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Water Circularity for 
Controlled Environment 
Agriculture Operations

September 14, 2023

Introduction
SECTION 01

➢ Objective, data-driven, not-for-profit, public-private 

partnership funded by USDA and soon US Dept. of 

Energy 

➢ Founded 2016 in Portland, Oregon

➢ Benchmark grower production and resource efficiency 

with our Powerscore platform

➢ Establish working groups from industry, government and  

academia to develop Best Practices Guides

➢ Webinars, workshops, articles, training for industry 

About RII

3

3

CEA Water Circularity Resources

Access the reports for free on the RII catalog

Best Practices Guide Featuring 
contributions from 15 Working Group 
member companies

Benchmarking Report Featuring 
annual resource consumption and 
productivity of twelve producers 
growing a variety of crops in 
greenhouse and indoor facilities across 
the US.

4

Today’s Experts
5

Rob Eddy, M.S. Rosa Raudales, Ph.D. Paul Fisher, Ph.D.

6

Reducing Water Use 
in CEA Operations

SECTION 02

1 2

3 4

5 6

https://catalog.resourceinnovation.org/item/controlled-environment-agriculture-water-circularity-practices-guide-581195
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Fate of Water in CEA Operations 7

Standard Greenhouse Standard Indoor Farm 
(w/o condensate recapture)

Fate of Water in CEA Operations 8

Standard Greenhouse Standard Indoor Farm 
(w/o condensate recapture)

Some water loss is from climate 

control and processing.

9Water Use Efficiency by Production Method

Modified from Nederhoff, Elly & Stanghellini, Cecilia. (2010). 

Economic Rationale For Reducing Water Consumption
10

Recirculating irrigation water has been shown to reduce 
water consumption by 20%-40% 

Reducing irrigation water has been shown to reduce 
fertilizer costs by 40%-50%

CEA producers report ROI in as little as two years due 
to fertilizer cost reduction

Source: Mohammed, N. (2019). The Advantages of a Closed Hydroponic System in Commercial Greenhouses [Slide show; Powerpoint].
Government of Alberta. https://www1.agric.gov. ab.ca/$Department/deptdocs.nsf/all/green14458/$FILE/Nabeel%20J%20M-
%20Oct%202017.pdf

Sources of Water Waste in CEA Operations 11 Reducing Irrigation Waste in Hort Substrate Culture 12
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Reducing Irrigation Waste by 
Smart Programming  

13

Example of layering environmental 
variables to trigger irrigation 
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Crop Aging
AccumLight and 

Max Int adjusted by 
age

Maximum Interval
Maximum number of minutes since last 

irrigation (cloudy weather)

Accumulated Light
Irrigates on light sum since 

previous irrigation

Timeclock
Window of 2 hours after sunrise 

until 2 hours before sunset

Accumulated Light
Irrigates on light sum since 

previous irrigation

Maximum Interval
Maximum number of minutes 

since last irrigation (cloudy 
weather)

Crop Aging
Accum Light and 

Max Int adjusted by 
age

Reducing Irrigation Waste by Weight Scale Measurement  14
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Drain Sensors (volume, EC)

Reducing Irrigation Waste by Water Content Sensing  15
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Sensor (WC and EC)

Reducing Irrigation Waste by Using Recirculating Systems 16
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Nutrient Film Technique

Deep Water Culture

Raft Culture

Aeroponics

Vertical NFT/Aeroponics
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17An Often Overlooked Source of GH Water Waste…

Modified from Nederhoff, Elly & Stanghellini, Cecilia. (2010). 

Reducing Climate
Control Water Waste 
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Water Quality for 
Circularity

SECTION 03

Water Quality for Circularity
20

Rosa E. Raudales, Ph.D. 
Associate Professor & Extension Specialist
University of Connecticut

Water Quality for Circularity
21 22

The suitability for a process 

is determined by its quality.

Ultimate goals of water circularity
23

1. Reduce the amount of freshwater use (quantity)

2. Reuse water (quality)

a. Recover/ keep valuable compounds

b. Remove potential contaminants

24

Improving operational 

efficiency of CEA requires 

understanding water quality.

19 20
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25

Improving operational 

efficiency of CEA depends on 

understanding water quality.

Water quality is characterized by:
26

1. Chemical: pH, concentration of total or and specific 
salts, sanitizers, and agrochemicals.

2. Microbial: plant pathogens, algae, and  biofilm

3. Physical: organic particles or inorganic precipitates, 
temperature

Chemical parameters: Essential for plant production 27

Use valuable elements from the "source".

28Chemical parameters: Non-Essential for plant production

Treat when the levels are above the threshold.
Ignore if levels are under the threshold.

Simple decision making framework for circularity 29

● Match the water chemistry to plant needs

○ Water > plant needs → Dilute, treat, or use in other process.

○ Water ≤ plant needs → Reuse

● Use the most limiting factor to determine:

○ Reuse or restore (treatment)

○ Use in an alternative process

Consider the effect of chemical precipitates 
on the irrigation system

30

25 26
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29 30
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High-quality water can also cause problems 31 Measure the chlorine in your water 32

Measure the chlorine in your water 33 Common plant pathogens in hydroponics 34

Water molds (Oomycetes): Pythium, P. dissotoccum, 
Globisporangium irregulare, G. ultimum, Phytophthora
Zoospores have flagella: actively move freely in the water. 
Other stages: move with organic matter.

