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We Use Water To Define Our Outisok On Life
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* Optimist: Glass half full
* Pessimist: Glass half empty
* Engineer: The glass Is the wrong size

* Water planner: It doesn’'t matter how
long your straw is if your glass 1s empty.

* Grad student: | see youi found my tears
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Energy and Water Are Interconngscted

Webber Energy Group

THE UNIVERSITY OF TEXAS AT AUSTIN

Dr. Michael Webber Energy in Water July 10, 2017



The Nexus of Energy and Water is Particularly
Important

* We use energy for water
* We use water for energy
* Opportunity:

* Infinite energy gives infinite water,
and vice versa

* Bad news: cross-cutting vulnerabilities
* Water problem inccomes energy problem, and vice versa

* Good news: cross-cutting solutions
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Energy Can Be Used To Improve Water Quality

The Atlanta
ajC Journal-Constitutio

UPDATE: Boﬂ-wataroo
advisory still moe‘PFect for

parts of Ag,/a 4

Becca J. G. God tlanta Journal-Constitution
Updated 8;2 K@ riday, July 7, 2017 Filed in Neighborhoods
\\
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The Hydrologic Cycle is Global and Has Plenty of
Water, But In the Wrong Place, Form, or Time of Year
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Some of Our Mythology, Art and Literature
Captures The Torture of Water That i< Just Out of
Reach Or Needs Treatment
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THE RIME
OF THE

ANCIENT

MARINER

“Water, water, every where,
Nov any drop to drink.”

Samuel Taylor Coleridge, 1798

COLERIDGE
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The mythical Greek Figurs
Tantalus was punished with
eternal thirst anc placed in a pond
whose water would recede out of
reach

Root of the word “tantalize”
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Late 15th Century tapestries
show the Hunt of the Unicorn
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Margaret B. Freeman, “The Unicorn Tapestries” (1976)
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We Use Energy for Water

We either move the people to the water
or move the water to the people
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« Jonveyance
* Pumping

* Treating

* Heating

* Chilling

* Pressurizing

July 10, 2017
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In Many Parts of the World, It Is The Woman'’s
Respor]sib\il'ity Tq Fetch Water

oy

. ¥

Source: QT Luong

Source: Corbis Images
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Less Than A Century

Ago, That \'woman Was
American

Piped water systems
lilberate women

ILT YOI JR
INTY AGENT

"; WRITE O

COL FGPO“AGQ \T U

FOR INFORMg
WATER oU &TEMS

Source: Univ. of Missouri & U.S. Department Of Agriculture, 1920
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Pumping Water by i
Hand: 3

Yesterday’s Chore Is Rilss

Today’'s Fun~
| Lo

Alter Botanischer Garten, Munich, Germany
[M. Webber, June 23, 2016] -
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In the 1930s, 20% of All Electricity in Austin, Texas
Was For Pumping Water And Lightin Streets

I

i LYo

...

AR AN

NS

VO L AT S LD A S

9 T A . U i
DA, 5 \’“W)...,._.,...

/e,

T i

S

O A e ks s b 40 P ASARAARRARR

Source: Remembering Austin, Marsia Hart Reese, 2010
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13% of all energy is for steam and heating, treating
and pumping water

Evaluating the energywbnsumed for
water use In the {Jnited States
<

Kelly T Sanders and Micl@e "Webber
o

[OP PUBLISHING
Environ. Res. Lett. 7 (2012) 630NN 1pp) doi: 10.1088/1748-9326/7/3/034034

ENVIRONMENTAL RESEARCH LETTERS

: Sanders & Webber, 2012
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Direct Water and Direct Steam Services: 12.3 Quads
in the USA

U.S. Energy Consumption for Direct Water and Direct Steam Services
Source: Sanders & Webber (2012) ¢ Graphic: Michael E. Webber, The University of Texas at Austin

Water Heatl ng h"_

Steam Injection A\ vV A

Ind. Water Prep.
Appliances
Chillers/Cooling
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Agricultural Water Pumping
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Freezing/Refrigeration
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The Energy Intensity of Water Varies Nationally

