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G Operating Experience

o OSTARA

2005 46 Billion 13.3 Million =~ 400,000

Year Ostara Gallons of Water Operational People served by Hours of Pearl|®

founded Treated Pearl® systems Ostara’s nutrient operational
Welgle\Wile[= recovery facilities experience



G o Pearl® Nutrient Recovery has a Rapidly Growing Installation Base

Winnipeg, MB

[ - | ‘{ZJ B

] -
!iclﬂud. MN - ]
- | |

O Construction

o Planned

\AS 1L T

T




C OSTARA

Today’s Phosphorus Cycle is Broken

Mining Industrial Food Increased  Point Source
Waste Production Waste Pollution

DEAD ZONES

Point and nOR-point source polliiters increase
excess phosphorus in waterways creating algae
blooms that destroy precious ecosystems
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G Ostara Provides a Sustainable, Closed Loop Solution

Pearl® and Crystal Green® Renewable
WASSTRIP® Resource

CIRCULAR ECONOMY
Ostara'’s Pearl process recovers nutrients
—from arenewable source and transforms
them into an environmentally friendly
high value fertilizer.




G o Costly Chemical P Removal Increases Sludge Volumes

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT ,0 ¢ DISCHARGE

o s 5 9 % & &

For each pound of

P removed with CENTRATE WASTE ACTIVATED SLUDGE

ferric, 6.6 pounds
of sludge is created
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G o Biological Nutrient Removal Efficiently and Effectively Reduces
Effluent Nutrient Concentration

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION
INFLUENT o . | = . » B . > DISCHARGE
v
CENTRATE WASTE ACTIVATED SLUDGE
20-25% of influent P & N loading 80-90% of influent P loading
High PO, and NH, High P, N, Mg, K
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G o Anaerobic and Aerobic Cycling Selects for Polyphosphate

Accumulating Organisms (PAOs)

ACTIVATED SLUDGE
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G o Struvite Formation Creates Serious Operational Challenges

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT

DISCHARGE

P Recycle Load
20-30% of influent P loading
Is recycled within the plant

WASTE ACTIVATED SLUDGE
80-90% of influent P loading
High P, N, Mg, K

THICKENING

DEWATERING

ANAEROBIC
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g DIGESTION

BIOSOLIDS y -




G OSTARA

INFLUENT

BIOSOLIDS

Uncontrolled Struvite Formation Poses Serious Digester

Operational Challenges

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

DISCHARGE

WASTE ACTIVATED SLUDGE
80-90% of influent P loading
High P, N, Mg, K
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Digester Struvite Build-up in Saskatoon




G Pearl” Solves Operational Challenges while Optimizing P Recovery

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT

DISCHARGE

PEARL®
Recovers high WASTE ACTIVATED SLUDGE
value fertilizer 89—90% of influent P loading
and reduces P High P, N, Mg, K
recycle load by
~90%

( THICKENING

ANAEROBIC
DIGESTION

BIOSOLIDS




C Ostara’s Core Technology: The Pearl|® Reactor

TREATED EFFLUENT

———

RECYCLE LINE

MAGNESIUM e = )y - s ﬂ

POST-DIGESTION DEWATERING LIQUOR+ = ™ >
WASSTRIP® FEED

CRYSTAL GREEN




G o Pearl” + WASSTRIP® Solves Operational Challenges by
Intercepting Upstream of Digester

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT

............ | . e e DISCHARGE

PEARL®
Recovers high
value fertilizer P | WASSTRIP®
and reduces P g OTIE Mitigates struvite in
recycle load by digester
~90%
THICKENING

ANAEROBIC
DIGESTION

BIOSOLIDS




G o WASSTRIP® Process Maximizes P Release and Recovery

¥ €
(——
Design Considerations:
Precision Mixing
WAS Pre-thickening LY L <
WAS fermentation |
Optional VFA addition WAS FEED
Integrated process —
control system GIGROLER 0
...... ’
TO
THICKENING

Waste Activated Sludge Stripping to Remove Internal Phosphorus

(and Magnesium)



Crystal Green is simply a natural,

slow release, granular fertilizer

v Proven to reduce non-point source runoff

v' Registered commercial fertilizer in the US and
Canada

v Established market

v AAPFCO approved source of slow release nutrients
v USDA CSP approved input

v Long-term exclusive distribution partnership with

Taurus Agricultural Marketing to market and sell
Crystal Green in western Canada and Ontario