Fungi: Rhizoctonia, Fusarium, Thielaviopsis, Alternaria, 
Sclerotinia, Botrytis,, etc.
Most structures move with organic matter.

Bacteria: Xanthomonas spp.
Virus: Depends on the crop.

Dispersion of pathogens in solutions
35

Algae and biofilm = Clogging
36

31 32

33 34

35 36
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Physical parameters: 
Particles come in all sizes

37

Particles:

● Clog the systems

● Carry pathogens

● Reduce sanitizing efficacy

Available 
Tools

38

Key Points
39

1. Test the quality of the water source and solutions 
periodically to understand potential risks

2. Match water quality to crop needs

3. Use risk thresholds to determine suitability for use or 
treatment needs

Water Remediation for Circularity

SECTION 04

Remediation Technologies 41 Key Points 42

1. Every technology can solve a limited range of issues

2. Different goals in the pump house and grow room

3. Lots of ways to compare technologies from great info sources

4. Apply the recommended dose

5. Avoid underdosing

6. Don’t mix clean and dirty water

7. Particle filters help every subsequent step

8. Point treatments or active ingredients that rapidly break down to O2

9. pH and EC control do not guarantee nutrient balance 

37 38

39 40

41 42
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1. Every technology can solve a limited range of issues 43 2. We have different goals in the pump house and grow room 44

3. Many ways to compare technologies, & great info sources 45 Many ways to compare technologies, & great info sources 46

Also…

CleanWater3.org

Greenhouse Training Online 
course “Irrigation water quality 
& treatment”

4. For pathogen control, provide adequate dose 47

Efficacy tests for Phytophthora zoospores Contact Time

Filtration 0.1 - 0.5 microns (membrane) Point

Chlorine 2 ppm at pH 6.0 to 7 < 2 min

Chlorine dioxide 2.6 ppm 2 min

Copper 0.8 to 5.8 ppm depending on formulation 10 min to 2h

H2O2 / peroxygens 185 ppm H2O2 + 120 ppm PAA (1:1,000 SaniDate 12.0) 1 min

Ozone 1.5 ppm 8 min

Slow Sand Filtration/ Constructed wetlands Antagonistic microbes + filtration Hours to days

UV light 75 % transmittance of 254 nm Point

5. Typical design: Avoid Underdosing
48

43 44

45 46

47 48
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Avoid Underdosing
49

Untreated
fertilizer solution

Ozone-treated fertilizer 
solution 

6. Typical design: Avoid mixing cleaned water with dirty water 50

Better Treatment System Design 51 We have different goals in the pump house and grow room 52

7. Particle filter first to reduce sanitizing “demand” 53

● Reduces chemical cost
● Increases sanitizing efficacy

Total Injected Concentration 5 ppm

Choose the right kind of filter 54

Contaminant types, Labor, Complexity, Consumables, 
Pressurized, Backflushing, Flow Rate, Staging

49 50

51 52

53 54
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Combine multiple filter stages

55 Test your filters are working to remove particles 56

For most irrigation needs: Less than 5 mg/L total suspended solids (TSS) or <5 NTU turbidity, and 
filter to a finer pore size than your smallest emitter

8. In recirculating hydroponics, choose technologies with point 
treatment or low residual activity that break down to O2

57

Technology Residual

(high = ***)

Residual ingredients Residual risk

(high = ***)

Copper ionization *** Cu ***

Chlorine *** HOCl, cations, 

chloramines, Cl-

***

Surfactants *** Surfactant ***

Chlorine dioxide ** ClO2, Cl- **

H2O2/Peroxygens *** H2O2, O2 **

Ozone * O2 *

Cold plasma * O2

Ultraviolet light

Ultrafiltration

Test your sanitizer is working to remove microbes & pathogens
58

9. pH and EC control do not guarantee nutrient balance in closed systems
59

pH and EC control helps but does not ensure nutrient balance
60

55 56

57 58

59 60
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Test your nutrient solution and water source
61

CleanWater3.org > Tools > WaterQual

62

Recycling for Water Circularity
SECTION 05

Recycling Irrigation Water 
63

Recycling Condensate from HVAC Units 
64

Research published in 2020 showed condensate 
water recovery accounted for 67% of the annual 
water demand for lettuce in a vertical farm 

Other vertical farm producers have reported 
conserving 80% of their water through condensate 
reclamation.
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Source: Pacak, A., Jurga, A., Drąg, P., Pandelidis, D., & Kaźmierczak, B. (2020). A Long-Term Analysis of the 
Possibility of Water Recovery for Hydroponic Lettuce Irrigation in Indoor Vertical Farm. Part 1: Water 
Recovery from Exhaust Air. Applied Sciences, 10(24), 8907.

Source: Hansen, J. (2018). Slash your Water Use by 50% or More. CBT. July 2018

Recycling Rain/Condensate Also Reduces RO Brine Waste! 65

Hydroponic producers commonly purify source water using reverse osmosis, with a typical 50% 
efficiency, meaning they create 1 gallon of brine waste for 1 gallon of purified water. 

High-efficiency RO units can increase efficiency to 85% or higher.

Alternatively, rainwater or HVAC condensate can be used as near-pure water sources.

Storing Water for Reuse 66
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UV Disinfection Loop
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Q & A

SECTION 06

Visit us at
www.ResourceInnovation.org

derek@resourceinnovation.org
rob@resourceinnovation.org

THANK YOU 
USDA NRCS!

67 68
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