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= Drinking water accounts 1% of
total electricity use in the U.S.

= Wastewater use 0.8%
(EPRI 2013)

= Water and wastewater account for 35
percent of typical U.S. munic-ipal
energy budgets,

@ 25-40 percent of the operating
¥ budgets for wastewater utilities

= 80 percent of drinking water

processing and distribution costs
(NYSERDA, 2008)




Energy Management Opportunities

Emerging Technologies and
Processes

Energy Efficiency, Load Energy Recovery and

Management, and Demand
Response

Generation

¢« Strategic Energy
Management Practices

« Data Monitonng and
Process Control

« Water Conservation

+« High-Efficiency Pumps
and Motors

e Adjustable Speed Dnves
¢« Pipeline Optimization

¢ Advanced Aeration

« Demand Response

¢ Odor Control
+« Membrane Bioreactors

« Deammonification
Sidestream Process

« \Water Reuse

« Residuals Processing
« Microbial Fuel Cells

e LED UV Lamps

Cogeneration Using
Digester Biogas

Use of Renewable Energy
to Pump Water

Recovery of Excess Line
Pressure to Produce

Electricity

EPRI 2013




Energy for Water

Power Requirements For Treatment
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(Modified from Water Reuse 2007, EPA 2004, Mickley 2003) (Einfeld 2007)

= Desal growing at 10% per year, waste water reuse at 15% per year
= Non-traditional water use is energy intensive




Large-Scale Conveyance

Large Pipeline Conveyance Energy Demands

= |nter-basin transfers account -
for 1.2% of West-wide %
electricity use.

= 6% of Arizona electricity use, and

= 3% of California electricity use. :
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Energy for Water

MorruheoArio Direc? Stearm Injaction in industrial Procossas: 4,104
Steam Appliastion:
8,084

Spece ond Precess Heating: 5,833
Walter-related

Enargy

Consumgtion: Steam-driven

#5'436 Powar Ganaratian:
32,334 Other Elactric Devices: 28, 284

Total

Annual

2040

S Energy
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Ralated Enengy
Consumption:
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US Energy lor Direcl and Indirecl Waler Services and Sleam Use in 2010
Sanders and Webhbar, The University of Texas at Austin, 2 2012
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« Water services account for 12.6% of energy consumption in U.S.
« 8.2% for heating, chilling, treating, etc. water
» 4.4% for direct steam applications




Water and Energy Conservation

U.S. Government Federal law prohibits removal of this label before consumer purchase.
Clothes Washer Sears Brands Management Corp.
Capacity: Standard Model 796. 4118#31#

796. 4128#31#

Estimated Yearly Operating Cost

(when used with an electric water heater)

THE OFFICIAL CAR OF
Iﬂvi" 4 SUMMER 2013.

$10 $71
Cost Range of Similar Models

130w $10

Estimated Ye Electrici Esti Ye ti
stimated Yearly Electricity Use ? wmissdd wnf:.ﬂnytu%ri ::g'gg)st

Your cost will depend on your utility rates and use.

® Cost range based only on standard capacity models.
® Estimated operating cost based on eight wash loads a week and a 2007

national average electricity cost of 10.65 cents per kWh and natural gas on ””/l r
cost of $1.218 per therm.

© For more information, visit www.ftc.gov/appliances. ENERGY STAR

onec vz ITNTITTNTAN
Appliance Standards

City of Denver Water Conservation Campaign
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Water for Thermoelectric Power Generation

Water Withdrawal (BGD)
2005

Municipal
48
14%

Industrial

= Water Consumption (BGD)
1995



Energy-Water Data

= Collaboration between:
= U.S. Geological Survey

= U.S. Energy Information
Administration

= Expanded data collection

= Standardized procedures and

definitions Annual Energy bcehabre 26,
Outlook 2013

with Projections to 2040




Water for Thermoelectric Power

« Water use influenced by:
* Fuel type,
« Cooling type,
« Emission controls,

* Age, and
* Location
once-through cooling pond recirculating dry-cooled
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Ranges reflect minimum and maximum water-use values. Averyt et al. 2011