+nutrient mURUS

stewardship




G o Crystal Green is Produced in Market Specific Sizes

Crystal

5-28-0 with 10%Mg

SGN |
450 AGRICULTURE

The only uncoated continuous release
granular phosphorus fertilizer

SGN
300

v Root-Activated™ (citrate soluble)
v 99.6% Purity

SGN
150 v 0.9, 1.5, 3.0, 4.5 mm prill size
— — v" Lowest Salt Index of any P source
SGN P S e A TURF & o
90 e ORNAMENTAL v" Hardness similar to MAP or DAP

v" High uniformity index



G Crystal Green Remains Intact After Intense Watering

CT-Scan Study — University of Southampton
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CrystalGreen

5-28-0 with 10%Mg

Data Source: University of Southampton, UK, 2014



G o Crystal Green Release is the Key to Root Growth

Interaction of Growing Roots and Crystal Green Fertilizer

3
30 T —=— Crystal Green £
o —— Roots
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Data Source: University of Southampton, UK, 2014



Guaranteed Fertilizer Purchase
Optimizes Your Investment

v" Long-term purchase
agreement

v Sales price tied to global
fertilizer market value

v' Established sales channel in
North America and Europe



G o Fertilizer Product Handling is Simple and Fully-Automated

Crystal Green is dried, sorted and bagged ready-for-sale on site

PEARL

G I TREATED EFFLUENT

MAGNESIUM / ALKALINITY

ADDITION DEWATERING

.'-) ..... — CONVEYING
| . |

POST-DIGESTION &
WASSTRIP® LIQUORS ¥

(G,

DRYING BULK LOADING




Bulk Offloading System at St. Cloud Simplifies Product Handling

o OSTARA

| B

' v' Product stored in a bulk
silo

site in bulk hopper trucks

| | v Transported away from



PRISM: Cutting Edge Trending

Package

User-friendly -
red, ,green
for easy issue
identification
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Customized
metrics for
effective trend
analysis

Faster, streamlined & more
robust than SCADA

v No need to export data for customized
reporting and analysis

v Optimize reactor performance by
identifying potential issues in real-time

v’ Save key performance indicators and
reports for easy troubleshooting that
minimizes downtime



Who do call when you need help?

Ostara’s skilled operations team
and customized PRISM trend
analysis software offers:

v’ 24/7/365 support

v' Remote monitoring for convenient
trouble shooting

v" Continuous operational
Improvements to maximize
benefits
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According to HRSD, PRISM is

Essential

“PRISM has quickly
necome essential to
improving the operations
at our facility.”

Bill Balzer, P.E.,
Plant Manager, Hampton Roads
Sanitation District



With Ostara, Nutrient Management Partnership Maximizes Your
success
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Metropolitan Water Reclamation B .
District Of Greater Chicago SISt
PARAMETER VALUE ‘7 |
Design Capacity 1200 MGD — |\
Population Served 4,500,000 -~
Pearl Model 10K =€ e
# of Reactors 3 T
Installation Greenfield i/ =
Installation Year 2016 |
WASSTRIP Planned




Pearl® 10K

Load Capacity (PO,-P per day) 2,800 Ibs

Average Production Capacity

(Crystal Green per day) 14,000 Jbs

Installation Base (2017) 4



3 x Pearl® 10K at Chicago

Capacity of 7,500 tons/year of Crystal Green®




3X Pearl 10K at Stickney Nutrient
Recovery Facility

Achieves MWRD's Project Goals:

1.0mg/L limit for total P in effluent

Plant efficiency and cost-effective
implementation of Bio-P

Capacity to produce 7,500
tons/year of Crystal Green

Cost recovery in 5-7 years




C Nine Springs Wastewater Treatment Plant

Madison Metropolitan :
Sewerage District Madison ’ Wi

————

PARAMETER VALUE

Design Capacity 55 MGD

Population Served 340,000

Pearl Model 2K

# of Reactors 2
Installation Greenfield
Installation Year 2014

WASSTRIP Yes



Pearl® 2K

Load Capacity (PO,-P per day) 550 lbs

Average Production Capacity

(Crystal Green per day) 2750165

Installation Base (2017) 12



G o 2 x Pearl” 2K at Nine Springs WWTP (Madison, W)

