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We have a water crisis in the US
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We have a global water crisis
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•World Health Organization and UNICEF Joint Monitoring Programm. (2017). Progress on Drinking Water and Sanitation, 2017 Update and MDG Assessment.

http://www.who.int/water_sanitation_health/publications/jmp-2017/en/


Water is a Grand Challenge of our times
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Motivation: 21st Century Pressures
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Grand Challenges 

1 Sustainably supply food, water, and energy

2 Curb climate change and adapt to its impacts

3 Design a future without pollution and waste

4 Create efficient, healthy, resilient cities

5 Foster informed decisions and actions





Create new water 
supplies

Low-cost, reliable reuse, desalination, groundwater 
recharge

Increase water-use 
efficiency

Process and technology improvements (e.g., waterless 
toilets)

Changing behavior

Redesigning and revitalizing distribution 
systems





Sharp reduction in GHG emissions 
needed to avoid worst impacts 

Limiting warming to 1.5 C requires: Dramatic reductions in CO2

Active removal of C02

Powering transportation, buildings, and industry with electricity generated with low-c

Use energy more efficiently

Switch to low-carbon energy 
sources

Advances to make renewables more cost effective

Advanced nuclear to improve safety and performance

Climate intervention strategies

Design sustainable infrastructure optimized for 20th

century climate





Develop a circular 
economy that 
eliminates pollution 
and waste, using:

Life-cycle and 
systems thinking

Green chemistry 
and engineering

Anticipate consequences





Re-envision urban 
architecture

Assess alternatives for energy and water efficiency, other benefits

Advance smart 
cities

Embed sensors to monitor traffic, water, energy use, use of trash bins, 
etc.

Use data to inform decision making

Create Healthy 
Cities

Design equitable access to recreation, green space
Improve indoor and outdoor air quality
Reduce water pollution
Prevent, detect, and mitigate the spread of infectious disease
Ensure reliable provision of clean water and manage waste

Create Resilient 
Cities

Assess vulnerabilities (sea level rise, heat island effects)

Develop systems that have multiple benefits (flood control/parks)

Building resilient infrastructure 





Understand 
community context 
for challenges and 
solutions

Understand broader economic, social, institutional 
factors

Create open dialogue

Increase diversity in 
the engineering 
community

Increase the pipeline

Engage traditionally underserved communities 

Identify appropriate 
policy solutions

Educate the public

Create incentives

Set rules and policies





Evolving Practice
Cultivate a more diverse workforce, from 
K-12 through graduate training.

Enhance stakeholder engagement

Use tools to help stakeholders understand 
the consequences of decision alternatives



Evolving Environmental Science and Engineering 
Education

Enhance 
curriculum 

build emphasis on complex 
systems and social science 

keep pace with global 
challenges

Build 
essential 
skills among 
graduates

collaboration

critical thinking

real-world problem solving

effective communication



Possible Strategies for Improving Education 
Increase reliance on graduate training 
to allow more breadth in 
undergraduate training.

Create practice and service-based 
models

Grand Challenges Scholars Programs



Evolving Research
Universities 
should promote 
and reward 
interdisciplinary 
work

Enhance interdisciplinary 
mentoring

Research and 
funding 
institutions should 
facilitate effective 
collaboration 

Early career awards on 
interdisciplinary themes

Expand interdisciplinary research 
support

Develop Engineering Research 
Centers around grand challenges



How can water research (innovation) evolve?
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Sustainable Water: Next Generation Solutions
We need greater than incremental 
improvements
• Water and sanitation innovations happen 

very slowly
• Water industry is traditionally risk averse
• Policy drives innovation

We need to focus on sustainable 
solutions (forward thinking)
• Partnerships between universities, 

industries, government agencies

What are some key targets for improvement?
• Multi-barrier approaches – improve efficiency, primarily for emerging contaminants (classes 

of contaminants)
• Enabling technologies for reuse and recovery (“fit for use”)
• Increase in multi-contaminant removal
• Decentralized treatment
• Reduce energy cost of treatment



Reduce costs of membrane treatment: 
Innovation in Membrane Materials
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Fatou et al., 2012, Igbinigun et al., 2016
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Innovation in Water and Wastewater Treatment

Innovation is 
driven by 
regulatory actions

Long process to implement new regulations

Regulations sometimes identify best available technology, which includes 
current treatment options

Industry is slow to accept new technologies

Researchers 
should consider 
potential barriers 
to implementation

Cost

Ease of operation

Need for retrofitting 



• Universities
• Industries (R&D)
• Government 

Labs

Water 
Research 

• Federal 
government

• State and local 
govt

Water 
Policy



Water 
Research 

Water Policy

Stakeholders

University and 
Laboratory 
Researchers

Environmental Engineers

Chemical Engineers

Ecologists

Toxicologists

Chemists

Biologists

Federal and 
State 
Government 
Elected and 
Appointed 
Officials

Economists

Lawyers

Social Scientists

Finance and Marketing

Community Groups

Utilities

Business Owners

Clients
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