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Water-Energy Sustainability 
Perspectives and Policy Approaches 

 
 
 
 
 

On September 13-16, 2009, the  
Ground Water Protection Council (GWPC) 

hosted a four-day  
ά²ŀǘŜǊ-9ƴŜǊƎȅ {ǳǎǘŀƛƴŀōƛƭƛǘȅ {ȅƳǇƻǎƛǳƳέ  

in Salt Lake City, Utah. 
  

Co-sponsored by the U.S. Department of 
Energy (USDOE) and National Energy 

Technology Laboratory, in partnership with 
state agencies and 26 associations, this 

Symposium drew more than 300 
participants. Planners, policymakers, 

managers, and researchers in the energy, 
power, and water sectors explored ways to 
coordinate approaches to water and energy 

resource management. 

By improving understanding of the different 
perspectives on water and energy resource 
management, and ŎǊŜŀǘƛƴƎ άǎǘǊŀǘŜƎƛŜǎ ŦƻǊ 
ǎȅƴŜǊƎƛŜǎέ ƛƴ ǘƘŜ ŘŜǾŜƭopment and use of 

water and energy at the building, city, farm, 
industry, river basin, and regional scale, we 
can maximize the benefits and minimize the 
impacts on water and energy resources for a 

more environmentally and economically 
sustainable future. 

 

This Summary Document: 

 provides an overview of DOE-funded 
activities and initiatives leading up to the 
2009 Water-Energy Symposium; 

 summarizes Symposium presentations 
and participant survey responses on: 

o energy perspectives on water 
o water perspectives on energy 
o integrated water+energy planning 

 announces the 2010 Symposium:  
Water+Energy in a Changing Climate, 
Sept 25-29, 2010, in Pittsburgh, PA 

 
 

This Prospectus was prepared by Watercat Consulting LLC with funding from the US Department of Energy (USDOE) through the National Energy 
Technology Laboratory (NETL) and Ground Water Protection Council (GWPC).  The views presented are not necessarily those of USDOE, NETL, or GWPC.  

ά! ǾŜǊȅ ŎƭƻǎŜ ƭƛƴƪŀƎŜ ŜȄƛǎǘǎ ōŜǘǿŜŜƴ ǘƘŜ bŀǘƛƻƴΩǎ ŜƴŜǊƎȅ ŦǳǘǳǊŜ ŀƴŘ ǿŀǘŜǊ ŦǳǘǳǊŜ ς water is 
ŎǊǳŎƛŀƭ ǘƻ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ŜƴŜǊƎȅΧΦŎƻƴǾŜǊǎŜƭȅΣ Ƴŀƴȅ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ 
ǿƛǘƘŘǊŀǿƛƴƎΣ ǎǘƻǊƛƴƎΣ ƻǊ ǘǊŜŀǘƛƴƎ ǿŀǘŜǊ ŎƻƴǎǳƳŜ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ŜƴŜǊƎȅΦέ   

Science and Technology to Support Fresh Water Availability in the United States, 
 National Science & Technology Council, Nov 2004 

Water and energy issues are inseparable.  Given the interdependencies 
between water and energy, our nation has a great incentive to work 
towards sustainable resource planning and management efforts in more 
coordinated and collaborative approaches.  An important step towards 
more coordinated water and energy resource management is an 
improved understanding of the different issues, roles, and perspectives 
on water and energy from the various industries, agencies, and other 
stakeholders that manage these resources.   

The September 2009 Water-Energy Sustainability Symposium provided a 
forum in which water and energy policymakers, planners, researchers, 
and resource managers could come together and discuss issues, roles, 
and activities related to more integrated and sustainable water and 
energy resource management and planning.  

Co-sponsored by the USDOE and the National Energy Technology 
Laboratory (NETL), the Symposium was developed as part of a continuum 
of activities intended to support the development of a National Water-
Energy Roadmap. This Symposium built upon the work completed during 
the 2005-2006 USDOE/National Laboratory Energy-Water Nexus 
Roadmapping workshops. 

The 2009 Water-Energy Sustainability Symposium participants worked to 
develop a common understanding of the needs for strategies to integrate 
water and energy technologies, policies and regulatory frameworks and 
promote water conservation and efficient energy use.  This summary 
report provides background on prior activities and feedback and findings 
from the Symposium participants. 

August 2010 
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Water-Energy Nexus as illustrated by 
The Electric Power Research Institute  

TABLE OF CONTENTS 

Cover/Introduction  1 

Part I: Background 

Understanding Water+Energy Nexus  
Policy and Stakeholders 2 

¦{5h9Ωǎ wƻƭŜ ƛƴ ²ŀǘŜǊҌ9ƴŜǊƎȅ  3 

Water+Energy at Other Federal Agencies  
and in Congress 4 

Water+Energy Research and Initiatives at 
USDOE and the National Laboratories 5 

The 2005-2006 USDOE/National Laboratories 
Energy-Water Roadmapping Workshops 6 

2009 Water-Energy Sustainability  
Symposium Sponsors and Partners 7 

Part II: Findings 

Energy Perspectives on Water:  
Traditional Energy Sources 
and National Energy Concerns 8 

Energy Perspectives on Water:  
Power, Carbon Sequestration, and Transportation 9 

Energy Perspectives on Water:  
Unconventional Fossil Fuels  
and Produced Water Reuse 10 

Energy Perspectives on Water: 
Renewable Energy 11 

Water Perspectives on Energy:  
Water and Wastewater Utilities 12 

Water Perspectives on Energy:  
Water, Energy, and Agriculture  13 

Integrated Water+Energy Planning:  
Green Buildings and Green Communities 14 

Integrated Water+Energy Planning:  
River Basin, Coastal, and Aquifer Management 15 

Integrated Water+Energy Planning:  
Global Security, Water, Energy,  
Sanitation + Health 16 

Integrated Water+Energy Planning:  
Water, Energy, and Climate Change 17 

Symposium Results:  
National Water+Energy Research Needs 18 

Final Thoughts:  Symposium Survey Responses 19 

2010 Symposium Announcement:  
Water+Energy in Changing Climates 20 

 

 

There is a clear relationship between water and energyτŀ άƴŜȄǳǎέτwhich is 
ƴƻǿ ōŜƛƴƎ ǳƴŘŜǊǎǘƻƻŘ ǿƛǘƘƛƴ ǘƘŜ ōǊƻŀŘŜǊ ŎƻƴǘŜȄǘ ƻŦ άǎǳǎǘŀƛƴŀōƛƭƛǘȅΦέ  !ǎ ŀ 
planet, our water and energy resources are abundant; however, water and 
energy supplies are often not available in the quantity and quality needed, in 
at the location and times we need those water and energy resources for the 
different ways we want to use them, and at prices that are affordable. 

 

The figure above, created by the Electric Power Research Institute (EPRI) for 
the 2006 DOE Energy-Water Nexus Report to Congress, illustrates several 
different aspects of the water-energy nexus, including: 

 Water use and water quality impacts related to energy production, power 
generation, transportation fuels, and other uses of energy (e.g. heat 
production) ς sometimes ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǿŀǘŜǊ-for-ŜƴŜǊƎȅέ 

 Energy use and power generation opportunities associated with water 
supply pumping, extraction, transfer, treatment, distribution, non-energy 
uses of water (e.g. municipal, agricultural, environmental, and 
recreational uses), and collection and disposal of wastewater ς sometimes 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŜƴŜǊƎȅ-for-ǿŀǘŜǊέ 

 Competing uses of and impacts to rivers, aquifers, lakes, wetlands, and 
coastal areas associated with water and energy, and opportunities for 
collaborative management of shared water resources 

For each aspect of the water-energy nexus, there are different regulatory 
agencies, technical assistance programs, utility companies, and other 
stakeholders involved.  Each of these entities makes decisions based upon 
their own perspectives on how energy and water supplies are to be used and 
how those uses may impact rivers, coasts, and aquifers. Entities in the water 
ŀƴŘ ŜƴŜǊƎȅ άǎŜŎǘƻǊǎέ ǳǎŜ ŘƛŦŦŜǊŜƴǘ ǘŜǊƳǎΣ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ 
άŎǳƭǘǳǊŜǎΣέ ŀƴŘ ǎŜǘ Řƛfferent priorities.  

For the most part, the government agencies, companies, utilities, and other 
organizations that manage water and energy have developed and operated 
independently of one another.  Consequently, there are different approaches 
to energy and water resource planning and management, and there are 
challenges in the coordinated development and implementation of 
sustainable policies for water and energy resource management.   

Understanding Water+Energy Nexus Policy and Stakeholders 
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July 9, 2009, Congressional Testimony on Water and 
Energy to the House Science+Technology Committee 

 

Energy Policy Act of 2005 (EPAct 2005) 
 

EPAct 2005 directed the USDOE to develop an 
9ƴŜǊƎȅ ŀƴŘ ²ŀǘŜǊ ǇǊƻƎǊŀƳ ǘƻ ƛƴŎƭǳŘŜ άǊŜǎŜŀǊŎƘΣ 
development, demonstration, and commercial 
ŀǇǇƭƛŎŀǘƛƻƴέ ǘƻΥ 

 Address energy-related issues associated 
with provision of adequate water supplies, 
optimal management, and efficient use of 
water 

 Address water-related issues associated with 
the provision of adequate supplies, optimal 
management, and efficient use of energy 

 Assess the effectiveness of existing programs 
within USDOE and other federal agencies to 
address these energy and water related 
issues 

 

2006 DOE Energy-Water Nexus 
Report to Congress 

The 2006 USDOE Report to Congress on Energy 
Demands on Water Resources is available online at 
www.sandia.gov/energy-water/  

USDOEȭÓ Role in Water+Energy 

USDOE has played an increasing role in broadening the understanding of 
the water-energy nexus. In 2006, USDOE submitted a Report to Congress 
which describes ǘƘŜ άƛƴǘŜǊŘŜǇŜƴŘŜƴŎȅ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ŦƻŎǳǎƛƴƎ ƻƴ 
threats to national energy production resulting from limited water 
ǎǳǇǇƭƛŜǎΦέ   In recent testimony to the US House Science and Technology 
Committee (July 9, 2009), USDOE Under Secretary Kristina Johnson 
provided examples of where the agency supports development of water-
efficient, environmentally-sustainable, energy-related technologies.  In 
that testimony, Under Secretary Johnson noted that USDOE: 
 

 Conducts studies related to water-efficient, environmentally-
sustainable, energy production and energy use 

 Assesses water demands for various types of energy production 

 Assesses opportunities for the treatment and reuse of energy-
related water (e.g. produced water, cooling water) for other 
beneficial uses τ such as irrigation or recharge of alluvial aquifers 
to augment streamflow 

 Works with other federal agencies that produce hydropower 
(including US Bureau of Reclamation and US Army Corps of 
Engineers) through the four power marketing administrations 
(Western Area Power Authority, Bonneville Power Administration, 
Southwestern Power Administration, and Southeastern Power 
Administration), which sell hydroelectric power produced in excess 
of federal project needs in order to repay government investments 

