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• The Pacific Institute is an independent, non-partisan global water 
think tank, founded in 1987 and based in Oakland, California, with 
staff around the world. 

• Mission: to create and advance solutions to the world’s most pressing 
water challenges.

• 2030 organizational goal: to catalyze the transformation to water 
resilience in the face of climate change.

o Water Resilience: "The ability of water systems to function so that nature and 
people, including those on the frontlines and disproportionately impacted, thrive 
under shocks, stresses, and change."

About the Pacific Institute
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Agenda

• Overview: Shannon Spurlock

• Water efficiency, a statewide perspective: Heather Cooley

• Water reuse, a federal point of view: Dr. Sharon Nappier

• Water efficiency and reuse, through a global water and climate equity lens:
Dr. Akiça Bahri

• Audience Q&A: Moderated by Shannon Spurlock
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Panelists

Dr. Sharon Nappier
National Program Leader for 
Water Reuse in the Office of 
Water at the United States 
Environmental Protection 
Agency

Dr. Akiça Bahri
Professor, Researcher, and 
former Minister of Agriculture, 
Water Resources and Fisheries 
and Secretary of State in charge 
of Water Resources for the 
Government of Tunisia

Heather Cooley
Director of Research

Pacific Institute

Shannon Spurlock
Senior Researcher – Public 
Policy & Practice Uptake
Pacific Institute
Moderator
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The Intersectionality of SDG6

” Cooperation is necessary to
maximize the positive co-
benefits, minimize disputes 
and reduce the negative 
impacts on water resources, 
and to improve protection
from water hazards at a time 
of intensification of climatic 
and hydrological variability.”
UNDP, SIWI and UNICEF (2023). Cooperation 
Opportunities for Improved Integration
Across SDG6. United Nations Development 
Programme (UNDP), Stockholm International 
Water Institute (SIWI) and United Nations 
Children’s Fund (UNICEF) on behalf of UN-Water, 
New York and Stockholm
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Water Efficiency (6.4) & Reuse (6.3)
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Water & Climate Equity



Untapped Potential: A California 
Case Study

March 2023

Heather Cooley
Director of Research, Pacific Institute



9pacinst.org |  @PacificInstitut

Why a California case study?

• 40 million people 
• $3.6 trillion economy (4th largest in the world) but major 

socio-economic disparities
• Highly varied hydrology, with a massive system to move 

and store water
• Similar set of challenges as seen in other communities:

• Overtapped rivers and aquifers and persistent 
flooding

• Declining ecosystem health
• Pollution and emerging contaminants
• Nearly 1 million people lack access to clean water
• Climate change impacts are intensifying
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California has experienced a dramatic decoupling 
of water use and growth.
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Water reuse has tripled over the last 50 years.
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Water efficiency and reuse offer significant 
untapped potential.
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Water efficiency opportunities are possible 
for every sector.
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The cost of water supply options are highly 
varied.

Source: Cooley et al. 2019

• Water efficiency is the 
least expensive water 
supply option, followed by 
stormwater capture, 
brackish desalination, and 
recycled water.

• Seawater desalination is 
the most expensive 
option.
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Water efficiency and reuse provide multiple 
benefits, enhancing their cost-effectiveness.

Source: Diringer et al. 2019
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We can be water-wise and climate-smart.

• Saving water saves energy and 
reduces greenhouse gas 
emissions.

• Replacing imported water with 
water reuse and stormwater 
capture would reduce energy use 
and greenhouse gas emissions.

• Energy recovery at wastewater 
facilities would also reduce 
greenhouse gas emissions.
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Summary and Conclusions

• Persistent and new challenges mean we must 
fundamentally change how we use and manage water.

• We have significant potential to expand water 
conservation and efficiency efforts.

• We can also diversify water supplies, including through 
water reuse and stormwater capture.

• These strategies can help to meet our water and climate 
goals, while providing additional co-benefits.