1,000 tons/year of Crystal Green® Capacity




Nine Springs WWTP (Madison, WI)
Nutrient Recovery Facility

e —

Achieves Project Goals

Delivery of fully functional, revenue
generating nutrient recovery facility

Reduces centrate nutrient load returned for
treatment

Minimizes use of metal salts for chemical
phosphorus removal

Reduces chemical purchase and sludge
disposal costs

Reduces the phosphorus content of
biosolids, for more balanced N:P ratio and
improved land application

Eliminates nuisance struvite formation



Oomm Transformation of Amersfoort WWTP into Energy & Nutrient
Recovery Factory

waterschap
E, . WATER &
valisi. ELIQUO
veiluwe
PARAMETER VALUE

Design Capacity 15 MGD

ARt

Population Served 315,000

i — T T T

Pearl Model 2K

# of Reactors 1 i
Installation Greenfield

Installation Year 2015

WASSTRIP Yes



G o 1x Pearl® 2K at Amersfoort WWTP (Amersfoort, Netherlands)

Capacity of 500 tons/year of Crystal Green®




1 Pearl 2K & WASSTRIP Installed at
Amersfoort Energy and Nutrient Factory

Achieves Vallei en Veluwe’s Project Goals:

Integrated with THP (improves energy
capture and reduces biosolids production)

Reduced P return loads and struvite in the
digester

Successfully integrated with
Deammonification

WASSTRIP improves sludge dewaterability
by up to 4%

Capacity to recover 500 tons/year of
Crystal Green

Cost recovery in 5-7 years



i/\\ “The combmatlc\of Ostara’s nutrient mvery technology with biological \
\ phosphorus removal has significantly reducad costs for our constituents by a _

factor of 10.” 3 ‘\ h*m Tfﬁ"‘ -
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Become one of the facilities benefiting from Ostara’s Technology

C and known as Global Resource Recovery leaders

.
% [|T'J 1f Thames City of
CleanWater\\.{ Services Hr{bl_) \ /¢ Water " Saskatoon
— o Sy
A

Madison Metropolitan Sewerage District

ID vallei o EPC2R

L — veiuwe
m&'ﬂa MEADOWS &1 Canal de Winchester, ST.CLOUD
2 Water Reclamation Facility cﬂ ISabeI l[ /\VW it

9 Winnipeg

0"V T TR M NTIAX
MEY EZOR DAN LTD

City of Jarocin, Poland




o OSTARA

THANK YOU

Ohio Nutrients Seminar| November 2018

Rachel M. Lee, P.E. — Manager, Nutrient Recovery Solutions

rlee@ostara.com | ostara.com



Ostara Helps Solve Your Nutrient
Challenges

v' Effluent P Limits and Permit
Compliance

v" Problem Unintentional
Struvite Formation



G o Ostara Turns Problematic Struvite into a High Quality,
Market Ready, Fertilizer
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Oomm Convert Up To 50% Of Influent Phosphorus Into Premium Market-ready
Fertilizer, Generating A Long-term Revenue Stream

Final Effluent
10

Exa m ple PrimarI/OSIudge
Phosphorus

Balance Biosolids
Anaerobic 45
Digestion
Wastewater 60
Treatment
Plant
100 Waste
Activated WASSTRIP
Sludge 80
80

Crystal




Today’s Agenda

a What problems does
Ostara nutrient recovery
solve?




Today’s Agenda

How does Pearl® work?



Today’s Agenda

How does Crystal Green®

work?




OOSTARA g /'i’ 7 TOday’S Agenda

Success Stories




Ostara Timeline

Launch of Chicago

facility
Madison Metropolitan D vallei .
Sewerage District veluwe
k " —— s
— 2 Cityof Launch of Madison Launch of
|| e Saskatoon facility Amersfoort
) of .York, PA Launch of Saskatoon facility N
w - facility ~ o S
e facility S sisrsied
UBC PILOT TESTING OSTARA PEARL?® 500 CleanWater Services . CleanWater \' Services Thames _— EPC2R Management
TP flnmlileiataln [tk oo e e =T [ er R
= N Launch of Gwinnett

