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• To avoid chaos, we’ve muted you and prevented you from sharing screens. Please 
turn off your video (or we can turn it off for you!) to conserve bandwidth.

• Please use the hand-raise feature to ask a question at the end of each 
presentation. We will unmute you for your question. We will have ~5 minutes for 
Q&A after each.

• If you are cut off from Zoom, please try to relaunch from your registration email.
• Note: Meeting is being recorded



•
•
•



https://phosphorusplatform.eu/scope-in-print/scopenewsletter/1984-july-2020-scope-135


Welcome and news from Phosphorus-land!

blurb from Dr Nancy Rabalais

blurb from Dr Vaclav Smil

Now available for 
pre-order! 
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Phosphorus meets Methane!

P eutrophication climate change

P eutrophicationclimate change



Phosphorus meets methane at 2021 AAAS meeting!

Symposium
“Phosphorus and Climate Change: 
A Vicious Circle”

Featuring
Moderators
Jim Elser & Matt Scholz (SPA) 

Speakers
John Downing (NOAA)
Laura Johnson (Heidelberg U.)
Ahren Britton (Ostara, Inc.)





80+ Authors/Contributors
20 countries



SYNTHESIS REPORT:. Concise, highly visual, easily 
accessible/readable. (~150 pages), 

AUDIENCE: policy makers, environment agencies, with 
supporting media for the public and the media



1.30 mins

10 mins

15-20 mins

Full document

Explainer video

Scrolling story

Full chapter

Increasing awareness: different formats, for different audiences, to maximize impacts.



Stills taken from one of the 10 explainer 
videos… 



Stills taken from one of the 10 scrolling 
stories… 



Stills taken from one of the animated social media 
videos… 
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Mr. Chris Hornback
Deputy CEO
National Association of Clean Water Agencies (NACWA)

Chris joined the National Association of Clean Water Agencies 
in 2001 and currently serves as the Association’s Deputy CEO. 
He has nearly 25 years of experience working on a range of 
environmental issues for NACWA and the private sector.   



Regulation of Derived 
Products for 
Agricultural Use

Chris 

Hornback

Deputy, CEO



NACWA A Clear 
Commitment to Our 
Nation’s Waters

• National trade association 
for public wastewater & 
stormwater utilities in the 
United States

• Represent over 330 public 
utilities of all sizes from 
around the country

• Focused on legislative, 
regulatory, legal & 
communications advocacy 
on the full spectrum of 
clean water issues 





Uncharted Territory?
• The “Utility of the Future” Mindset: Wastewater Treatment = 

Resource Recovery…BUT

• How are PRODUCTS recovered from a waste treatment process 
regulated?

• What if that waste treatment process is highly-regulated under a 
Federal statute like the Clean Water Act? 

• And what if that statute was written before the PRODUCTS were even 
conceived of and provides no pathway for those PRODUCTS to fall out 
of regulation?



Where we have been…
• Discussion at NACWA started in late 2011/early 

2012

• NACWA engaged EPA and its attorneys in 2013 
and provided a detailed legal rationale in 2014

• Discussions around product quality continued, 
with additional requests for more 
data/information

• January 2017 EPA Letter

• PRODUCTS sold as commodities and not 
land applied, land disposed or incinerated = 
outside the scope of Part 503

• Otherwise - Case by Case



Current Landscape
• Case by Case letter remains in place, though has not been 

tested

• Trump Administration Regulatory Reform Effort
○ NACWA urges regulatory revisions to create a clear 

‘off ramp’ for derived products

• Office of Water – current leadership has been engaged on 
the issue; their legal team has been evaluating – other 
issues have taken priority

• Federal regulations are not the only obstacle to additional 
growth of struvite recovery at the nation’s water resource 
recovery facilities



CELEBRATING FIFTY YEARS

OF CLEAN WATER SUCCESS
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Dr. Rebecca Muenich
Assistant Professor, Arizona State University
Research Scientist, Sustainable Phosphorus Alliance

Becca is an Assistant Professor of Environmental 
Engineering at Arizona State University. Her expertise is in 
watershed and environmental modeling to evaluate 
trade-offs in management and engineering solutions for 
water and water quality. 