2023 WATEREUSE SYMPOSIUM

National Water Reuse Action Plan (WRAP)

Now in its third year, the WRAP advances reuse 
through a series of actions by: 

• Enabling multistakeholder collaborations
• Creating necessary tools and resources 
• Funding critical research and technology 

development
• Coordinating federal government activities
• Communicating curated information early and 

often

Actions summarized on Online Platform:
(https://www.epa.gov/waterreuse/wraponline)

https://www.epa.gov/waterreuse/wraponline


2023 WATEREUSE SYMPOSIUM

Snapshot of 
WRAP Collaborative

2022 Federal Investments in 
Water Reuse Infrastructure
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Water Reuse Interagency Workgroup (IWG)

• Formally established, under the Bipartisan Infrastructure Law
(Sec. 50218), May 2022

• 6 key duties
• 15 federal agencies participating
• Report to Congress every 2 years
• For more info, visit: 

https://www.epa.gov/waterreuse/water-reuse-interagency-working-group

“The purpose of the Working Group is to develop and coordinate actions, tools, and resources to 
advance water reuse across the United States, including through the implementation of the [WRAP]…”

https://www.epa.gov/waterreuse/water-reuse-interagency-working-group


2023 WATEREUSE SYMPOSIUM

WRAP Update on Collaborative Progress

• Year 3 highlights
• Policy and Regulations
• Research Funding
• Infrastructure Investment
• Engagement, Communications, and Education
• Stormwater Capture and Use
• Agricultural Reuse
• Onsite Industrial Reuse
• Non-potable Reuse

• Access your copy:
• https://www.epa.gov/waterreuse/

national-water-reuse-action-plan-
updates-collaborative-progress#update

https://www.epa.gov/waterreuse/national-water-reuse-action-plan-updates-collaborative-progress#update
https://www.epa.gov/waterreuse/national-water-reuse-action-plan-updates-collaborative-progress#update


2023 WATEREUSE SYMPOSIUM

WRAP Year 3 Activity Highlights: Policy and Regulations

22https://www.epa.gov/reusexplorer

https://www.epa.gov/reusexplorer
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WRAP Year 3 Activity Highlights: Policy and Regulations

2023 State Water Reuse Regulator Summit
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WRAP Year 3 Activity Highlights: Research Funding 

Water reuse-related grants since WRAP 
launch in 2020
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WRAP Year 3 Activity Highlights: 
Engagement, Communications, and Education

https://www.epa.gov/waterreuse/hub

https://www.epa.gov/waterreuse/hub
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Engagement with Disadvantaged and Rural 
Communities on Water Reuse (Action 8.5)

Effort Goals:

1. Engage underserved communities in rural areas to evaluate needs and 
opportunities to improve water security, sustainability, and resilience 
through water reuse. 

2. Develop and deliver “fit-for-community” training addressing water 
recycling opportunities and implementation obstacles tailored to the 
unique challenges of disadvantaged and rural communities. 

3. Based on the initial outreach and training, pilot technical assistance to 
support reuse project development in a few communities.

To advance outreach and education about recycled water usage, for the 
purpose of adopting reuse as a strategy to enhance resilience to 
communities that are typically underserved and under resourced. 
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Small Water Systems and Support Needs

“Small water systems” serve 10,000 or fewer
• Most are 500 or fewer
• More than 97% of US nation’s 145,000 public water 

systems are “small”

83%

13%

4%

Small Water Systems by 
Community Size

Smallest (<500 people)

Smaller (500-3300 people)

Small (3300-10,000 people)

Slide credit: Rabia Chaudhry
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Insufficient time/staff resources Organizational/coordination issues
Other (specify)
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WRAP Year 3 Activity Highlights: Hot Off The Press
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The WRAP Collaborative

• 135 organizations and growing
• Federal, state, tribal, local, and water 

sector partners
• Helping to build capacity for water reuse
• Join us!
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WaterSense Program
• WaterSense seeks to preserve water supplies by offering 

people simple ways to use less water with water-efficient 
products & services.

