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The Benefit of a Virtual Conference
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Agenda (all times ET)

') 12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
Regulation of Derived Products for Agricultural Use

12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
Water Research Foundation and Mr. Rick Johnson, Applied Environmental Solutions

1:45-2:05 Mr. Robert van Spingelen, Director of Business Development, and Mr. Matt Kuzma, Vice President, Ostara
Resources Reimagined: Enhancing Phosphate Production Through Nutrient Recovery

2:05-2:25 Breakout rooms

2(25-2:45 Closing discussion & raffle!
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Meeting Controls

» 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

Hand-raise icon is here.

Click a second time to

Please click
lower your hand.

Participants to open
side pane to the right
and to access hand
raise icon

New invitees will not
be admitted.

@ Sustainable Phosphorus Alliance




Community Resources
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More than 31 hours of coverage including: Membership details for organizations i oy it
* Sustainable Phosphorus Webinar Series available here! L
* Phosphorus Science Now!
* Phosphorus Forum event coverage
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News ltems

Our Symposium at the virtual 2020 ASA-CSSA-SSSA International Meeting, Nov 9-13:
Crop response, watershed loads, and global flows — oh my! Following the yellow-brick future of phosphorus modelling
Featuring: Drs. Josh McGrath, Chad Penn, Carl Bolster, Rem Confessor, David Vaccari, and Céline Vaneeckhaute

Our Symposium at the virtual AAAS 2021 Annual Meeting, Feb 8 at noon ET
Phosphorus and Climate Change: A Vicious Circle
Featuring: Drs. Jim Elser, Matt Scholz, Laura Johnson, John Downing, and Mr. Ahren Britton

ESPP SCOPE Newsletters on phosphorus and climate change
One to come soon and one online now at
https://phosphorusplatform.eu/scope-in-print/scopenewsletter/1984-july-2020-scope-135#

Jim’s Book! Phosphorus: Past and Future

Our Phosphorus Future Report

@ Sustainable Phosphorus Alliance


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

g
z

Welcome and news
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JIM ELSER

K
A

ND PHIL HAYGARTH

Phosphosus i essential to the
production of our food, and it also
triggers algal blooms In lakes, rivers,
and oceans when it dpe through
our hands. An understanding of

this essential resource and how we
have used and misused it over the
years is crucial to the sustsinability
of our el baing on our planet

n this book, world authorities on
phosphorus sustainability Sim Elser
and Phil Haygarth explain this
slement’s involvement in biclogy,
human health and ruriben, food
production, ecosystem function,
and enviroamental sustainabibty.

Phosphonss cheorucles the untamabihity

challenges phosphorus both potes and

solves in various contexts. The book

bagins with its discovery over 350 years

g0, mening to ite basic chamistry,

and the essential role it plays in

Iing things on Earth. Chapters go

0n 1o explain the rise in the ussge of

phosphorus in agriculture and how

the incrmase in the mining of rock

phosphate in the mid-20th century

was essential for the Green Revolution,

However, phosphorus emissicns from

human wastes and detergents triggered

widespread sigas blooms in the 19603

and 19705, While such emissions have

been brought under better control with
Huse emissions

quality degradation. The authars explain
how theve diffusm phosphorus emvssions
may worsen with cimate change.

In ten concise chapters, Elser and
Haygarth offer engaging explanations
of our his use and sbuse of

phosphonus, includng the phosphorus

(Concinumd cn back fagh

(Coraruad bom tont fug)

sustainabity movement and new
efforts to sustain food benefits of
limited rock resorves following the pce
shock of phosphate rock in 20072008,
Highlighting new spproaches from
phosphorus, “Systems innovators™

+ and Haygarth turn toward the
emerging set of sustainable phosphorus
solutions necessary to achieve 8
sustainable "photphohesen” and swsid
“phosphogeddon.” The book provedes
an isicker’s take on this essential
rescurce and why all of us need to
wrestle with the wicked problems
thes elemnent wil cause, tuminate

or ebminate in years to come

JIM ELSER is Bierman Professor of
Ecology of the University of Montans
and Director of UM's Fathead Lake
Biological Station. He alwo holds »
part.time research faculty posh

in the Scheol of Sustunabilny at
Asizons State Uneversity. Trained as 8
limnologet, Elser i best knawn for b
role in the study of coupling of chemical
elements such as carbon, nitrogen, and
phasphoeus in ing systems

