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Global Challenges and Drivers
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Global Water Challenges & Drivers Underpin Decades of Water Work

BY 2050é

Q:/B

PEOPLE

0%

URBAN

40+

MEGA CITIES

LKYL SUBSTANCES

PER- AND. POLY-

— |
Population Urbanization & Climate Change Energy Sustainable Public ESG & Industrial Water  Digital
Explosion & Intensification & Resiliency Transition Net Mining & Environmental Transformation

Migration Zero - Water- ESG Auditing Health (PFAS,
Energy Nexus Lead & Copper)

& T 5 © % = [

Delivering a Better World AzZCOM 4

oo
oo
0od



Population Growth is Rapid and Focused In
Urban Areas
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Population in Billions
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Source: US Census Bureau, International Data Base, &
UN Global Forecast
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Global population over last 12,000 years

Staggering population growth Leading to Unprecedented Resource Demands

7 billion

6 billion

5 billion

4 billion

3 billion

2 billion

1 billion

7.9 billionin 2022
7 billionin 2011

6 billionin 1999

5 billion in 1987

4 billionin 1975

3 billion in 1960

2 billionin 1928
1.65 billion in 1900

990 million in 1800
600 millionin 1700

The average growth rate from 10,000 BCE 190 millionin the year 0 Mid 14th century: The Black Death pandemic killed

4 million in 10,000 BCE to 1700 was just 0.04%.per year between a quarter and half of all people in Europe.

10,000 BCE

8,000 BCE 6,000 BCE 4,000 BCE 2,000BCE _

OurWorldinData.org with data from UN Population Division
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A Staggering growth
In 100 years

A 7.9 Billion 2022

A UN anticipates 7.9
Billion people born
In next 50 years

A 11 billion by 2100

A Total of 108 Billion
People have
existed in history
of mankind
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Population Cartogram

8 out of 10 people will live in Asia or Africa in 2100
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Each square (=) represents 500,000 people.
All 15,266 squares show where the world's 7.633 billion people live.
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world’s largest problems and how to make progress against them.
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Asla is Rapidly Growing and Urbanizing

Most population growth & urbanization will occur in Asia

Global Population (2019

Asia Africa Europe North South  Oceania
America America

Urban Population (2019) Global Population

In Asia;

I 60_% 15_%
.l Il S

Asia Africa Europe North South  Oceania
America America
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Expansion of Urbanization Drive Megacities

Top Cities Population Top Cities Population
(Over 10M)  (Millions) (Over 10M)  (Millions)

New York 12.3 Tokyo 19.8
New York 15.9

Shanghai 11.4

Mexico City 10.7

Sao Paulo 10.3

Source: UN Economic and Social Affairs Reporti The Wor | dé s
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Top Cities Population
(Millions)

(Over 10M)

Cities

Tokyo
Dhaka
Mumbai
Sao Paulo
Delhi
Mexico City

27.2
22.8
22.6
21.2
21.2
20.9

2018

Top Cities Population
(Millions)

(Over 10M)

eo0eosc

Top Cities Population
(Over 10M)  (Millions)

Tokyo

Delhi
Shanghai
Séao Paulo
Mexico City
Cairo

Delhi 38.94
Tokyo 36.57
Shanghai 32.87
Dhaka 28.08
Cairo 25.52
Mumbai 24.57
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3 Billion More Middle Class Consumers

Demand for Resources Rise with Rising Incomes
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Per capita energy consumption, _

1970-2008, projected to 2030 for /\—\,\}Edslati

India and China
— 200 | willion British Thermal Units per person
2 Many countries
£ 150 Australia have shown that as
n : :
- Germany Incomes rise,.demand
2 100 i for resources
= increaseso and a similar
- v . :
W 5 curve is likely in China

Historic and lndia.
°°°°°°° Projected
0 I I I

I I I I I I
$0 $5,000 $10,000 $15,000 $20,000 $25,000 $30,000 $35,000 $40,000 $45,000

Per Capita GDP
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» Water & Nutrients Demand T Food Security
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Economic Growth Is a Thirsty Business

World B_ank I n S_I gni ficant : po t The Estimated Effecis of Waier Scarcity on GDP in Year 2050,
prosperity & stability unless we do something Under Two Policy Regimes

di fferentl yo

Business
as usual

Impact of Climate Change on GDP may be severe
and uneven

Climate-Related Impacts on GDP in 2050
(Ranges of Impacts Determined by Policies)
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Source: World Bank 2015a.

