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Steffen et al. (2015)

The Great Acceleration
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The Philipine Star

Wikipedia

NY Times

Water for the Wealthy Water for the Many Water for the Poor

Water for Health Water for Food Water for Ecosystems



-Advanced BNR
-Lime clarification
-Multimedia filtration
-GAC/BAC
-Ion exchange & breakpoint chlorination 
-Chlorination
-Reservoir
-Ozone
-GAC

Physical/Chemical Treatment

Managed Aquifer Recharge

KWR

A Water Reuse Revolution



Net Zero Water

DOE 2021



WERF (2008)

Halfway to Net Zero in New York

Battery Park City
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Projects in Our Backyard

SFPUC (2022)

Salesforce Tower – 
San Francisco, CA



Costs: Techno-Economic Analysis

Garrido-Baserba et al. (2022)

$1.5-2.7/m3



Beyond Big Projects in Wealthy Cities
Single Family Dwellings Rural Communities Emerging Megacities

Rabaey et al. (2020)



California Aqueduct

Center-Pivot 
Irrigation in Kansas

 USA
Wikipedia

Water for Food



Kucharik & Ramankutty (2014) Trends and Variability in U.S. Corn
Yields Over the Twentieth Century.  Earth Interactions, 9: 1-29.

The First Green Revolution
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Kucharik & Ramankutty (2014) Trends and Variability in U.S. Corn
Yields Over the Twentieth Century.  Earth Interactions, 9: 1-29.

The First Green Revolution



Advanced Water Technology for Agriculture
Brackish Water Desalination Modular Small-Scale Treatment



Eastern Municipal Water District (EMWD)
Brackish Water Desalters

Installed:  2002, 2006
Source: 12 groundwater wells
Capacity: 8.7 MGD
TDSinitial: 2,300 mg/L
Cost: $37 million
LCOW*: ~$1000 /acre-ft

*LCOW=Levelized Cost of Water; the overall 
cost of equipment, operations and financing. Brine Management

Installed:  1990s
Cost: $28 million
Pipelines:$10 million



Thayer (2013)

Zero Liquid Discharge (ZLD) or near ZLD

Tong and Elimelech (2016)
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Alternatives to Brine Lines
Xu et al. (2022)

ZLD = Zero-Liquid Discharge
A: Evaporation pond/landfill
B: Concentrator/pond/landfill
C: Concentrator/crystallizer/landfill
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Technology Diffusion: Solar PV
1976
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Technology Diffusion: Desalination

Caldera and Breyer (2017)

The World Bank (2019)



Reuse/Desalination Pairing in Agriculture



Running the Rivers
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Greater Capetown Water Fund (2019)
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Mississippi River watershed
Hypoxic zone
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The Right Things to Do



Achieving the Human Right to Water in California, OEHHA 2021 
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Takeaways

The six global water crises are likely to be more prominent in coming decades.

No single solution will solve the world’s water crises.

Experience gained in local water crises can be adapted to new locations.

The costs of technological solutions is likely to decrease.

Shared stewardship of water is the only viable path to Water for All.