PHIL HAYGARTH Is Professer of
Scal and Wister Scierce st the Lancaster
Ermirorvment Cantre at Lancaster
University. A trained geographer, he
specialzed in sof chemistry while
working toward his PhD and then spent
16 ywars as & soil scientist working at an
agricultueal institute before he to
professorship at Lancaster, He known
for b studies on phosphorus at the
Interface between sod and water, and
his resaarch has focused racertly on
the ways in which nutrient cycles are
impacted by cimate change.

from Phosphorus-lan

“Who thinks about Bhosphorus when they dig into a juicy sirloin steak? Elser and
Haygarth bring the two together from the begwning of the universe (sctually after
wy skillfully guicke the r
through the histoey of discovery, e, over-use, and need for teduced cormurmy
Phosphorus because there is only 50 much left on our planet. Doomsday is set aside
whan they provic
threats to our rescurces and provide ways for s to make 3 smaller Garbon fostprint,
» smaller Bytrogen footprnt, and a smaller Bhosphorus footprat ™
NANCY RABALAIS, Professor and Shell Endowed Chair in Oceancgraphy and
Wetland Studies in the Department of ography & Coastal 5
o1 Lowisiana State University and coeditor of Coastal Myparia
Consequences for Uving Resources and Ecosystems

the Big Bang) to the chunk of wat on the plate

10n of

ahterrative human behaviors that rechc our over consmptive

"At a time when environmental concerns are dominated by carbon (sbove ol by
its role in the global warming), this book is & welcome reminder that the human
interference in other biosphenc cyces deserves no less attention. A dozen new
books o phospharus have appeared since 2010, but Elser and Haygarth's treatment
chs out. Thay offer a s

tematic and thorough examnation of the dement m the

modern world, of s fundamental importance, its irreplaceable uses, their deseed

urmwelcome consmcuences, and the ways 1o manage them better *

VACLAV SMIL, Distinguished Professor Emaritus at the Uriversity of Manitobs,
Fallow of the Royal Scciety of Canads, and author of Grand Transitions
How the Modem World Was Made

()\}()RD

«— blurb from Dr Nancy Rabalais

¥~ blurb from Dr Vaclav Smil

Now available for
pre-order!
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Welcome and news from Phosphorus-land!

Phosphorus meets Methane!
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Welcome and news from Phosphorus-land!

Phosphorus meets Methane!
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SCOPE Nutrients and Climate Change: (1) — Aquatic Methane Emissions

SCOPE NEWSLETTER | /\ | European Sustainable Phosphorus Platforn )

Co-produced by ESPP (Chris Thornton) and SPA (Matt Scholz, Jim Elser)

'P-‘ Sustainable Phosphorus Alliance




Phosphorus meets Methane!
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DelSontro, T., Beaulieu, J.J., Downing, J.A., 2018. Greenhouse gas
emissions from lakes and impoundments: Upscaling in the face of
global change: GHG emissions from lakes and impoundments.
Limnology and Oceanography Letters 3, 64-75.

Greenhouse gas emissions from lakes and reservoirs
represent around 1/5" of those from fossil fuel
combustion, and 75% of this impact is from methane.
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Beaulieu, J.J., DelSontro, T., Downing, J.A., 2019. Eutrophication will
increase methane emissions from lakes and impoundments during
the 21st century. Nature Communications 10.
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Phosphorus meets Methane!

SCOPE Nutrients and Climate Change: (1) — Aquatic Methane Emissions

This is the first of several SCOPE Newsletter special issues West et al. 2016
addressing the links between phosphorus, nutrients and
climate change. These special issues are produced in
cooperation between the Sustainable Phosphorus Alliance,
North America, and the European Sustainable Phosphorus
Platform.

As usual for SCOPE Newsletter, this issue is based on short
‘layman’s’ summaries of selected recent scientific papers. We (i .‘1(’[/{({"1}L{(’H(’.\f.\ ..............................
have also tried to draw overall conclusions from these papers. 2

nis et al. 20
Currently in preparation are further special issues on:
* climate change, nutrient losses and eutrophication
* interactions between climate change, nutrients and soil
carbon Khatun et al. 2020.

