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We can use the "Scopes Framework” in Circularity

SCOPE 3 DIRECT EMISSIONS

INDIRECT EMISSIONS FROM OWN PROCESS
FROM BOUGHT ELECTRICITY SCUPE 2 UNITS AND VEHICLES

AND HEAT E.g., nitrous oxide and

E.g., for treatment of water **methane emissions from
and wastewater and heat SCUPE 1 wastewater treatment
for process units and plants and carbon
buildings. dioxide from internal

transportation.

INDIRECT
EMISSIONS DOWNSTREAM

INDIRECT (INCLUDING AVOIDED
EMISSIONS UPSTREAM EMISSIONS)

E.g., from production of E.g. in relation to
building materials and consumption of biogas,
chemicals, polymers, use of dewatered sludge
and other auxiliary and recovery of thermal
materials. energy from the effluent
wastewater.




Illustrating Boundaries and Scopes

(Li et al., Carbon neutrality of wastewater treatment - A systematic concept beyond the plant boundary, Env. Science and Ecotech., 2022)
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Centralized Water Infrastructure




Water and Sanitation INFRASTRUCTURE

NEEDS TO BE

SUSTAINABLE — FROM LINEAR TO CIRCULAR

Energy

Greenhouse gas emissions
Hydrologic cycle disruption
Capital & operation
expenditures

ARCADIS. Water-Energy-Carbon Nexus in our Homes.
50L Home.



City of San Diego’s
Demonstration Project
Water Purification Demonstration Process

Phase 2 Dpemonstration-Scale Project
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California is leading in DPR

California Takes Next Key Step: Implementing Direct Potable Reuse

Date: August 12, 2024

For Immediate Release

Sacramento, CA - Following years of research, collaboration, and public engagement, California’'s Office of Administrative Law (OAL)
approved OAL File No. 2024-0624-02S - the Direct Potable Reuse Regulations - and filed with the Secretary of State on August 6, 2024.
This is the next critical step in the evolution of using recycled water as a safe and reliable water supply for Californians. The regulations

will take effect on October 1, 2024.

Direct potable reuse is a practice which uses multiple phases of proven advanced water treatment technology to transform recycled
water into safe, reliable purified water, for blending directly into a community’s existing drinking water system.



DIRECT POTABLE REUSE STEPS

WASTEWATER TREATMENT ADVANCED PURIFICATION DRINKING WATER PLANT WATER USE
INCLUDING SOURCE CONTROL & CONTINUOQUS ONLINE MONITORING FILTRATION & DISINFECTION

- Ozone

- Biologically Activated Carbon

- Membrane Filtration

- Reverse Osmosis

- UV/Advanced Oxidation Process
- Disinfection

Direct Potable Reuse treatment steps described by Cailfornia regulations announced in Dec 2023.
Final purified water meets all drinking water standards and stringent regulations for emerging contaminants.

CCG/Winter 2024



Potable Reuse
Projects in CA

Potable Reuse Projects

Purple = Permitted reservoir water augmentation
Pure Water Soquel* P ater aug a

3,000 AFY (2024)

Modoc
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Scotts Valley WD
2,600 AFY

Green = Planned raw water augmentation - 183 ,(

Brown = Planned undetermined - 36,800 AFY

Red = Permitted groundwater augmentation - 254,745 AFY

Navy = Planned groundwater augmentation - 264,084 AFY

Teal = Planned reservoir water augmentation - 121,318 AFY

- 33,604 AFY

1 AFY = 3377 liters/day

JO0AFY

*projects under construction
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Potable Reuse Projects: Los Angeles Regional Board
Existing: 93,350 AFY
Planned: 407,714 AFY =1,377MLD
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Capacity (m*/d millions)

Total Installed Water Reuse Capacity by State Geographic Distribution of Planned Reuse Projects

Washington
X 1%
4 Ariz
0 s . | Other

2%
New Mexico \
5 . 10/9
Colorado
14%
484
Projects

Bluefield Research, 2016



THE PRICE OF WATER: 2015

Combined water, sewer and stormwater prices for households in 30 major U.S. cities.
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RECLAIMED WATER

Reclamed Weater  distributed m $iree service arecs and ofhets potcble demand by providing highly-ected wossewarer
for irigatien ond cooling sowers. It's i vind ca-se o cur water reclomation facdines for dosning eqeipront

RECLAIMED WATER

2007 2018 2019
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WaSH Infrastructure needs to be:

SUSTAINABLE: RESILIENT EQUITABLE
FROM LINEARTO -

CIRCULAR

* Energy

« Greenhouse gas emissions

« Hydrologic cycle disruption

« Capital & operation
expenditures

Vision 75:50

75% reduction in water 24 N\ 2
use « Risk of catastrophic failure LOWER INCOME, PEOPLE
« Physical and financial inflexibility OF COLOR HAVE LESS
SAFE WATER