 Serves in a supporting role on the energy aspects of other federal 
ŀƎŜƴŎƛŜǎΩ ǿŀǘŜǊ-related research activities through active 
participation in the White HouseΩǎ Subcommittee on Water 
Availability and Quality (SWAQ) 

 Supports research on building technologies, including technologies 
that reduce water use, and works with the USEPA on the 
EnergySTAR program to develop a labeling program for products 
that meet strict requirements for energy savings, many of which 
also result in direct water savings 

 Conducts research on wastewater treatment technologies and 
innovative approaches to protect and conserve water resources in 
oil and natural gas production and power generation; has 
ŘŜǾŜƭƻǇŜŘ άwƛǎƪ-Based Data ManaƎŜƳŜƴǘ {ȅǎǘŜƳέ ǇǊƻǘƻŎƻƭǎΤ ŀƴŘ 
has led Carbon Capture and Sequestration research, primarily 
through the Office of Fossil Energy research and programs 

 Addresses water efficiency and quality impacts for Thermoelectric 
Power, Concentrated Solar Thermal Power, Geothermal Power 
Plants, Hydroelectric Power, Biomass Energy, Hydrogen, and Wind 
Power, primarily through Office of Energy Efficiency and 
wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅΩǎ Ǌesearch and programs 

 Provides energy supply and demand projections, developed and 
compiled through the Energy Information Administration, which 
can be used for water demand projections 
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Federal multi-agency water+energy initiatives include: 

ω The Energy & Environmental Security Initiative (EESI), 
which was implemented under the July 1996 
Memorandum of Understanding (MOU) on 
Environmental Security Cooperation signed by the 
Department of Defense, USDOE, and USEPA, and 
supported by the Department of State, focusing on 
mitigation and prevention of energy and 
environmental risks and related stresses which 
contribute to political and economic instability or 
conflict in foreign countries or regions of importance 
to the United States.  
 

ω The White House Council on Environmental Quality 
(CEQ), the Office of Science and Technology Policy 
(OSTP), and the National Oceanic and Atmospheric 
Administration (NOAA) are working with other 
Federal agencies -- including the U.S. Department of 
Energy -- to develop recommendations for adapting 
to climate change. This effort includes creation of a 
workgroup (the Water Subcommittee) to consider 
climate change adaptation challenges specifically 
related to water resources, considering both the 
water demands for energy development and the 
energy-related climate change impacts associated 
with water and wastewater utilities.  
 

ω Executive Order 13514 (EO13514), which was signed 
October 5, 2009, to set sustainability goals for Federal 
agencies and their facilities, including greenhouse gas 
emissions reductions; increased energy efficiency; 
and water conservation.  EO13514 expands upon the 
requirements of the earlier Executive Order 13423. 
 

Congress has played an active role in water+energy 
legislation.  In Congress, the authorizing committees for 
USDOE are the Senate Energy & Natural Resources 
Committee and the House Energy and Commerce 
Committee.  Legislation related to water and energy may 
also be referred to other congressional committees 
including the Senate Environment and Public Works 
Committee; the House Science and Technology 
Committee; and the House Transportation and 
Infrastructure Committee (particularly the Water+Power 
Subcommittee).  The Senate and House Finance 
Committees also work on water+energy initiatives in 
cases where tax incentives are provided. 

Appropriation of funds for USDOE programs, as well as 
water+energy programs in other agencies, comes from 
the House and Senate Appropriations CommitteesΩ 
Subcommittees on Energy & Water Development.  
Although legislation may be passed authorizing agencies 
to develop programs and initiatives, no funding is 
available without appropriations. 

Several federal agencies have water-related programs that also involve 
considerations of energy.  With some agencies, USDOE has developed 
Memorandums of Understanding (MOUs) to coordinate initiatives. 

 The US Department of the Interior (USDOI) has several initiatives 
addressing water and energy through its bureaus and agencies, which 
include the US Bureau of Reclamation (USBR), US Bureau of Land 
Management (BLM), US Fish and Wildlife Service (USFWS), and US 
Geological Survey (USGS).  The ¦{5hLΩǎ New Energy Frontier sets a 
Department Performance Goal of a 9000 MW increase in approved capacity 
for renewable energy from solar, wind, and geothermal resources on 
Interior lands, with full environmental review, by the end of 2011.  
WaterSMART ό{ǳǎǘŀƛƴ ŀƴŘ aŀƴŀƎŜ !ƳŜǊƛŎŀΩǎ wŜǎƻǳǊŎŜǎ ŦƻǊ ¢ƻmorrow) 
addresses increasing water resource challenges through Challenge grants, 
ŦǳƴŘƛƴƎ ŦƻǊ ǊŜŎƭŀƛƳŜŘ ǿŀǘŜǊ ǇǊƻƧŜŎǘǎ όǳƴŘŜǊ ǘƘŜ ¦{.w ά¢ƛǘƭŜ ·±Lέ ǇǊƻƎǊŀƳύΣ 
management of USBR reservoirs for both water supply and hydropower (as 
the second largest producer of hydropower in the US), and the collection 
and assessment of data on water availability and use through the USGS 
Water Census which, if funded, would be the first national inventory of 
water data for more than 30 years. 

 The US Environmental Protection Agency (USEPA) reviews the energy 
demands associated with treatment requirements when new water quality 
standards are written, as required under Executive Order 13211.  The State 
Revolving Funds, providing loans for drinking water and wastewater 
facilities, eƴŎƻǳǊŀƎŜ άƎǊŜŜƴέ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ 
efficiency.  The WaterSense and EnergySTAR programs review and label 
products for water and energy efficiency. 

 The US Army Corps of Engineers (USACE) is the largest producer of 
hydropower in the US.  USACE plays a leading role in flood control and 
collaborative watershed planning, and recently completed a study of state 
watershed planning efforts found which found increased demands for water 
ǘƻ ǎǳǇǇƭȅ ŜƴŜǊƎȅ ŀƴŘ ǇƻǿŜǊΦ  ¦{!/9Ωǎ LƴǎǘƛǘǳǘŜ ƻŦ ²ŀǘŜǊ wesources provides 
mediation support for international conflicts on water+energy. 

 The US Department of Agriculture (USDA) has several programs and 
initiatives to enable farmers and rural residents to better respond to issues 
and opportunities related to water and energy, including energy and water 
efficient farming techniques, rural electrification and infrastructure loans, 
wind farming, bioenergy information and research, and funding for small 
ƘȅŘǊƻŜƭŜŎǘǊƛŎ ǇǊƻƧŜŎǘǎΦ ¦{5!Ωǎ bŀǘƛƻƴŀƭ LƴǎǘƛǘǳǘŜ ƻŦ CƻƻŘ ŀƴŘ !Ǝriculture 
funds water+energy research, and Rural Economic Community Development 
grants support planning for water+energy based economies. 

 The General Services Administration (GSA) has set a goal to implement zero 
environmental footprints (ZEFs) for federal facilities, eliminating the impact 
of the federal government on the natural environment, addressing not just 
energy, but also water, transportation, and materials.  To support this goal, 
ǘƘŜ D{!Ωǎ hŦŦƛŎŜ ƻŦ CŜŘŜǊŀƭ IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ DǊŜŜƴ .ǳƛƭŘƛƴƎǎ (OFHPGB) 
provides assistance to other federal agencies in developing and 
ƛƳǇƭŜƳŜƴǘƛƴƎ άƎǊŜŜƴƛƴƎ ƛƴƛǘƛŀǘƛǾŜǎέ ŀƴŘ ƛƳǇǊƻǾƛƴƎ ōǳƛƭŘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜΣ 
including increasing water conservation and energy efficiency. 

 International water+energy concerns are addressed by various federal 
agencies, including the US Department of Defense (DoD), US Department 
of State (DOS), and US Agency for International Development (USAID), 
both from a humanitarian perspective and to ensure US security interests, 
preventing conflicts over water+energy resources.  Global hunger issues and 
water-energy-food issues are also addressed by USDA. 

Water+Energy at Other Federal Agencies and in Congress 
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Department of Energy Program Offices with Water-Energy Issues and Related National Laboratories 

 Modified from: Sehlke and Wichlacz, Journal of Contemporary Water Research and Education, December 2009, www.ucowr.siu.edu 

USDOE Programs Mission and Water-Related Issues Major Reporting National Laboratories 

Energy Efficiency and  

   Renewable Energy 
Developing and deploying renewable energy sources and conversion 
technologies, and identifying energy efficiency best practices, regulations and 
technologies that collectively strengthen our economy, protect the 
environment, and increase national security. 

 Water use and water quality impacts related to renewable energy, and 
opportunities to save energy by saving water. 

National Renewable Energy Laboratory  
National Energy Technology Laboratory 
Sandia National Laboratories 

Electricity Delivery and  
     Energy Reliability  

Leading national efforts to modernize electric grid, enhance security and 
reliability of energy infrastructure, and facilitate recovery from disruptions 
to energy supply. 

 Analyzing potential implications of water stress for transmission and 
resource planning. 

Sandia National Laboratories 
Pacific Northwest National Laboratory 
Los Alamos National Laboratory 
 
 
 

Environmental 
Management 

Mitigating the risks and hazards posed by the legacy of nuclear weapons 
production and research.   

 Addressing water quality impacts associated with nuclear weapons. 

Savannah River National Laboratory 

Fossil Energy Ensuring clean, affordable energy from fossil fuels. 

 Reducing water demand for traditional fossil fuel-powered generation 
technology and emerging fossil energy production, and developing uses 
for produced water and other water associated with fossil energy. 

National Energy Technology Laboratory  

Nuclear Energy  {ǳǇǇƻǊǘƛƴƎ ǘƘŜ ƴŀǘƛƻƴΩǎ ŘƛǾŜǊǎŜ ƴǳŎƭŜŀǊ ŜƴŜǊƎȅ ǇǊƻƎǊŀƳǎΦ  

 Water uses and water quality impacts associated with nuclear power 
plants including cooling water requirements. 

Idaho National Laboratory  

National Nuclear Security   
    Administration 
 

Enhance national security through the military application of nuclear energy, 
and maintaining and enhancing the safety, reliability, and performance of the 
United States nuclear weapons stockpile.   

 Water uses and water quality impacts associated with nuclear weapons. 

Lawrence Livermore National Laboratory 
Los Alamos National Laboratory 
Sandia National Laboratories  
 

Science Basic research in the physical sciences.   

 Understanding the science and technology behind the water uses and 
water quality impacts associated with energy production. 

Argonne National Laboratory 
Brookhaven National Laboratory 
Oak Ridge National Laboratory 
Pacific Northwest National Laboratory 

Policy and International Advise the Secretary of Energy on Policy and International Affairs.   

 Exploring the issue of water consumption for energy extraction and 
generation and defining the water limitations to provision of low-carbon 
energy to mitigate climate change. 