¢ climate change impacts of nutrient recycling and
stewardship technologies

Methylphosphonates
With special thanks to Matt Scholz, Sustainable Phosphorus YVF /g >
Alliance, who led the authorship of this issue on nutrients and and methane production ................e..... 10
[freshwater methane emission

SUMIBETY ciiciciiisvisisississsisssstisionisioses 2 :

: 2 Algal methane production... - 1§
GO FUCIaNe oot vasinivsibimsmebisoniots 4 il o

DelSont } )
L ARBIVSEY oo aimiirri o TS 4 Gn-P
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P eutrophication

climate change

climate change

P eutrophication
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Phosphorus meets methane at 2021 AAAS meeting!

RESEARCH TOPICS " Symposium

“Phosphorus and Climate Change:

« COVID-19 A Vicious Circle”

» Toxins and pollution remediation

« Artificial intelligence, robotics, nanotechnology, and
human-machine interface applications

* Modeling—traditional methods to quantum computing

» Weathering extreme climate and geological changes

» Microbiomes

* Genetic engineering challenges

UNDERSTANDING . Social ecosystems

Systems of interaction and community-building Speakers

DV N o M i d both in-person and virtually
(Y \- * Invasive species John Downing (NOAA)
This list highlights issues we believe are particularly timely, Laura Johnson (Heidelberg U.)
ECOSYSTE M s but we welcome submissions on other relevant topics. . Ah ren Britton (Osta ra, |nC.)
ANNUAL MEETING

Featuring

Moderators
Jim Elser & Matt Scholz (SPA)

@ Sustainable Phosphorus Alliance



OUR
Q@Z P H O S P H O R U S Brownlie, William (Principal Investigator)

Spears, Bryan (Co-Principal Investigator)
F U T U R E Howard, Clare (Co-Principal Investigator)

Heal, Kate (Co-Principal Investigator)

Sutton, Mark (Co-Principal Investigator)

The ‘Our Phosphorus Future’ project Johnes, Penny J (Co-Investigator)

The ‘Our Phosphorus Future’ project is a two year project (concluding in March 2019), funded by the Natural
Environment Research Council (NERC) international opportunities fund, with additional support from UN-Environment
and the European Sustainable Phosphorus Platform (ESPP). The project is currently being delivered by the Centre for
Ecology and Hydrology and the University of Edinburgh, Scotland, UK.

Executing partners

UK Centre for
Ecology & Hydrology

Sv H N M S &%) THE UNIVERSITY

Funding

o
U N i’!“' Y European Sustainable
Phosphorus Platform

environment




80+ Authors/Contributors
20 countries

Vé University of \D ROTHAMSTED
BRISTOL RESEARCH
Lancaster%
University %HMS
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SYNTHESIS REPORT:. Concise, highly visual, easily

- accessible/readable. (~150 pages),
OUR 7

pHOSph&@\ﬁU AUDIENCE: po_Iicy makers, e.nvironment aggncies, with
- supporting media for the public and the media
FUTURE

The challenge to produce wilicient lood for ol peopie
without pallutng our waterbodies

Setting the scene

The challenges

The solutions/benefits

Regional perspectives

The way forward

environr;_er:t NERC




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

1.30 mins Explainer video

10 mins Scrolling story

15-20 mins Full chapter

OUR |
«)», PHOSPHORUS
FUTURE



Stills taken from one of the 10 explainer
videos...

Unsustainable phosphorus
use is threatening the
global supply of food and
water, and harming the
environment.

These changes

can be hard to
make alone.

l
]; \
We need - 2
governments ﬁl—at_
and industry ] L1 {
to help as well.

And food
certification
schemes can
support the
use of recycled
phosphorus.

: TN
P JF"YL\ l
Tagetllar wamhsumeu
. lbs'?"’meat, Waste Ieg

it will help us
provide enough
healthy food and
clean water for all.

OUR
sz, PHOSPHORUS
FUTURE



Stills taken from one of the 10 scrolling
stories...