R&D begins on UBC, Penticton and Ostara Nutrient Recovery Full scale demo 1st commerecial E—— Launch of CWS — facility Launch of Edmonton City of Atlanta

struvite recovery Lulu Island, BC Technologies founded Edmonton, AB facility at CWS Launch of York, PA Rock Creek facility

Durham facility facility Launch of B
. Thames, UK sTcLoup »
facility HnEsor
Launch of City of St.Cloud
Reno
facility
L
® O O O ® ® ® ® ® ® ® O, ® O ® O
1999 2000 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
o OSTARA
Pearl®
(llrystaleGr.eetn@’ Pearl® 2K & (llrystahl Gr'e:r@
aunches into ® aunches into
T&O market Pearl® 10K AG market

G
OSTARA
WASSTRIP* h
A 4

WASSTRIP®

-
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OSTARA

Recovery for Reuse

Closing the Loop on
Nutrient Management

Produce an end product that is
ready for sale when it leaves
your facility without any further
processing



AAAAAA

Unintentional Struvite Happens
(unless you make sure it doesn’t)






AAAAAA

The Gulf of Mexico



AAAAAA

+550 Dead Zones Worldwide
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THICKENING

ACTIVATED SLUDGE ACTIVATED SLUDGE

DEWATERING
o Qoyecey A
| o | o i o 3 O
" PEARL® | ( |
. BIOSOLIDS . |
Recovers high ' SIDESTREAM
“value fertilizer - AMMONIA REMOVAL
~ WASSTRIP® . .
Alleviates struvite THP PRIMARY | SECONDARY CLARIFICATION ?)TQEE:T?S:\?

~in digester




G Pearl® + WASSTRIP® Advanced Digestion Integration

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT DISCHARGE

THICKENING

{ PEARL®
i Recovers high
i value fertilizer

. o
----------------------------------

DEWATERING

DEWATERING

ANAEROBIC THP
DIGESTION

BIOSOLIDS




G Pearl® + WASSTRIP® Advanced Digestion Integration

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT

| DISCHARGE

THICKENING

PEARL®

Recovers high | WASSTRIP®
value fertilizer o - Mitigates struvite
and reduces in digester

recycle P load

DEWATERING

ANAEROBIC
DIGESTION

BIOSOLIDS




G OSTARA

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION
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G Nuisance Struvite: BNR Can Create Operational Challenges

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION
INFLUENT EFFLUENT
....... > I vt cemnnap SN
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| [ 9 L
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G o Pearl” Nutrient Recovery: Solve Operational Challenges While

Recovering a Valuable Resource

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT

DISCHARGE

PEARL®
Recovers high
value fertilizer
and reduces

recycle P load

THICKENING

LAGOON

q \ ANAEROBIC

BIOSOLIDS
(o) (o) DIGESTION




G Pearl” + WASSTRIP®: Integration with Advanced Digestion and

Side Stream Ammonia Removal

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

INFLUENT DISCHARGE

SIDESTREAM

AMMONIA
REMOVAL
THICKENING
PEARL®
Recovers high WASSTRIP®
value fertilizer Alleviates struvite in
and reduces digester

recycle P load

DEWATERING

ANAEROBIC THP

|
y -
BIOSOLIDS g DIGESTION




G Customized Solution: Range of Pear| Offerings

24 ft

10.6 ft CI
14 ft * g
- o N
h 4
31 ft 36 ft W 52.5 ft '

Pearl® 500 Pearl® 2K Pearl® 10K

LOAD CAPACITY (lbs PO,-P per day) 2,750

AVERAGE PRODUCTION CAPACITY

(Ibs Crystal Green per day) 7LD 2,750 14,000

INSTALLATION BASE (2017) 8 12 4



G Customized Solution: Range of Pear| Offerings

32m O

4.3 m

Pearl® 500 Pearl® 2K Pearl® 10K

LOAD CAPACITY (kg PO,-P per day) 65 1,250

AVERAGE PRODUCTION CAPACITY

(kg Crystal Green per day) 325 1,250 6,350

INSTALLATION BASE (2017) 8 12 4



Pearl® 500

Load Capacity (PO,-P per day) 145 lbs
Average Production Capacity

(Crystal Green per day) 700 lbs
Installation Base (2017) 8

14 ft

A

31 ft

<
< >
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Pearl® 500

Load Capacity (PO,-P per day) 65 kg
Average Production Capacity

(Crystal Green per day) 325 kg
Installation Base (2017) 8

4.3 m

A

95 m

<
< >

I




Unmanaged Struvite Formation




Your Challenge: Dewaterability

Sludge dewatering — a key
operational issue

High disposal and processing costs
Increased sludge, more wet tons

Costly chemical dependence
(ferric, polymer)