MNote: The figure shows the range that climate changes effects on water will have on GDP for selecied
regions. It incorporates effects from different growth scenarios (S3FP1 and S5P3) as well as different policy
C i i = a3l mlir i { r r vt = Taal S Wiorld Bank lat .
scenarios (business-as-usual policies and palicies that encourage better water allocation). Ngrlg?.'lg'he tjcgp 'nag sﬁg-ﬁsu:ﬁeoggt mated change in 2050 GDP due to water scarcity, under a business-as-usual policy regime
The bottom map shows the same estimate, under a policy regime that incentivizes more efficient allocation and use of water.
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Water Availability is a Global Challenge

GRACE-Based Shallow

Groundwater Drought Indicator Ry ., LI L 5]
March 8, 2025 T e &

Wetness percentiles are relative to the period 1948-2012

Cell Resolution 0.25 degrees § ——
Project of this document is Times (World) o Wetness Percentile

https://nasagrace.unl.edu
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Integrated Water, Nutrient and Energy
Solutions
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A Circular Economy Relies on Water, Nutrients, and Energy

We are at the epicenter of the Resource Revolution T Driving the Next Generation of Technologies

Alnfra-stretching
ACompact Technologies

APeak Flow & Load Shaving with
Real-Time Conveyance Controls

Alndustrial Reuse

Alrrigation

AAquifer Recharge

Alndirect Potable Reuse

ADirect Potable Reuse

ASupporting Aquatic Habitats
& Recreation

Delivering a Better World

~ ANutrients (N, P, K)

ABiosolids
AcCellulose
ABiopolymers
AProtein

ACo-digestion

ACarbon redirection

ALow C/N nutrient management
ALow DO

AHeat recovery

AAnaerobic treatment
AHydrogen Fuel Cells

A=COM
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Energy Neutrality - Methodology

Combining energy conservation, reduction, and generation is key for energy neutrality

ECMs
ALighting
Conserve AHVAC
Energy AHigh Efficiency Motors

Process Changes i Demand Reduction Cutting Edge Technology
Re_duce Energy A Advanced primary treatment & carbon redirection ~ AWestbank
Usmg NEY AEqualization i mainstream & sidestream A Granular and densified sludge
Treatment AEnergy efficient aeration AMe_mbrane aerated biofilm reactor (MABR)
Technoloai ALow dissolved oxygen AMainstream anammox - PANA / PNA
ecnnologies ALow energy dewatering & sidestream anammox

Power Production Energy Production
AMaximize carbon capture & digestion ARenewable natural gas (RNG) _
Generate Energy / A Co-digestion (organic waste & FOG) AHydrothermal Liquefaction (HTL) biocrude

Energy Production AOn-site solar, wind, geothermal AHeat recovery
AThermal technologies
A Landfill gas combined heat and power (CHP)
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Intensifying Wastewater Treatment
and Nutrient Removal
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Sha Tin Effluent Polishing Plant Relocation
Hong Kong

Intensification allows for unique relocation opportunities.

Relocation of exiting facility with large footprint:

A 70 acres to be redeveloped for shoreline real | . o
eState s Fufu%geg(;?\fry:?:iz;e

A Moving underground to nearby man made St
caverns
A 90 MGD

Intensification treatment technologies:
A Lamella primary clarifiers

A Moving Bed Biofilm Reactor (MBBR) for nutrient
removal

A Dissolved Air Flotation (DAF) for solids

separation b= ==
Sha Tin Effluent Pollshlng Plant
Source: Hong Kong Drainage Services Department 2017 Sustainability Report

Phase 1 will be complete in 2026
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Hong Kong pilot testing

Piloting transforms technical concepts into reality and is valuable for training

Granular Sludge Pilot Moving Bed Biofilm Reactor Pilot
Hong Kong Drainage Services Department Hong Kong Drainage Services Department
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|PdNA

Energy Efficient Nutrient Management

Conventional Nitrification Partial Nitritation/Anammox (PNA)