No laboratories report directly to this 
office, although several laboratories 
provide research support 

The USDOE national laboratories and technology centers 
were created for the purpose of advancing science and 
helping promote the economic and defensive national 
interests of the US.  These facilities are federally funded 
research and development centers (FFRDCs) that are 
administered, managed, operated, and staffed by private 
corporations, non-profit organizations, and universities 
under contract to USDOE. The USDOE is the third largest 
funder of science research in the US, after the US 
Department of Health and Human Services and US 
Department of Defense.  These facilities, along with their 
more than 30,000 scientists and engineers, are overseen by 
and report to specific USDOE Program offices, although any 
USDOE Program office can contract the facilities to perform 
research, as can entities outside the USDOE.   

Within USDOE, several different program offices have programs and 
initiatives related to water.  Each office has a unique mission and 
outlook related to US energy concerns, which is reflected in the 
water-related issues addressed by the various USDOE program 
offices.  
 
The USDOE program offices work with various national laboratories 
and technology centers for support in their missions, including water-
related issues.   
 
The table below provides a few examples of how the water-energy 
nexus is being addressed through various USDOE offices, with support 
from the national laboratories and technology centers. 

Water+Energy Research and Initiatives at  
USDOE and the National Laboratories 

Water+Energy Research and Initiatives at  
USDOE and the National Laboratories and Technology Centers 
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The 2005-2006 USDOE/National Laboratories 
Energy-Water Roadmapping Workshops 

The Symposium was the latest of several USDOE-
supported initiatives, including a report to Congress 
ŀƴŘ ǎŜǊƛŜǎ ƻŦ άǊƻŀŘƳŀǇǇƛƴƎέ workshops held with 
water-energy stakeholders to assess research needs  
(see www.sandia.gov/energy-water/).    
 

 
 

 
NEEDS IDENTIFIED IN  

2005-2006 ROADMAPPING MEETINGS 

Better resources planning and management 

 Integrated regional energy and water 
resource planning and decision support 
tools 

 Infrastructure and regulatory and policy 
changes for improved energy/water 
efficiency 

 Improved water supply and demand 
characterization, monitoring, and 
modeling  

 
Improved water and energy use efficiency  

 Improved water efficiency in 
thermoelectric power generation 

 Improved biofuels/biomass water use 
efficiency 

 Reduced water intensity for emerging 
energy resources 

 
Development of alternative water resources 
and supplies 

 Oil and gas produced water treatment 
for reuse 

 Energy efficiency and assessment of 
ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǳǎŜ ƻŦ άƛƳǇŀƛǊŜŘέ ǿŀǘŜǊ 
(produced, brackish, and wastewater) 

 

In 2005 and 2006, USDOE and several national laboratories held a series of 
needs assessment ŀƴŘ άǊƻŀŘƳŀǇǇƛƴƎέ workshops to assess gaps between 
existing national programs and emerging issues and to identify research 
innovations, needs, and priorities. Through the 2005-2006 workshops, input 
was received from 350 participants from over 40 states and tribal nations. 
Participants included water managers, energy managers, industrial users, 
regulators, public interest groups, and policymakers. A summary is available 
online at http://www.sandia.gov/energy-water/ . 
 
Concern about the availability of water for future competing demands is 
growing. In some regions, power plants have had to limit generation because 
of insufficient water supplies, and citizens and public officials concerned about 
the availability of water have opposed new power generation and fuel 
processing facilities. Most state water managers expect shortages of water 
over the next decade. Water supply availability is already affecting existing and 
proposed power plants and nonconventional transportation fuel production in 
various locations.  Key findings from the workshops included the following: 

 

 Energy is the largest non-agricultural water consumer, and current 
directions in energy development and production will significantly increase 
water consumption for energy. 

 

 Availability of freshwater resources is limited without new storage 
capacity, so water reclamation and reuse are becoming major sources of 
future supplies. 

 

 If growth in water reuse continues, overall national water availability could 
be sufficient to support water demand growth, though regional shortages 
are likely to occur. 

 

 Energy sector processes for cooling, scrubbing, refining, etc. will need to 
become compatible and cost-effective for use with reclaimed/ 
nontraditional waters. 

 

 There will be significant pressure to develop new water supplies to keep 
pace with increasing water demands associated with increasing 
populations, as well as new uses of water and changes in water availability 
and demands associated with climate change. 

 

 Siting priorities for energy facilities may change to use large reclaimed 
water sources in urban areas. 

 

 Energy planning will become increasingly dependent on interactions 
between regional water, wastewater, and agricultural water managers and 
planners. Regional energy and water concerns will continue to emerge.  

 

National laboratory and DOE personnel played a significant role in planning for 
and presenting at the 2009 GWPC Water+Energy Sustainability Symposium, as 
well as related subsequent journal articles and presentations such as: 

 October 2009 International Water Association Water and Energy 
Conference: http://www.iwawaterandenergy2009.org/ 

 December 2009 Journal on Contemporary Water Resources Education, 
Issue #143 on the Energy-Water Nexus: http://www.ucowr.siu.edu/ 

 July 2010 Universities Council on Water Resources/National Institutes of 
Water Resources Annual Forum Water and Energy Track Sessions: 
http://www.ucowr.siu.edu/ 

http://www.sandia.gov/energy-water/
http://www.iwawaterandenergy2009.org/
http://www.ucowr.siu.edu/
http://www.ucowr.siu.edu/
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The 2009 Water-Energy Sustainability Symposium was 
hosted by the Ground Water Protection Council with 
funding from the US Department of Energy through the 
National Energy Technology Laboratory (NETL).  The 
Symposium featured representation from twenty-six (26) 
ǿŀǘŜǊΣ ǇƻǿŜǊΣ ŀƴŘ ŜƴŜǊƎȅ άǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇŀǊǘƴŜǊέ 
associations. Symposium planning, coordination, and 
summary report preparation services were provided by 
Watercat Consulting LLC under contract with GWPC,  
with funding from USDOE through NETL. 

The 2009 GWPC/USDOE Water-Energy Sustainability Symposium provided 
an opportunity to update and expand the dialogue on water and energy 
beyond the initial findings of the 2005-2006 USDOE Roadmapping meetings, 
adding updated findings from more than 80 presentations and abstracts.  
Copies of the abstracts and PowerPoint presentations from the 2009 Water-
Energy Sustainability Symposium (referenced in this document) can be 
found at www.waterenergy2010.com.  Unless otherwise noted, data and 
ƛƳŀƎŜǎ ǇǊƻǾƛŘŜŘ ƛƴ άtŀǊǘ LLΥ CƛƴŘƛƴƎǎέ ƻŦ ǘƘƛǎ {ǳƳƳŀǊȅ 5ƻŎǳƳŜƴǘ ŀǊŜ ŦǊƻƳ 
presentations at the 2009 Water-Energy Sustainability Symposium. 

In addition to the presentations, more than one-third of the Symposium 
participants provided responses to a questionnaire on emerging issues in 
ŜƴŜǊƎȅ ǿŀǘŜǊ ǳǎŜ ŀƴŘ ǉǳŀƭƛǘȅ όάǿŀǘŜǊ-for-ŜƴŜǊƎȅέύΣ ǿŀǘŜǊ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻƴ 
ŜƴŜǊƎȅ όάŜƴŜǊgy-for-ǿŀǘŜǊέύΣ ƛƴǘŜƎǊŀǘŜŘ ǿŀǘŜǊ-energy planning, and what 
roles different organizations and levels of government can play in 
addressing these issues.  

The following pages contain findings and feedback provided at the 
{ȅƳǇƻǎƛǳƳΣ ŎƻǾŜǊƛƴƎ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜ άƴŜȄǳǎ Ǉƻƛƴǘǎέ ǿƛǘƘƛƴ ǘƘŜ ǿŀǘŜǊ-energy 
nexus.  The perspectives, findings, and research needs identified in this 
Symposium Summary Reporǘ Řƻ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ŀ άŎƻƴǎŜƴǎǳǎέ of the 
Symposium participants, nor do they represent the views of the GWPC or 
USDOE.  Drawing upon the individual findings and feedback of the 
participants, however, this summary report provides an important 
contribution to the ongoing water-energy dialogue, and highlights the need 
for continued discussion and integrated planning for water and energy.  

 

2009 Water-Energy Sustainability Symposium: 
Sponsors and Partners 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2009 WATER ENERGY SUSTAINABILITY PARTNERS 

 

 

US Department of Interior water-energy programs include the 

New Energy Frontier, WaterSMART, and Climate Change 

Adaptation programs, implemented through DOI bureaus 

including USBR, BLM, USGS, and USFWS. 

http://www.waterenergy2010.com/
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 Production of domestic energy sources and reduced dependence upon 

foreign energy sources are critical steps for US national security and 
economic prosperity.  Domestic water supplies are needed to support new 
domestic energy development, while water quality is preserved. 

 For both traditional and emerging energy industries, there are water 
supply, water quality impact, and wastewater discharge issues throughout 
ŜŀŎƘ ƛƴŘǳǎǘǊȅΩǎ άǾŀƭǳŜ ŎƘŀƛƴΦέ  ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǿŀǘŜǊ ƛǎǎǳŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
energy requires an understanding of water uses and water quality impacts 
for each specific energy industry.  For example, within the petroleum 
industry, the amounts of water used and water quality impacts vary from 
exploration and production through transport (such as oil tankers and 
trucks), gas processing and oil refining, power generation, retail for 
gasoline (gas stations), and end uses of petroleum within vehicles and in 
other products.   

 Geography plays an important role in fuel and power source water 
efficiency.  When comparing different energy sources, water costs 
associated with importing and transporting fuels need to be considered, as 
well as the impacts on domestic navigation channels and ports from 
increased energy-related transport. 

 The financial sector is an important player in the water-energy dialogues.  
The costs for electricity and carbon emissions reduction needs to be 
considered in water and energy infrastructure discussions.  

 Water use for power plant construction and manufacturing values are not 
well documented and are not often calculated in Lifecycle Cost 
Assessments, which should estimate water consumption for the life cycle 
of a power plant, including water needed for transportation and 
distribution.  

 Planning and risk management for energy, power, and water shortages 
need to consider the combined influences of population growth, land use 
changes, technological advances, and climate variability.  

 For sustainable planning and management of water and energy resources, 
άōƻǘǘƻƳ ǳǇέ ŀǇǇǊƻŀŎƘŜǎ ŀƴŘ ƭƻŎŀƭ ƛƴǾƻƭǾŜƳŜƴǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ōǳǘ ƴƻǘ 
sufficient.  Scoping level analyses are needed nationally, while more 
detailed management area water budget, energy and power demands, 
dynamic watershed modeling can be used at the regional and local level.  
National funds, federally funded demonstration projects, and national 
ǊŜǎŜŀǊŎƘ ŀƴŘ Řŀǘŀ ǎǳǇǇƻǊǘ ŦǊƻƳ ǘƘŜ άǘƻǇ Řƻǿƴέ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƭŜǾŜǊŀƎŜ 
regional and local knowledge and capabilities.  