Under the Radar

Phosphorus Forum: 
September 30, 2020

The Need for and Approach to Develop a 
National Animal Feeding Operations Inventory

Rebecca Logsdon Muenich



Background



Background
• The desire for meat, dairy and other animal products has increased over time 

(worldwide)

• Trend towards larger operations

• Operations concentrated with respect to animals per farm and in space

• These large farms or clusters of large farms can produce the same amount of waste 
per year as cities



Background
• Known impacts of large animal operations

– Air quality issues
– Water quality (nutrients, pathogens, metals, ARG/B)
– Ecosystems 
– Human health 
– Environmental justice
– More…



Background
But these operations are also a great place to 
recover organic matter, nutrients, and even 
water!



Goal

Create a national inventory of ALL 
regulated and non-regulated animal 

feeding operations



Background - Regulatory
• Animal feeding operations vs. CAFOs?

– Animals confined for 45 days or more in a 12-month period
– Crops, vegetation not sustained in normal growing season over any portion of lot 

facility
– Concentrated Animal Feeding Operation (CAFO)

• Meets above AND meets animal size numbers or actively discharges via pipe, 
ditch, etc. to WOTUS



Background - Regulatory
• Example CAFO numbers



Background - Regulatory
State CAFO numbers*

*Per federal definition of a Large CAFO



Regulatory Complexities
• CAFOs are regulated by National Pollutant Discharge Elimination System (NPDES) 

under the Clean Water Act
– In 40 CFR Part 122 and 40 CFR Part 412

• Recent rule changes and interpretations of federal CAFO regulations has led to more 
focus and emphasis at the state and local level

– Not all CAFOs are required to get NPDES permits



Regulatory Complexities
262 CAFOs in Ohio, 30 
with NPDES permits



Regulatory Complexities
These matter because it controls what data 
are publicly available…this is why there is 
not a nationwide inventory of CAFOs



Regulatory Complexities

https://phosphorusalliance.org/gis-p


Other Reg. Considerations
• Many farms may operate just below Large CAFO animal numbers to avoid regulation

– In this case, a state-provided list of regulated operations would miss these
• Sometimes it’s not about the number of animals, but:

– Number of animals per land available
– Animals/farm per sensitive environmental conditions
– Number of farms within certain vicinity

…So we need maps of all farms



Current Approaches to 
Mapping



Manual Approaches



Digital Image Review by 
Humans

Credit: Ohio EPA Credit: EWG



Citizen Science 

https://map.counterglow.org/


Automatic 
Approaches



Approach – Remote Sensing
• Combine NDVI (vegetation information) with LiDAR (height data) to identify barns
• Use object-oriented classification to create barn shapes

Long CM, Muenich RL, Scavia D. Using Remote Sensing to Identify Locations of Large Animal Operations in the Maumee River Watershed. 
International Association for Great Lakes Research Annual Conference, Toronto, Ontario, Canada, June 18-22, 2018.



Approach – Deep Learning 
(AI)



Approach – Machine 
Learning (AI)
• Transitioning to new data for machine 

learning algorithms that allow for 
assessment across AFO types and 
regions 
– e.g. not specific to one AFO animal 

type or one region



Continuing the Work



Database of Known CAFOs



Unfunded Working Group
• Teaming up with other groups to improve methods and move 

towards a nationwide database
– Stanford Group (Dr. Daniel Ho’s Lab)
– Environmental Law & Policy Center 
– Others? Please contact us if interested

• Comparing methods, sharing resources, combining efforts



Concluding Thoughts
• Animal agriculture accounts for a large portion of 

recoverable P
• To be able to accurately account for them in environmental 

models or identify recovery options, we need to know where 
they are

• Methods available and motivated group working on it – need 
funding
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Panel Discussion

Mr. Jeff Dawson, CEO, Renewable Nutrients
Jeff brings to Renewable Nutrients more than 15 years of experience in the investment and capital 
markets industry. As CEO, Jeff is responsible for overseeing the development and strategic planning of 
the company, including market exploration and opportunities for expansion.





Panel Discussion

Mr. Jeff Dawson, CEO, Renewable Nutrients
Jeff brings to Renewable Nutrients more than 15 years of experience in the investment and capital 
markets industry. As CEO, Jeff is responsible for overseeing the development and strategic planning of 
the company, including market exploration and opportunities for expansion.

