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On September 136, 2009, the
Ground Water Protection Council (GWP(
hosted a fowday
G2 OSNINBe {dzadl Ayl
in Salt Lake City, Utah.

Casponsored by the U.S. Department off
Energy(USDOE)INd National Energy
Technology Laboratoyyn partnership with

state agencies and 26 associatiotigs
Symposium drew more than 300
participants. Planners, policymakers,
managers, and researchers in the energ
power, and water sectors explored ysto
coordinate approaches to water and energ
resourcemanagement.

By improving understanding of the differe
perspectives on water and energy resourq
managementandONB | G Ay 3 &
d ey SNAA S a dpmenyand useSof
water and energy tthe building, city, farm,
industry, river basin, and regional scale,
can maximize the benefits and minimize t
impacts on water and energy resources fo
more environmentally and economically
sustainable future.

This Summary Document:

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

e summarizes Symposium presentations
and participant survey responses on:

0 energy perspectives on water
0 water perspectives on energy
0 integrated water+energy planning

e announces the 2010 Symposium:
Water+Energy in a Changing Climate,
Sept 2529, 2010, in Pittsburgh, PA

August 2010

Water + Energy Are Linked
“Water-for-Energy”

(Fossil Fuels, Nuclear, Hydropower,
Renewable Energy Generation)

Rivers & Aquifers
Are Used for Both
Energy Production
and Water Supply

“Energy-for-Water”

(Pumping / Extraction/ Transfer,
WEWW Treatment, Distribution, Disposal)

Reliability & Sustainability of
Both Resources Are Dependant Upon Each Other

4! GSNE Ot248 YAYKBE3ISI SE2§0a 6§ 6 HAwterid
ONHzOAFf (2 G(KS LINRPRdAzOGA2Yy 2F SySNHe
GAUKRNI gAy3IT &G2NAYy3IZ 2N GNBFHGAYy3 ¢

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

Water and energy issues are inseparabl@iven 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 WatdEnergy Sustainability Symposiprovided 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.

This Prospectus was prepared by Watercat Consulting LLC with funding from the US Department of Energy (USDOE) thrimungth Ereedyat
Technology Laboratory (NETL) and Ground Water Protection Council (GM@@Ews presented are not necessarily those of USDOE, NETL, or G
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Understanding Water+Energy Nexus Policy and Stakeholders

Part I:

Background
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Water-Energy Nexus as illustrated by~
TheElectric Power Research gnsfftute

There is a clear relationship between water and energyt | & Y 6 ithitsisé
Y26 0SAy3 dzyRSNAG22R gAGKAY GKS 0o
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:

e Water use and water quality impacts related to energy production, power
generation, transportation fuels, and other uses of energy (e.g. heat
production) ¢ sometimes NB ¥ S NNB R -forS YISNHE & G S

e 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 ¢ sometimes
NEFSNNBR 2o BSNESYySNHS

e 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
YR SySNHe& aaSOil2NBé dzaS RAFFSNByY
G Odzt G dzNJB affErént prioyities. & S RA

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.
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USDOES Eble in Water+Energy

Part I:
Background

USDOE has played an increasing role in broadening the understanding of
the water-energy nexus. In 2006, USDOE submitted a Report to Congress
which describesi KS aAYy i SNRSLISYRSyOe 27F ¢
threats to national energy production resulting from limited water

& dzLJLJE 1A rEcénthiéstimony 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:

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

e Assesses water demands for various types of energy production

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

e  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

e Serves in a supporting role on the energy aspects of other federal
I 3Sy OA Srélded ngskatctSabtivities through active
participation in the White HouseQ &ubcommittee on Water
Availability and Quality (SWAQ)

e 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

e 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
RSOSE 2 LabRdDataMadial SYSy d {eadsve
has led Carbon Capture and Sequestration research, primarily
through the Office of Fossil Energy research and programs

e 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
WSY Sgl 0f Sese@ryhSnditdzrénds NJ

e Provides energy supply and demand projections, developed and
compiled through the Energy Information Administration, which
can be used for water demand projections

July 9, 2009, @dhgressional Testimony on Water and
Energy to the House Science+Technology Committe

Energy PolicyAct of 2005 (EPAct 2005)

EPAct 2005 directed the USDOE to develop an

9y SNH& |yR 2 GSNJ LINR3IN
development, demonstration, and commercial

I LILIX AOFGA2yéE G2V

e 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

ENERGY DEMANDS
ON
WATER RESOURCES

REPORT TO CONGRESS
ON THE INTERDEPENDENCY OF ENERGY AND WATER

U.S. DEPARTMENT OF ENERGY

DECEMBER. 2006

2006 DOE EnergWater Nexus
Report to Congress

The 2006 USDOE Report to Congress on Energy
Demands on Water Resources is available online at
www.sandia.gov/energywater/
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Water+Energy at Other Federal Agencies and in Congress

Part I:

Background

Federal multi-agency water+energy initiatives include:

w 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.