 As of 2006, 85% of the US energy supplies come from fossil energy (oil, 
gas, and coal).  Between 2006 and 2030, the Energy Information 
Administration (EIA) projects that production of energy from nuclear and 
renewable sources (wind, solar, bioenergy) will increase from 6% to 13%.  
However, the total energy demand is also increasing due to population 
growth and other factors (projected increase of 11% from 2006 to 2030).  
As a result, the EIA projects that more than three-quarters of US energy 
demands in 2030 still will need to be met using fossil energy sources, 
despite increases in nuclear and renewable energy production.  

 The US has abundant natural gas supplies, which have fewer greenhouse 
gas emissions than coal (50%) and gasoline (30%).  Natural gas is 
increasingly being used for power plants, for in-home use, for 
manufacturing and industrial processes, and for transportation fuel. 

Energy Perspectives on Water: 
National Energy Concerns and Traditional Energy Sources 

Like other energy industries, petroleum has water demands 
and water quality impacts, which occur at different points 
ƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ άǾŀƭǳŜ ŎƘŀƛƴέ ŦǊƻƳ ǇǊƻŘǳŎǘƛƻƴ ǘƻ 
transportation to end use. 

 

When considering water supply needs for energy and 
power, and comparing those needs with other water uses, 
it is important to understand the distinction between water 
ǿƛǘƘŘǊŀǿŀƭ όƘƻǿ ƳǳŎƘ ǿŀǘŜǊ ƛǎ ǘŀƪŜƴ ƻǳǘ ƻŦ ǘƘŜ άǎƻǳǊŎŜΣέ 
e.g. a river or aquifer) and water consumption (how much 
ǿŀǘŜǊ ƛǎ ŎƻƴǎǳƳŜŘ ƻǊ άƭƻǎǘΣέ ŜΦƎΦ ǘƻ ŜǾŀǇƻǊŀǘƛƻƴΣ 
transpiration, or human consumption, before being 
returned to the source). For example, water withdrawals 
are high for thermoelectric power, but most of that water is 
ǊŜǘǳǊƴŜŘ ǘƻ ǊƛǾŜǊǎ ǿƛǘƘƻǳǘ ƭƻǎǎŜǎ ƻǊ άŎƻƴǎǳƳǇǘƛƻƴΦέ 

The U.S. is the world's second largest producer of natural 
gas and the third largest producer of oil. Nearly every 
region of the country has oil and natural gas potential. 

Even with a shift towards greater use of renewable and 
nuclear energy, the total increase in energy demand will 
keep fossil energy requirements high, and fossil energy are 
expected to remain a large part of the US energy portfolio 
for the foreseeable future.   
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 Power plant development is being impacted by limited water supplies. In 
some regions, power plants have had to limit generation because of 
insufficient water supplies, and citizens and public officials concerned 
about the availability of water have opposed new power generation and 
fuel processing facilities. 

 Electric power demands are increasing due to population growth and 
increased energy demands from use of computers and other electronic 
devices and web-based services (e.g. Google search engines).  Climate 
change is resulting increased occurrence of temperature extremes, 
resulting in increasing demands for electricity for cooling and heating 
systems, as well as increased fuel for heating. 

 Cooling is required for all thermoelectric power including Fossil Fuel Plants  
(coal, natural gas, petroleum); Nuclear Power Plants; Geothermal Power 
Plants; Solar Thermal Electric; Biomass Thermal Electric; and Waste 
Incineration Plants.  The amount of cooling water required varies widely 
by technology: άhƴŎŜ-ǘƘǊƻǳƎƘέ ŎƻƻƭƛƴƎ technologies divert more water 
from streams, but return most of the water, although the discharge 
temperature is higher.  Closed-loop cooling withdraws less water but loses 
όƻǊ άŎƻƴǎǳƳŜǎέύ ƳƻǊŜ ƻŦ ǘƘŀǘ ǿŀǘŜǊ ǘƘǊƻǳƎƘ ŜǾŀǇƻǊŀǘƛƻƴΦ  Dry cooling is 
less energy efficient, so has a larger carbon footprint.  Hybrid cooling 
withdraws less water but loses more to evaporation, requiring more 
άƳŀƪŜ-ǳǇέ ǿŀǘŜǊΣ ŀƴŘ ŀƭǎƻ ƛǎ ƭŜǎǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ƭŀǊƎŜǊ 
carbon footprint.  US thermoelectric power plants use mostly once-
through cooling (43%) and closed-loop cooling (42%).  Different plant 
designs within a given technology should be assessed so that water use 
needs can be better understood.  Regulatory mandates for closed-cycle vs. 
open cycle cooling need to be reviewed on a site-by-site basis. 

 74% of US emission-free electricity is produced by nuclear power, which 
has high demands for cooling water. The water demands are increasingly 
being met using impaired quality water (e.g. reclaimed water and 
seawater).  During recent droughts in the Southeast, low flows in rivers 
ŀƴŘ ƭƻǿ ƭŀƪŜ ƭŜǾŜƭǎ ƛƳǇŀŎǘŜŘ нп ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ млп ƴǳŎƭŜar reactors which 
are dependent upon those water bodies for cooling water and other 
operational water demands. 

 фп҈ ƻŦ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŦǳŜƭǎ ŎƻƳŜǎ ŦǊƻƳ ǇŜǘǊƻƭŜǳƳΦ  ¢ƘŜǊŜ ƛǎ ŀ άǿŀǘŜǊ 
ŦƻƻǘǇǊƛƴǘέ ŦǊƻƳ ŜƭŜŎǘǊƛŎ ŎŀǊǎ ŦǊƻƳ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΣ ǿƘƛŎƘ often 
comes from coal-fired power plants.  

 

All thermoelectric power plants require cooling.  The 
quantity of water required for cooling varies among 
technologies. Increased use of closed-loop wet cooling 
Ƙŀǎ ōŜŜƴ ŘǊƛǾŜƴ ōȅ ǇƻƭƛŎȅΣ ōǳǘ ƛǎƴΩǘ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ all 
regions of the US.  
 

 

To offset carbon emissions from thermoelectric power 
plant production, there are several methods available for 
carbon capture and sequestration, including geologic 
sequestration, in which carbon is injected undeground.  
New rules are being developed by EPA, industry, and 
state agencies to protect ground water aquifers from 
contamination during injection and storage of carbon 
through geologic sequestration. 

The water to produce transportation 
fuels ranges widely in terms of fuel 
per mile driven.  Traditional fuels use 
the least ǿŀǘŜǊΦ  ά¦ƴŎƻƴǾŜƴǘƛƻƴŀƭέ 
fossil fuels (e.g. from oil sands, oil 
shale) use 2-4 times as much water 
as traditional fuels.  Biofuels from 
irrigated crops (e.g. corn and 
soybeans) use the most water per 
mile driven, although there are less 
water-intensive biofuels crops, 
including non-ŦƻƻŘ άŎŜƭƭǳƭƻǎƛŎέ Ǉƭŀƴǘǎ 
and woody debris. Natural gas uses 
relatively little water per mile driven. 

Energy Perspectives on Water:  
Power, Carbon Sequestration, and Transportation 

From Mantell, 2009,  
adapted from King and Webber, 2008 
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Emerging fossil fuel production technologies have 
water use and water quality challenges that are being 
addressed through development of new water 
efficiency and water treatment methods. Examples of 
ǿŀǘŜǊ ǳǎŜ ƛǎǎǳŜǎ ƛƴŎƭǳŘŜ ǎǘŜŀƳ ƛƴƧŜŎƛǘƻƴ ŀƴŘ άŦǊŜŜȊŜ 
ǿŀƭƭǎέ ŦƻǊ ƛƴ-situ oil shale production in western states 
and hydraulic fracturing for shale gas production in 
eastern states. 

 
When energy resources are extracted from 
underground, there may be water extracted along with 
ǘƘŜ ƻƛƭ ŀƴŘ ƎŀǎΦ  ¢Ƙƛǎ άǇǊƻŘǳŎŜŘ ǿŀǘŜǊέ ƛǎ ƻŦǘŜƴ ǎŜŜƴ ŀǎ 
a waste disposal issue, as produced water is often 
contaminated with petroleum product and highly 
saline, and 20-30% of the energy from oil and gas and 
CBM is consumed through reinjection into the aquifer. 
Some produced water, however, is of higher quality 
and is more suitable for reuse with treatment.  In 
Wellington, CO, produced water from coalbed methane 
(CBM) is being treated for use for grazing cows.  
Depending on treatment methods, 5-8% of the energy 
produced is required for treatment for reuse; however, 
in water-short regions, there is high value for water 
reuse.  Western water rights issues associated with 
produced water reuse are complex. 

 
Coal and other carbon-bŀǎŜŘ άŦŜŜŘǎǘƻŎƪǎέ 
(e.g.petroleum coke, biomass, animal wastes) can be 
ƎŀǎƛŦƛŜŘ ǘƻ ǇǊƻŘǳŎŜ ǎȅƴǘƘŜǎƛǎ Ǝŀǎ ƻǊ άǎȅƴƎŀǎΣέ ǿƘƛŎƘ 
can be used as fuel to generate electricity or steam 
with lower carbon emissions than burning coal directly.  
Pollutants can be economically controlled and water 
consumption is reduced. CO2 can be easily captured for 
sale or sequestration. Byproducts from syngas 
production include petrochemical materials used for 
many everyday products and transportation fuels from 
hydrogen. 

 To meet increasing energy demands and provide greater energy security 
through domestic energy production, there have been increasing demands for 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ άǳƴŎƻƴǾŜƴǘƛƻƴŀƭέ Ŧƻǎǎƛƭ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƻƛƭ ǎŀƴŘǎΣ ƻƛƭ 
shale, and shale gas.  New technologies have made unconventional fossil 
energy more cost-effective, especially as wellfields for conventional oil and gas 
supplies become depleted.  Unconventional sources now produce 46% of 
domestic natural gas. 

 While conventional oil or gas can be pumped directly and then refined for use, 
unconventional oil and gas is often found in low porosity geologic formations 
such as tight sands or shales.  Instead of pumping, extractive methods (mining 
ƻǊ άǊŜǘƻǊǘέύ may need to be used in which the sands or shale is removed from 
the ground and then processed to separate out the petroleum product.  Water 
ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƻ ƳƻǾŜ ƳŀǘŜǊƛŀƭǎ ǳǎƛƴƎ άǎƭǳǊǊƛŜǎΦέ  In 
situ όάƛƴ ǇƭŀŎŜέύ ƳŜǘƘƻŘǎ Ƴŀȅ ŀƭǎƻ used to separate the petroleum product 
from the sand or shale underground, and then bring the petroleum to the 
surface while leaving the sand or shale in place.  In situ methods have less 
impact on land surface and habitat and result in less water use for slurries and 
tailings ponds, but these methods can be very water-intensive, as water is used 
ŦƻǊ ƛƴƧŜŎǘƛƻƴ ƻŦ ƘŜŀǘŜŘ ǿŀǘŜǊ ƻǊ ǎǘŜŀƳ ŀƴŘ ǊŜƭŀǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǎǳŎƘ ŀǎ άŦǊŜŜȊŜ 
ǿŀƭƭǎέ ǘƻ ŎǊŜŀǘŜ ŀƴ ƛŎŜ ōŀǊǊƛŜǊ ŀǊƻǳƴŘ ǘƘŜ ƘŜŀǘŜŘ ŀǊŜŀ ŀƴŘ ǇǊŜǾŜƴǘ 
contamination of the surrounding aquifer.  Oil shale must be heated to from 
600-900o F for separation and recovery.   Improved efficiency is being sought for 
in situ methods, which may require additional water and energy resources. 