Denitrification

Aeration Savings

A Oxygen Demand
COD Savings

A COD Demand

4.6 mg 0, per mg NH4+ -N
3.6 mg afmg QB4AE-O

Delivering a Better World

Partial Denitrification/Anammox

(PANA)
NO3"
coD
0: ‘hoq’ o&o
NO;"
AMX
NH4" » N>

Aeration Savings
COD Savings
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PdNA Demonstrations and Pilot Studies

Fixed Traditional, Moving Heavy, Moving  Settleable, Moving BAF
Media PdNA Media PdNA Media PdNA Media PdNA Media PdNA

C

DC Water Full-Scale 25 MGD
IFAS Demonstration
Under Construction

9

Environmental

Service Authority Protection
70 e oo Northwestern , g e A TOMORROW
( p ‘ (1""(‘Tv"")"""‘v, morks *' UIll\’CI‘Slty ‘ orne I‘ll\Ll.l_\ ATER
PRINCETON
NEWhHub CWT s s W enicaron
vancouver MBR + ATechnol ogi cal Upscaling of the Parti al Denitrification Anammo
PdNA pilot US Department of Energy - DE-EE0010994

Planned for 2027

Delivering a Better World A=COM 24



Testing what type of PANA works for different facilities

Project Goals:
1. Enable widespread PdNA implementation by testing: 2. Significant advancements in decarbonization:

6 5 5 30%

WRRES Biofilm Carbon Reduction in
Media Sources Greenhous Gases

PdNA Biofilm Process PdNA Carbon Source
Step Feed
Moving | Fixed | Tertiary Primary
Facilit IFAS IFAS BAF Methanol | Glycerol | Fermentate | Ethanol | Effluent Flow Rate

| |  itraini25MGD
I
! @ |
I
I

HRSD Nansemond 30 to 50 MGD
Prince William Count _ _ _ 1traini 4.8 MGD

Pilot - 1 GPM
NYC Hunts Point _
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| Most common MABR installation i1s In the anoXxic zone

Capacity / Performance

A Target: NO2-N >80%

A Ammonia Removal 85-90%

r econdorg Resiliency
clarifier

A Load Swings (Ammonia, TSS, COD)

A Temperature Swings / Loss of Control

Aerobic zone

Simplicit
Anoxiczone 4 g /

Aeration . A Minimal Operator Intervention

blower

SUdaaM'rm@@hB@ﬁgreWorld



Anammox MABR: Comparison of configurations
e

1-Stage MABR

Anoxic
Biofilm

AMX
OHO

700 ym
Biofilm
Partial Nitritation
Anammox

Vs.

Hybrid MABR

300 pym
Biofilm

AMX
in Bulk Liquid

Partial Nitritation = Anammox

Vs.

2-Stage MABR

300 pm
Biofilm

Partial Nitritation

rbCOD
(optional)

a

.

AMX
in MBBR

Anammox
Denitrification

Source: Wagner et al., 2022. Assessing membrane aerated biofilm reactor configurations in mainstream anammox applications
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Anammox MABR comparisons

1-Stage MAEBR

Oy

Afixic

Eaofim
Fr
]

T00 pm
Elgfim

Partial MEritston
Anamimde

Pro:

Vs.

Hybrid MABR

300 pm AN
Esomm I Bulk Liquid

Partial Mitriation  AnSrmimos

The thin biofilm will decrease the
ammonia diffusion resistance

AMX less likely to be inhibited by
oxygen since it is in the bulk liquid

2-Stage MABR

Vs.

Moo
Ipticnal] P i

I__ C}:',-u;a'

———— wLF
- 5
= > @
00 AN
Mﬁm in MBER
partl rtaton oummesben

The thin biofilm will decrease the
ammeonia diffusion resistance

AMX less likely to be inhibited by
oxygen since it i1s in the bulk liquid

Can incorporate heterotrophic
denitrification

Con: The thick biofilm will increase
the ammonia diffusion
resistance which may make
MOB suppression difficult

AMX easily inhibited by oxygen

Delivering a Better World

Will need additional clarifiers and
sludge processing to achieve SRT
for AMX retention