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.

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. E013514 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 CommitteesQ
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 Interiorld ©0I)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| { 5 hNewWBnergy Frontiaets 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.
WaterSMARD { dza G F Ay YR al yl 3S moi&WNA O
addresses increasing water resource challenges through Challenge grants,
Fdzy RAy3a FT2NJ NBOfIFAYSR 4 GSNJ LINe2
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 Censusghich, if funded, would be the first national inventory of

water data for more than 30 years.

The US Environmental Protection Agey USEPAYeviews 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,ey’ O2 dzNJF 3S a3INBSy¢ (SOKy2f 23AS
efficiency. The WaterSense and EnergySTAR programs review and label
products for water and energy efficiency.

The US Army Corps of Engineers (USAEH) 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
G2 &dzlllX @ SySNHeE | YR LJ2 geSohdes proyides!
mediation support for international conflicts on water+energy.

The US Department of Agriculture (USDAJs 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
KERNRSEtSOGNRO LINRP2SOGad | { Gcult@rd b
funds water+energy research, and Rural Economic Community Development
grants support planning for water+energy based economies.

The General Services Administration (GS#sk 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,
0KS D{! Q& hFTFFAOS 2F CSRSNIAFHPGR} I K
provides assistance to other federal agencies in developing and

AYLX SYSyliAy3 aaINBSYyAy3I AYyAGAILIGAD
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 (DOShnd 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.
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Water+Energy Research and Initiatives at
USDOE and the National Laboratories

Part I:

Background

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.

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.

Department of Energy Program Offices with WatEnergy Issues and Related National Laboratories
Modified from: Sehlke and Wichlacz, Journal of Contemporary Water Research and Education, Decemvaem2008wr.siu.edu
Mission and WatefRelated Issues

USDOE Programs

Energy Efficiency and
Renewable Energy

environment, and increase national security.

e Water use and water quality impacts related to renewable energy, an

opportunities to save energy by saving water.

Electricity Delivery and
Energy Reliability
to energy supply.

e Analyzing potential implications of water stress for transmission and

resource planning

Envionmental

Management production and research.

e Addressing water quality impacts associated with nuclear weapons.

Fossil Energy Ensuring clean, affordable energy from fossil fuels.

e Reducing water demand for traditional fossil fipelwered generation
technology and emerging fossil energy production, and developing us
for producedwater and other water associated with fossil energy

Nuclear Energy {dzZLILR NI AYy3 GKS ylIFiA2yQa

plants including cooling water requirements.

National Nuclear Seaity
Administration
United States nuclear weapons stockpile.

e Water uses and water qualifynpacts associated with nuclear weapons

Science Basic research in the physical sciences.

e Understanding the science and technology behind the wates aise
water quality impacts associated with energy production.

Policy and International

energy to mitigate climate change

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

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

Mitigating the risks and hazards posed by the legacy of nuclear weapons

RA@SNEBES y Idaho National Laboratory
e Water uses and water quality impacts associated with nuclear power

Enhance national security through the military application of nuclear energy,
and maintaining and enhancing the safety, reliability, and performance of the

Advise the Secretary of Energy on Policy and International Affairs.
e Exploring the issue of water consumption for energy extraction and
generation and defining the water limitations to provision of cavbon

Major Reporting National Laboratories

National Renewable Energy Laboratory
National Energy Technology Laboratory
Sandia National Laboratories

Sandia National Laboratories
Pacific Northwest National Laboratory
Los Alamos National Laboratory

Savannah River National Laboratory

National Energy Technology Laboratory

Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratories

Argonne National Laboratory
Brookhaven National Laboratory

Oak Ridge National Laboratory

Pacific Northwest National Laboratory

No laboratories reportlirectlyto this
office, although several laboratories
provide research support
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The 2005-2006 USDOE /National Laboratories Part I:
Energy-Water Roadmapping Workshops Background

The Symposium was the latest of several USDOE In 2005 and 2006, USDOVE and several nvational laboratories held a series of
supported initiatives, including a repda Congress needs assessment | YR & NB | Rfkshofisib y5sdsé gaps between
'y R &S NAYSlaLIDAyTidish® heRl with existing national programs and emerging issues and to identify research
WEVCIEENEIVASELCI o SIERTSRECSERNEREEMINIEELE  jhnovations, needs, and priorities. Through the 2005-2006 workshops, input
(seewww.sandia.gov/energyvater/). 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/ .

US Energy Sustainability

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.