Consumption: the missing
link towards phosphorus The Key Issues

{ securlty

v
!’Wf',
o & ¢ ¢

The Solutions

The win-wins

OUR
«)lz) PHOSPHORUS
FUTURE



Stills taken from one of the animated social media
videos...

PHOSPHORUS

«PF «PF

= T

POLLUTION
IS DESTROYING CURﬁAmsréw(x/? &\; OuR
OUR ECOSYSTEMS ARE POURED INTO RWERS
WITHOUT ANY TREATNIENY

BUT WE MUST BE o D

«PF
WITHOUT E CAN'T
PHOSPHORUS GROW ENOUGH

e

\gmwamaj = ,‘H//)/,,%l ,
Rl
TO FEED
EVERYONE

YOU CAN MAKE A

BIG

DIFFERENCE AT HOME
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Chapters
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THE PROBLEMS
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OUR
Q@Z P H O S P H O R U S Brown;i\e, William (Principal Investigator)

Spears, Bryan (Co-Principal Investigator)
F U T U R E Howard, Clare (Co-Principal Investigator)
Heal, Kate (Co-Principal Investigator)
Sutton, Mark (Co-Principal Investigator)
Johnes, Penny J (Co-Investigator)

Current status: just completed internal peer review; going out for review by partners
Target release: December 2020 / January 2021

Executing partners

UK Centre for
Ecology & Hydrology

g THE UNIVERSITY
= of EDINBURGH

Funding

NERC & ¥>INMS

[ ]
Cany O  /
<Y \ European Sustainable
ey —(Curop
U N W /0\. Phosphorus Platform
environment ©




Agenda (all times ET)

12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
') Regulation of Derived Products for Agricultural Use

12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
Water Research Foundation and Mr. Rick Johnson, Applied Environmental Solutions

1:45-2:05 Mr. Robert van Spingelen, Director of Business Development, and Mr. Matt Kuzma, Vice President, Ostara
Resources Reimagined: Enhancing Phosphate Production Through Nutrient Recovery

2:05-2:25 Breakout rooms

2(25-2:45 Closing discussion & raffle!

", Sustainable Phosphorus Alliance




Next Speaker

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.

@ Sustainable Phosphorus Alliance
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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

50 | NACWA )
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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?

50 | NACWA )



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

SOHIAY,
e 7

I T,

N4

“, <
“A( ppot™

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON DC., 20460

“u ngeet”

Ofice of Water

Az un

Mr. Adam Kramz, CEO

National Association of Clean Water Agencies
1816 JefTerson Place N.W.

Washington D.C. 20036

W¢ bave had discussions with the National Association of Clean Water Agencies (NACWA) and
some of their members regarding the applicability of the 40 C.F.R. 503 Standareds for the Use or
Disposal of Sewage Studge © various scenarios involving the recovery of useful resources from
wastewater

As a general matter, EPA considers products extracted from sewage sludge that are not land
applied, land disposed, or incinerated, but instead sold into a commodity market, outside the
seope of Part 503. For exumple, u company could potentially extract precious metals or rare canth
clements from wastewater. Such products would not be subject to Part S03 if they were resold as
commoditics instcad of “applicd to the land, placed on o surface disposal site, or fired in a
sewage sludge incinerator.” This is consistant with EPA’S existing guidance un Pact $03, which
makes clear that Part 503 “establishes requirements for the final use or disposal of sewage sludge
{biosolids] when biosolids are: spplied to land . . . placed on a surface disposal site . . . or fired in
a biosolids incincrator,™ See A_Plail plis] ide 1o / 501 Biosolids , arp. 6
(September 1994)

The siwation becomes more complicated when the product is intended to be land applied,
surface disposed, or incincrated as contemplated by Part S03. Part 503 regulates “sewage sludge™
and it defines the term 1o include “meteriol derived from sewage aludge.” But EPA recognizes
that some products eriginating from scwage sludge could conceivably be so heavily refined or
processed that a significant vansformation or change in quality has occurred 1o the exient that it
would be unreasonable 1o describe those products as “material derivad from sewage sludge.”
Because such products would not meet the definition of “sewnge sladge,” they would be outside
the scope of Part 503, EPA cannot, at this time, offer any general statements about what types of
products may not be “derived from sewage sludge.” But EPA is willing w consider on an
individual case-by-case busis whether o particulur product recovered from sewape sludge is
beyond the seope of Part 503,

