, or off-grid agriculture

Johnny’s Select Seeds
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What is CEA?

Greenhouse (medium-tech)

• The most common CEA 
structure for year-round 
production

• Offers a balance between 
environmental control and 
cost/energy

• The most scalable and 
versatile form of CEA!

Revol Greens
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What is CEA?

Indoor farm (high-tech)

• The apex of environmental 
control at the expense of 
cost/energy

• Most suitable for densely 
populated urban areas or 
unique/extreme environments 
(e.g. Antarctica, the ISS, or the 
moon!)

Oishii

https://www.youtube.com/watch?v=YONulAop2cU
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What is CEA?

• Technically, environmental 
control is not new and has 
been applied in nursery and 
potted plant production for a 
long time

• However, the combination of 
hydroponics and CEA for crop 
production is a relatively new 
and exciting method of 
agriculture – the future of 
farming!

Dr. Merle Jensen
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Why Hydroponics and CEA?

• Create an optimal growing 
environment for consistent, 
fast, and high-quality yield

• Extended or year-round 
production that is protected 
from adverse climate or soil 
conditions

Gotham Greens
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Why Hydroponics and CEA?

• Up to 7x plant density and up 
to 20x greater yield per unit 
area compared to traditional 
agriculture

• Tomato yield = 6x
• Peppers = 9x
• Lettuce = 11x
• Cucumbers = 20x

Village Farms
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Why Hydroponics and CEA?

• Less water, fertilizer waste, 
and pesticides due to closed, 
precise, and recirculating 
systems

• 20% - 95% less water
• Zero fertilizer waste from 

leaching or runoff
• Minimal pesticide use with 

IPM*

Plenty
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Why Hydroponics and CEA?

• New crops, such as peppers, 
melons, eggplant, beans and 
peas, berries, edible flowers, 
and more!

• New nutrient solution recipes, 
environmental setpoints, and 
plant production methods!
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Why Hydroponics and CEA?

• Food travels an average of 
1500 miles from farm to table 
in the US

• Hydroponics and CEA can 
reduce food miles by 96% or 
more!

• Sustainable food systems that 
can strengthen food security

Aluutiq Grown, Alaska
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Why Hydroponics and CEA?

• Food security is the availability 
and accessibility of safe and 
nutritious food

• Impacts ~800 million 
worldwide, including the U.S.

• Hydroponics and CEA can 
provide fresh food in urban 
and rural food deserts!

USDA-ERS
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Why Hydroponics and CEA?

• Lots of challenges, lots of 
unknowns, but lots of 
opportunities!

• Energy (up to 100x more!)

• Cost of technology

• Cost of labor

Aerofarms
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Why Hydroponics and CEA?

• Conclusion…

• Hydroponics and CEA offer 
unique and sustainable 
food production systems 
that can strengthen food 
security, complement 
traditional agriculture, and 
help grow a better future!

Eden Green Tech
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