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We Use Water To Define Our Outlook On Life
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<<<ART FOR THIS?>>>

• 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 is empty. 
• Grad student: I see you found my tears
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Energy and Water Are Interconnected
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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 becomes energy problem, and vice versa 

• Good news: cross-cutting solutions
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Energy Can Be Used To Improve Water Quality
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The Hydrologic Cycle is Global and Has Plenty of 
Water, But In the Wrong Place, Form, or Time of Year

[Taikan Oki, et al., Science, August 25, 2006]
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97.5% Saltwater 
2.5% Freshwater
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Some of Our Mythology, Art and Literature 
Captures The Torture of Water That Is Just Out of 
Reach Or Needs Treatment
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“Water, water, every where, 
Nor any drop to drink.”
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Samuel Taylor Coleridge, 1798
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The mythical Greek Figure 
Tantalus was punished with 
eternal thirst and 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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The Unicorn’s Horn Made 
Water Safe To Drink
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We Use Energy for Water

• Conveyance 
• Pumping 
• Treating 
• Heating 
• Chilling 
• Pressurizing
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We either move the people to the water 
or move the water to the people
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In Many Parts of the World, It Is The Woman’s 
Responsibility To Fetch Water
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Less Than A Century 
Ago, That Woman Was 
American
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Source: Univ. of Missouri & U.S. Department Of Agriculture, 1920 

Piped water systems 
liberate women
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Pumping Water by 
Hand:  

Yesterday’s Chore Is 
Today’s Fun
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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

Source: Remembering Austin, Marsia Hart Reese, 2010
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13% of all energy is for steam and heating, treating 
and pumping water
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Source: Sanders & Webber, 2012
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Direct Water and Direct Steam Services: 12.3 Quads 
in the USA

Water Heating
Steam Injection
Ind. Water Prep.

Appliances
Chillers/Cooling

Water, Wastewater Utilities
Agricultural Water Pumping

Hot Tubs, Pools, Spas
Water for Cooking

Pumping at Power Plants
Freezing/Refrigeration

Other

Quads

0 1 2 3 4

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
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The Energy Intensity of Water Varies Nationally

NoCal- 5,400 

SoCal-13,000 

ATX-5,000 

IA- 4,300 

MA- 3,200 WI- 3,600 

NY- 2,700 

AVG US- 3,300-3,900 

Sea-Desal in LA -11,200 

*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
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Water heating technologies also vary geographically: 
electric and gas dominate

• US Water Heating Unit 
Inventory in 2009: 
–Electric : 41% 
–Natural gas : 52% 
–Fuel oil: 4% 
–LPG : 7% 
–Solar: Trivial 

[Data: EIA RECS 2009]
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Courtesy: Sanders (2013)

Fractional Distribution of Units
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Energy for Desalination Varies 
• Factors under consideration: Treatment capacity, source water salinity, product 

water salinity, flow rate, pressure, energy recovery, first year of operation of plant 
• Key finding: 80% of specific energy consumption (SEC) is determined by 

–Source water salinity 
–First year of operation 

• The correlation between SEC and cost is weak
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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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Drought Is Forcing 
Venezuelans To Give Up 
Their Hair Dryers
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“The President of Venezuela has 
urged women to stop using hairdryers 
and offered alternative styling tips as 
the country’s energy crisis 
continues.” 
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Tea Kettles Are Very Power Intensive
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Webber Household, July 9, 2017
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English Tea-Drinking Habits Strain The Grid

• After a popular soap opera ends, 
1.75 million tea kettles are 
turned on almost simultaneously 

• Surge in demand: 3 GW for 3-5 
minutes 

• Standby power ready from grid in 
UK and France
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Energy Constraints Become Water Constraints
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• Hurricane Ike in 2008 knocked out power to energy capital of the 
world… 

• Water systems were shut down because of the power outages
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Energy Constraints Become Water Constraints