• WaterSense partners with manufacturers, retailers, local/state 
government, utilities, builders, non-profits, and trade 
associations to extend the reach of the program

• Since 2006, WaterSense and its partners have helped 
consumers save more than 6.4 trillion gallons of water, $135 
billion in water and energy bills, and avoided 288 million 
metric tons of GHGs epa.gov/watersense

WaterSense Resources
- Specifications for WaterSense labeled products for residential indoor, outdoor, and commercial uses – include 

criteria for efficiency AND performance and are third-party certified
- Specifications for WaterSense labeled homes
- Best management practices for commercial and institutional water efficiency and outdoor water use
- Consumer campaigns and resources to help engage the public (e.g., Fix a Leak Week)



Water efficiency and reuse opportunities for enhancing 
sustainability and resilience in Africa

Prof. Akiça Bahri

Harnessing the Power of Water Efficiency and Reuse

Pacific Institute - UN 2023 Water Conference

20 March 2023



Climate 
Change

Grand water challenges

EnergyFood

SanitationWater

1.4 BILLION



African cities are growing fast and, with them, water, energy and food needs

Source: Signé and Siba, 2017



“Growing Blue”
Ensuring improved management 

of water resources

Build resilience to increase 
water security

Maximize water use efficiency 
– Do more with less

Minimize water pollution and 
waste

“Growing Green”
Ensuring high quality growth

Maximize natural resource use 
efficiency 

Minimize pollution and waste

Strengthen resilience to 
increase water security



IMPROVING WATER SECURITY



Re-Thinking Storage Options: Storage Continuum
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High potential agricultural water management 
interventions can reduce poverty, increase water  

productivity and create new and better jobs

Water Efficiency and 
Productivity

Improving water efficiency and productivity - ‘more added value per drop’ 



Desalination unit - EL BOGRA 

Desalination and solar powered field irrigation



Managing 
Water at the 
Urban-Rural 

Interface

Making cities 
more resilient to 
climate change 
through IUWM



Ratio of wastewater treatment 
(treated to untreated wastewater)

 330 km³/year of domestic 
WW generated in the 
world (Flӧrke et al., 2013) 

 Over 80% of wastewater 
worldwide not collected 
or treated (WWAP, 2012)

 Current capacity to treat 
WW  to advanced levels is 
only 7% of the total 
volume of generated  WW 
(GWI, 2009) 



Planning for City-Wide Inclusive Sanitation (CWIS) 
an unusual business 

Equity in service – Inclusive planning – Contextual solutions – Environmental and social justice  

Source: Eawag-Sandec



Untapped potential for resource recovery and reuse from 
wastewater (Wichelns et al., 2015)

330 km3 of municipal wastewater could theoretically: 

 Irrigate more than 40 million hectares (8000 m3/ha/yr) (FAO 2012)

 Provide ‘free’ fertilizer application in the order of 322 kg N/ha/yr and 64 kg 
P/ha/yr

 Provide  electricity for about 130 million households (3500 kWh/HH) 
(World Energy Council 2013)



Countries with recorded water reuse for irrigation 

Source: www.fao.org/nr/water/aquastat/wastewater/index.stm; and IWMI, unpublished

 ≈ 50 million m3/d (18 
km3/yr) of WW are reused
(5-7% of the amount) - 58% 
is used untreated for 
irrigation (Jiménez and 
Asano, 2008) 

 ≈ 20 million ha (6% of the 
global irrigated area) in 50 
countries irrigated with 
mostly raw wastewater 

 Crops produced from 
irrigation with raw 
wastewater ≈ 10% of global 
agricultural production 
from irrigation (Scheierling
et al., 2010; Drechsel et al., 
2010)



Benefits of water reuse and wastewater use
Water reuse Wastewater use

Social benefits
 Protect human health and ecosystems
 Increased prosperity and resilient 

communities

 Reduce rural-urban poverty
 Improve nutrition and food 

security
 Support many livelihoods
 Increase farmers’ income
 Build climate resilient communities

Economic 
benefits

 Drought-proof alternative resource
 Reliable water supply
 Cost savings: new supply, disposal
 Reduce conflicts over water due to scarcity
 Recover water, energy, nutrients, sludge, C
 Increase of crop production
 Increase in land and property value
 Preserve economic and leisure activities