*All values in units of kWh per million gallons, including water and wastewater treatment
Figure courtesy K.T. Sanders, Source: DoE Buildings Energy Data Book
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Water heating technologies also vary geographically:
electric and gas dominate

\

Energ O$O\

Volume 81, 1 March gm ages 317-327

x)@‘

Evaluating the ener% C02 emissions impacts of shifts in

residential Water ing in the United States

Kelly 1. Sanc IQ&:\C’) MlChaEI E. Webber D, "
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Water heating technologies also vary geographically:
electric and gas dominate

Fractional Distribution of Units

FL] B
et — * US Water Hezting Unit
OR, WA ] . ]
AL, KY, MS] I Inventor \n 2009:
DC, DE, MD, WV e ——
VA R —Fleatrie 0
AR LA — Flectric : 41%
AZ — - :
GA e — —Natural gas : 52%
X 1= _
PA ________EN\AI —Fuel oil: 4%
MO I \ OV
IN, OH IR\ L. — A
IA, MN, ND, SD __<C. LPG : 7%
Wi EENSr——— T
ID, MT, UT, WY — . —Solar: Trivial
CT, ME, NH, RI, VT| BN\ 1T 1B |
NM, NV] S et FARERS 2009
KS,NE[ = I
M)
gCY) =_ Courtesy: Sanders (2013)
" e ———— Electricity B Natural Gas
" g}i e Propane/LPG [l Fuel Oil
_——
- 0.0' i 'szt i '0f4' i 'ofs' i '058' i '110' ' Energy in Water July 10, 2017



Energy for Desalination Varies

e Factors under consideration: Treatment capacity, source watei zalinity, product
water salinity, flow rate, pressure, energy recovery, first vecr of operation of plant
* Key finding: 80% of specific energy consumption (5cC) I1s determined by
—Source water salinity
—First year of operation

e The correlation between SEC and cox. s weak

Predicting th%GS%‘eciﬁc Energy Consumption of
Reverse Qufosis Desalination

©

Ashlynn S. Stillwell * and Michael E. Webber * Water 2016, 8, 601; doi:10.3390/w8120601
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The Energy-Water Relationship is Already Under
Strain

* Water Constraints Become Energy Constraints
* Energy Constraints Become Water Constraints
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Drou ght Is Forcin g Venezuela energy crisis: President tells
women to stop using hairdryers and go

Venezuelans To Give Up with 'natural’ style to save electricity

'l think a woman looks better when she runs her fingers through her hair@ it dry naturally,’ Nicolas Maduro said

\6\(

Their Hair Dryers il
THE™
INDEPENDED

¢
“The President of Venezuela has $
urged women to stop using hairdryers
and offered alternative styling tips as
the country’'s energy crisis
continues.”

Webber Energy Group
July 10, 2017
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Tea Kettles Are Very Power Intensive




English Tea-Drinking Habits Strain The Grid

] o =)
e ec rlcl eman 01.07.2013  5:27PM EST

* After a popular soap opera ends,
1.75 million tea kettles are
turned on almost simultaneuusly

* Surge in demand: 3 G\V for 3-5
minutes

e Standby power ready from grid in
UK and France
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Energy Constraints Become Water Constraints

* Hurricane lke in 2008 knocked out power to energy capital of the
world...

* Water systems were shut down becatse of the power outages
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Energy Constraints Become Water Constraints

Boil Water @hﬁcatlon
$o

Not so long ago May 16, 2011 aQue to loss of water pressure from a power
outage h&é@ ater plant in the Ridgewood Village Water
1e

Syste xas Commuission on Environmental Quality
g Q) has required our public water system Ridgewood

. llage Water System PWS #2270015 to notity all
asy for uu-:

turn a kr.o customers to boil their water prior to consumption as a
precautionary measure.