Not so long ago

Easy for us: 
turn a knob
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There Are Technical, 
Social and Policy 
Solutions
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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 Treatment & Desalination 
–Abundant saline/brackish water 
–Abundant wind and solar radiation(with low electricity prices) 

• Using excess flared gas from shale production for wastewater 
treatment
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Wastewater Is A Resource

• Sanitation differentiates 
–Healthy and wealthy = sanitation 
–Sick and poor = no sanitation 

• Reclaimed water 
–Advanced treatment is less energy-intensive than 

desalination 
• Water Re-use: 

–“showers to flowers” 
–Graywater for snowmaking 
–“toilet to tap” (Singapore, ISS, …)
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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
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Wastewater Is A Resource

• University of Texas at Austin: uses reclaimed water for 
irrigation and chilling 

• Saves significant energy and CO2 emissions

34Dr. Michael Webber Energy in Water July 10, 2017

(c) M
ichael E. W

ebber -- 
Do Not Distrib

ute



There Is A Lot of Waste In 
The System

• Natgas leaks: ~1% 
• Water leaks/losses: ~10-40% 
• Electricity: more than half of all energy 

consumption lost as waste heat
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The phrase almost completes itself:
Midlife . . . crisis. It’s the stage in the
middle of the journey when people feel
youth vanishing, their prospects nar-
rowing and death approaching. So they
become undone. The red Corvette pops
up in the driveway. Stupidity reigns.

There’s only one problem with the
cliché. It isn’t true.

“In fact, there is almost no hard evi-
dence for midlife crisis at all, other than
a few small pilot studies conducted
decades ago,” Barbara Bradley Hagerty
writes in her new book, “Life
Reimagined.” The vast bulk of the re-
search shows that there may be a pause,
or a shifting of gears in the 40s or 50s,
but this shift “can be exhilarating, rather
than terrifying.”

Bradley Hagerty looks at some of the
features of people who turn midlife into
a rebirth. They break routines, because
“autopilot is death.” They choose pur-
pose over happiness — having a clear
sense of purpose even reduces the risk
of Alzheimer’s. They put relationships at
the foreground, as career often recedes.

“Life Reimagined” paints a portrait of
middle age that is far from grim and de-
celerating. Midlife begins to seem like
the second big phase of decision-
making. Your identity has been formed;
you know who you are; you’ve built up
your resources; and now you have the
chance to take the big risks precisely be-
cause your foundation is already secure.

The theologian Karl Barth described
midlife in precisely this way. At middle
age, he wrote, “the sowing is behind;
now is the time to reap. The run has been
taken; now is the time to leap. Prepara-
tion has been made; now is the time for
the venture of the work itself.”

The middle-aged person, Barth
continued, can see death in the distance,
but moves with a “measured haste” to
get big new things done while there is
still time.

What Barth wrote decades ago is even
truer today. People are healthy and en-
ergetic longer. We have presidential
candidates running for their first term in
office at age 68, 69 and 74. Greater lon-
gevity is changing the narrative struc-
ture of life itself.

The elongation of vital life has
changed the phases of life. The most ob-
vious change is the emergence of the od-
yssey years. People between age 20 and
the early 30s can now take a little more
time to try on new career options, new
cities and new partners.

However, another profound but more
hidden change is the altered shape of
middle age. What could have been con-
sidered the beginning of a descent is
now a potential turning point — the
turning point you are most equipped to
take full advantage of.

It is the moment when you can look
back on your life so far and see it with
different eyes. Hopefully you’ve built up
some wisdom, which, as the psycholo-
gists define it, means seeing the world
with more compassion, grasping oppos-
ing ideas at the same time, tolerating
ambiguity and reacting with equanimity
to the small setbacks of life.

By middle age you might begin to see,
retrospectively, the dominant motifs
that have been running through your
various decisions. You might begin to
see how all your different commitments
can be integrated into one meaning and
purpose. You might see the social prob-
lem your past has made you uniquely
equipped to tackle. You might have
enough clarity by now to orient your life
around a true north on some ultimate
horizon.