Technology Improvemen

Unique collaboration between - i
industrial research institute and

Hot Wate,|
d N e Additional boler
NSF/EPRI Collaboration on "Water for Energy"- Advanced Makeup M‘mzh
- w 326
Dry Cooling for Power Plants Water if, e
B Neede Blowdown
PROGRAM SOLICITATION Water 80° F| Condenser . ey
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Fan

IMPORTANT INFORMATION AND REVISION NOTES

A revised verslon of the NSF Pmposal & Award Policies & Procedures Guide (PAPPG), NSF 13-1, was issued on October 4,

2012 and is effe for pi , or due on or after January 14, 2013. Please be advised that the guidelines e
contained in NSF 13-1 appl din to this funding opportunity. Proposers who opt to submit

prior to January 14, 2013, must also follow the guidelines contained in NSF 13-1.

Inlet air tlow

Please be aware that significant changes have been made to the PAPPG to implement revised merit review criteria based on the
National Science Board (NSB) report, National Science Foundation's Merit Review Criteria: Review and Revisions. While the two 7 ~ —
merit review criteria remain unchanged (Intellectual Merit and Broader Impacts), guidance has been provided to clarify and improve Sl s &
the function of the criteria. Changes will affect the project summary and project description sections of proposals. Annual and final

reports also will be affected.

A by-chapter summary of this and other significant changes is provided at the beginning of both the Grant Proposal Guide and the Warm
Award & Administration Guide. Air 4
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Water L|m|ted Basins

Surface Water
Availability

Water avalilability metric:
surface water

Groundwater
Availability

Water availability metric:
groundwater



Thermoelectric Development in Water

Water and Power at Siting Risk

Power (MMWh) Water (Mm’ /day)

Mew surface water
demand at risk: baseline

SCenano Surface water Ground water Surface water Ground water

s , | i3 Bascline 163 (18%) 11 {1%) 118 (24%)  0.06 (1%)
P T Tl - B B 3 1
AT R Fossil 139 (15%) 19 2%) 124 (23%)  0.10 2%)
dira i Renewable B4 (9%) 5 (0.5%) (L85 (19%) (.04 (1%)
s |
P 'j;ir;,hrit’

Tidwell et al. 2012




Integrated Energy-Water Planning

Water Cost Metrics

Unappropriated Groundwater Appropriated Water

+

E m 3 r \ Western Electricity Coordinating Council'

‘ GOVERNORS'
ASSOCIATION

‘Servig the Governors o 19 States and 3 US-Fiag Pacic isiands

ates Water Council

Water Availability Metrics

Unappropriated Surface Water Unappropriated Groundwater Appropriated Water

e

o o
Scenario I
Developme:

Brackish Groundwater Consumptive Demand 2010-2030 el
Shady Program| | Create Study nalysis
i [ TR e
Stakeholder oo oog
Requests
(Open Season)
Publish Review and Reporting &
Approval of Recommend 5
R;m[:;u s, ans) Aoproval [ Publc Comment (¢—} Cv;g::)d
¥ ooo ooo

Decision Body

[ scenario Pianning Steering Group

T weerc Note — The small boxes represent opportunities for stakeholders to be
directly involved in planning processes.

[ wecc Board

[ ] TEPPC Workgroup Concensus | TEPPC Workgroup activities are open to all and decisions are made by
consensus. ILis at these meetings where many of the details of the

[ ] publc planning process are decided.




Water from Retiring Plants

Change in non-thermoelectric water use 2009-2035 u N eW Ca pa Clty | n U . S . |S Ia rge Iy
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Table 3. Thermoelectric Power Production and Associated
Freshwater Consumption at Siting Risk Due to Limited

Water Availability. T

electricity (TWh)
reference 154
515 CO, no retrofit 135
515 COy, full retrofit 146
%25 C0O4 no retrofit 113
425 COy, fll retrofit 127

it

renewables and natural gas

= Retirement or de-rating of
older plants result in net water
savings

Change in thermoelectric water use: $15/tonne CO; no retrofit

0.55 (0.53, 057)
047 (044 0.51)
086 (0935 10)

044 (041, 048)
095 (0.92, 099)

Tidwell et al. 2013




Transitioning to Zero Freshwater Withdrawal

Retrofits considered: average difficulty, according to EPA guidelines

Recirculating cooling (first step for once-through cooling systems)
c Dry cooling