IENACWA or its member facilities wish 1o inquire of EPA its views about whether a particular
product is “derived from sewage sludge,” EPA would consider all of the following information
10 be helpful:

50  NACWA




Current Landscape

Case by Case letter remains in place, though has not been
tested

Trump Administration Regulatory Reform Effort
o 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

50 | NACWA )
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CELEBRATING FIFTY YEARS

OF CLEAN WATER SUCCESS



Agenda (all times ET)

12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
Regulation of Derived Products for Agricultural Use

‘ 12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
'&7 National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
Water Research Foundation and Mr. Rick Johnson, Applied Environmental Solutions

1:45-2:05 Mr. Robert van Spingelen, Director of Business Development, and Mr. Matt Kuzma, Vice President, Ostara
Resources Reimagined: Enhancing Phosphate Production Through Nutrient Recovery

2:05-2:25 Breakout rooms

2(25-2:45 Closing discussion & raffle!

", Sustainable Phosphorus Alliance




Next Speaker

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.

@ Sustainable Phosphorus Alliance




Phosphorus Forum:
September 30, 2020

Under the Radar

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

Rebecca Logsdon Muenich

Arizona State University

Alliance MUENICH | AB GROUP

° «%Noed,
‘ Su stal na‘ble " Ira A.Fulton Schools of {»" “‘!
P Phosphorus m Engineering




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

Size Thresholds (number of animals)

Animal Sector

Large CAFOs Medium CAFOs' Small CAFOs?
cattle or cow/calf pairs 1,000 or more 300 - 999 less than 300
mature dairy cattle 700 or more 200 - 699 less than 200
veal calves 1,000 or more 300-999 less than 300
swine (weighing over 55 pounds) 2,500 or more 750 - 2,499 less than 750
;::’I:zi;vcighing fons T 53 10,000 or more 3,000 - 9,999 less than 3,000
horses 500 or more 150 - 499 less than 150

sheep or lambs

10,000 or more

3,000 - 9,999

less than 3,000

turkeys

55,000 or more

16,500 - 54,999

less than 16,500

laying hens or broilers (liquid
manure handling systems)

30,000 or more

9,000 - 29,999

less than 9,000

chickens other than laying hens
(other than a liquid manure handling
systems)

125,000 or more

37,500 - 124,999

less than 37,500

laying hens (other than a liquid
manure handling systems)

82,000 or more

25,000 - 81,999

less than 25,000

ducks (other than a liquid manure
handling systems)

30,000 or more

10,000 - 29,999

less than 10,000

ducks (liquid manure handling
systems)

5,000 or more

1,500 - 4,999

less than 1,500

Must also meet one of two “method of discharge™ criteria to be defined as a CAFO or may be designated.
* Never a CAFO by regulatory definition, but may be designated as a CAFO on a case-by-case basis.




Background - Regulatory

State CAFO numbers*

Legend
CAFOs

. B 100 [ 591 - 1300
.’\' I 101-315 [ 1301 - 3588
[ ]316-590 [ None

*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

1 I 591 - 1300
-315 [ 1301- 3588




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

Aliance 1 W &

Alabama
Regulations

Agency(ies) involved in regulation enforcement

Links to regulations

ADEM CAFO program
3356

Which departmental category is the regulating agency? ENV = environmental; NR = natural resources; AG = agriculture; COMB = more than one agency; OTH =

other

Other regulatory info:

How CAFOs are defined or categorized:
335.6.7-.02 (h) *Animal Feeding Operatic AFO) r

https://phosphorusalliance.org/gis-p ‘ Sustainable
P Phosphorus

Rauh E, Muenich RL, Scholz M. Policy Landscape for Recycled Fertilizers in the US: Implications for land Alliance

application of biosolids and CAFO manure. In review.



