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Introduction

About RIl CEA Water Circularity Resources

Objective, data-driven, not-for-profit, public-private
partnership funded by USDA and soon US Dept. of
Energy

Best Practices Guide Featuring
contributions from 15 Working Group
member companies

Best Practices Guide
Water Circularity
Founded 2016 in Portland, Oregon A
Benchmarking Report Featuring
annual resource consumption and
productivity of twelve producers
growing a variety of crops in
greenhouse and indoor facilities across
the US.

Benchmark grower production and resource efficiency
with our Powerscore platform

Establish working groups from industry, government and
academia to develop Best Practices Guides

R S

Webinars, workshops, articles, training for industry

Access the reports for free on the RIl catalog

Today's Experts

Rob Eddy, M.S. Rosa Raudales, Ph.D. Paul Fisher, Ph.D.
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Reducing Water Use
in CEA Operations



https://catalog.resourceinnovation.org/item/controlled-environment-agriculture-water-circularity-practices-guide-581195

Fate of Water in CEA Operations
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Standard Indoor Farm
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Water Use Efficiency by Production Method
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Sources of Water Waste in CEA Operations

Type of Water Waste
1| Overlerigation and x x x x x
2 | Imigation Leachate x x x x
3| Pawicids Dronch/ * x

Orerspray
4 | RO Reject Waler x
5 | Evaparativs Cocling x

Fad Blaed-OFf
& | Candensate x x
7 | Washdown Water x
8 | Blowdown Watar
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Fate of Water in CEA Operations

Some water loss is from climate

control and processing.
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Economic Rationale For Reducing Water Consumption

Fartsizes pricss
Recirculating irrigation water has been shown to reduce S
‘water consumption by 20%-40%

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

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

10
Reducing Irrigation Waste in Hort Substrate Culture

Neaiin
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Timeclock

Reducing Irrigation Waste by
Smart Programming

Reducing Irrigation Waste by Welght Scale Measurement

Example of layering environmental
variables to trigger irrigation

Maximum Interval

Prvand G
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Reducing Irrigation Waste by Water Content Sensing H Reducing Irrigation Waste by Using Recirculating Systems

Nutrient Film Technique

Raft Culture

Sensor (WCand EC)

Priva and Grodan.

Deep Water Culture

Vertical NFT/Aeroponics

15 16
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Drain Sensors (volume, EC)
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Water Quality for Circularity n

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

Water Quality for
Circularity

20
. . HEONN
Water Quality for Circularity
Source
In this session, we will focus on
[ water for irrigation. ]
i Use
The suitability for a process
is determined by its quality.
21 22
Ultimate goals of water circularity
1. Reduce the amount of freshwater use (quantity) r/'_;\' N
Improving operational - Panis
2. Reuse water (qualiy) 3 efficiency of CEA requires feanEm
a. Recover/ keep valuable compounds } understanding water quality.
2
b. Remove potential contaminants
23 24
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Improving operational
efficiency of CEA depends on
understanding water quality.

Plants
Requirements

25

Chemical parameters: Essential for plant production

[PARAMETER THRESHOLD ICOMMENTS

[Calcium (Ca) <150 ppm  High levels of calcium potassium can limit plant uptake of other required
as potassium and As levels i in the water
source, decrease applied fertilizer.
<2ppm  Highiron results in crop i Ps, y the.

pe
substrate pH is low. Treatment includes maintaining substrate-pH above 5.8,
Remove iron from water if staining or iron bacteria are an issue via chemical
axidation with chlorine, ozone or potassium permanganate followed by sand
filtration and settling in ponds.

<05ppm B icity itive plants. the
substrate-pH above 6. i il blend wi
pure water source.

Use valuable elements from the "source".

27

Simple decisi king fr rk for circularity HEONN n

e Match the water chemistry to plant needs
O Water > plant needs = Dilute, treat, or use in other process.
O Water < plant needs = Reuse

® Use the most limiting factor to determine:
O Reuse or restore (treatment)

o Use in an alternative process

29
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Water quality is characterized by:

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

26

EGDN" ﬂ

Chemical p: ters: Non-E: ial for plant production

PARAMETER | THRESHOLD [COMMENTS
1ppm  Flucride can cause toxicity symptoms in some crops. Water treatment with
activated carbon filters can remove fluoride and keeping the substrate-pH
above 6.0 with calcium-based fertilizers can be used for sensitive crops.

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

28

Consider the effect of chemical precipitates
on the irrigation system
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High-quality water can also cause problems Measure the chlorine in your water

Water source: City water Tap Post-  Deep
- - Water activated Water

carbon Pond

filter
79 79 5.1
422 435 1963

96

1.86
1.56

9.6 93

0.60 0.56
0.49 0.51

Free Chlorine (mg/L)

s ORP (mV) 725 690
fotal suspen: 04 0.2
Pythium spp. N .
Total bacteria (cfu/mL) 0 24 7,400
Ph.D. student, UConn
31 32
Measure the chlorine in your water e B8 C plant path in hydroponi

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.