« Aging pipes & failing infrastructure



WHAT IS NEEDED
Transitioning...to a more integrated 21 TH E 7 5 : 50 G OAL

century water system...
0 . °

“will require significant changes in 7 5 /0 red uction in water use

infrastructure, institutions, and

professional practice” e

50% reduction in energy &
GT Daigger (NAE), Visions for 2050, ASCE 2012 G H G e m iSS i O n S

...Need “radical innovation” to overcome

“institutional momentum” (Sunk Cost

Effect)...and“incremental improvement”

Rabaey et al., Water Research 185, 2020




75% REDUCTION IN WATER USE

COMPARED TO CURRENT BASELINE (262 L/cap/day to 50 L/cap/day)

Average Water System Water
Loss =167

EPA, Water Audits and Water Loss Control for Public
Water Systems

@Hons 4 ARCADIS

.=
24% 7]

29%

Average water use in the home (with

internal leaks included)®®” Water-Energy-Carbon
Nexus in our homes.




50% REDUCTION IN ENERGY
AND ASSOCIATED GHGs

CENTRALIZED NEW MODEL

for transport Minimize energy for
8W (S1M to S10M per km, + pumping) 0.8W transport &Y
A .5\ for water treatment A .5\ for water treatment
5\WW for wastewater treatment 5\WW for wastewater treatment
17.5W total 10.3W =41.1% reduction

Daigger, 2009



TRANSITIONING TO AN INTEGRATED WaSH
SOCIO-TECHNICAL SYSTEM

i i - - Integrated
Technical Social Technical Social - :
Systems J Systems ’ Systems Systems - Somg‘-,tset(él:nmcal

CLEARWaSH Catalyzing
a Socio-technical .
Centralized Systems  Transition Sustainable, Resilient, Equitable, Circular

Grid-dominated Systems Hybrid Systems Small-grid/ Non-grid/
Jr—— Jr—— Cluster Systems | Household Systems
| Il B H N

L =
- Bl =




SYSTEM OF SYSTEMS

Fully Decentralized

Small community
systems

Adapted from Tchobanoglous and Leverenz, 2013



OPTIMIZE INHERENT ADVANTAGES OF
DECENTRALIZED/DISTRIBUTED SYSTEMS

ECONOMIC
- Avoiding long pipes & pumps (25% less in CapEx, 40% less in OpEx)
- Flexibility to meet new demand
- Good jobs within local communities
ENVIRONMENTAL
- Reduce the energy footprint for water movement
- Extend regional supplies by recycling water onsite
- Allow opportunities for resource recovery, green spaces
SOCIAL
- Improve community resiliency to catastrophic events
- Increase local control/tailoring of treatment to meet purpose

- Address the inequity gap



DIGITALIZED & SCALE-ADAPTABLE WATER & WASTEWATER SYSTEM THAT
DELIVERS CLEAN DRINKING WATER & HANDLES WASTEWATER THAT IS
SUSTAINABLE, RESILIENT, & EQUITABLE COMPARED TO EXISTING

SOLUTIONS
| ? 1

COMMUNITY
ORGANIZATION

f off-grid homes
~ with decentralized
- SySte«rn‘_%.__}_,jj;.

Small centralized
treatment plant

— =
My Water System %1 &

O Rl =z~ serving cluster of
,,,,,,,, " = g~
Small cluster i 50 0 homes
BBUWP, Alabama networked -
Imperial Valley, CA system
OVERALL SYSTEM
DIGITALIZATION OPTIMIZATION




TECHNICAL INNOVATIONS DEVELOPED & TESTED
THROUGH COMMUNITY-ENGAGED
ENGINEERING WITH HOUSE OF THE FUTURE OF

Novel sensors
connected to
iPhone app &

central
approach Novel probiotic

to achieve filters for
holistic chemical

removal,
~f|é| - - :
puvibrwwilll Microbiological

management

Virtual Testbed for
Py T Service Providers
- |
L- : — Yo
Greywater [ . : D) ——
Deliverable Water treatment  p— __J -—o Irrigation
reduces water ﬂNon-potable

Household

use, Energy — DD Water

LEGEND harvesting from r 1 r .  Residual |
= - > Water
ﬁ Performance Sensors blackwater Anaerobic Membrane Urine Greywater Treatment Treatment

Wfdecreases Bioreactors Storage NextGen Materials

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll



Non-Potable
Irrigation

Graywater
Treatment
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Reuse

Non-Potable
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Solaire Building, New York City Q O Q O

WATER LIGHT EARTH

Tl

1
..’
1

295 apartments, 25,000 gallons/day (94,500 liters/day) "



We need policy changes and mindset shifts

* Getthe data
* Accurate census in the US and globally
* Linking various databases

* Remove regulatory barriers

* Increase support for alternative technologies

* Nurture long-term relationships with communities

* Develop innovation ecosystems — various stakeholders
* Re-think the engineering and science workforce

* Always ASK: Who will benefit?

"@'D CLEARWaSH