Lincoln, for example, found in midlife
that everything so far had prepared him

to preserve the Union and end slavery.
The rest of us don’t have causes that
grand, but plenty of people bring their
life to a point. They dive fully into exist-
ing commitments, or embrace new ones.

Either way, with a little maturity,
they’re less likely by middle age to be
blinded by ego, more likely to know
what it is they actually desire, more
likely to get out of their own way, and
maybe a little less likely, given all the
judgments that have been made, to care
about what other people think.

The people who find meaning at this
stage often realize the way up is down.

They get off that supervisor’s perch
and put themselves in direct contact
with the people they can help the most.
They accept that certain glorious youth-
ful dreams won’t be realized, but other,
more relational jobs turn out to be more
fulfilling.

They achieve a kind of tranquillity, not
because they’ve decided to do nothing,
but because they’ve achieved focus and
purity of will. They have enough self-
confidence, and impatience, to say no to
some things so they can say yes to oth-
ers.

From this perspective, middle age is
kind of inspiring. Many of life’s possibili-
ties are now closed, but limitation is of-
ten liberating. The remaining possibili-
ties can be seized more bravely, and
lived more deeply. 0

DAVID BROOKS

The
Middle-Age 

Surge

An inspiring 
vision of the
40s and 50s.

HO CHI MINH CITY, VIETNAM
So Havana is 20 years behind Ho Chi

Minh City on the development cycle that
brings you bulldozed historical districts;
traffic-clogged streets; a skyline of
cranes; fancy golf courses for expats and
the local elite; lattes galore; burger joints;
smartphones everywhere; a middle class
with disposable income; the seductions of
credit; fragrant shopping malls; brand
heaven (or hell); the end of virgin
beaches; massive real estate develop-
ments with names like “Central Park”;
offshore fortunes for the political archi-
tects of capitalist communism; resorts
with their manicured lawns; casinos;
mass tourism; social media; 6 percent an-
nual growth; mom-and-pop entrepre-
neurship; suburbia and sprinklers; pri-
vate schools for kids with Ivy League col-
leges already in their sights; Asian and
Latin American versions of the American
dream; and a population fired up and sort
of freed by the opportunity to make a buck
for the first time in generations.

In Cuba’s case, come to think of it, the
process will almost certainly go quicker.
It’s located closer to Miami. American ho-
tel chains are already circling, or pounc-
ing.

The world has sped up since the
mid-1990s, when Vietnam embarked on
the opening that has fast-forwarded its
economy over the past two decades. Like
China, it has demonstrated that nothing
fires up capitalism quite like Communist
political control in 21st-century guise.

Why should Raúl Castro’s Cuba be dif-
ferent? Money trumps liberty, which can
be cumbersome and erratic. Give Havana
a mere decade and it will be well down the
Ho Chi Minh City road.

Over all, that’s good for Cubans, yet the
homogenizing effect of global commerce
has become so familiar that it’s difficult to
look at images of President Obama
strolling the streets of Old Havana with
his family and not feel — along with the
thrill of this needed breakthrough — a
twinge of ambivalence.

It is a wonderful thing to have an Ameri-
can president in Cuba for the first time in
almost nine decades, and equally wonder-
ful to see the thawing of a half-century of
American-Cuban hostility that had be-
come anachronistic and pointless.

But by now we know enough of how de-
velopment can look — and how it can race
ahead without accompanying political lib-
eralization — to rejoice with some reserve.
Cuba is certain to lose a fraction of its soul
as money works its fascination. All the

new malls may do nothing for the miser-
able fate of dissidents with democratic ob-
sessions.

Vietnam has been a remarkable suc-
cess story. Annual trade with the United
States has soared from a mere $220 mil-
lion in 1994 to $29.6 billion in 2013. Four
decades after the napalm, commerce has
overcome enmity. America is a hedge
against China; the temporary enemy has
become a partner of sorts against the eter-
nal enemy.