33 34

Dispersion of pathogens in solutions

N
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Figure 1. Cubivaoan Ut

x Pythium aphanidermatum
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Physical parameters:
Particles come in all sizes ;
CLEAN
WATER
Particles:
Available
e Clog the systems Tools

Your Sample Information

e Carry pathogens

e Reduce sanitizing efficacy

37 38
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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

39

Remediation Technologies Key Points

N

. Every technology can solve a limited range of issues

. Different goals in the pump house and grow room
. Lots of ways to compare technologies from great info sources
. Apply the recommended dose
Physical Water Remediation Chemical Water Remediation . Avoid underdosing
Systems Systems

. Don'tmix clean and dirty water

. Particle filters help every subsequent step

Paul Fisher, Ph.D

DF G Emion R DU, AAMATIO R Y CLE

. Point treatments or active ingredients that rapidly break down to O,

@ N L A ®N

. pH and EC control do not guarantee nutrient balance

41 42
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1. Every technology can solve a limited range of issues H 2. We have different goals in the pump house and grow room n
e Pump house Grow room .
{ by *  Maintain root health (DO, beneficial microbes, |
Sodiul lorit Remove contaminants Delivery healtl low pathogens, low residual chemicals)
,, : rite ca solution : + Control biofilm
Co izt 0N Wellor Paticta finars 10 Parent sl
Towe w—— 52 R i
NanBbBb! - A o g H
HypooHiBiE = -u.o,,.m:ﬁ::::: 4 )| -* » W
{ Nmuon ) . ‘EU eygenasion @ :
< v fons and sichemicals 1 N
Chlk oxide
Cruniiiess — 1
Pm:!sslllmanganam "“ k__ ,’ /
“ - ”
43 44
3. Many ways to compare technologies, & great info sources H Many ways to compare technologies, & great info sources H

Chemical Water Remediation

Greenhouse Training Online

Physical Water Remediation

Syst Systems

ystems
Also... = = g A B -
CleanWater3.org [ ) [ . = . =B —

course “Irrigation water quality

& treatment”
Chemical Water Remediation e— e - -
Systems
4, For pathogen control, provide adequate dose a
P » P 5. Typical design: Avoid Underdosing
Efficacy tests for Phytophthora zoospores Contact Time Grow Tanks
L 2
Filtration 0.1-0.5 microns(membrane) Point
Chlorine 2ppmatpH6.0to7 <2min
L
Chlorine dioxide 2.6 ppm 2min ‘
Copper 08 t0.5.8 ppm depending on formalation 10mintozh °
L 3
H,0,/ peroxygens 185 ppm H,0, + 120 ppm PAA (1:1,000 SaniDate 12.0) 1min
Ozone 1.5 ppm 8 min
Slow Sand Filtation/ Constructed wetlands Antagonistic microbes + firation Hoursto days
e<jede
UV light 75 % transmittance of 254 nm Point

P—

47 48
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Avoid Underdosing ﬂ 6. Typical design: Avoid mixing cleaned water with dirty water ﬂ
S ks
Untreated Ozone-treated fertiizer -
. N N Ll
e . . fertizer solution_ solution -
S —— -
—T : |
bt o 0 E - ®
- u : I - e<dede
SSS—— o »
e i T
P |
Better Treatment System Design “ We have different goals in the pump house and grow room
/r Pump house Grow room B
‘f’ *  Maintain root health (DO, beneficial microbes, |
Remove contaminants Delivery healthy low pathogens, low residual chemicals)
solution I+ control biofilm
Wellor Particle iters ta Nurient balance E :
Municipal remave pariicles 1
Sanilzers: pord Chiless g 1
-memm ‘ : *- w
Oxrganation
1
O '
e W H
\ ] /
A /
® e e s \\ ———————— s
@ renvaie o Fwtine - -
7. Particle filter first to reduce sanitizing “demand” E Choose the right kind of filter H

e Reduces chemical cost
® Increases sanitizing efficacy

!

Total Injected Concentration 5 ppm

Demand 3 ppm dual 2 ppm

I

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

53 54
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Test your filters are working to remove particles B

3B85583888

Combine multiple filter stages

!
gs
i

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

55 56

8. In recirculating hyd ics, ch hnologies with point
treatment or low residual activity that break down to O,

Test your sanitizer is working to i & path H

Technology Residual Residual ingredients Residual risk
(hi ) (high="")

Copper ionization cu

Chlorine HOC, cations,

chloramines, CI

Surfactants Surtactant
Chiorine dioxide - cio, cr
H.0,Peroxygens 1.0, 0,
Ozone . o,
Cold plasma . o,

Ultraviolet light

Ultrafiltration

57 58

9.pHand EC 1 do not nutrient bal. in closed sy ﬂ pH and EC control helps but does not ensure nutrient balance n

- — Controller
L NFTCrop pH&EC -
= Sensors

Recirculating
Solution

Nutrient -— , Injector

Reservoir : pumps

Acid and fertilizer
concentrate

Refill water

59

10



Test your nutrient solution and water source u

CleanWater3.org > Tools > WaterQual

Messuroment  Testvalue  Resuit Explanation of result
o 78 HOhO7) hntmprading the pH and alinty res
Anatingy oppmCaco;  Hign

fertieae 10 help avoid 8 1 in o when using hydropceice e 3
Elochical 058 micm Low conceniration of dmscived lons. Geneealy not  proble foe

conductty (EC) Imipason of contsiner crogs n lerma of totl 83k Accumulatir
dlum and chiced levels. Levolk below 0.5

o for plant propegston

a prablem, but a5 Ca and Mg leve' increaze o I

Madness (ppm 68 mat Moderate (>80 Not ganeralh
Caomig) oy

of scale forming in imigation equipment, bofers. a7 on

plants.

61

Recycling Irrigation Water

MINIMUM

OPEM SYSTEM

63

Recycling Rain/Condensate Also Reduces RO Brine Waste! n

1 <05 <34 53 - Suitable for oll crops
Some dischorge required in

2 05-10 3a.57 53-87 -

o 1503 e Gem . Mot suitable for solt-sensitive crops

or recirculated closed systems.

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.

65
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Recycling for Water Circularity

Recycling Condensate from HVAC Units u

( T

Research publishedin 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.

Storing Water for Reuse

-
Sher Bl

66
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ACEEE::

RESOURCE
INNOYATION

THANK YOU
USDA NRCS!
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