 There are many opportunities for water reuse and use of impaired quality 
water (e.g. brackish water or treated effluent) within both unconventional and 
conventional fossil fuel production sites.  Some municipal and agricultural 
water users have developed arrangements with oil and gas producers and 
refineries to provide supplies of treated effluent.  However, reclaimed water 
contains higher concentrations of salts, as does brackish water; salts cause 
scaling on system pipes and otherwise impact operations.  In order for lower 
quality effluent water to be reused, it may be necessary to reduce salinity by 
adding ŦǊŜǎƘ ǿŀǘŜǊ όάƳŀƪŜ-ǳǇέύ.  Reclaimed water treatment methods, such as 
reverse osmosis, are energy intensive and require brine disposal. 

 Extensive shale gas deposits, including the Marcellus and Barnett Shales, are 
being developed in eastern states, where water uses may be governed by multi-
state river basin commissions, rather than being administered by a state άǿŀǘŜǊ 
rightsέ agency under the prior appropriation water law doctrine, as occurs in 
western states.  Eastern shale gas production often involves developments on 
small properties owned by individual private landowners, rather than 
developments on large public lands, as in the western states.  Agency 
assessment and management of regional, cumulative impacts from energy 
developments can be more challenging when working with several small, 
private landowners than when dealing with large, public lands. 

 Hydraulic fracturing (sometimes referred to as άƘȅŘǊƻŦǊŀŎƛƴƎέύ ƛǎ ŀ ŦƻǊƳ ƻŦ 
enhanced recovery in which fluids are used to break up shale deposits 
containing oil and gas.  Hydraulic fracturing fluids are made mostly of water and 
sand, along with chemical additives (less than 1%) which increase the 
effectiveness of oil and gas recovery.  State and federal ground water 
protection regulations and industry practices are developed to ensure that the 
fluids injected into underground shale deposits for hydraulic fracturing are not 
impacting drinking water aquifers. 

Energy Perspectives on Water: 
Unconventional Fossil Fuels and Produced Water Reuse 
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Groundsource heat pumps (GHPs) provide building-scale 
renewable geothermal heating and cooling systems that 
ǳǎŜ ŀ άŘƛǊŜŎǘ ŜȄŎƘŀƴƎŜέ όŘȄύ ƻŦ ƘŜŀǘ ǿƛǘƘ ǘƘŜ ŜŀǊǘƘ ōȅ 
circulating refrigerant through buried copper piping.  
Refrigerent stays in the pipes and are regulated to 
ensure no contamination of the surrounding ground 
water.  Power for heating and cooling are generated on-
site, reducing water and energy demands to bring power 
to the building.  GHPs provide energy at point-of-use, on-
demand, and uses energy that is not depleted and can 
be affordable in all 50 stastes.  DOE finds GHPs use 25-
50% less electricity than conventional heating or cooling, 
and USEPA finds that GHPs reduce energy consumptiong 
(and associated carbon emissions) 44-72% over other 
heating and cooling systems. 
 
 

 
 
Water demands for geothermal production are often 
ōŀǎŜŘ ƻƴ Řŀǘŀ ŦǊƻƳ ά¢ƘŜ DŜȅǎŜǊǎέ ƛƴ /ŀƭƛŦƻǊƴƛŀΣ ŀƴ 
unusual system generating geothermal energy from high 
temperature, steam-saturated rock.  Geothermal 
systems from water-saturated rock produce more water 
than can be reused and reinjected.  Dry rock reservoirs 
may require enhanced geothermal systems in which 
water and chemicals are injected to bring heat to the 
surface.  Other geothermal reservoirs may also require 
enhanced geothermal technologies. 

 

 
 
Interruptible energy supplies such as solar and wind can 
be operated jointly with hydropower or natural gas to 
meet both peak load and base load power demands. 

 Several sources of renewable energy are available to meet demands for 
electric power or fuel without relying on extractive, non-renewable energy 
sources (e.g. fossil fuels and uranium) or import of foreign petroleum supplies, 
thus increasing US energy security.  Renewable energy sources can be used to 
produce power with lower carbon emissions and fewer impacts on air quality 
than burning fossil fuels.   

 There are water use requirements and water quality impacts associated with 
renewable energy sources for construction materials, operations and 
maintenance (e.g. cleaning), and for cooling water, especially if renewable 
energy sources are used for thermoelectric power generation (e.g. 
concentrated solar thermal power). However, there are also opportunities to 
reduce total water use for electricity in the US through increased deployment 
of renewable energy sources for electric power production. 

 Wind power is among the least water-consuming sources of power.  However, 
ǿƛƴŘ ƛǎ ŀƴ άƛƴǘŜǊǊǳǇǘƛōƭŜέ ǇƻǿŜǊ ǎǳǇǇƭȅΣ and is not always available when 
needed or in large quantities to meet spikes in demand.  Consequently, wind 
and other interruptible power supplies (such as solar) and must be combined 
with other power sources (e.g. natural gas or hydropower) in order to meet 
both άbaseloadέ and άpeakƭƻŀŘέ electricity demands and prevent transmission 
overloads ƻǊ άōǊƻǿƴƻǳǘǎΦέ   

 Pumped hydro storage is a method of pumping water to off-stream storage at 
times when energy demands and costs are low, and releasing water to 
generate hydropower when demands are high. Pumped hydro storage 
provides a means of storing energy that can be used to meet peak power 
demands and combined with interruptible power supplies.  

 Solar photovoltaic (PV) systems have little water demand for operations, other 
than for cleaning, although there are water costs associated with  the 
manufacturing of solar panels.   

 Concentrated Solar Power (CSP) involves larger-scale generation of solar 
ǇƻǿŜǊ ǘƘǊƻǳƎƘ ǳǎŜ ƻŦ ŦƛŜƭŘǎ ƻŦ ǎƻƭŀǊ άǘǊƻǳƎƘǎέ ƻǊ ǇŀƴŜƭǎ ǿƘƛŎƘ ŘƛǊŜŎǘ ǎǳƴƭƛƎƘǘ 
towards ŀ ŎŜƴǘǊŀƭ άǇƻǿŜǊ ǘƻǿŜǊέ ǘƻ ƎŜƴŜǊŀǘŜ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ǇǊƻŘǳŎƛƴƎ 
steam to drive turbines, which generate electricity.  The electricity produced 
can be readily integrated with existing electric grids.  As with other 
thermoelectric power generation, there can be significant water requirements 
for cooling, which vary depending upon the cooling technology (e.g. wet, dry, 
hybrid) and system heat efficiency.  Current cooling water demands for a wet-
cooled system are higher per megawatt hour for CSP than for natural gas or 
coal-fired power generation, but water demands for a dry-cooled system are 
far below the water requirements for conventional technologies.  

 Small distributed energy sources such as wind, solar, and hydropower can 
generate excess power that could be provided to the electric grid where 
transmission and financial arrangements between generators and electric 
utilities can be created.  Power utility commissions can facilitate permitting 
and pricing policies to encourage buy-back of excess distributed renewable 
energy generation.  Permitting and connection to an electric grid are 
ŎƻƴǎǘǊŀƛƴǘǎ ōŜƛƴƎ ŀŘŘǊŜǎǎŜŘ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ άƳƛŎǊƻƘȅŘǊƻǇƻǿŜǊέ ƛƴcluding 
low-head dams and small-scale hydrokinetics on irrigation systems or springs. 

 Geothermal systems can have significant water requirements. However, it is 
possible to reuse the geothermal fluids for cooling to minimize freshwater use.  

bh¢9Υ ŦƻǊ ŦǳǊǘƘŜǊ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ǿŀǘŜǊ ƛǎǎǳŜǎΣ ǎŜŜ ά²ŀǘŜǊ tŜǊǎǇŜŎǘƛǾŜǎ 
on Energy: Water, Energy, and AgriŎǳƭǘǳǊŜέ όǇŀƎŜ моύΦ 

Energy Perspectives on Water: Renewable Energy 
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Water Perspectives on Energy: Water and Wastewater Utilities 

 

 

Like water utilities, wastewater utilities also have 
high energy demands but often can generate 
energy onsite through biogas production.  For 
example, the East Bay Municipal Utility District, 
California adds food scraps to anaerobic digesters 
to produce 6 Megawatts each year 

 Electricity demands are significant for water utilities.  Water utilities require 
power to withdraw, pump, treat and deliver water supplies, and collect, treat 
and clean wastewater.  Many water utilities also provide water supplies to 
energy and power industries, along with meeting domestic, commercial, 
municipal and industrial water demands. 

 The breakdown of electricity costs for pumping, distributing, or treating water 
varies widely and is dependent upon the location and quality of the source 
water; the areal extent and topography of the service area; and other factors, as 
determined in a recent study by the American Water Works Association (2009).  
Electricity costs at 10 major water utilities were found to range from 12-28% of 
total operation & maintenance (O&M) costs.  Electricity costs are often second 
only to human resources in expenses for water utilities.  New drinking water 
treatment requirements and increased populations are expected to further 
increase the demand (and costs) for energy for drinking water supplies. 

 ¢ƘŜ /ŀƭƛŦƻǊƴƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴ ό/9/ύ ŦƻǳƴŘ ǘƘŀǘ мф҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
ŀƴŘ он҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƴŀǘǳǊŀƭ Ǝŀǎ ƛǎ ǳǎŜŘ ŦƻǊ ǿŀǘŜǊ ǎǳǇǇƭȅΣ ǘŀƪƛƴƎ ƛƴǘƻ 
ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ ŜƴǘƛǊŜ άǿŀǘŜǊ ǎǳǇǇƭȅ ŎȅŎƭŜέ ƛƴŎƭǳŘƛƴƎ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ǘǊŀƴǎŦŜǊǎΣ 
raw water treatment, distribution and pumping, end uses, wastewater 
collection and treatment, and disposal.  Water utilities have an energy and 
carbon emissions footprint.  Water conservation by end users (e.g. in homes 
and businesses) is also recognized as a critical component for energy cost and 
greenhouse gas emission reductions, since less water needs to be developed, 
treated, and delivered to end users if less water is being used. CEC has 
developed several technical assistance and funding programs for water and 
wastewater utilities to audit their energy uses and implement energy savings to 
reduce costs and greenhouse gas emissions, providing a model for how 
technical assistance programs at energy agencies can support water utilities.   

 While treatment methods such as desalination may have high energy intensity, 
the total energy demand and costs for other alternative water supply sources 
may be even higher, particularly when energy is required for long-distance 
water transfers (e.g. the California State Water Project, which delivers water 
from the Bay-Delta region to southern California).  Development of new 
alterative water supply sources should be considered on a case-by-case, system 
wide, and lifecycle cost basis, taking into account the total system energy and 
sustainability considerations.  