NEEDS IDENTIFIED IN
20052006 ROAMAPPING MEETINGS

Better resources planning and manageme Availability of freshwater resources is limited without new storage

* Integrated regional energy and water capacity, so water reclamation and reuse are becoming major sources of
resource planning and decision support future supplies.

tools

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

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

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.

modeling

. There will be significant pressure to develop new water supplies to keep

Improved water and energy use efficiency pace with increasing water demands associated with increasing

e Improved water efficiency in populations, as well as new uses of water and changes in water availability
thermoelectric power generation and demands associated with climate change.

Improved biofuels/biomass water use Siting priorities for energy facilities may change to use large reclaimed

efficiency water sources in urban areas.
Reduced water intensity for emerging

Ener lanning will become increasingly dependent on interactions
energy resources gy p g gly dep

between regional water, wastewater, and agricultural water managers and
planners. Regional energy and water concerns will continue to emerge.

Development of alternative water resources

and supplies National laboratory and DOE personnel played a significant role in planning for
e Oil and gas produced water treatment and presenting at the 2009 GWPC Water+Energy Sustainability Symposium, as
for reuse well as related subsequent journal articles and presentations such as:
Energy efficiency and assessment of October 2009 International Water Association Water and Energy
GNBFGYSyYyd I yR dzas 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:

(produced, brackish, and wastewater)
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2009 Water-Energy Sustainability Symposium: Part I:
Sponsors and Partners Background

The 2009 GWPC/USDOE Water-Energy Sustainability Symposium provided ( ROU N DWATER
an opportunity to update and expand the dialogue on water and energy
beyond the initial findings of the 2005-2006 USDOE Roadmapping meetings, m

adding updated findings from more than 80 presentations and abstracts.

Copies of the abstracts and PowerPoint presentations from the 2009 Water- PROTECTION COUNCIL

Energy Sustainability Symposium (referenced in this document) can be

found at www.waterenergy2010.com. Unless otherwise noted, data and = U.S. DEPARTMENT OF
AYF3SAa LINBOGARSR AYy at NI LLY CaA
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
SySNH& 61 SN dza Sor-r Sy E&NBH &z 6 S (el & &N N=T
Sy SNHeégy-oregF ViSMNE 0 > A Venesg@dhningSard whiat
roles different organizations and levels of government can play in

addressing these issues. The 2009 WateEnergy Sustainability Symposium was
hosted by the Ground Water Protection Council with
The following pages contain findings and feedback provided at the funding from the US Departmeof Energy through the

5 x X 5 & R & & K PR National Energy Technology Laborat@ETL) The
{eYLRZaAdzYz O20SNEkyA &BOYNRE -dndiey Symposmrrﬁeatured representatlon frortwenty-3|x(26)

nexus. The perspectives, findings, and research needs identified in this g1 GSNE LR2SSNE yR SySNH@

Symposium Summary Reporii R2 y 2 (i NI LINBohitRey (i | PEESEEUGERSITE TN EQGILIE COOlena(;lO;baﬂd
- - - summary report preparaon servicesvereprovided by

Symposium pa.rt|C|pants, nqr d'o 'they r(.epr.esent the views of the GWPC or Watercat Gonsulting LILG under contract with GWPG,

USDOE. Drawing upon the individual findings and feedback of the with funding from USDOE through NETL.

participants, however, this summary report provides an important

contribution to the ongoing water-energy dialogue, and highlights the need Watercat Consulting LLC

for continued discussion and integrated planning for water and energy. MWW WaRercSrconsuiting com

Association of State Drinking
Water Administrators
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Energy Perspectives on Water: Part II:

National Energy Concerns and Traditional Energy Sources Findings
e  Production of domestic energy sources and reduced dependence upon
foreign energy sources are critical steps for US national security and U.S. Energy Demand 2006 U.S. Energy Demand 2030
economic prosperity. Domestic water supplies are needed to support new pa0 QB vear St
domestic energy development, while water quality is preserved. N o e .
e For both traditional and emerging energy industries, there are water o 8%
supply, water quality impact, and wastewater discharge issues throughout < o

SFOK AYRdzZZAGNE QA G @t f dzS OKI Ay dé
energy requires an understanding of water uses and water quality impacts  [RESGCUNIUESIIGIEEECCECEZENENRIER
for each specific energy industry. For example, within the petroleum nuclearenergy the total increase in energy demand will

. - keep fossil energsequirements highand fossil energy are
industry, the amounts of water used and water quality impacts vary from expected to remain a largaart of the US energy portfolio
exploration and production through transport (such as oil tankers and it (e ferEseeslEE T,

trucks), gas processing and oil refining, power generation, retail for
gasoline (gas stations), and end uses of petroleum within vehicles and in

other products.

e 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.

e The financial sector is an important player in the water-energy dialogues.
The costs for electricity and carbon emissions reduction needs to be I Suases producing oil md gas
considered in water and energy infrastructure discussions. - e