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

...S0 we need maps of all farms



Current Approaches to
Mapping



Manual Approaches
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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
(Al)

maure., Lo SUPPLEMENTARY INFORMATION
Sustat n.lbl | 11 -\ hetpa: ffdelang/ W0 JO38/A41E93-019- 0240«

In the lormat provided by the authors and uned ted

Deep learning to map concentrated animal
feeding operations

Cassandra Handan-Nader'? and Daniel E Ho 512

Stanford: Handan-Nader and Ho (2019)



Approach — Machine

Learning (Al)

» 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

o 1 ) ] ||
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Continuing the Work



Database of Known CAFOs
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Unfunded Working

« 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

Environmental Law & Poli(r:yieenter

‘ Sustainable
P Phosphorus

Alliance



Concluding Thoughts

e 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




Agenda (all times ET)

12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
Regulation of Derived Products for Agricultural Use

12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
'p‘ Water Research Foundation and Mr. Rick Johnson, Applied Environmental Solutions
1:45-2:05 Mr. Robert van Spingelen, Director of Business Development, and Mr. Matt Kuzma, Vice President, Ostara

Resources Reimagined: Enhancing Phosphate Production Through Nutrient Recovery

2:05-2:25 Breakout rooms

2(25-2:45 Closing discussion & raffle!

", Sustainable Phosphorus Alliance




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 CEQO, Jeff is responsible for overseeing the development and strategic planning of

the company, including market exploration and opportunities for expansion.

@ Sustainable Phosphorus Alliance



NUTRIENTS QUICK WASH

* Renewable Nutrients is commercializing a new combined Phosphorus & Ammonia recovery
technology.

* The new technology is currently under the design construction phase at a large midwest US
municipal waste facility.

* The new Renewable Nutrients technology was recently awarded the national FLC award for
excellence in technology transfer.

* Renewable Nutrients is also expanding into the separations market by creating and
manufacturing its own technical membrane for use in the new joint Phosphorus and ammonia

technology.

@ Sustainable Phosphorus Alliance




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 CEOQO, 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.

" Sustainable Phosphorus Alliance

(o




Agenda (all times ET)

12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
Regulation of Derived Products for Agricultural Use

12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
Water Research Foundation and Mr. Rick Johnson, Applied Environmental Solutions

‘ 1:45-2:05 Mr. Robert van Spingelen, Director of Business Development, and Mr. Matt Kuzma, Vice President, Ostara
'&:—/ Resources Reimagined: Enhancing Phosphate Production Through Nutrient Recovery

2:05-2:25 Breakout rooms

2(25-2:45 Closing discussion & raffle!

", Sustainable Phosphorus Alliance




Next Speakers

Mr. Robert Van Spingelen, Director of Business Development EMEA, Ostara

Robert has over 20 years of experience in the global turf, landscaping and

P | horticulture market, most recently leading product and brand development in the
Ve X Turf & Landscape segment at ICL Group after its acquisition of the Scotts
V 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.

@ Sustainable Phosphorus Alliance
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INSIGHT
We may be able to substitute nuclear power for coal, and plastics

for wood, and yeast for meat, and friendliness for isolation — but
for phosphorus there is neither substitute nor replacement.

Isaac Asimov, Author and professor of Biochemistry, Boston University



o OSTARA

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.

.
.
.
PHOSPHORUS FERTILIZER AGRICULTURE ENVIRONMENTAL
SOURCE PRODUCTION O EROA e CONSUMPTION IMPACT .*
L

MINING INDUSTRIAL WASTE POINT SOURCE
POLLUTION

M

Non-Renewable Disused Leaching Phosphorus Dead Zones
Resource Phosphorus & Runoff from humans %
®ire
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o OSTARA

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

3
(3

RENEWABLE NUTRIENT
PHOSPHORUS SOURCE RECOVERY
MUNICIPAL, INDUSTRIAL & PEARL® + WASSTRIP*

ANIMAL WASTE PROCESS
WATER

Cleaner

Effluent

SUSTAINABLE
AGRICULTURE

CRYSTAL GREEN*

Reduced Reduced
Leaching & Runoff Pollution

Crtara’s "closed locp” approsch reduc m sutrient Soads in waterways.

e Pearl Technology
Implementation

e Customer Offtake
Revenue

e Reduced Operational
Costs

&

ENVIRONMENTAL
IMPACT

SUSTAINABILITY
e vilie
L £
Healthy Ecosystems

\

Triple Bottom Line:

v/ Environmental Impact
v/ Social Impact

v/ Economic Impact



0 OSTARA

Product Technology: Pearl Process

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

Phosphorus, nitrogen, and

magnesium are crystallized as

a 99% pure form of struvite

from nutrient rich water

sources in " eLoeNr
a pH-controlled environment.