The Vietnamese, their lives improving,
express overwhelmingly positive views of
America. Obama is expected here later
this year to cement a new partnership im-
portant to the future of the United States
as a China-offsetting power in Asia.

It would be surprising if the Cuba open-
ing did not produce similar rapid develop-
ment and steady rapprochement with the
United States. The Cuban revolution had
its achievements, not least in education
and medicine, but lost its raison d’être
long ago. It was a generator of misery and
paralysis on an epic scale — lives wasted,
hopes quashed, youths reduced to idle-
ness and inertia.

The possibilities about to emerge for
millions of Cubans are reason enough to
say that, while it’s no panacea, the Obama-
Castro entente is cause for celebration.

When I was in Cuba eight years ago for
the 50th anniversary of the revolution, I
wrote: “On my first day in Havana I wan-
dered down to the Malecón, the world’s
most haunting urban seafront prome-
nade. A norte was blustering, sending
breakers crashing over the stone dike
built in 1901 under short-lived American
rule. Bright explosions of spray unfurled
onto the sidewalk.

“I was almost alone on a Sunday morn-
ing in Cuba’s capital city of 2.2 million peo-
ple. A couple of cars a minute passed, often
finned ’50s beauties, Studebakers and
Chevrolets, extravagant and battered.
Here and there, a stray mutt scrounged.
Washing flapped on the ornate ironwork
balconies of crumbling mansions. Look-
ing out on the ocean, I searched in vain for
a single boat.”

Goodbye to all that. The imprisoning
sea off Cuba will be imprisoning no more;
it will grow dense with container ships
and the masts of yachts before long. New
buildings will rise and the old will be torn
down. That is good, of course it is. Yet the
global mall and tourist destination do
leave something to be desired.

You never know, as Vietnam and Cuba
demonstrate. America loses a war against
Communism in Southeast Asia, and in
time capitalism triumphs.

“The white man is finished in Asia,” said
Ho Chi Minh. Well, not quite, as it tran-
spired.

“A revolution is not a bed of roses,” said
Fidel Castro. Nor is the end of the revolu-
tion. 0

ROGER COHEN

Cuba
Heads

For Miami

Havana is headed down
a road similar to one Ho
Chi Minh City followed.

AUSTIN, TEX.

A
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,

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

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. 0

Our Water System:
What a Waste

Cracked pipes,
antiquated rules and

dysfunctional markets.

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.” 

By Michael E. Webber

NIV BAVARSKY

T
HE long-endangered Republi-
can Deficit Hawk is now ex-
tinct.

In December, the Republican
Congress passed into law a

huge permanent package of tax measures
as part of the tax and spending deal. How-
ever, Republicans refused to pay for the
legislation, thereby adding a thunderous
$2 trillion to the deficit over the next two
decades, according to an estimate from
the nonpartisan Committee for a Respon-
sible Federal Budget.

As House Republicans prepare to leave
for two weeks of recess without passing a
budget for next year, the cost of this tax
package is casting a long shadow over
America’s future, threatening to crowd out
essential investments for hard-working
American families.

Why isn’t there a rule requiring law-
makers to account for new expenditures
by finding offsetting budget cuts or reve-
nue increases when Congress enacts
them? In fact, there is.

In 1982, George Miller, a progressive
Democratic Congressman from Califor-
nia, had a simple but transformative idea
to cut the deficit and restore fiscal respon-
sibility to Washington, which he called pay
as you go, or paygo. Under this rule, when
Congress wanted to pass a new law that
would increase the deficit, legislators
would have to pay for the cost with match-
ing revenue increases or spending cuts.

Paygo still allows for flexibility in over-
all discretionary budget increases and in
times of emergency, but it forces lawmak-
ers to account for the impact of laws that
have consequences for federal revenues
or mandatory spending.

It’s so common-sense that most people
would be surprised it hasn’t always been
the rule. After all, even the priorities we
want and need must still be paid for.