 On-site power generation is increasing at water utilities.  Many water and 
wastewater utilities are developing wind, solar, and methane-to-energy systems 
on-site in order to control energy costs, ensure continued availability of 
ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ŎŀǎŜ ƻŦ άōǊƻǿƴƻǳǘǎΣέ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘΣ ŀƴŘ ǊŜŦƭŜŎǘ ǘƘŜ 
άŜƴǾƛǊƻƴƳŜƴǘŀƭ ŜǘƘƛŎέ ƻŦ ǘƘŜǎŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎΦ 

 Wastewater utilities also have high energy demands, but they also have 
opportunities to produce energy on-site, potentially becoming net energy 
generators.  There is significant potential for energy production from 
wastewater.  The average American creates 100 gallons of wastewater per day, 
treated by one of the 16,000 wastewater treatment plants (WWTPs) in the US 
(as reported by the National Association of Clean Water Agencies).  Anaerobic 
digestion is used at 3,500 WWTPs and 57% of water utilities recover biogas for 
onsite energy uses (primarily digester heating, electric power generation, and 
building heating/cooling). 

 

IƻƻǾŜǊ 5ŀƳΩǎ ¢ǳǊōƛƴŜ DŜƴŜǊŀǘƻǊ wƻƻƳ όƭŜŦǘύ ŀƴŘ 
Solar Covered Carports at Southern Nevada Water 
!ǳǘƘƻǊƛǘȅΩǎ !ƭŦǊŜŘ aŜǊǊƛǘǘ {ƳƛǘƘ ²ŀǘŜǊ ¢ǊŜŀǘƳŜƴǘ 
Facility (right) 

 

 

While treatment costs can be high, pumping and 
transmission costs can be higher if water is 
transported long distances.   
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In the Chino Basin of California, animal waste from 
dairies had caused groundwater contamination.  A 
partnership was formed between Inland Empire 
Utility Agency (IEUA) and dairies to clean up the 
groundwater  Dairy wastes were collected and run 
through anaerobic digesters to create energy which, 
in turn, has been used by IEUA to run reverse osmosis 
water treatment facilities to clean the contaminated 
water for groundwater recharge.  IEUA has also 
successfully determined verified emission reductions 
(VERs) for greenhouse gases (GHGs) and renewable 
energy certificates (RECs) 

 
Water requirements vary greatly based on feedstock 
types, witƘ ƻǘƘŜǊ άŎŜƭƭǳƭƻǎƛŎέ ŦŜŜŘǎǘƻŎƪǎ ƘŀǾƛƴƎ ƳǳŎƘ 
lower water demands, including switchgrass, forest 
wood residue, short-rotation woody crops, and 
agricultural residue such as corn stover, corn cob, rice 
hulls, wheat straw, and cotton gin. 

 
Low-head hydraulic control structures and 
hydrokinetic applications in irrigation structures can 
be a critical source of energy and income for 
agricultural water users.   

 

 

 ¢ƘŜ ά²ŀǘŜǊ-Energy-!ƎǊƛŎǳƭǘǳǊŜ ŎƻƴƴŜŎǘƛƻƴέ ƛǎ ƴƻǘ Ƨǳǎǘ ŀōƻǳǘ bioethanol.  
Agricultural lands and irrigation infrastructure provide many opportunities 
to produce sustainable energy, and support more vibrant and diversified 
rural economies that can be supported by both energy and agricultural 
revenue streams.  Potential sources of energy from agricultural areas 
ƛƴŎƭǳŘŜ άƳƛŎǊƻƘȅŘǊƻǇƻǿŜǊέ όάƭƻǿ-ƘŜŀŘέ ƘȅŘǊƻǇƻǿŜǊ ŀƴŘ ƘȅŘǊƻŘȅƴŀƳƛŎ 
systems in irrigation canals), including facilities that have been developed by 
the U.S. Bureau of Reclamation; capture of methane from algae and farm 
animal wastes; wind and solar on agricultural lands; carbon credit offset 
markets; and bioenergy production from irrigated or non-irrigated crops. 

 The 2007 Energy Independence and Security Act (EISA) set US renewable 
fuel goals of 21 billion gallons of advanced biofuels per year by 2022. 

 Energy requirements to supply water to rural communities are also an 
important consideration, and greater resources are needed to support rural 
community water conservation and system efficiencies.  Falling 
groundwater levels create greater electricity demands and increased 
pumping costs, impacting irrigation, municipal, and commercial water users 
in many agricultural areas dependent upon groundwater.   Small water 
supply systems spend $300-500 million annually on electric power, and 
have significant savings potential from electric use audits.  

 Biofuels production is a significant water consumer; by 2030, DOE has 
projected that biofuels production will consume the largest share of water 
consumed in energy production, with a trend is toward increasing water 
consumption in the West and Midwest.  Most of the water consumed in 
biofuels production is for corn-based ethanol. 

 Adding low-head hydropower systems to canals can be an important 
ǎǳǇǇƭŜƳŜƴǘŀǊȅ ƛƴŎƻƳŜ ǎƻǳǊŎŜ ŦƻǊ ƛǊǊƛƎŀǘƛƻƴ ŘƛǎǘǊƛŎǘǎ όǎǳŎƘ ŀǎ /ƻƭƻǊŀŘƻΩǎ 
Uncompahgre Water Users Association), although legal and permitting 
issues (e.g. Federal Energy Resources Commission permits) can be complex.   
For western projects, the US Bureau of Reclamation can facilitate permitting 
and development of άmicrohydropower.έ 

  There are emerging voluntary markets for carbon capture through 
management of soil resources, grazing approaches, and other land use 
practices on agricultural land.  US agriculture accounts for only 7% of the US 
greenhouse gas inventory, yet is estimated to have the capacity to provide 
carbon offsets for 25% of any total US emissions reduction.  (see 
www.25x25.org  and www.savoryinstitute.com) 

 Wetland ecosystems provide savings in energy through improvement of 
water quality, reducing the need for manmade water treatment, and 
provide carbon sequestration benefits.  The energy-based values of 
wetlands need to be quantified and recognized.  

 Algal biomass shows considerable promise as a potential source of 
advanced biofuels.  Industrial scale, sustainable production of microalgae 
biomass for biofuels is limited by a number of critical resources including 
climate, availability of water, suitable land, and sources of CO2 and 
nutrients.  Pacific Northwest National Laboratory has completed a 
comprehensive, multi-scale assessment of microalgae production potential 
at the farm scale, and has aggregated that information to regional and 
national scales to identify microalgae biomass productivity estimates for 
open ponds with varying salinity in different climatic zones. 

Water Perspectives on Energy: Water, Energy, and Agriculture 

http://www.savoryinstitute.com/
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Green buildings capture and reuse more resources on site, 
ǊŜŘǳŎƛƴƎ ǘƘŜ άŜŎƻ-ŦƻƻǘǇǊƛƴǘέ ǿƘƛƭŜ requiring less water 
and energy to be brought to and from the building. 
(Lucey) 

 

 

 

Green building benefits are reduced if built in the wrong 
place.  Combining green building technologies at the 
community scale and good planning are needed to 
provide greater economic value ς the bottom line of green 
is black!.  (Farnsworth) 
 

 
 
! άƳƛŎǊƻ-ǳǊōŀƴ ǿŀǘŜǊǎƘŜŘέ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴ .ŀǘǘŜǊȅ 
Park City in New York City, where 293 units have been 
developed using an on-site 25000 GPD wastewater 
treatment facility and other water efficiencies for a 48% 
reduction in water use and 56% reduction in wastewater 
discharge (Moeller, Courtesy of Clerico) 
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Donôt Build a Smart House on a Dumb SiteDonôt Build a Smart House on a Dumb Site

 Green buildings and green communities save both energy and water.  
More sustainable water infrastructure not only saves water, but also 
saves energy to heat water, and reduces the demand for electricity.  
Green infrastructure includes rain gardens that trap storm water and 
sustain trees and plants, restoring beauty and improving air quality in 
cities, moderating energy flows, and providing potential food sources.  
On-site storm water management and rain gardens can reduce energy 
costs for collection and treatment of storm water.  

 There is a need to study the energy savings that are associated with 
decentralized water systems, and to develop new performance 
standards. An integrated systems approach to green communities 
ƛƴŎƭǳŘŜǎ ά/ǊŀŘƭŜ ǘƻ /ǊŀŘƭŜέ [ƛŦŜ /ȅŎƭŜ !ƴŀƭȅǎƛǎ !ǇǇǊƻŀŎƘ ŀƴŘ {ȅǎǘŜƳ 
Resiliency, using water balance operating models, regenerative designs, 
and green infrastructure for healthy watersheds. Low Impact Design (LID) 
and LEED approaches to green buildings and green communities need to 
consider the energy costs of water within the building, and associated 
greenhouse gas emissions, including energy required to: transport water 
from source to point of use; pressurize water distribution systems; treat 
ŘǊƛƴƪƛƴƎ όǇƻǘŀōƭŜύ ǿŀǘŜǊΤ άƛƴ ōǳƛƭŘƛƴƎέ ǿŀǘŜǊ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƭƛƴƎ ŀƴŘ 
embodied energy in materials (pumps, pipes, etc.); and collection of 
wastewater and storm water (site runoff).  The 2009 National Science 
Technology Council Implementation Plan for Net-Zero, High Performance 
Green Buildings emphasized the need for water reuse. 

 Energy in wastewater and biosolids is 10 times the energy needed for 
treatment.  Renewable energy from wastewater can potentially meet up 
to 12% of the national demand for electricity -- enough to power New 
York City, Houston, Dallas and Chicago. 

 Half of homes that will exist in 2030 have not yet been built.  Based upon 
current building trends and regulations, new homes are expected to use 
12-80% more water than previously built homes, with features such as 
άǎƘƻǿŜǊ ǎȅǎǘŜƳǎέ featuring multiple showerheads, hot water delivery 
systems that require more water, and unmanaged irrigation systems.  

 Energy use in the home also requires water.  A 60-Watt incandescent 
bulb burning 12 hours can consume up to 16 gallons of water per day (up 
to 6,000 gallons of water per year) because of the amount of water 
required to product the energy for that light bulb. With 111 million 
occupied homes in the US, light bulbs alone use 656 billion gallons of 
water per year. 

 Several organizations, laws, and regulatory programs are providing new 
standards for better in-building water efficiency, including US Green 
Building Coalition, International Association of Plumbers and Mechanical 
hŦŦƛŎƛŀƭǎΣ ŀƴŘ bŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ IƻƳŜ .ǳƛƭŘŜǊǎΦ  9t!Ωǎ ²ŀǘŜǊ{ŜƴǎŜ 
program was announced June 2006 as a voluntary program and 
άŎƻƳǇŀƴƛƻƴέ ǘƻ 9ƴŜǊƎȅ{ǘŀǊΣ ƭŀōŜƭƛƴƎ ǘƻƛƭŜǘǎΣ ŦŀǳŎŜǘǎΣ ǳǊƛƴŀƭǎΣ ƛǊǊƛƎŀǘƛƻƴ 
equipment that have been performance tested and found to be 20% 
more efficient than industry standards.   