‘e

Benefits Optimize Plant Operations & Achieve Cost Savings

Convert up to 50% of influent P into premium
market-ready fertilizer

Meet stringent P limits

Create revenue stream through sale of Crystal Green
Reduce chemical and maintenance costs

Reduce total biosolids production by 10-20%

Reduce polymer consumption by 5-20%

~

Increase dewaterability by 4%

Protect digesters from nuisance struvite

Reduce carbon footprint



G OSTARA

BIOSOLIDS

Phosphorus Cycle in Treatment Facility

PRIMARY ACTIVATED SLUDGE SECONDARY CLARIFICATION

WAS
High P, N, Mg, K

CENTRATE
High PO, and NH,

TP =1 mg/L

20-25% of influent loading TP = 300+ mg/L
= + mg

OP = 250+ mg/L TMg = 100+ mg/L
NH3 = 800+ mg/L

THICKENING

DEWATERING
[ |
p__- - y_- ANAEROBIC
L= Ld== DIGESTION
o —e o0 —o g‘T



G o Biological Phosphorus Removal: Leverages Polyphosphate
Accumulating Organisms (PAOs)

-----------------------------------------------------------------------------------

kS .
--------------------------------------------------------------------------------------------

PHB -Polyhydroxybutyrate



G o Biological Phosphorus Removal: Leverages Polyphosphate
Accumulating Organisms (PAOs)

-----------------------------------------------------------------------------------

-----------------------------------------------

-----------------------------------------------

PHB -Polyhydroxybutyrate



G o Biological Phosphorus Removal: Leverages Polyphosphate
Accumulating Organisms (PAOs)

-----------------------------------------------------------------------------------

-----------------------------------------------

-----------------------------------------------

PHB -Polyhydroxybutyrate



G Biological Phosphorus Removal Causes Poor Sludge Dewaterability

* Released Mg is bound as
struvite

e Released K remains free
- increased M/D ratio




G Pear|® Reduced FeCl, Demand by 50%

Pearl Reduces Chemical And Maintenance Costs

600

500
Ferric —
Chloride 400
Use
(dry Ibs/d) 30 ——— e S R
20
10 I

2007 2008 2009 2010 2011 2012 2013 2014
Pearl .

o

o

o

o




G Ostara Technology Saves Money Through Reduced Sludge Quantity

14

1 — Pear| Reduces

_____ - i Dry Tons By 20%
Biosolids 10
Production
(dry tons/d)

Date Source: CWS - Durham WRRF
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Pearl b

[
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]
A
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-]




O OSTARA

Biosolids
Production
(wet tons/d)

2007

WASSTRIP Saves Money Through Reduced Sludge Volumes

2008

2009

2010

2011

2012

2013 2014

il

2015

2016

WASSTRIP

[
»

60

(9]

5

Ul

0

Improved
Dewaterability -
—— Decrease Wet Tons
- by 12%

Date Source: CWS - Durham WRRF



Protect Digesters From
Unintentional Struvite Issues

Reduced Struvite in Digester by
up to 90%

v’ Each ton of Mg diverted around the
digester results in 10 ton less
nuisance struvite

v Reduced maintenance and cleaning
costs

v" Increased digester capacity

Date Source: CWS - Durham WRRF



C OSTARA

Polymer Demand (kg/tonne)

Excess Monovalent Cations: Reduce Bridging Effect Impairing

Biosolids Dewaterability

Polymer Demand vs M/D Radio from

WERF Research

3[: B8 ) 1 1§ 1 - | 1 18 i 1 1 ] 1 1 [ 1
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Examination of three theories of cation-induced bio-flocculation, Sobeck and Higgins (2002)

T00



G Biological Phosphorus Removal Reduces Biosolids Dewaterability

25

2 fo—fetgt

DEWATERABILITY

A o 11
. : 1 if T | .
2 2 AT | ¥ Ty 'y
Nad |aa o | v af
A vy LW W o
i\ o
ah’ 1] u by
f " |