MAGNESIUM ----«as




0 OSTARA

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

i ="
a R TREATED WATER
g o
| . T |

POS L INEATIENT —
MEMERANE FETRATION

Process Water Influent a Pre-Treatment e Nutrient Recovery Post-Treatment
FLORIDE & SILICA PHOSPHORUS & MEMBRANE
REMOVAL NITROGEN REMOVAL FILTRATION

Phosphogypsum ponds
can contain up to 2 or 3

billion gallons of process Ostara'’s pre-treatment Ostara’s proprietary The Ostara solution
water. Before it can be process significantly Pearl® technology uses a consistently produces
reused or discharged, reduces the volume of fluidized bed water that exceeds
water must be treated to sludge that requires crystallization reactor to regulatory requirements,
raise pH levels and to handling precipitate phosphorus suitable for re-use within
address the dilute mixture and ammonia from used the plant or discharged
water streams by adding to receiving waters.

of phosphoric, sulfuric,

and fluosilicic acids. magnesium. Up to 65%

of process water P205
can be recovered



0 OSTARA

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

B

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

Ostara Pondwater Treatment Solution

| |
|
Optional Return Reuse /
I Discharge
Quality
I Water

I

Silica &
Fluoride
Sludges

-

,_,.‘,
<IN ;

;w e SR e

N & P (Crystal Green)
Recovered

ﬁ
A



o OSTARA

Discharge Water Quality Exceeding Regulatory Requirements

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

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

* 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:

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

Demonstrated Benefits:

v Proactively reduce pond water inventory

v Strong regulatory, social responsibility and
environmental benefits

v Eliminate double-liming closure costs




o OSTARA

Triple Benefits of Ostara Solution

Status: Plant Closure Status: Operational

v Proactively & safely manages pondwater volumes v Continuous & immediate treatment solution

and sum stack leachate .
9P v Reduce water inventory management & total

v’ Reduce sludge volumes dissolved solids

v Proactively meets water discharge quality standards v/ Produce discharge quality or re-use water

v/ Eliminate double liming closure costs v Reduce closure liability

v/ Recover N and P from pond water with guaranteed v Recover N and P from pond water with guaranteed

offtake agreement offtake agreement

- Demonstration-facility at Mosaic, ‘Rivervie
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EU “Green Deal” Leading the Way

Cadmium Limits and other heavy
metal limits

Mandated Recovery of up to 50%
Amendments to regulations adding
recovered phosphate salts to the

fertilizer regulations (CMC 12)

Bans on Microplastics (polymer
coatings)

Cutting CHG emissions,
Emergy as value, lower CO,footprint




o OSTARA

Consumers Trends Are Changing Food & Farming Practices

e&—— 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).
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INSIGHT

“My son will be the 5th generation [farmer], but none of that will
be possible if we don’t utilize new knowledge and products that
help us better use our resources.

It’s not just fertilizer.”

Canadian Canola Grower, Crystal Green Customer



o OSTARA

Validated Research Key to Proving Value

Crystal Green is high-quality struvite, made with sustainably recovered phosphorus, nitrogen and

magnesium in one powerful continuous release granule (5-28-0-10Mg). Backed by more than 9 years of
university and independent field trials globally.

YEARS OF
RESEARCH PROVE
HIGH-YIELDING .

@/_L

=

HIGHER REDUCED ENHANCED
NUTRIENT NUTRIENT LOSS YIELDS FOR !
EFFICIENCY IMPROVED ROI

RESULTS:




2 OSTARA

CrystalGreen®

Crystal Green is high-quality struvite made with
recovered nutrients (5-28-0-10Mg) and backed by
more than 9 years of university and independent
field trials globally.