The U.S. is the world's second largest prodateatural

gas and the third largest producer of oil. Nearly every

region of the country has oil and natural gas potential.

e  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.

e 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. it 7| P

e F tainable ol . d t of wat d Like other energy industsepetroleum has water demand
or sustainable planning and management of water and energy resources, and water quality impacts, which occur at different points

ao6200G2Y dzlJ FLIINRBFOKSa FyR 20 (e SN S A N r R TR B
sufficient. Scoping level analyses are needed nationally, while more transportation to end use.

detailed management area water budget, energy and power demands, Witharawslve, Consumption
dynamic watershed modeling can be used at the regional and local level. e, Animportant Distinction
National funds, federally funded demonstration projects, and national
NBaSINOK yR RIGE &dzLILl2 NI FNRY
regional and local knowledge and capabilities.

Withdrawal 4%

e Asof 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).

When considering water supply needs for energy and
power, and comparing those needswother water uses,

As a result, the EIA projects that more than three-quarters of US energy it is important to understand the distinction between wats
demands in 2030 still will need to be met using fossil energy sources, GAOKRNI gl f O0K2g YdzOK ¢l (S
despite increases in nuclear and renewable energy production. e.g. ariver or aquifer) and water consumption (how muc
The US has abundant natural gas supplies, which have fewer greenhouse tg}z;nslé)irsat"\ri\:], (})\riumgnzcgnés‘u(rjr?;)(tifnf{befirggei?]gf 2a
gas emissions than coal (50%) and gasoline (30%). Natural gas is returned to the source). For example, water withdrawals
increasingly being used for power plants, for in-home use, for are high for thermoelectric power, but most of that water

manufacturing and industrial processes, and for transportation fuel. NBGdzNYSR 2 NAGSNAR gAlK2dz
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Energy Perspectives on Water: Part II:
Power, Carbon Sequestration, and Transportation

Findings

Open-Loop or Once-Through Cooling

" e

Condensate

Condenser
Dry Air Cooling t E

River —e

Cooling Systems

Frestaater Blowso

Sty
(Modified fromUS DOE 2006) {US DOE 2004

All thermoelectric power plants require cooling. The
quantity of water required for cooling varies among
technologies. Increased use of clo$eop wet cooling
KIa 0SSy RNARAGSYy o6& LkdlAO:¢
regions of the US.

Terrentrinl
Sequestration

o N

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

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: & h Y-IDIENE dz3 K éechrdldgid diveyt mhore water
from streams, but return most of the water, although the discharge
temperature is higher. Closedoop coolingwithdraws less water but loses
62N) 602y adzySa¢o Y2NB 27F DrKdoalings |
less energy efficient, so has a larger carbon footprint. Hybrid cooling
withdraws less water but loses more to evaporation, requiring more
GYF-§z8% 6+ GSNE yR faz2 Aa fSaa
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
YR €26 f11S fS@Sta AYLlarCGac®mwhich
are dependent upon those water bodies for cooling water and other
operational water demands.

pr: 2F GNI yaLRNUFGA2Yy FdzSfta 02Y
F220LINAYyGE FNRY St SOGNRO OI NbfterF
comes from coal-fired power plants.

The water to produce transportatior Ehanol from Irrigaled Com Grain 2.800
fuels ranges Wldely in terms Of fuel Ethanol from Irmgated Com Stover | 1,900
per m||e dr|Ven_ Trad|t|0na| fue|s us “I('ill!'.‘ﬂ!l"‘l:llll|III_J_"I|!:\||.:‘-I\¢1'."III37 | - ago

L, A , - Hydrogan via Electrolysis 42
the leastd | 0 S NJb a : Y o Syn Diesed from Coal | ans
fossil fuels (e.g. from oil sands, Oil  erecnevencs (iearne trom Husean: | as
shde) use 2 times as much water Oll Sands Gasoling | — 23

Syn Diesel from Natural Gas | ST E

as traditional fuels. Bfuels from
irrigated crops (e.g. corn and
soybeans) use the most water per

01l Shale Gasolng | S——

Eleciric Vehicke { Electric Trom Coaly® 23

Gasoling 110E

mlle driVen, although there are Iess Electnc Vehicke ( Electnic from Shake NGy | 10

water-intensive biofuels crops,
includingnorF 2 2 R a OSf €

CHG using Eleciricity Tor Compression | s ; *
Hydrogon from Nalural Gas | S

Dirasel '8

From Mantell, 2009,
adapted from King and Webber, 2008

and Woody debsd. Natural 0Jas USES ©HG using NG Generator for Compression _ 3

relatively little water per mile driven

1 10 100 1.000 10,000
Average Consumplion G allons of Waler Per 100 Miles Driven
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Energy Perspectives on Water:

Unconventional Fossil Fuels and Produced Water Reuse

Part Il:

Findings

To meet increasing energy demands and provide greater energy security
through domestic energy production, there have been increasing demands for
RSOSt2LIYSyid 27
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
2 NJ & Nisai} ddXobelused in which the sands or shale is removed from
the ground and then processed to separate out the petroleum product. Water
Aa dzaSR Ay GKS aASLINIGAZ2Y LINROSm A&
situo GAY LI I OSé 0 uddbtdskparireaihe Metrddeunt pfodud
from the sand or shale underground, and then bring the petroleum to the
surface while leaving the sand or shale in place. In situmethods 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
F2N) AyeSOuAz2y 2F KSFGSR 41 G§SNJ 2NJ
gttaég G2 ONBFGS Fy A0S oF NNASNI |
contamination of the surrounding aquifer. Oil shale must be heated to from
600-900° F for separation and recovery. Improved efficiency is being sought for
in situmethods, 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
addingT NB & K ¢ I 8 BRectitned ateBtreatment 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 & & |
rights€ agency under the prior appropriationwater 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 referredtoasd K& RNR ¥ NJ OA y 3 ¢
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.

Gdzy O2y @Sy iGAz2ylté 7

addressed through development of new water
efficiency and water treatment methods. Exales of
gl GSN) dzaS A&dadzSa AyOf dzR

and hydraulic fracturing for shale gas production in
eastern states.

Produced Water
% UCECIET e
Energy; i
Producer

When energy resources are extracted from
underground, there may beater extracted along with
GKS 2Af yR 3Jlao ¢ KA &

a waste disposal issue, as produced water is often
contaminated with petroleum product and highly
saline, and 280% of the energy from oil and gas and
CBM is consumed tbugh 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 methal
(CBM) is being treated for use for grazing cows.
Depending on trenent methods, 8% of the energy
produced is required for treatment for reuse; howeve
in water-short regions, there is high value for water
reuse. Véstern vater rights issues associated with
produced water reuse are complex.

Building Blocks for
Chemical Industry

Transportation Fuels
(Hydrogen)

Clean
Electricity

Coaland other carborbl 8 SR aFSSRa& i 2 (
(e.g.petroleum coke, biomass, animal wastes) can bg
IFaAFASR (2 LINRPRdzOS aedyl
can be used as fuel to generate electricity or steam
with lower carbon emissions than burning coal direct
Pollutants can be econacally controlled and water
consumption is reduced. €€an be easily captured for|
sale or sequestration. Byproducts from syngas
production include petrochemical materials used for
many everyday products and transportation fuels fro
hydrogen.
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Energy Perspectives on Water: Renewable Energy

Part Il:

Findings

e 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.

e 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.

e Wind power is among the least water-consuming sources of power. However,
GAYR Aa Iy daAyl S NiNlizhdliawayt aBadlabldesi S NJ
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 dbaseloadé and dpeakf 2 lelecéricity demands and prevent transmission
overloads2 NJ ¢ 0 NR gy 2 dz{l & ® €

e 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.

e 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.

e Concentrated Solar Power (CSP) involves larger-scale generation of solar
LI26 SN GKNRdZAK dzaS 2F FAStRa 2F &
towardsk OSYUdNX f GLI2S6SNI G26SNE G2 3S
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.

e 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
O2y &N} Ayda o0SAy3a I RRNBAaASR TFdudldg
low-head dams and small-scale hydrokinetics on irrigation systems or springs.

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

bhe¢oy F2NJ FdzNIKSNJ ’R)\ a0dzaarzy 2F NBYySélof

on Energy: Water, Energy, and AQrdzf 0 dzZN&S ¢ o6 LJ IS Mo U @

Groundsource heat pumps (GHPs) provide buisiiade
renewable geothermal heating and cooling systems t
dzAS || 4GRANBOG SEOKIy3asSe¢
circulating refrigerant through buried copper piping.
Refrigerent stys in the pipes and are regulated to
ensure no contamination of the surrounding ground
water. Power for heating and cooling are generatee o
site, reducing water and energy demands to bring po
to the building. GHPs provide energy at pafitise, oR
demand, and uses energy that is not depleted and ca
be affordable in all 50 stastes. DOE fin##P&ise 25
50% less electricity than conventional heating or cooli
and USEPA finds that GHPs reduce energy consumpt
(and associated carbon emissiond)72% over other
heating and cooling systems.

AVAILABLE WATER OR STEAM e

Water demands for geothermal production are often
oraSR 2y RIFGF FTNBY ac¢KS
unusual system generating geothermal energy from hi
temperature, steansaturated rock. Geothermal
systems from watessaturated rock produce more water|
than can be reused and reinjected. Dry rock reservoiri
may require enhanced geothermal systems in which
water and chemicals are injected to bring heat to the
surface. Other geothermal reservoirs nadsorequire
enhanced geothermal technologies.