Mr. Rick Johnson, Director of Commercial Development, Applied Environmental Solutions
Prior to founding AES, Rick retired from a growing tertiary treatment technology provider focused 
on phosphorus recovery and has held a number of senior level research and commercial 
development positions with several Fortune and Global 500 Corporations. In addition, he owns and 
operates a small family farm in NE Ohio and is a graduate of the US Naval Academy.

 
Dr. Aaron Fisher, Technology & Innovation Manager, Water Research Foundation. 
Aaron is responsible for identifying and evaluating innovative water technologies for their suitability 
to the LIFT program. He previously worked as a contractor to the U.S Department of Energy, 
authoring the interagency document: Energy-Positive Water Resource Recovery Facility Workshop 
Report and founded a start-up commercializing polymer-based lithium batteries.
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Mr. Robert Van Spingelen, Director of Business Development EMEA, Ostara

Robert has over 20 years of experience in the global turf, landscaping and 
horticulture market, most recently leading product and brand development in the 
Turf & Landscape segment at ICL Group after its acquisition of the Scotts 
Miracle-Gro Company. He has managed global sales for B2B clients in Southern 
Europe, Scandinavia, the Mediterranean, Japan and Africa

Mr. Matt Kuzma, Vice President, Nutrient Recovery Solutions, Ostara

Matt has more than 25 years of water/wastewater management experience, 
heavily focused on resource recovery technologies.  Companies range from large 
multinational corporations such as Veolia, to technology start-ups in both North 
America and Europe.  He is currently Ostara’s commercial lead for deployment of 
nutrient recovery technologies at Ostara.



Resources Reimagined™

Presented at:
Sustainable Phosphorus Alliance – Annual Phosphorus Forum 2020



“



Take. Make. Dispose. The Linear Phosphorus Cycle Today

How we manage this indispensable & limited available nutrient will have a direct 
impact on global water resources and our collective ability to feed the growing 
population. 



Recover. Regenerate. Reimagine. The Value-Added Future of Phosphorus & Nitrogen.

●

●

●

✓
✓
✓



Product Technology: Pearl Process

• Phosphorus, nitrogen, and 
magnesium are crystallized as 
a 99% pure form of struvite 
from nutrient rich water 
sources in 
a pH-controlled environment.

Ostara recovers struvite (magnesium 
ammonia phosphate) – the core of Crystal 
Green based products -  from process 
water using patented Pearl technology



Phosphate Production Site Closure Scenario: 
Turning A Cost Center Into A Profit Center

Process Water Influent

Phosphogypsum ponds 
can contain up to 2 or 3 
billion gallons of process 
water. Before it can be 
reused or discharged, 
water must be treated to 
raise pH levels and to 
address the dilute mixture 
of phosphoric, sulfuric, 
and fluosilicic acids.

1 Pre-Treatment
FLORIDE & SILICA 
REMOVAL

Ostara’s pre-treatment 
process significantly 
reduces the volume of 
sludge that requires 
handling

2 Nutrient Recovery
PHOSPHORUS & 
NITROGEN REMOVAL

Ostara’s proprietary 
Pearl® technology uses a 
fluidized bed 
crystallization reactor to 
precipitate phosphorus 
and ammonia from used 
water streams by adding 
magnesium. Up to 65% 
of process water P2O5 
can be recovered

3 Post-Treatment
MEMBRANE 
FILTRATION

The Ostara solution 
consistently produces 
water that exceeds 
regulatory requirements, 
suitable for re-use within 
the plant or discharged 
to receiving waters. 

4

Crystal Green



GYPSUM SYSTEM

Phosphate Production Site Operating Scenario: 
Production Facility Integrated with Ostara Treatment

Benefits:
✔ Continuous, immediate treatment
✔ Water inventory management & TDS reduction
✔ Generate discharge quality or reuse water
✔ Reduce closure liability 
✔ Recover N and P from pondwater

Silica & 
Fluoride 
Sludges

N & P (Crystal Green) 
Recovered

Reuse / 
Discharge 

Quality 
Water

Optional Return

Ostara Pondwater Treatment Solution



Discharge Water Quality Exceeding Regulatory Requirements

Parameter Process Water 
Influent

Pre-Treatment
(F & Si removal)

Pearl Effluent
(P & N removal) 

Post-Treatment*
(membrane 
filtration)

pH 1.4 6.7 8.1 6.0-8.5

Conductivity (uS/cm) 43,000 32,000 29,000 300

TSS (mg/L) NA NA NA <1

Ammonia  (mg/L as NH3-N) 1,000 1,000 200 <1 

Fluoride (mg/L) 9,000 100 100 <5

Phosphorus (mg/L) 12,000 2,000 400 <3 

A cost-effective solution for managing pond water inventories and solids disposal while producing water that meets 
exacting regulatory challenges.