21 00 | " Y

% Cake Solids

19
18

17

Jan 2011 Apr 2011 Jul 2011 Oct 2011 Feb 2012 May 2012

(HDR Engineering and Denver Metro Wastewater Reclamation District)



O o Excess Monovalent Cations Reduce Bridging Effect Impairing
Biosolids Dewaterability

Cake Solids vs M/D Radio from WERF Research

Extracellular

: . More S I
Biopolymers with (-) o '
: Interstitial )
Functional Groups =
Water = 25-
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r=25205 - 0,32075x F=0.83373
DIVALENT CATIONS MONOVALENT CATIONS B T T
0 20 30 40

Average M/D Ratio

Examination of three theories of cation-induced bio-flocculation, Sobeck and Higgins (2002)
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G Pearl® + WASSTRIP® Reduced FeCl, Demand by 50%

CWS - Durham WRRF

WASSTRIP
®

250
150
100 I

2007 2008 2009 2010 2011 2012 2013 2014

N
o
o

Ferric Chloride Use (dry kg/d)

(%
o

o



G o Pearl®” +WASSTRIP® Reduces Biosolids Production

CWS - Durham WRRF

? B Dry Tonnes 65 o)
S 12 >
> Q
) B Wet Tonnes c
c 60 <
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G o WASSTRIP Impact On Monovalent To Divalent Cation Ratio
And Dewatering

®
WASSTRIP Operational

120 25
110 24
100 23
<
Y 90 22
oo
>
< 80 21 X
2 8
Z 70 20 8§
X~ )
g ~
2 60 19 &
©
o
2 50 18
>
40 17
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20 15
(o)) ©
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I %
S <

¢ M/D Ratio B Cake Solids ——180 per. Mov. Avg. (M/D Ratio) —180 per. Mov. Avg. (Cake Solids)

e Data Source: CWS - Durham WRRF



G WASSTRIP Increased Nutrient Recovery by 60%

m PO4-P
m NH3-N
~ 250
S
o) WASSTRIP
= DEVELOPMENT
)
+ 200
o
>
| -
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> 150
(o)
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O
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< 100
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2009 2010 2011 2012 2013 2014 2015

» Data Source: Durham WRRF, Portland, Oregon, USA



o Pear| Process Leverages Struvite Precipitation to Produce a
Quality Product

[Mg] [PO,] [NH,]



O e Pearl Process Leverages Struvite Precipitation to
Produce a Quality Product

[Mg] [PO,] [NH,]



Ostara Facilities
G o

Installed Production Capacity (Tons/Year)




G o Crystal Green®

CrystalGreen.

5-28-0 with 10%Mg

Nothing but Nutrients

v" Pathogen Free

v" Dust-free

v" Lowest Salt Index of any P source
v Lowest Heavy Metals Content of any P

. source




C Why We Recover a Specific Saleable Size

Four Blend-Ready Sizes

TURF & ORNAMENTAL AGRICULTURE




Crystal Green is simply a pure,
granular fertilizer

Crystal Green is not: a biosolid, compost,
sludge or a sandy fine

v The only recovered fertilizer
with distinct marketable sizes

v’ Registered as a fertilizer in 44
states, Canada, Mexico, EU,
Talwan, Puerto Rico



G Fertiliser Team Sales & Agronomy

Our team of agronomists, researchers, phosphate experts and soil
scientists ensure that your phosphorus ends up where it is
supposed to; in the fields as a safe and clean fertilizer

MOLLY BIEDENFELD JUSTIN MILLER SCOTT BARCLAY DEBRA HADDEN PATRICK MITCHELL

VP, Nutrients Market Director, Technical Technical Sales VP, Marketing Supply Chain Manager
Development & Sales Sales & Agronomy Manager Communications Finished Products



O o Ostara Invests in Fertilizer Market And Agronomic Research
To Support Sales

Extensively Funded Market and Agronomic Research to Support Sales

13 26 150+

Years of research Different Unique Replicated
trials crops researchers small plot trials




C OSTARA

Crystal Green Researchers: 2012 to 2017

United States

OR: Horneck & Associates (3 years)

ID: Hopkins (5 years)

WA: Pavek: (3 years)

ND: Robinson (4 years)