The historic Tax Reform Act of 1986 —
sponsored by Democrats and signed into

law by President Ronald Reagan — was
grounded in this rule. In 1990, paygo was
passed into law as part of the budget
process under President George H.W.
Bush. We extended it through the deficit-
reduction and budget agreements of the
Bill Clinton years, driving four consecu-
tive annual budgets that were either in
balance or in surplus.

Since then, however, Congress has often
failed to do the hard, necessary work of
paying for what it wants.

President Clinton handed his successor,
President George W. Bush, a projected
$5.6 trillion 10-year budget surplus and
eight years of economic expansion. But
Republicans quickly abandoned any
measure of fiscal responsibility and began

a catastrophic spending spree. The com-
pletely unpaid-for tax cuts, including huge
tax cuts for the wealthy in 2001, and two
completely unpaid-for wars shattered our
multitrillion-dollar surplus and created a
vast new deficit.

After President Bush left the White
House, President Obama was faced with a
staggering $1.2 trillion projected budget
deficit in his first year alone, according to
estimates from the Congressional Budget
Office, and an economy in free fall. Under
President Obama, the paygo law was
reinstated, and we’ve brought the annual
deficit from $1.2 trillion when President
Obama took office to $544 billion today.

With the recent tax package, however,
the Republican Congress is once again ig-
noring the inescapable mathematical re-
alities behind budgeting. In advancing a
narrow and expensive agenda largely
benefiting special interests, they are add-
ing trillions to the deficit in the coming
decades.

Some of the provisions in the tax pack-
age have long been championed by
Democrats — especially credits that help
put more money in the pockets of hard-
working but low-earning men and women,
as well as working parents raising chil-
dren or trying to send a child to college.
Modernizing and making the research
and development tax credit permanent is
central to Democrats’ Innovation Agenda.

However, Republicans used these pro-
visions to advance hundreds of billions of
dollars in unpaid-for tax breaks. Further-
more, Republicans refused to pay for any
of the $622 billion in tax extenders, good or
bad. With the additional cost of debt serv-
ice factored in, this permanent tax pack-
age will add well over $800 billion to the
deficit in the first 10 years alone — reach-
ing $2 trillion over 20 years.

In devising the December 2015 omnibus
legislation to fund the government,
Democrats were obliged to find money to
cover every budget increase. We even
scrounged on behalf of our 9/11
responders, coming up with the funds to
cover $7 billion in the budget for their lost
wages and treatment of their illnesses
from exposure to toxins at ground zero.

The Republican refusal to adhere to
paygo is not only a problem for our deficit.
It undermines the long-overdue passage
of broad, bipartisan tax reform that would
lower the corporate rate, close special in-
terest loopholes, end costly tax expendi-
tures, and ensure that all Americans are
paying their fair share.

To contain and reduce the national debt,
we must return to a simple rule called pay
as you go. We can restore fairness to the
tax code, delivering reforms that support
bigger paychecks and better infrastruc-
ture for the American people, even as we
honor basic fiscal realities. 0

You Budget. Why Shouldn’t Congress?

The Republicans didn’t
account for $622 billion
in new tax extensions.

Nancy Pelosi is the Democratic leader in
the 114th Congress.

By Nancy Pelosi

Emma Roller on the possibility of the
Republicans turning to a Libertarian

candidate.
nytimes.com/opinion

ONLINE: TODAY
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We Could Make Our Energy and Water Systems 
Smarter
• 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 

• Spending money on 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 (2700-3000/month) 
• Example: Austin, TX (750,000 people; 2012) 

–Hardware budget for smart meters: ~$50M 
–Software budget for data & billing: ~$50M 

• Saves money 
–Fewer employees for meter reading 
–Better grid reliability (shorter downtime)
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Data Will Become More 
Important Than Ever
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Big Data Enables Rise of Artificial Intelligence