 The energy savings associated with water savings often results in 
significantly reduced electric bills as well as lower water bills. 

 

Integrated Water+Energy Planning:  
Green Buildings and Green Communities 
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Integrated Water+Energy Planning: 
River Basin, Coastal, and Aquifer Management 

Improving systems analysis approaches and  
information-sharing techniques will result in better 
resource forecasting and management.  

 
River basin and aquifer management planning need to 
consider the water demands of regional development 
of different alternative fuels, such as nuclear and wind.  
 

 

The water demands for energy production have been 
considered in river basin planning efforts throughout the 
US, including the impacts of oil shale development in the 
Yampa, White and Green Rivers, within in the Upper 
Colorado River Basin (CO and UT) and shale gas 
development in the Marcellus Shale within the  
Delaware, Potomac, and Susquehanna River Basins  
(PA, OH, VA, WV). 

 

 In river basins and metropolitan regions, conventional water uses and 
energy development activities often compete for use of the same rivers 
and aquifers.  Integrated water resources planning and management 
should involve both water demands for energy resource development and 
power supplies and water demands for other water needs which are more 
traditionally considered for water resources planning, such as water 
supplies for municipal, agricultural, recreational, and environmental uses. 

 Colorado recently performed an analysis of the impacts on available water 
supplies in the Yampa and White River Basins, where there are extensive 
energy resource demands, of high, medium, and low water demands 
required for extraction and production of natural gas; coal; uranium; and 
oil shale.  The study reviewed direct demands as well as indirect demands 
for energy production, such as water for population growth and increased 
thermoelectric power demands. 

 Modeling tools for urban planning can be adapted to address both water 
and energy demands.  For examples, MARKAL modeling has been used in 
New York City to evaluate impacts of constraints on energy production for 
ǘƘŜ ǊŜƎƛƻƴΩǎ ǿŀǘŜǊ ǎǳǇǇƭƛŜǎΦ  hǊƛƎƛƴŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ŜƴŜǊƎȅ ŘŜƳŀƴŘ 
analysis, MARKAL modeling identified increased energy demands for 
reliable operation of drinking water and wastewater systems; water and 
energy savings associated with water conservation; planning needs for 
water withdrawals for steam production; and planning needs for security 
and climate change. 

 Integrated water and energy planning requires many different stakeholders 
to come together to address common concerns and create solutions.  In 
2007, several DOE laboratories, regional universities and organizations 
convened an energy-water science and technology summit to bring 
together stakeholder to discuss growing demands for both water and 
energy associated with growing population in the Snake/Columbia River 
Basin, summarized online at www.iwrri.uidaho.edu. 

 Load forecasting for three electric generating capacity expansion 
alternatives were evaluated for the Western United States, considering 
water supply, water quality impacts, and carbon emissions associated with 
increased use of nuclear or renewables (primarily wind turbines) to meet 
increased energy demands. 

 Success in integrated water-energy planning is impacted by how water and 
energy providers interact, are governed, and share data.  Energy, power, 
ŀƴŘ ǿŀǘŜǊ ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘ άŎƻǊǇƻǊŀǘŜ ŎǳƭǘǳǊŜǎέ ǊŜŦƭŜŎǘƛƴƎ their 
ƻǿƴŜǊǎƘƛǇ όŜΦƎΦ ƛƴǾŜǎǘƻǊΣ ǇǳōƭƛŎ ƻǿƴŜǊǎƘƛǇΣ άŎƻƻǇŜǊŀǘƛǾŜǎΣέ ƻǊ ŦŜŘŜǊŀƭ).  

 The Western States Water Council (WSWC), within the Western Governors 
Association (WGA), has produced two reports on Water Needs and 
Strategies for a Sustainable Future, which have identified concerns 
regarding energy impacts on water availability, as well as energy demands 
for water supplies, including treatment of lower quality source water and 
pumping costs to move water longer distances.  WGA is working with 
USDOE to evaluate transmission needs for renewable energy sources, 
including associated water demands and water quality impacts. 

 The 2010 Gulf Coast Oil Spill has highlighted the challenges associated with 
energy production activities in coastal and ocean areas (including activities 
related to nonrenewable and renewable energy sources), particularly in the 
outer continental shelf, and risks to coastal communities and habitats.   
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Integrated Water-Energy Planning: 
Global Security, Water, Energy, Sanitation + Health 

 
The Center for Affordable Water and Sanitation 

Technology (www.cawst.org) teaches the development 

of water treatment technologies ǿƛǘƘ άȊŜǊƻ ŜƴŜǊƎȅ 

ŦƻƻǘǇǊƛƴǘΦέ  Lƴ ǇŀǊǘǎ ƻŦ ǘƘŜ ǿƻǊƭŘ ǿƘŜǊŜ ǘhere is no 

water supply, there typically is also no power supply. 

 
Manna Energy Foundation (www.mannaenergy.org) 

works towards eradication of poverty through the 

implementation of sustainable, environmentally sound 

technologies for clean energy, clean water and self-

sustainable economies that foster health, education, 

and gender equality.  This photo shows Samuel, 

orphaned by AIDS, having his first drink of purified 

water, sanitized by solar powered ultraviolet light, in a 

project paid for by carbon credits. 

 

 

 

 The water-energy nexus is a global issue.  Supporting international 
needs for water and energy can be critical to providing food for other 
nations and security for our own.  US technologies can help 
developing countries to meet basic needs for water, energy and food. 

 The US has recognized links between water scarcity issues, along with 
associated poverty and disease, to the conditions for development of 
terrorist activities.  Particularly in areas of the globe where energy 
resources are being developed for export, water for energy 
production may be competing with water for food supplies.  
Sustainable development includes economically viable, 
environmentally benign approaches to development of resources and 
supporting human life and habitat.  The US has both a humanitarian 
and a national security interest in ensuring that technologies and 
management approaches are applied in developing countries to 
reduce the potential for conflict over water for energy resource 
development versus water to meet other water supply needs. 

 As part of current efforts to rebuild Iraq, US has developed planning 
tools to address international conflicts over water, energy, and food 
production.  The Strategy for Land and Water Resources in Iraq 
(SLWRI) Water Systems Planning Model was developed as a 
simulation tool for long term water planning and was developed 
collaboratively by the Iraq Ministry of Water Resources; US 
Department of State Iraq Transition Assistance Office; UNESCO; and 
5h9Ωǎ {ŀƴŘƛŀ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊƛŜǎΦ 

 Low energy technology or zero energy footprint water treatment 
technology has been developed that the US can export to developing 
countries to address the crisis of waterborne diseases, which are the 
cause of preventable diseases that kill one child every 8 seconds.  The 
US can bring portable, modular water treatment facilities, which can 
be tailored to the water treatment needs for local water sources, to 
sites of natural disasters, as well as military installations, around the 
globe, with little demand for local power supplies. 

 Successful water and energy projects can help create economic 
sustainability.  Manna Energy, which was developed by the Engineers 
Without Borders chapter at the Johnson Space Station, is working 
towards the development of water treatment projects in Rwanda that 
sell carbon credits and generates energy from biogas facilities and 
solar panels to keep the project financially viable, using technology 
developed for ǘƘŜ {ǇŀŎŜ {ǘŀǘƛƻƴΦ  aŀƴƴŀ 9ƴŜǊƎȅΩǎ άaŜǎǎŀƎŜ ŦǊƻƳ ǘƘŜ 
{ǇŀŎŜ {ǘŀǘƛƻƴέ ǘƻ ǘƘŜ 2009 Water+Energy Sustainability Symposium 
can be seen at www.youtube.com/watch?v=kjsfevC2liQ.  

 Climate change is also a global issue with national security 
implications.  Both water and energy have climate change adaptation 
and mitigation considerations, as discussed further on page 17 
όάLƴǘŜƎǊŀǘŜŘ ²ŀǘŜǊ-Energy Planning: Water, Energy, and Climate 
/ƘŀƴƎŜέύΦ  

 
There are security issues associated with international 

conflicts over water, energy, land use, and food 

production that have humanitarian implications as well 

as US security considerations.  This photo shows raw 

sewage in an unserviced area of eastern Baghdad, Iraq 

(Photo by MajorHavoc)  

http://www.youtube.com/watch?v=kjsfevC2liQ
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In addition to changes in the physical climate, 
!ƳŜǊƛŎŀΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ǿŀǘŜǊ ŀƴŘ ŜƴŜǊƎȅ ƛǎ ŎƘŀƴƎƛƴƎ ƛƴ 
terms of the regulatory and policy climate.  Many of the 
policy initiatives related to water and energy are being 
considered within broader initiatives related to climate 
change and sustainability. 

 
Climate change has resulted in the increase in number 
or intensity of extreme weather events - such as 
hurricanes and droughts - and associated natural 
disasters - such as floods and wildfires. These extreme 
weather events and natural disasters can impact water 
and energy infrastructure, including water and 
wastewater treatment plants, water distribution 
pipelines, power transmission lines, and energy. 
processing plants. 

 
Long-term data set, modeling and forecasting are needed 
to understand climate change and its impact on water 
resources in order to determine the availability of water 
to meet demands for municipal, agricultural, energy and 
power, environmental and other uses.   

 
Climate change models need to be scaled down to 
watershed levels to determine the impacts of changing 
hydrologic cycles on water availability for both water supply 
and energy uses. 

Integrated Water-Energy Planning: 
Water, Energy, and Climate Change  

 
Industries and agencies in the water and energy sectors are addressing 
climate change through both adaptation and mitigation activities: 

Climate Change Adaptation involves activities to anticipate, prepare for, 
and respond to changes in climate such as new hydrologic regimes 
(time/place of water availability) and increased extreme weather conditions 
(e.g. floods, forest fires, droughts). 

 
 Regional river basin and ground water planning approaches are 

developing to consider how water demands can be met under 
changing hydrologic conditions, including municipal, agricultural, 
environmental, and industrial demands.  Energy demands to 
support water supply, use, and treatment is a component, as are 
water demands to support energy and power production. 

 Climate change is resulting in greater extreme weather events.  On-
site energy production ς sometimes involving use of renewable 
energy such as solar, wind, or biogas -- is needed to ensure 
continued operations during extreme weather events when water 
supply and treatment could be impacted by power outages and 
damage to water and power transmission lines. 

 Particularly in places where climate change is resulting in decreased 
precipitation, increasing water demands are being met from lower 
quality water sources (e.g. brackish ground water, sea water, and 
reclaimed water), which can require higher-energy demanding 
technologies (e.g. desalination).  Where precipitation is increasing 
due to climate change, energy is required for flood control. 

 
Climate Change Mitigation involves activities to prevent, reduce, or offset 
impacts to climate from human activities, such as reductions of carbon 
emissions.   

 
 WaterκǿŀǎǘŜǿŀǘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ Ƙŀǎ ŀ άŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘέ ς the 

energy required to pump, treat and distribute water supplies and 
collect and treat wastewater all involve emission-producing energy 
demands.  Within buildings, carbon emissions are produced from 
heating, cooling, and moving water and wastewater.   