Ce——— - —_ — — - - - - — e
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There Are Technical @
Social and Policy o
Solutions




The Water Sector Can Be Used To Solve Energy
Problems

* Using Energy In Water
* Energy recovery from WWTPs
* Water for thermal energy storage

* Integrating Renewables with Water ireatment & Desalination
—Abundant saline/brackish water
—Abundant wind and solar raciation(with low electricity prices)

* Using excess flarer £as from shale production for wastewater
treatment
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Wastewater Is A Resource

e Sanitation differentiates
—Healthy and wealthy = sanitation
—Sick and poor = no sanitation

e Reclaimed water

—Advanced treatment is less energy-intensive than
desalination

e Water Re-use:
—“showers to fiowers”

—Graywatear tor snowmaking
—“toilet to tap” (Singapore, ISS, ...)

Webber Energy Group
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Wastewater Is A Resource

* Austin, TX: Produces biogas and ‘Dillo Dirt from its
wastewater

* Sandvika, Norway: uses heat in wastewater to
—Warm dozens of nearby buildings
—Defrost sidewalks and roadways

Energy Recove}*y% Wastewater Treatment Plants in the
United Sta{gﬁ@&” ase Study of the Energy-Water Nexus

Ashlynn S. Stillwell *, David C. Hoppock * and Michael E. Webber °
Webber Energy Group Sustainability 2010, 2, 945-962; do1:10.3390/5su2040945
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Wastewater Is A Resource

* University of Texas at Austin: uses reclaimed wate; 1or
irrigation and chilling

* Saves significant energy and CO2 emicsions

An integrated energy, caqgssfh, water, and economic
analysis of reclaimg/c!%?ter use in urban settings:
a case study %(.ﬁstin, Texas

\C

Ashlynn S.ﬁ wwell, Kelly M. Twomey, Rusty Osborne, David M. Greene,
\?O |
Dan W. Pedersen and Michael E. Webber

AN =20 kl Journal of Water Reuse and Desalination | 01.4 | 2011
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There Is A Lot of Waste In
The System

* Natgas leaks: ~1%

 Water leaks/losses: ~10-40%

* Electricity: more than half of ali energy
consumption lost as waste heat
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THE NEW YORK TIMES OP-ED TUESDAY, MARCH 22, 2016

NIV BAVARSKY

Our Water System:
What a Waste

By Michael E. Webber

AUSTIN, TEX.

MERICA has a water problem. To

put it simply, the national net-

work for providing safe, clean
water is falling apart.

This state of affairs, which
is the focus of a summit meeting on Tues-
day at the White House, threatens more
than our drinking water supplies. Water is
used in every sector of industry, grows our
food, affects our health and props up our
energy system.

The price of this neglect will be high. In
Flint, Mich., the mayor has estimated that
it will cost as much as $1.5 billion to fix or
replace lead pipes. Over all, repairing our
water and wastewater systems could cost
$1.3 trillion or more, according to the
American Society of Civil Engineers. We
need to do this to improve water quality,
protect natural ecosystems and ensure a
reliable supply for our cities, agriculture
and industry.

The problem is a result of many factors,

Michael E. Webber, the deputy director of
the Energy Institute at the University of
Texas, Austin, is the author of the forth-
coming “Thirst for Power: Energy, Water
and Human Survival.”

including old, leaky pipes; archaic pric-
ing; and a remarkable lack of data about
how much water we use.

In cities across the country, billions of
gallons of water disappear every day
through leaky pipes. Houston alone lost 22
billion gallons in 2012. As the water expert
David Sedlak at the University of Califor-
nia, Berkeley, has noted, the water system
is facing a double whammy: It has
reached the end of its service life just as
climate change and population growth
have increased its burdens. No wonder
the civil engineers society gave the na-
tion’s drinking water systems a grade of D
in 2013.

Wastewater treatment systems are also
in serious need of upgrading. Flooding
strains treatment plants and sewer sys-
tems in many older cities, causing them to
discharge untreated sewage whenever
rainfall or snowmelt overwhelm them. Af-
ter Hurricane Sandy, treatment plants in
the New York area backed up, with
sewage flowing the wrong direction from
drainage pipes. The New York Times
noted that in one neighborhood “a plume
of feces and wastewater burst through the
street like a geyser.”