Y s

BoU Gy
B

Interruptible energy supplies such as salad windcan
be operated jointly with hydropower aatural gas to
meet both peak load and base load power demands.
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Water Perspectives on Energy: Water and Wastewater Utilities Findings

Part Il:

While treatment costs can be high, pumping anc
transmission cds can be higher if water is
transported long distances.

| 22@SNJ 51 YQa ¢dzZNBAYyS D
Solar Covered Carports at Southern Nevada Watd
ldzi K2NAG&@Qa !t FNBR aSN
Facility (right) °

Like water utilities, wastewater utilities also have |H
high energy demands but often can generate
energy onsite through biogas productioRor
example, theEast Bay Municipal Utility District,
Californiaadds food scrap® anaerobic digesters

to produce6 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.

I FEAFT2NYALF 9ySNHE /2YYAaah
YR ow?? 2F (GKS adlidSQa vyl GdzNT ¢
O2yaARSNY A2y GKS SYGANB agl 4GS
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.

2y
=

NJ a«

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

St SOGNR OAGINR A2 d2d &8¢ 2NB RdzOS OF Nb 2y
GSYOPANRYYSYy(lFtf SGiKAO¢E 2F (KSasS 2N
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
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Water Perspectives on Energy: Water, Energy, and Agriculture

Part Il:

Findings

In the Chino Basin of Californiaimal waste from
dairies had caused groundwater contaminatioh.
partnership was formed betwednland Empire
Utility Agency (IEUA) and dairisclean up the
groundwater Dairy wastes were collected and run
through anaerobic digesters to create energy whic
in turn, has been used by IEUA to run reverse osm
water treatment facilities to cleathe contaminated
water for groundwater recharge. IEUA has also *
successfully determined verified emission reductio
(VERSs) for greenhouse gases (GHGs) and renewa
energy certificates (RECs)

lower water demands, including switchgrass, forest
wood residue, shoitotation woody crops, and
agricultural residue such as corn stover, corn cob, Jid
hulls, wheat straw, and cotton gin.

£ A B N
Lowhead hydraulic entrol structures and
hydrokinetic applications in irrigation structures ca
be a critical source of energy and income for
agricultural water users

& Lo

¢ KS aEneigy® MINRA Odzf G dzZNB  O2 y y S Bidethahgl. ¢
Agricultural lands and irrigon 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
AyOf dzZRS GYAONRKERREBLIEZEBNR LB GERD I
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
addzLILX SYSYy G NE AyO0O2YS a2dz2NDODS F2NJ
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 émicrohydropower.£

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.25x25.0rg 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.
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Integrated Water+Energy Planning: Part II
Green Buildings and Green Communities Findings

AN

m{ =

Light eco-footprint

Green buildings capture and reuse more resources 0
NB R dzO A y = 22K ING SGliding 165K Watte S
and energy to be brought to and from the building.
(Lucey)

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

I 4 Y-dzdNRYy oI GSNAKSRé KI &
Park City in New York City, where 293 units have bee¢
developed using an esite 25000 GPD wastewater
treatment facility and other water efficiencies fo48%
reduction in water usand 56% reductiorin wastewater
discharggMoeller, Courtesy of Clerico)

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

AyOf dzRSa a/ NFXRfS (2 / NIXRftS¢E [ATF
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
RNAY1AYy3 6LRGFot S0 ¢ GSNIT GAy o
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

4 K2 ¢ S NI féatdriginfiNpe 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
hFFAOALE &S FYR blGA2yl 1 3420AL
program was announced June 2006 as a voluntary program and
GO02YLI yA2yé (G2 9ySNHe{UINE fl o
equipment that have been performance tested and found to be 20%
more efficient than industry standards.

(0p))

The energy savings associated with water savings often results in
significantly reduced electric bills as well as lower water bills.
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Integrated Water+Energy Planning:
River Basin, Coastal, and Aquifer Management

Part Il:

Findings

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
GKS NBIA2YyQa o+ GSNJ adzLlL ASaod h
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,
FYR ¢l GSNJ dziAf AGASE
20YSNAEKALI 0Sdadd Ay@dSaiz2NE
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 Qil 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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We need to translate:
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Parker, 1995

Improving systems analysis approaches and
information-sharing techniques will result in better
resource forecasting and management.
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Rive basin and aquifer management planning need
consider the water demands of regional developmen|
of different alternative fuels, such as nuclear and wi

: Sand

Wash
| basin
|
|
i

Colorado
. ..“,\qe(

Utah vernal
L]

Meeker
.