2-stage anammox MABRs had more AOO than 1-stage MABRSs

g)
© O O O =
o) NN 0 O O

ass of Biomass (
© o
O

/

0.3
= 0.2 \
0.1
0.0
1-Stage MABR Hybrid MABR @ 15 day SRT 2-Stage MABR
Configuration

m Heterotrophs mAOO m®mNOB m®AMX Decay Products

Source: Wagner et al., 2022. Assessing membrane aerated biofilm reactor configurations in mainstream anammox applications
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2-stage anammox MABRs had the best nitrogen removal

3.5
% 3.0 = oe e o o
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Influent Total Carbon to Nitrogen Ratio (g COD/g N)
— 1-Stage MABR ====- Hybrid MABR @ 15 day SRT = = =2-Stage MABR
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Penticton WWTP DAS Demonstration, Canada

Selectors are critical to achieving densified activated sludge

Facility description:
A 3.2 MGD average daily flow with parallel trains
A Allowed for test train and control train

Densified activated sludge (DAS) selectors:
A Kinetic selector - Anaerobic zone
A Physical selector - Hydrocyclone
A Chemical selector - RAS chlorination (not used)

Results:
A Hydrocyclone alone is insufficient

A Penticton can achieve a hybrid DAS/floc sludge despite
cold weather and long SRT

DAS Demonstration
Penticton WWTP, Canada
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Penticton Process Flow Diagram

Primary Effluent (PE)

UnderFlow

Fermenter v

Supernatant (F5SU) 7a/7h

Internal Mixed Liguor Return

Return Activated Sludge
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Kinetic Selector F/M Controls Settleability

Heavier, underflow particles piped to anaerobic cell and contacted with fermenter supernatant
Baby granules have first chance at taking up high strength carbon substrate (Feast Stage)
Additional carbon from primary effluent is step-fed to anaerobic cell i reduces loading to
secondary clarifier

Mixing is cycled ON/OFF in anaerobic cells to enhance carbon uptake and RAS fermentation
Minimum aerobic fraction of 70% required to sustain granulation

Dissolved oxygen (DO) tapered across aerobic cells, once ammonia exhausted final cells operate
at low DO (0.2 - 0.4 mg/L)

Over-aeration can lead to generation of pin floc
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Shek Wu Hui STW Upgrade, Hong Kong

Intensification synergized with energy neutrality

Facility description:
A 18.5 MGD to 40 MGD

A Relocation considered but insufficient
footprint

Intensification treatment technologies:
A Membrane Bioreactor
A CAMBI Thermal Hydrolysis (THP)
A Sidestream Pagues ANAMMOX

Path to energy neutrality:
A Increased biogas generation from THP

A Reduced energy and carbon demands from
sidestream anammox

Delivering a Better World

Aerial Photo on 15 January 2025
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Yuen Long STW, Hong Kong

Intensification improves effluent quality and capacity

Facility description:
A 18.5 MGD to 40 MGD
A Upgrades from secondary to tertiary treatment

Intensification treatment technologies:
A Lamella plate settlers for primary treatment
A Aerobic granular sludge (1st in Hong Kong)
A Disc filters

Co-use public area created
Path to energy neutrality:
A 5,000 solar panels

A Co-digestion of food waste
A Lamella clarifier increases solids capture for digestion

Delivering a Better World

Yuen Long Effluent Polishing Plant
Source: Hong Kong Drainage Services Department

- 2024 Grand Award UK Institute of Civil Engineers, Project Excellence &

Innovation

- 2023 Hong Kong Institution of Engineers, Environmental Division Award
- 2022 ICE Edmund Hambly Medal
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Phosphorus

Critical for Every Creature & Plant

APhosphorus is irreplaceable in all organic life
Central atom in the backbone of DNA & RNA

ATP & ADP in human cells as the primary means of energy
storage

Membranes

Structural support (teeth bones)
Photosynthesis

APhotosynthesis is critical for our planet in sequestering CO,

AKey Limiting Growth Factor for Plants almost everywhere
- Low concentrations of P in the soils
- Low solubility

A Some continents (Africa & Australia) and countries (Brazil and India)
have particularly low P content in the soils limiting productivity rates

ADemand increasing
- Food
- Biofuels

Delivering a Better World A=COM 37