Phosphate fertilizer

Root-Activated™ (Citrate Soluble)

Crystalline, granular

Lowest Salt Index of any P source



o OSTARA

Putting Plants In Control: Solubility Drives Improved Nutrient Use Efficiency
How Does Crystal Green Dissolve?

Organic acids (citrates) from growing roots are solubilizing® Mined from water, struvite (magnesium
Crystal Green o, ammonium phosphate) is a phosphate

mineral that is not soluble in water, but
rather in acidic solutions.

4% Water Soluble 90% Water Soluble

Ofo Credifi MikesSS Crystal Green MAP




o OSTARA

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

Canola root mining into Crystal Turf roots growing directly into Crystal Turf seeds growing on substrate
Green after 7 days. Green of 100% Crystal Green.

il T ke

o Credit: Mike Dolinski



o Positive Yield Response Across A Wide
Variety of Crops

YIELD INCREASE
OSTARA SIGNATURE CROPS RANGE: UNIT/HECTARE

%) Rapeseed 181.4 kg/hectare

Spring Wheat 194.8 kg/hectare
Peas 141.1 kg/hectare
Lentils 342.7 kg/hectare
Soy Beans 188.1 kg/hectare
Corn 530.8 kg/hectare
Alfalfa 175.9 kg/hectare
Potato 3.6 mt/hectare

Sugar Beets 9.7 mt/hectare

. Winter Wheat 255.3 kg/hectare




Traditional P
source . T s

Crystal Green Blend

Cumulative Orthophosphate in Leachate as Affected By P Source Auburn University 2014

Eliminate Surface P Runoff

@ No Phozphorus

@ T1sP D TSP + Avail @ Crystal Green

CRYSTAL
SOLUBILITY:

Concentrations of phosphorus in runoff during a 30-minute rainfall event after receiving water soluble (TSP) phosphorus,
slowly available (Crystal Green) phosphorus and a fertilizer additive (TSP+Avail). Loddington, UK P-Link Project



o OSTARA

Thank you

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

mkuzma@ostara.com
rvanspingelen@eostara.com

ostara.com | crystalgreen.com



mailto:mkuzma@ostara.com
mailto:rvanspingelen@ostara.com
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12:20-12:40 Mr. Chris Hornback, Deputy CEO, National Association of Clean Water Agencies
Regulation of Derived Products for Agricultural Use

12:40-1:00 Dr. Rebecca Muenich, Sustainable Phosphorus Alliance
National Inventory of Animal Feeding Operations

1:00-1:45 Panel on the Economics of Small-Scale P Recovery: Mr. Jeff Dawson, CEO, Renewable Nutrients; Dr. Aaron Fisher,
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2:05-2:25 Breakout rooms

2|:25-2:45 Closing discussion & raffle!

", Sustainable Phosphorus Alliance




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.

@ Sustainable Phosphorus Alliance



Report Out

1. What did you vote your most provocative idea?

2.  What are your forward action items?

@ Sustainable Phosphorus Alliance
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Raffle!

@ Sustainable Phosphorus Alliance



Concluding Remarks: Don’t forget Day 2!

12:00-12:20 Welcome from the Alliance (Drs. Jim Elser and Matt Scholz)

y »,: "“\)\
12:20-12:40 Dr. Don Boesch, Professor and President Emeritus, University of Maryland { 1 \ l)
Climate Change and Coastal Eutrophication \‘ > < \/

A
J
12:40-1:00  Mr. Kerry McNamara, CEO, OCP North America \\ y

Perspective on Phosphorus Sustainability

1:00-1:45 Dr. Jon Winsten, Agricultural and Environmental Economist, Winrock International
Pay-for-Performance Program for Nutrient Pollution Mitigation

1:45-2:05 Drs. Carl Bolster and Barret Wessel, USDA-ARS
Phosphorus Transport Modeling Group Report

2:05-2:25 Breakout rooms O S TA R A

2:25-2:45 Closing discussion & Raffle!l

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

Sustainable Phosphorus Alliance




Concluding Remarks: Day 1

animals, people, & crops segregated

All of us here, together,
are building Stage 4
RIGHT NOW.

i
j

@ Sustainable Phosphorus Alliance



Thanks for coming!

Sustainable
Phosphorus
Alliance