Medum | Hgh Low | Medum | Mgn

20182035 M. Tem) 2036.2050 (Long-Term
Planning Horizon

The waer demands for energy production have been|
considered in river basin planning efforts throughout
US, including the impacts of oil shale development i
Yampa, White and Green Rivers, within in the Uppe
Colorado River Basin (CO and UT) and shale gas
development in the Marcellus Shale within the
Delaware, Potomac, and Susquehanna River Basing
(PA, OH, VA, WV).
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Integrated Water-Energy Planning:
Global Security, Water, Energy, Sanitation + Health

Part Il:

Findings

The Center for Affordable Water and Sanitation
Technology (www.cawst.org) teaches the developmd
of water treatment technologies A (i K & 1T S N2
F220LINRA Y G ®¢ Ly [kreNgind 2
water supply theretypicallyis also no power supply.

Manna Energy Foundatigqwww.mannaenergy.orp
works towards eradication gfoverty through the
implementation of sustainable, environmentally soun
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 histdrink of purified
water, sanitized by solar powered ultraviolet light, in
project paid for by carbon credits.

ok

There are security issues associated with internation;

conflicts over water, energy, land use, and food
produdion that have humanitarian implications as we
as US security considerations. This photo shaws r
sewage in an unserviced area of eastern Baghttad
(Photo bv MaiorHavoc)

The waterenergy nexus is a global issuupporting 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 Iraqg, 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
5h9Qa {FYRAI bliA2yFf [l 02N} (s

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
developedfori KS { LI OS {GF A2y ® al yy
{ LI OS { (I 1000 Bvyter+Endrgy SubtdnSbility 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

0 a Ly S 3 NEnérgy Raniing: iW&ddEnergy, and Climate
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http://www.youtube.com/watch?v=kjsfevC2liQ

Integrated Water-Energy Planning: Part Il:
Water, Energy, and Climate Change Findings

In addition to changes in the physical climate,
' YSNR OF Qa F LILINREFOK (2 gl
terms of the regulatory and policy climate. Maof the
policy initiatives related to water and energy dreing
considered within broader initiatives relateddtimate
change and sustainability.

T
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Climate change has resulted in the increase in numb
or intensity of extreme weather eventsuch as
hurricanes and droughtsand associated natural
disasters such as floods and wildfires. These extrem:
weather events and natural disasters can impact wat
and energy infrastructure, including water and
wastewater treatment plants, water distribution

pipelines, power transmission lines, and energy

&
Longterm data set, modeling and forecasting are need
to understand climate change and its impact on water
resources in order to determine the availability of wate
to meet demands fomunicipal, 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 supp
and energy uss.

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

Climate Change Adaptatiomvolves 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).

e 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.

e Climate change is resulting in greater extreme weather events. On-
site energy production ¢ 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.

e 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 Mitigationnvolves activities to prevent, reduce, or offset
impacts to climate from human activities, such as reductions of carbon
emissions.

e Waterk 6 aGSol G§SNI Ay TN &l NUHzQ thelzZNB
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.

e Energy industries are shifting to renewable and lower-emission
SYySNHe a2dz2NOSa (G2 NBRdAzOS GKS)
iKSasS FftGSNYylFGAGS SySNBe SOt
F 2 2 (i LINJelgpin@nréof altebn&ive 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.

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

e 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
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Part Il:

Symposium Results: National Water+Energy Research Needs Findings

Based upon the results of the 2005-2006 Roadmapping Meetings

% Thermoelectric power generation and subsequent analyses by the National Energy Technology
Laboratory, three main areas of research needs were highlighted by

1 CO, capture & storage DOE laboratory staff during the 2009 Water-Energy Sustainability
Symposium:

& Oil & gas exploration & production

% Synfuels production Integrated resource development of R&D program and planning
tools

m Coal & uranium mining
e Accelerate water resources forecasting and management

- Hydroelectric power production

e Evaluate impacts of climate variability and improve hydrological
E Biofuels production forecasting
Wi i

e Improve common decision support tools
5h9Qa ylFGA2y LIt 102N G2NI

several areas where understanding water issues will be e Generate new data and overcome obstacles to data sharing

critical for US energy and power development e 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 PemSector

e Improve dry and hybrid cooling system performance

consiucion Cn fele usn i sderbrs e Improve ecological performance of intake structures for hydro
g AT il iz wabor concaniing .
S Wacicsin Fcimmpei AN | and once-through cooling
:'_ " " _|7 > consfrucion.
o E] # 0 [ 5] 1m

Ao | e Improve materials and cooling approaches compatible with use

[ i of degraded water

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

Improving systems analysis approaches and informatic
sharing techniques will result in betteesource

forecasting and management.
Research Program for Alternative Fuels Sector

e Reduce water use for alternative fuels production and
processing

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

e Assess non-traditional water use for fuels applications

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

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

Part Il:

Findings

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.