MN: Rosen (4 years)

WI: Bussan and Bellman (3 year)

MI: Steinke (3 years)

FL: Zotarelli and Ozores-Hampton (4 years)
AZ: Sanchez (3 years)

A |

Canada

Alberta: Michelle Konschuh (3 years)
Manitoba: Darin Gibson (Gaia) (3 years)
Manitoba: Ginter (1 year)

PEl: Steve Watts (3 years)

E. Canada: Judith Niyaraneza et al (2016-18)

Sy
United Kingdom
Scotland: Robin Walker
Ireland
England



C Crystal Green is Virtually Water Insoluble

Conventional P Solubility Crystal Green Solubility

Water Citrate Root-Activated™

v Virtually water insoluble
*  Highly water soluble

. _ _ v Requires citric acid from a growing root zone in
*  Quickly releases nutrient early on in the

growth cycle order to release it’s nutrients

- Potential tie-up in low and high pH soils Continuous nutrient release throughout the

(Al, Fe and Ca) growing season

v" Minimizes P tie-up and loss




G Continuous Release Provides Season-Long Supply of Phosphorus

Commodity Fertilizer

Nutrient Release

0 CrystalGreen.

Time, est. 160 - 200 days



C Saskatoon Wastewater Treatment Plant

City of
Saskatoon

Saskatoon, SK

/

PARAMETER VALUE

Design Capacity 20 MGD

Population Served 300,000

Pearl Model 2K

# of Reactors 1

Installation Retrofit =
Installation Year o013 e

WASSTRIP Yes



OSTARA




Saskatoon WWTP (Saskatoon, SK)

Nutrient Recovery Facility

Achieves Project Goals

Sustainable solution to prevent struvite
formation

Reduces supernatant nutrient load returned
for treatment — improved efficiency and
reliability

Minimizes need for chemical dosing — lower
chemical and solids disposal costs

Improves system capacity
Lowers operating and maintenance costs

v System generates revenue from up to 500
tons/year of Crystal Green production




C Durham Advanced Wastewater Treatment Plant

C]eﬂﬂ\’\fatelz\\- Services Tigard, OR

PARAMETER VALUE

Design Capacity 20 MGD
Population Served 250,000
Pearl Model 500/2K
# of Reactors 3
Installation Retrofit
Installation Year 2009

WASSTRIP Yes



G o Pearl® 2K at Durham (Tigard, OR)

750 tons/annum of Crystal Green® Capacity
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Durham (Tigard, OR)

Nutrient Recovery Facility

Achieves Project Goals

Helps meet stringent 0.1 mg/| discharge
limit on the Tualatin River.

Maximizes capacity and
reduce operational costs

Decreases centrate nutrient load returned
for treatment (reducing the biological
phosphorus removal requirement by ~25%

Reduces phosphorus content of biosolids
for more balanced N:P ratio

Minimizes use of metal salts for chemical
phosphorus removal

Lowers chemical
purchase and sludge disposal costs




C Gold Bar / Clover Bar Wastewater Treatment Plant

4 g | ”
bt — .
o A AP LA 4

Sz w2

EPC%R Edmonton, AB

PARAMETER VALUE

Design Capacity 80 MGD

Population Served 700,000

Pearl Model 10K

# of Reactors 1
Installation Greenfield
Installation Year 2015

WASSTRIP No

A



G o Pearl” 10K at Gold Bar (Edmonton, AB)

2,500 tons/annum of Crystal Green® Capacity




G o Truckee Meadows Water Reclamation Facility

el
r';-_‘_.

b

PP City of Reno and

e L
. )TRUCKEE MEADOWS .
\”7 Water Reclamation Facility Clty Of Sparks

PARAMETER VALUE

Design Capacity 45 MGD
Population Served 190,000
Pearl Model 2K

# of Reactors 1
Installation Greenfield
Installation Year 2016
WASSTRIP No



C Nansemond Wastewater Treatment Plant

PARAMETER VALUE

Design Capacity 30 MGD
Population Served 280,000
Pearl Model 500

# of Reactors 3
Installation Greenfield
Installation Year 2010

WASSTRIP Planned



G o 3 x Pearl® 500 at Nansemond (Suffolk, VA)