Droughts also jeopardize water sup-
plies, causing cities in the West to reach
farther or dig deeper to get their water.
Outside Las Vegas, Lake Mead, fed by the

Colorado River, was recently measured at
39 percent of capacity.

These problems are compounded by an
antiquated system of regulations, dys-
functional water markets, policies that en-
courage overpumping, and contracts that
discourage conservation by requiring
customers to pay for water they don’t use.
These approaches depress investment
and inhibit innovation.

To fix our water systems, we need
prices that lead to more rational water use
and invite needed investment, data to
track water resources and usage, and
much more research and development.

Take prices, for example. Water prices
should rise or fall according to supply and
demand. The idea that the price should be
the same in the dry season (when supplies
are low and demand for irrigation is high)
as the wet season (when supplies are high
and demand is low) is nonsense.

Water utilities should take a page out of
the energy sector’s playbook. Electric util-
ities had been plagued for decades by

Cracked pipes,
antiquated rules and
dysfunctional markets.

many of the same difficulties. But now
they are moving toward time-of-use pric-
ing, with prices rising when demand is up,
and inverted block pricing, where prices
increase with consumption. Allowing
these price shifts would change user be-
havior. Higher prices would encourage
conservation and new technologies.

Regulations can ensure that the first
few gallons per person per day are cheap
or free, with escalating costs beyond that.
Water for necessities such as drinking,
cooking and hygiene should be affordable.
Beyond that, water for lawns, filling swim-
ming pools, washing cars and other uses
should be more expensive.

We also have to fix our data gaps. We
are operating blind. Compared to sectors
like energy, where robust statistics on
prices, production and consumption are
generated weekly, key information on wa-
ter use and supply is missing or published
only every few years.

We should increase the federal budgets
for water monitoring. Establishing a Wa-
ter Information Administration, just as
the Department of Energy has an Energy
Information Administration, to collect, cu-
rate and maintain up-to-date, publicly
available water data would inform policy
makers and the markets.

Congress should also significantly in-
crease support for water research and de-
velopment, making sure to include the pri-
vate sector as a partner.

We need breakthroughs in water treat-
ment technology that would enable
larger-scale recycling and reuse of treated
water, desalination, and aquifer storage
and recovery. These improvements range
from the mundane — better pumps and
home appliances — to advanced nanoma-
terials for energy-efficient water treat-
ment.

The water industry’s risk-averse cul-
ture has resisted innovation. Higher
prices and government-backed research
and development could help prompt a
wave of innovation and investment. This
is what happened with hydraulic fractur-
ing and horizontal drilling, two technolo-
gies advanced through government re-
search that kicked off the shale boom.

The water problem is daunting. But
putting a sensible price on water to invite
investment and encourage conservation,
increasing the availability of information
and doubling down on innovation can go a
long way toward solving it. O




We Could Make Our Energy and Water Systems
Smarter

e Conventional meters are dumb

* Need smart meters:
—Use by time of day

—Use by function
* [Indoor vs. outdoor
 Heated vs. unheated
* Greywater vs. blackwater
* Piped vs. collected
e Spending moneyv o data saves money

........
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Data Isn’t Cheap: Case Study of Austin, TX Rollout of
Smart Meters for Electricity

* Conventional billing: 2 meter readings/month
 Smart billing: Meter readings every 15 mins (Z /O

 Example: Austin, TX (/50,000 people, 2IJ12)
—Hardware budget for smart meters: ~$50M
—Software budget for data & hilling: ~$50M

e Saves money
—Fewer employees for meter reading
—Better grid renavility (shorter downtime)

Webber Energy Group

THE UNIVERSITY OF TEXAS AT AUSTIN

Dr. Michael Webber Energy in Water July 10, 2017 37


http://commons.wikimedia.org/wiki/User:Yummifruitbat

e Crunch time in France
. 1ie
EC no mlSt | South Korea's unfinished revolution

Data Will Become More

Ten years on: banking after the crisis

MAY 6TH-12TH 2017

The world’s most Important Than Ever
valuable resource
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Big Data Enables Rise of Artificial Intelligence
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Smart Infrastructure Is An Important Economic,
Environmental and Performance Opportunity