Thesd JSNE LISOG A @S a

Agencies with Energy Expertise and Agencies with Water Expere
need to work closely together. Better coordination is needed
among agencies Water and energy agencies need to work togeth
to encourage more sustainable solutions and provide regulat
oversight for safe use of new technologiesderal agencies need ty
initiate partnerships with states and local communities that focus
energywater relationships. EPA and state drinking evgtrograms
need to market the Water Sense akdergy Star programs jointly
and to work in conjunction with local governments and associati
such as the homebuilders.{ 5h9 | yR &adl a8 S
always work with closely water agencies, but é@avaluable
information and expertise for water planning.

Water stakeholders and agencies need to take the lead on wi,
resources management and watershed planning, Wwater needs
G2 aAy@AiGSéE Sy SNHE makyidi theNSfartita
understard energy stakeholders and make them feel welcome in
water planning andmanagement processes.

We need national ground water baseline studies and ug
parameters in each basin for groundwater protectionStandards
for the Underground Injection Controll@) program are needed a
more injection is being proposed. More research is needec,
opportunities for reuse oproduced water and othewastewater
from energy useas an alternative to injection.

We have several federal agencies that collect data reldtto
water and energy planning, and need better coordination on dat
collection and analysis. The DOE Energy Informatio
Administration collects and analyzes information on energy a,
power that is needed for river basin plannindhe US Geologica
Suney (USGS) provides data on water use, including water ust
thermoelectric power generation, as well as assessments of en
resources, including: the ongoing national oil and gas assessm
(current resources of conventional oil and gas); continudluana
gas (coabed gas, basktenter gas, shale gas, tight gas); and «
shales and tar sands.

There will be many players involved in watenergy planning,
including agencies at several levelState agencies are often at tht
front lines of planning ah implementation of wategenergy
program coordination. Regulations and interagency coordinatior,
need to be reviewed to ensure barriers are not created to wate
energy sustainability.

There is nosinglea K2 YS¢é¢ F2NJ RS@St 2LIvSy,
on water and energy within the administration or in Congres:
where legislation is divided among different committees.

New ways of evaluating energy development are needét: need
to take into consideratiorthe positive environmental impacts o
using locally prduced fuels. Energy siting needs to take ir
account demand for energy and availability of water.

The value of wetland ecosystems and vegetatioreeds to be
considered as @a energyefficient means of improving water
quality.

YR NBO2YYSYyRIGAZY A
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facilities with water and wastewater facilities needs to be
considered. More integrated and tiered planning is needed witt
appropriate tools at appropriate levels (national, regional, local

The waterenergy nexus is global issue.Supporting
international needs for water and energy can be critical to
providing food for other nations and security for our owtJS
technologies can help developing countries to meet basic neec
F2NJ 61 GSNJ YR T22RME ¢&SRaL®
water supply projects, as they have no electricity. Water proje:
in developing countries can sell carbon credits to become
economically sustainable.

Research & Development (R&D) needs greater flexibility and
broader input: R&D progams 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 not
governmental organizations, universities, and associations to
ws5 a2y (KS 3 MNButigriRfiexdébility t6 engo8rége
R&D, breaking down compartmental regulation that stifles
innovation.

New funding is needed to accelerate innovatioR&D is critical,
bringing together expertise from the energy industry and
DOE/National Energy Laladories with water providers.
Continuous technology innovation can strengthen our capabilit
G2 YSSi GKS briA2yQa SySNBHE@
valuable water resources.

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

Reuse of water is needed to meet water demand?&D is
needed to support development of water reuse technologies th
is sustainable and uses less energy.

Integrated policy approaches are nded, including a
combination of regulatory and markebased measures, in
addition to customer education Shorterm measures and long
range wliciesare needed to ddressclimate change impacts on
water+energy reources Development of loading criterist i
needed to support investment in cexffective resource
management measure®ipartisan eadership andcoordination
among water and energy stakeabldersis required to epedite
implementation of adaptation and mitigation measures and
strategies.

NBLINB&SY G | &@idleiapdrad dza = é

contributions to the ongoing wateznergy dialogue, and support the need for continued dialogue and integratedipéafor water and energy.
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The 2010 Water Energy Sustainability Symposium
at the GWPC Annual Forum

PITTSBURGH, PA
September 26-29, 2010
t AGGao dzNB KStion querd NI (i 2 v

Registration NOW OPEN!
Please visitwww.WaterEnergy2010.com

THE TIME IS NOW: For Water and Energy Partnerships!

A host of radical changes has brought bottater and energy management to the brink of crisis.
Political, economic and technological climates have undergone as much transformation as the natural
climate. The evegrowing 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 wktengrs to

f SOSNI IS SIOK 20KSNNRa aitNBy3aikaod {LRYyaz2NBR o0& (KS
2010 is Water and Energy in Changing Climates. Water and power need each other, and planners face
common hurdles. Common approaches to supplies,teyss, 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 complx 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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