* Post-Treatment discharge quality depends on NF/RO installation used and depends on the local regulatory requirements



Proven Commercialization of 
Phosphogypsum Process 
Water Treatment

Experience:

✔ Successfully commissioned & operated full-scale 
demonstration nutrient recovery facility at 
operational fertiliser production facility 

Demonstrated Benefits:

✔ Proactively reduce pond water inventory

✔ Strong regulatory, social responsibility and 
environmental benefits

✔ Eliminate double-liming closure costs



Triple Benefits of Ostara Solution

Status: Plant Closure

✔ Proactively & safely manages pondwater volumes 
and gypsum stack leachate

✔ Reduce sludge volumes

✔ Proactively meets water discharge quality standards

✔ Eliminate double liming closure costs

✔ Recover N and P from pond water with guaranteed 
offtake agreement

Status: Operational

✔ Continuous & immediate treatment solution

✔ Reduce water inventory management & total 
dissolved solids

✔ Produce discharge quality or re-use water

✔ Reduce closure liability 

✔ Recover N and P from pond water with guaranteed 
offtake agreement

 

Photos: Demonstration facility at Mosaic, Riverview



EU “Green Deal” Leading the Way

•

•

•

•

•



Consumers Trends Are Changing Food & Farming Practices

66% of global consumers are willing to pay more for sustainable goods 
(Nielsen, 2016)

80% of millennials (born 1975-1995), are keen to learn more about 
how their food is produced (Nielsen, 2016)

73% of consumers say they would definitely change their consumption 
habits to reduce their environment impact (Neilson, 2016).



“



Validated Research Key to Proving Value

HIGHER 
NUTRIENT 

EFFICIENCY

REDUCED 
NUTRIENT LOSS

ENHANCED 
YIELDS FOR 

IMPROVED ROI
9



AGENDA

• Phosphate fertilizer

• Root-Activated™ (Citrate Soluble)

• Crystalline, granular

• Lowest Salt Index of any P source



Putting Plants In Control: Solubility Drives Improved Nutrient Use Efficiency

How Does Crystal Green Dissolve?

Organic acids (citrates) from growing roots are solubilizing 
Crystal Green

Photo Credit:  Mike 
Dolinski



Solubility and Low Salt Ensure Seed & Root Safety; Optimized Yield





CRYSTAL GREEN 
SOLUBILITY:
REDUCES 
ENVIRONMENTAL 
IMPACT OF RUNOFF

Eliminate Surface P Runoff

Reduce Leachate from Phosphorus 



Ostara Nutrient Recovery Technologies Inc.
690 - 1199 West Pender Street
Vancouver, BC  V6E 2R1

mkuzma@ostara.com
rvanspingelen@ostara.com 

ostara.com  |  crystalgreen.com

Thank you

mailto:mkuzma@ostara.com
mailto:rvanspingelen@ostara.com
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Breakout Groups

You will be split into rooms of 7-8 for 20 minutes. 

Please identify a facilitator from among your group.

Tasks:

1. Introductions: Name, affiliation, very short description of area of interest, and what is 
the first thing you will do after a covid vaccine?

2. Identify as a group the most provocative idea you've heard today regarding nutrient 
recovery and reuse? Discuss and vote.

3. Try to develop forward action items to support this idea. Think about who needs to be 
involved, how they could be motivated, where the money would come from, barriers 
and opportunities, how the conference attendees and the Sustainable Phosphorus 
Alliance might help. 

4. Take notes and paste answers to #2 and #3 in the chat box.



Report Out

1. What did you vote your most provocative idea?

2. What are your forward action items?
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Concluding Remarks: Don’t forget Day 2!

https://phosphorusalliance.org/phosphorus-forum/



Concluding Remarks: Day 1

All of us here, together, 
are building Stage 4

RIGHT NOW.

● animals, people, & crops segregated



PhosphorusAlliance.org