* Use loT (ubiquitous sensors, analytics, smart algorithms, <tc.) to extend
ife of existing infrastructure at much lower cost than rebuilding for $1T

* Smart water mgmnt market: $12B+/yr by 2021 (Technavio, Jan 2017)

cN\J’

* |0T in cities will have ~$1T of value by 2025 (McKinsey Global Institute)

* |oT to reduce electricity/water loss/'caks in distribution systems could be
worth as much as $69B/year (NicKinsey Global Institute)

* U.S. municipal drinking water consumption declined 5% this decade
—First time in 40+ years that water use at home has decreased (ASCE 2017)
—Installed costs ainortized over fewer gallons, so we need tech to enable cost savings

* Water infrastructure can be used for demand response in power sector

Webber Energy Group
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Smart Appliances Can Save Energy and Water And
Stabilize the Grid

* Turn off heating element of e 6\,(\ Ecor{g(;nist

dryer or water heater for 2 Fridges of g@wr d, unite!
minutes when frequency A0S |
sags to 59.95 Hz 522'3:53;3&”552? S e
* Leave motor running to
avold creases In clothes

* Adjust compressors for
many fridges in coordinated
fashion

Toarhnalarnyu riasrtariu: 2 20
ik '\-f..tu\-"l, wUalieily.

lllustration by Belle Mellor
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Use Energy In Water As a Thermai Storage Medium

Reduce peak demand, obviating need for tens of biiions of dollars on power
infrastructure

Webber Energy Group
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Applied Energy xxx (2016) xxx—xxx

Contents lists available at ScienceDirect

Applied Energy

journal homepage: www.elsevier.com/locate/apenergy

Modeling electric load and water consumption impacts from an O
integrated thermal energy and rainwater storage system for S@R §‘a

buildings 1n Texas

Energv and Buildings 97 (2015) 21-32

Charles R. Upshaw **, Joshua D. Rhodes *°, Michael E. Webber * b\oe(

Contents lists available at ScienceDirect

Energy and Buildings

journal homepage: www.elsevier.com/locate/enbuild

Modeling peak load reduction and energy consumption enabled by an
integrated thermal energy and water storage system for residential
air conditioning systems in Austin, Texas

Webber Energy Group
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Integrating Renewables With Desal’ination Might

Solve Several Problems at Once
Wind

Solar

Geothermal

Webber Energy Group

Y OF TEXAS AT AUSTIN
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Integrating Wind Power With Brackish Desalination
Solves Several Problems Simultaneously

—

$°\sustam ablllty

()0 ISSN 2071-1050
www.mdpi.com/journal/sustainability

Sustainability 2014, 6, 758-778; doi:10.3390/su6020758 6\'(\
\

| e’
Article @\O\O

Implementation of B zﬁklsh Groundwater Desalination Using
Wind-Gener ate(e&h?ctl icity: A Case Study of the Energy-Water

Nexus In {8}@&

Mary E. Clayton ', Ashlynn S. Stillwell >* and Michael E. Webber -"*
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Water Problems, Brackish Groundwater, Sunshine,
and Wind Resources Are Co-Located

Water Supply Sustainability Index (2050) e Use off—peak wind 1o power

- desalinatinon of brackish
grounawalter

« Water treatment is cheaper than
pbatteries

* Provide solutions to challenges of
each technology

B Extreme . A\ Ve r2 * Desalination addresses intermittent, off-

== High e peak nature of wind power
Moderate

Low * Wind power addresses high energy
requirements of desalination

Courtesy: Mary Clayton
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Where Does Solar-Aided Desalination Make Sense In
the World?

 Water temperature and salinity are relatively low
* Solar insolation, population and water prices zre high

* Some tropical and sub-tropical locatiors 0ok very promising
* Bay of Bengal, etc.

. ol L
Where does solar-ald@%awater desalination make sense?