 Maintain agricultural activity
 Increase crop yields
 Supply > 90% of the perishable 

vegetables needed in the cities
 Contribute to reduction of food 

import

Environmental
benefits

 Environmental protection
 Local ecological benefits
 Reduce energy costs and GHGs
 Improve water quality and flows and 

contribute to GWR

 Recycle water, OM and nutrients to 
soils



Mixing pit (fecal and organic waste) + 
macerator + digester

Generator container and grid
switchboardOrganic waste delivery from the markets

Meter and grid connection

A Business Approach for Improved Sanitation in Ghana 
Organic Fertilizers and Energy as Drivers (Ashaiman – Ghana)

Outputs (at full operation)
 Bio-fertilizer: 640 tons/yr
 Electricity: 585,000 kWh/yr
 125,000 beneficiaries

Partners: Safi Sana Ghana Ltd, 
ASHMA
Project funding by AWF, Dutch 
Gov’t and Safi Sana 
Treatment FS & SW: 12,600 T/yr

TARGET => 7 Factories in 2023



Sand filters

Ultrafiltration

Reverse osmosise

Desert Joy and Hicha Joy Projects

First greenhouse 19 ha at El Hicha

Desert Joy, Chenchou, El Hamma



The Durban Water Recycling Project: Creating shared values between 
Municipalities and Industry

Sanitation
treatment works

Wastewater
effluent

Durban 
water 

recycling

47,5 Ml/day near
potable 

standards sold to 
industry

Industry use

Source: IWA, 2018; Gouden, 2018

BENEFITS

 Reduced demand for potable 
water by 7%

 10% less effluent discharged 
into the environment

 Additional 300,000 people 
served with potable water

 Industrial users pay RW 50% less 
than conventional water

PRIVATE SECTOR

 First BOT to treat ≈10% of the 
city’s WW to potable 
standards, and sell it to 
industrial customers

23% of the city’s RW 
reused by local industries 



WINDHOEK, NAMIBIA - THE WORLD’S FIRST DIRECT POTABLE REUSE 
PLANT

A model for innovative and sustainable water management and a successful PPP

Source: Cofie and Nikiema, 
2020, AfDB et al., 2020

PPP: WINGOC - Windhoek Goreangab Operating Company –
consortium of Veolia, Berlinwasser International and WABAG



Existing 
Water 

Sources

New 
Conventional 

Sources

New 
Conventional 

Sources

Existing 
Water 

Sources

Water Demand Mgt.

Stormwater
Harvesting

Leakage Mgt.

Private Boreholes
Greywater Harvesting

Investing in the Cities of the future
Need a systems perspective of the urban water cycle  - Nairobi  Portfolio of viable options

IUWM Approach
Unit costs US$ 0.29/m3

Conventional Approach

Unit costs US$ 0.36/m3

Source: Vairavamoorthy, 2014



Economic analysis of IUWM and conventional options for 
water supply in Nairobi, Kenya

Source: World Bank, 2012



WATER EFFICIENCY 
AND REUSE

Water integration
Water cycle as one system, 
including stormwater and 

water reuse

Geographic integration
Upstream- downstream - River 

basin scope

Inter-sectoral integration 
Water supply, sanitation, energy, 

agriculture

Governance integration
PPPs, centralized versus 

decentralized

Institutional integration
Involvement of all 

stakeholders – Water 
Partnerships

Towards Water Security



Thank you for your attention
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Q & A Session

Dr. Sharon Nappier
National Program Leader for 
Water Reuse, Office of Water 
United States Environmental 
Protection Agency

Dr. Akiça Bahri
Professor, Researcher, and 
former Minister of Agriculture, 
Water Resources and Fisheries 
and Secretary of State in charge 
of Water Resources for the 
Government of Tunisia

Heather Cooley
Director of Research
Pacific Institute

Shannon Spurlock
Senior Researcher – Public 
Policy & Practice Uptake
Pacific Institute
Moderator



Thank you!
Heather Cooley, Pacific Institute Dr. Sharon Nappier, US EPA
hcooley@pacinst.org nappier.sharon@epa.gov

Shannon Spurlock, Pacific Institute Dr. Akiça Bahri
sspurlock@pacinst.org akica.bahri@gmail.com

Journalist Inquiries
media@pacinst.org

mailto:hcooley@pacinst.org
mailto:sspurlock@pacinst.org
mailto:akica.bahri@gmail.com
mailto:media@pacinst.org
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