 Energy industries are shifting to renewable and lower-emission 
ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ άŎŀǊōƻƴ ŦƻƻǘǇǊƛƴǘǎΦέ  IƻǿŜǾŜǊΣ 
ǘƘŜǎŜ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ Ŏŀƴ ƛƴǾƻƭǾŜ ŀ ƘƛƎƘŜǊ άǿŀǘŜǊ 
ŦƻƻǘǇǊƛƴǘΦέ  5Ŝvelopment of alternative energy sources requires 
quantifying and reducing the amount of water required to develop 
these new sources of energy and power to minimize both the 
carbon and water footprints. 

 Energy is required to heat and treat water.  When water is wasted 
through leaky distribution systems or dripping faucets, the energy ς 
and emissions ς required to treat and heat water is also wasted.  
Saving water reduces energy usage and carbon emissions as well as 
reducing electric bills. 

 Voluntary markets for carbon credits are developing between coal-
fired power plants and other industries seeking to offset carbon 
emissions with agricultural water users and water utilities who can 
provide carbon capture benefits and sites for renewable energy and 
other low carbon energy development. 
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Symposium Results: National Water+Energy Research Needs 
 

Based upon the results of the 2005-2006 Roadmapping Meetings 
and subsequent analyses by the National Energy Technology 
Laboratory, three main areas of research needs were highlighted by 
DOE laboratory staff during the 2009 Water-Energy Sustainability 
Symposium: 
 

Integrated resource development of R&D program and planning 
tools 

 Accelerate water resources forecasting and management 

 Evaluate impacts of climate variability and improve hydrological 
forecasting 

 Improve common decision support tools 

 Generate new data and overcome obstacles to data sharing 

 Develop system analysis approaches for co-location of energy 
and water facilities; improved national transmission capabilities 
to support renewables, and distributed generation of biofuels 

 
Research Program for Electric Power Sector 

 Improve dry and hybrid cooling system performance 

 Improve ecological performance of intake structures for hydro 
and once-through cooling 

 Improve materials and cooling approaches compatible with use 
of degraded water 

 Electric grid infrastructure upgrades to improve low water use 
renewable technology integration 

 
Research Program for Alternative Fuels Sector 

 Reduce water use for alternative fuels production and 
processing 

 Develop alternative fuels technologies, such as algal biodiesel, 
with low requirements for freshwater  

 Assess non-traditional water use for fuels applications 

 Assess hydrologic impacts of large cellulose biofuels scale-up 
and oil shale 

 

 

 

 

5h9Ωǎ ƴŀǘƛƻƴŀƭ ƭŀōƻǊŀǘƻǊȅ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ 

several areas where understanding water issues will be 

critical for US energy and power development 

 

Improving systems analysis approaches and information 

sharing techniques will result in better resource 

forecasting and management. 

 

Improving power plant intake cooling systems, updating 

the grid structure, and assessing alternative fuels are 

priorities for the R&D program. 
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Final Thoughts: Symposium Survey Responses 

 Agencies with Energy Expertise and Agencies with Water Expertise 
need to work closely together.  Better coordination is needed 
among agencies.  Water and energy agencies need to work together 
to encourage more sustainable solutions and provide regulatory 
oversight for safe use of new technologies. Federal agencies need to 
initiate partnerships with states and local communities that focus on 
energy-water relationships.  EPA and state drinking water programs 
need to market the Water Sense and Energy Star programs jointly, 
and to work in conjunction with local governments and associations 
such as the homebuilders. ¦{5h9 ŀƴŘ ǎǘŀǘŜ ŜƴŜǊƎȅ ŀƎŜƴŎƛŜǎ ŘƻƴΩǘ 
always work with closely water agencies, but have valuable 
information and expertise for water planning.   

 Water stakeholders and agencies need to take the lead on water 
resources management and watershed planning, but water needs 
ǘƻ άƛƴǾƛǘŜέ ŜƴŜǊƎȅ ƛƴǘŜǊŜǎǘǎ ǘƻ ǘƘŜ ǘŀōƭŜ, making the effort to 
understand energy stakeholders and make them feel welcome in the 
water planning and management processes. 

 We need national ground water baseline studies and use 
parameters in each basin for groundwater protection.  Standards 
for the Underground Injection Control (UIC) program are needed as 
more injection is being proposed.  More research is needed on 
opportunities for reuse of produced water and other wastewater 
from energy uses as an alternative to injection. 

 We have several federal agencies that collect data related to 
water and energy planning, and need better coordination on data 
collection and analysis.  The DOE Energy Information 
Administration collects and analyzes information on energy and 
power that is needed for river basin planning.  The US Geological 
Survey (USGS) provides data on water use, including water use for 
thermoelectric power generation, as well as assessments of energy 
resources, including: the ongoing national oil and gas assessments 
(current resources of conventional oil and gas); continuous oil and 
gas (coal-bed gas, basin-center gas, shale gas, tight gas); and oil 
shales and tar sands. 

 There will be many players involved in water-energy planning, 
including agencies at several levels.  State agencies are often at the 
front lines of planning and implementation of water-energy 
program coordination.  Regulations and interagency coordination 
need to be reviewed to ensure barriers are not created to water-
energy sustainability.  

 There is no single άƘƻƳŜέ ŦƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇƻƭƛŎȅ ŀƴŘ ǊŜǎŜŀǊŎƘ 
on water and energy within the administration or in Congress, 
where legislation is divided among different committees. 

 New ways of evaluating energy development are needed We need 
to take into consideration the positive environmental impacts of 
using locally produced fuels.  Energy siting needs to take into 
account demand for energy and availability of water.   

 The value of wetland ecosystems and vegetation needs to be 
considered as an energy-efficient means of improving water 
quality.  

 ²Ŝ Ŏŀƴƴƻǘ ƳŀƪŜ άǎǘƻǾŜǇƛǇŜ ŘŜŎƛǎƛƻƴǎΦέ  Co-location of energy 
facilities with water and wastewater facilities needs to be 
considered. More integrated and tiered planning is needed with 
appropriate tools at appropriate levels (national, regional, local). 

 The water-energy nexus is a global issue.  Supporting 
international needs for water and energy can be critical to 
providing food for other nations and security for our own.  US 
technologies can help developing countries to meet basic needs 
ŦƻǊ ǿŀǘŜǊ ŀƴŘ ŦƻƻŘΦ  ¢ƘŜ άǇƻƻǊŜǎǘ ƻŦ ǘƘŜ ǇƻƻǊέ ƴŜŜŘ ȊŜǊƻ ŎŀǊōƻƴ 
water supply projects, as they have no electricity.  Water projects 
in developing countries can sell carbon credits to become 
economically sustainable.  

 Research & Development (R&D) needs greater flexibility and 
broader input:  R&D programs need to be developed with input 
from multiple stakeholders in order to ask the right questions. 
Federal and state agencies need to work more closely with non-
governmental organizations, universities, and associations to put 
wϧ5 άƻƴ ǘƘŜ ƎǊƻǳƴŘΦέ ²Ŝ ƴŜŜd regulatory flexibility to encourage 
R&D, breaking down compartmental regulation that stifles 
innovation.  

 New funding is needed to accelerate innovation.  R&D is critical, 
bringing together expertise from the energy industry and 
DOE/National Energy Laboratories with water providers. 
Continuous technology innovation can strengthen our capability 
ǘƻ ƳŜŜǘ ǘƘŜ bŀǘƛƻƴΩǎ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎΣ ŀƴŘ ǇǊƻǘŜŎǘ ŀƴŘ ŎƻƴǎŜǊǾŜ 
valuable water resources. 

 More sustainable water-energy approaches needs to be part of 
the climate change efforts.  Carbon emissions reduction 
requirements will impact our water infrastructure as well as our 
energy infrastructure.  Use of lower quality water supplies (e.g. 
brackish water, recycled water, produced water) can require 
higher energy treatment methods.  Increasing drinking water 
quality requirements also increase power demands for water 
utilities.  Decisions on energy and water efficiency are driven by 
regional climate consideration.  Some technologies will work 
better in some areas, such as desalination on the coast, where 
there is easier brine disposal.  

 Reuse of water is needed to meet water demands.  R&D is 
needed to support development of water reuse technologies that 
is sustainable and uses less energy. 

 Integrated policy approaches are needed, including a 
combination of regulatory and market-based measures, in 
addition to customer education.  Short term measures and long 
range policies are needed to address climate change impacts on 
water+energy resources.  Development of loading criteria is 
needed to support investment in cost-effective resource 
management measures. Bipartisan leadership and coordination 
among water and energy stakeholders is required to expedite 
implementation of adaptation and mitigation measures and 
strategies.   

More than one-third of the Symposium participants provided responses to a questionnaire on emerging issues in water-for-energy; 
energy-for-water, and integrated water-energy planning, as well as on the roles different organizations and levels of government can 
play in addressing these issues.  Some survey responses from Symposium participants are provided below. 

 

These ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ Řƻ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ŀ άŎƻƴǎŜƴǎǳǎΣέ ƴƻǊ Řƻ ǘƘŜȅ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǾƛŜǿǎ ƻŦ ǘƘŜ D²t/ ƻǊ ¦{5h9Σ ōǳǘ ǇǊovide important 

contributions to the ongoing water-energy dialogue, and support the need for continued dialogue and integrated planning for water and energy. 
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The 2010 Water Energy Sustainability Symposium  

at the GWPC Annual Forum 
 

PITTSBURGH, PA  
September 26-29, 2010  

tƛǘǘǎōǳǊƎƘΩǎ {ƘŜǊŀǘƻƴ ς Station Square 
 

Registration NOW OPEN!  
Please visit: www.WaterEnergy2010.com 

THE TIME IS NOW: For Water and Energy Partnerships! 

A host of radical changes has brought both water and energy management to the brink of crisis. 

Political, economic and technological climates have undergone as much transformation as the natural 

climate. The ever-growing population and the increasing demands of that population on water and 

energy resources are adding to the challenge. Now more than ever, water and energy planners need 

to share and learn from each other and from experts in their professional communities. 

The Water and Energy Sustainability Symposium is the place for energy and water planners to 

ƭŜǾŜǊŀƎŜ ŜŀŎƘ ƻǘƘŜǊΩǎ ǎǘǊŜƴƎǘƘǎΦ {ǇƻƴǎƻǊŜŘ ōȅ ǘƘŜ DǊƻǳƴŘ ²ŀǘŜǊ tǊƻǘŜŎǘƛƻƴ /ƻǳƴŎƛƭΣ ǘƘŜ ŦƻŎǳǎ ŦƻǊ 

2010 is Water and Energy in Changing Climates. Water and power need each other, and planners face 

common hurdles. Common approaches to supplies, systems, and locations and clear communication 

between sectors will help both become better, saving critical natural and financial resources. 

Leaders from government, energy and water industries, academia, water organizations and others will 

discuss the complex relationship between water and energy and pave the way for working together to 

deliver fresh water and clean energy that we can afford and sustain. 
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