390 tons/year of Crystal Green® Capacity




C City of York Wastewater Treatment Plant

York, PA

Design Capacity 25 MGD
Population Served 94,000
Pearl Model 500

# of Reactors 2
Installation Retrofit
Installation Year 2010

WASSTRIP Planned



2 x Pearl® 500 at York WWTP (York, PA)

260 tons/annum of Crystal Green® Capacity




C Rock Creek Advanced Wastewater Treatment Plant

L emy -
<o

N - -

e
C]eﬂn\Vater\\ Services  Hillsboro, OR

PARAMETER VALUE

Design Capacity 40 MGD

Population Served 400,000

Pearl Model 2K

# of Reactors 2

Installation Greenfeld [
Installation Year 2012

WASSTRIP Yes



B 2 x Pearl” 2K at Rock Creek (Hillsboro, OR)

1,000 tons/annum of Crystal Green® Capacity




G Slough Sewage Treatment Work

Thames

Water Slough, UK
s

~—
Design Capacity 15 MGD
Population Served 240,000
Pearl Model 500
# of Reactors 1
Installation Greenfield
Installation Year 2012

WASSTRIP No



G o 1 x Pearl® 500 at Slough (UK)

130 tons/annum of Crystal Green® Capacity




C F. Wayne Hill Water Resources Centre

Gwinnett County, GA

PARAMETER VALUE

Design Capacity 50 MGD
Population Served 220,000
Pearl Model 2K

# of Reactors 2
Installation Greenfield
Installation Year 2013

WASSTRIP Yes



ORI 2 x Pearl® 2K at F. Wayne Hill WRC (Georgia)

1,000 tons/annum of Crystal Green® Capacity




G Madrid SUR Wastewater Treatment Plant

» Canal de M . .
<« N adrid, Spain
= | |sabel I ' opal

PARAMETER VALUE

Design Capacity 110 MGD
Population Served 2,900,000
Pearl Model 2K

# of Reactors 1
Installation Greenfield
Installation Year 2016

WASSTRIP No



G Opequon Water Reclamation Facility

4
Winchester  \yinchester, va
Wﬂa—-

PARAMETER VALUE

Design Capacity 8 MGD

Population Served 200,000

Pearl Model 2K

# of Reactors 1
Installation Retrofit
Installation Year 2016

WASSTRIP Yes



G St. Cloud Wastewater Treatment Facility

CITYOF

STCLOUD St. Cloud, MN

MINNESOTA

PARAMETER VALUE

Design Capacity 18 MGD

Population Served 100,000

Pearl Model 2K

# of Reactors 1 under construction
Installation Retrofit

Installation Year 2018

WASSTRIP Yes
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G OSTARA

Ostara Model

9

TECHNOLOGY
PEARL & WASSTRIP

e
2%

AG & TURF
MARKET

OFFTAKE
PROGRAM

(o)

CRYSTAL GREEN®
FERTILIZER

* Market Leading
» Patented Technology

* Significant Value Proposition

* Large Fertilizer Market
Opportunity

* Recurring Revenue

* High Margin



G o Opportunities for Ostara Nutrient Recovery Solutions

INITIAL FOCUS Fertilizer Process Water Livestock. Waste
Municipal Sewage Treatment Plant ' :

B S

Biofuels Processing



C OSTARA

Largest Nutrient Recovery Facilities North America

CHICAGO, USA | Q22016

EDMONTON, CAN | Q32016




G OSTARA

Nutrient Recovery Facilities Europe

AMERSFOORT, NL | Q22016

MADRID, ES | Q32016




G o Creating a Circular Economy

3 AGRICULTURE

Crystal Green minimizes phosphorous
tie-up and significantly reduces the risk
of leaching and runoff to local waterways

FERTILIZER PRODUCTION

The Pearl process harvests
nutrients from wastewater and
transforms them into a pure,
eco-friendly fertiliser.

4 ENVIRONMENTAL IMPACT

Helping cities win the battle against nutrient
pollution by removing phosphorous from
where it shouldn’t be —in our waterways —
and upcycling it into a safe, pure,
environmentally responsible fertilizer.

RENEWABLE
PHOSPHOROUS SOURCE

Wastewater streams from
treatment facilities rich in
phosphorous and nitrogen.

5 GROWING POPULATION

Positive global impact on issues of water
health, resource scarcity and sustainably
feeding a growing population
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