Municipal wastewater

Brackish groundwater

Costs:
Capital
Operating and Maintenance (O&M) costs
Capture (e.g., conveyance costs for wastewater, drilling and pumping
costs for brackish groundwater)
Treatment
Parasitic energy losses

Availability:
Municipal wastewater: within 50 miles
Brackish water: <2500 ft deep, salinities>10,000 TDS

NOTE: not taking into consideration site-specific constraints such as land availability, local
regulations, technology vintage




Cost Associated with Retrofit

Technology Number@®DfQ
plants
Waste@vaterl 823
Brackish@vater 109
Dry&ooling 246

USD/MWh

Note: ALCOEs tend

. ~ 1%0.00

to be lower in the B 50,01 - $0.50
. %0.51-%1.00

West, Texas Gulf 191,01 - 83,00
.~ $3.01-$%5.

Coast and south o1 sh00

. . | $7.01-%$9.00

Florida, which are B $9.01 - §11.00
N $11.01 - $13.00

areas prone to [ Drought Stress

drought stress PRCCC UL R S ST

With wholesale cost of electricity about 540/MWh?*, many retrofits could be
accomplished at levels that would add less than 10% to current power plant
generation expenses.

*average 2012 wholesale cost over 3 US trading hub regions
I EEEEEEEE—————————
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Water for Fuel Extraction and Processing

Water Withdrawal (BGD) _
2005 Estimated at ~1 BGD consumed

in mining and fuel processing
Municipal
i
14%

Industrial

= Water Consumption (BGD)
1995



Gas and Oil Shale Development

Shale plays
FEEE curent pley s * Wi sk A

N Pro ive pla ek play
R AR R = Maedshala &
Stacked plays Imegtone pla
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— Daepeslf oldasl Sistar-sanstne




Water Use in Hydraulic Fracturing
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Reducing Water Impacts

. EPA Espafiol | o
=
s Urited onmental rotection Agency

= Re-use of produced water ——————————

Contact Us  Share

[ | Use Of braCk|Sh Water EPA's Study of Hydraulic Fracturing and Its Potential

Impact on Drinking Water Resources
fg) Get email alerts

" Protection of fresh water
At the request of Congress, EPA is conducting a study to better understand any potential m
r e S O u r C e S impacts of hydraulic fracturing on drinking water resources. The scope of the research includes

the full lifespan of water in hydraulic fracturing. The progress report was released in December

* Pubished Scientific Papers

2012 and a draft report is expected to be released for public comment and peer review in 2014. & 2013 Technical
Workshops
What is the hydraulic fracturing water cycle? * Progress Report 2012
* Questions and Answers
4. Flowback and 15_ Ll
reatment ane
Sowion oot e WeseDaou

Injection - =
m E * On January 28 EPA

hosted a webinar on the
Technical Roundtable held

How EPA Is Doing the Research How You Can Get Involved on December 9, 2013.

See the presentation.

* Final study plan « Cick here to learn more about technical
« Research approaches stakeholder engagement and how you can

* Quality assurance and integrity participate in public meetings.

o Transparency
* Questions and answers about the study ¢ Main hydraulic fracturin
page
¢ Multi-agency collaboration
5 5 on unconventional oil and
ations Peer Review
gas research
¢ Folow us on Twitter and

Pu

* Pubished Scientific Papers * Peer review activities
* Progress report 2012 * EPA Science Advisory Board (SAB! Google+

* Final study plan
 Fact sheets

» Other publications
» Archive

Contact Us to ask a question, provide feedback, or report 3 problem.

m e f 6 ®

EPAHome | Privacy and Security Notice | Contact Us Newsby E-mail  Widgets NewsFeeds Podcasts  EPABlog

Last updated on February 3, 2014 Socal sites E E m

More social media at EPA »



Energy-Water-Climate Nexus
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Energy-Water-Climate Nexus in the
News

DOE 2013




Cascading Impacts of Climate Change

Delivery of electricity may become more vulnerable to disruption
due to climate-induced impacts

Increased Increased

temperatures temperature leads to
increased peak

Change in p h electricity demand
precipitation




Energy-Water Nexus

F

= A challenge that we both share
= \We are not that different

= Share similar climates
= Use similar energy and water technologies
= Share similar opportunities to manage the energy-water nexus

= Share similar concerns over the impacts of climate change

= Many benefits to be realized if we work together
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