• Using data to reduce 
costs of O&G production 

• Replacing men with 
machines: 150+ year-old 
tradition
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Smart Infrastructure Is An Important Economic, 
Environmental and Performance Opportunity
• Use IoT (ubiquitous sensors, analytics, smart algorithms, etc.) to extend 

life of existing infrastructure at much lower cost than rebuilding for $1T 
• Smart water mgmnt market: $12B+/yr by 2021 (Technavio, Jan 2017) 
• IoT in cities will have ~$1T of value by 2025 (McKinsey Global Institute) 
• IoT to reduce electricity/water loss/leaks in distribution systems could be 

worth as much as $69B/year (McKinsey 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 amortized over fewer gallons, so we need tech to enable cost savings 

• Water infrastructure can be used for demand response in power sector
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Smart Appliances Can Save Energy and Water And 
Stabilize the Grid
• Turn off heating element of 

dryer or water heater for 2 
minutes when frequency 
sags to 59.95 Hz 

• Leave motor running to 
avoid creases in clothes 

• Adjust compressors for 
many fridges in coordinated 
fashion

41Dr. Michael Webber Energy in Water July 10, 2017

Jun 5th 2008
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Use Energy In Water As a Thermal Storage Medium
Reduce peak demand, obviating need for tens of billions of dollars on power 
infrastructure
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Integrating Renewables With Desalination Might 
Solve Several Problems at Once
Wind 
Solar 
Geothermal
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Integrating Wind Power With Brackish Desalination 
Solves Several Problems Simultaneously
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Water Problems, Brackish Groundwater, Sunshine, 
and Wind Resources Are Co-Located

• Use off-peak wind to power 
desalination of brackish 
groundwater 

• Water treatment is cheaper than 
batteries 

• Provide solutions to challenges of 
each technology 
• Desalination addresses intermittent, off-

peak nature of wind power 
• Wind power addresses high energy 

requirements of desalinationCourtesy: Mary Clayton
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Where Does Solar-Aided Desalination Make Sense In 
the World?
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• Water temperature and salinity are relatively low 
• Solar insolation, population and water prices are high 
• Some tropical and sub-tropical locations look very promising 

• Bay of Bengal, etc.
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Integrating Solar PV with Brackish Desalination 
Increases Energy and Water
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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 during treatment 

–Example: El Paso, TX test systems
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Some Sites Are Very Promising for Geothermal 
Powered Brackish Groundwater Desalination
• Energy requirements for 

MED depend on 
–Depth 
–Salinity 
–Temperature 

• In some geopressured 
zones, brackish desal could 
be self-sustaining
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Flared Gas Can Be Used for On Site Treatment of Wastewater From 
Shale Production
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Flared Gas Can Be Used for On Site Treatment of Wastewater From 
Shale Production
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[Photo Credit: Jared Garrison]

Converting two waste streams 
into a valuable commodity

Enough flared 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
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• Combined heat, 
power, and 
ammonia for algal 
protein production
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We Need To Fix Our Markets
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Water Prices Are Dysfunctional
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Credit: Michael E. Webber 2016

20 oz. bottle, 128 oz./gallon

Credit: Michael E. Webber 2016

20 lbs. × 0.13 gallons/lb. = 2.6 gallons 
$0.99 ÷ 2.6 gallons = $0.38/gallon

Bottled water: 
$6.98/gallon

Bag of ice: 
$0.38/gallon
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There is Justifiable Cause for a Healthy Dose of Realistic 
Pessimism That This Could Take a While
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It Is Possible To Build Infrastructure In The Wrong 
Place and Pointed the Wrong Direction
• Building petroleum-fired power 

plants in the 1960s and early 
1970s just in time for the oil crises 

• Building LNG import terminals just 
in time to need export terminals 

• Building a south-going pipeline from 
Canada vs. a north-going pipeline 
from Mexico? 

• Building centralized water systems 
rather than distributed systems?
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www.webberenergygroup.com

Deputy Director, Energy Institute 
Co-Director, Clean Energy Incubator 
Josey Centennial Professor in Energy Resources 
Professor, Mechanical Engineering 
The University of Texas at Austin 

@MichaelEWebber
webber@mail.utexas.edu

Michael E. Webber, Ph.D.
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