A method for ideQ\d@ing sustainable sites
\

G
Emily A. Grub@\ﬁ\‘QAshlynn S. Stillwell !, Michael E. Webber "

EA. Grubert et al. / Desalination 339 (2014) 10-17
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Integrating Solar PV with Brackish Desalination
Increases Energy and Water

Resources 2015, 4. 476-489: doi1:10.3390/resources4030476

ISSN 2079-9276
www.mdpi.com/journal/resources

QO
s
The Energy-Water Nexus: Spatially-Resolved A al@{s of the

Potential for Desalinating Brackish Ground y Use of
Solar Energy \@;v

sources 2015. 2. 227-276: doi:10.3390/resources4020227

Jill B. Kjellsson - and Michael E. Webber 2 @\ resources
2 ISSN 2079-9276

www.mdpi.com/journal/resources

Article

The Energy-Water Nexus: An Analysis and Comparison of

Various Configurations Integrating Desalination with

Renewable Power
Webber Energy Group

Dr. Michael Garv M. Gold *, Michael E. Webber
THE UNIVERSITY OF TEXAS AT AUSTIN .




Integrating Solar PV with Brackish Desalination
Increases Energy and Water

* Saline/brackish water for cooling solar PV systems

* Improves Solar PV performance

* Preheats water for higher throughput curing treatment
—Example: El Paso, TX test systerns
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Some Sites Are Very Promising for Geothermal
Powered Brackish Groundwater Desalination

» Energy requirements for @g
MED depend on Geothermal Gra iedg,\ )
—Depth : é
—Salinity
—Temperature

* [n some geopressured
zones, brackish des2a! could
pbe self-sustaining

0 50 100 200 300 400
W e s

Birney, Jones & Webber, In preparation, 2017
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Flared Gas Can Be Used for On Site Treatment of Wastewater From
Shale Production

e
ORI, =
Science &TB(}I]"M[]U I-E]"I.EBS \03( pubs.acs.org/journal/estlcy

Potential for Using E %y from Flared Gas for On-Site Hydraulic
Fracturing Wast § r Treatment In Texas

Yael R. Glazer, Jil &\\ Isson, Kelly T. Sanders, and Michael E. Webber™
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Flared Gas Can Be Used for On Site Treatment of Wastewater From
Shale Production

converting two waste streams
into a valuable commodity

[Photo Credit: Jared Garrison]

Enough f.arca gas in Texas to increase annual water supply by 1 to 2.4%

The Oil & Gas Industry Could Become the Oil, Gas, and Water Industry
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Flared Gas Can Be Also Be Used for Food Production

« Combined heat,

Q o\ power, and

Contents lists available at Science r, ammonia for al ga |
Algal R%@fcﬁ’ protein production

Algal Research 20 (2016) 142-152

journal homeag@v@v.elsevier.com/locate/algaI

N
Flare gas recovery fo@mgﬂ\(\protein production

Colin M. Beal *, F. Too@vidson °, Michael E. Webber °, Jason C. Quinn “*
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We Need To Fix Our Markets
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Water Prices Are Dysfunctional

Bottled water:
$6.98/gallon

20 Ibs. x 0.13 gallons/Ib. = 2.6 gallons
$0.99 + 2.6 gallons = $0.38/gallon

20 oz. bottle, 128 oz./gallon

Webber Energy Group
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$0.38/gallon
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There is Justifiable Cause for a Healthy oose of Realistic
Pessimism That This Could Take a Vviiile
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It Is Possible To Build Infrastructure In The Wrong
Place and Pointed the Wrong Direction

e Building petroleum-fired power
plants in the 1960s and early

1970s just in time for the oll crises
oS e bINE FOR ENERGY?

* Building LNG import terminals just
: : T Infrastructure-building blunders can leave countries
In time to need eXpOrt terminae unprepared for unexpected challenges.

* Bullding a south-going nipaiine from Michael E. Webber, Mechanical Engineering, July 2017
Canada vs. a north-zoing pipeline
from Mexico?

* Building centralized water systems
rather than distributed systems?

0\0\6
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