Item 2. Administrative Report

Conner, Tim EQAB 8/17/2016 Meeting

From: Davidson, Jennifer

Sent: Tuesday, July 05, 2016 12:38 PM

To: Conner, Tim

Subject: RE: Water Softener Rebate Standings - June 2016

Good Afternoon, Tim —

Here are the final water softener rebate standings through June 30, 2016 (concludes pilot program):

‘ — - e
Remaining | Alowed 3 E;iﬂ 4 | Pending ‘h%ﬁ;’;ﬁ;ﬂ
a8 af s 50 19 S 950 281 300 66% 0 0
9 20018 100 4 $ 400 96 100 0% 0 0
10 3 S 125 156 $ 19,500 78% 32 17% 1] 5
44 200 193
11 3 3 125 150 $ 18,750 75% - 6 3% 0 0
Total | ! = .
Applications: | | 4 A% | 9 3
Rebate ID:
8 High-Efficlency Upgrade
9 Paortable Exchange
10 Removal 1* Installment
11 Removal 2" Installment

Please let me know if you have any questions.
Cheers,

Jennifer Davidson
Water Conservation Specialist
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Environmental Quality Advisory Board Staff Contact: Tim Conner

Office of Environmental Initiatives Email teonner@scottsdaleaz.gov
City of Scottsdale PHONE 480-312-7833
7447 E Indian School Rd STE 105 FAX  480-312-7314
Scoltsdale, AZ 85251 WEB www.ScottsdaleAZ.gov
Memorandum
TQ Mayor and City Council

FROM: Environmental Quality Advisory Board (EQAB)
DATE: June 16, 2016
RE: Recommendation for Solar PV Project at the Scotisdale Water Campus

The Environmental Quality Advisory Board (EQAB) recommends approval of the solar services
agreement and contract award to SolarCity for a 2.3 megawatt PV solar system at the Scottsdale
Water Campus.

Background

The Scottsdale Water Campus is a 145 acre complex housing the Water Reclamation facility and
the CAP Potable Water Treatment Plant. The Campus is the City’s largest energy consumer.

Scottsdale Water is interested in entering into a long-term solar services agreement fora2.3
megawatt (DC power) PV system to replace approximately 10% of the current power use at the
Water Campus. The system will be equipped with battery storage used to control power
demand spikes and reduce demand charges by the electric provider.

Under the terms of the agreement, SolarCity will finance, design, construct, operate and
maintain the solar system for twenty years. Scottsdale Water will pay a pre-determined rate per
kWh and an annual rate for the battery storage infrastructure. The combined solar-battery
package will translate into long-term energy savings using renewable power.,

Recommendation

The successful bidder, SolarCity, is a leader in Arizona’s solar integration market and one of the
largest solar installers in North America. They are the most experienced project financiers in the
industry with ample capital available to support the City’s solar objectives.

EQAB unanimously recommends awarding the solar services agreement and contract to
SolarCity for the financing, design, construction, operation and maintenance of the proposed 2.3
megawatt PV solar system at the Water Campus/CAP Facility for long-term energy cost savings
and reduction of greenhouse gas emissions.

If you have questions regarding this recommendation, please contact Anthony Floyd in
Scottsdale’s Office of Environmental Initiatives.

Respectfully,

Mé MAnda—
Alisa McMahon, Chairperson

Environmental Quality Advisory Board
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Sun N Sand Model Railroad Club Revocable License Agreement — Appioved on.Consent.
Request: Adopt Resolution No. 10512 authorizing Agreement No. 2016-102-COS with Sun N Sand
Model Railroad Club to use space in the McCormick-Stillman Railroad Park's Model Railroad Building
to operate an “N" scale model frain layout. .

Staff Contact(s): William Murphy, Community Services Director, 480-312-7954,
bmurphy@scottsdaleaz.gov

Scottsdale Model Railroad Historical Society Revocable License Agreement — Approved on

Consent.
Request: Adopt Resolution No. 10513 authorizing Agreement No. 2016-103-COS with Scottsdale

Model Railroad Historical Society, Inc., to use space in the McCorrick-Stillman Railroad Park’s
Model Railroad Building to operate an *HO” scale model train layout.
Staff Contact(s): William Murphy, Community Services Director, 480-312-7954,

bmurphy@scottsdaleaz.gov

Scottsdale Aquatic Club Revocable License Agreement — Approved on Consént.

Request: Adopt Resolution No. 10522 authorizing Agreement No. 2016-107-COS with Scottsdale
Aduatic Club, Inc., fo use certain City aquatic facilities for competitive youth aquatics.

Staff Contact(s): William Murphy, Community Services Director, 480-312-7954,
bmurphy@scottsdaleaz.gov

American Trucker WestWorld Event Agreement — Approved on Consent.

Request: Adopt Resolution No. 10313 authorizing Agreement No. 2016-004-COS with R.
Entertainment Company, LLC, to produce the American Trucker event at the WestWorld facility in the
month of October beginning in 2016 through 2020.

Staff Contact(s): Brian Dygert, WestWorld General Manager, 480-312-6825,
bdygert@scottsdaleaz.qov

Bentley Scottsdale Polo Championship WestWorld Event Agreement — Approved on Consent.
Request: Adopt Resolution No. 10396 authorlzmg Agreement No. 2016-045-COS with Scotlsdale
Polo Championship, LLG, to produce the 6" Annual Bentley Scottsdale Polo Championship event at
the WestWorld facility on November 5, 2016.

Staff Contact(s): Brian Dygert, WestWorld General Manager, 480-312-6825,

mert@Scdttsdaleaz gov

Solar Services Agreements — Councilwoiman Klapp made a motion to approve Solar Services
agreements between &;ottsdale ‘Water and SofarCIty by adopﬁng Resolution No. 10490,
Councilman Smith .seconded the motich which carried 7/0.

Request: Adopt Resolution No. 10490 authorizing the following agreements with SolarCity
Corporation for the financing, design, construction, maintenance, and operation of solar power
infrastructure at the City's Water Campus:

1. Solar Services Agreement No. 2016-086-COS 7

2. Performance Guarantee Agreement and Limited Warranty Agreement No. 2016-088-COS

3. Demand Logic Guarantee Agreement No. 2016-089-COS

Staff Contact(s): David Petty, Acting Water Resources Director, 480-312-5661,

dpetty@scottsdaleaz.gov

Sale of 91° Avenue Reclamation Plant Biogas — Vice Mayer Littlefieid made.a motion to adopt
Resalutmn No. 10495; with the condition the City Feceivesr an opinion from the: ‘bond eounsel
that the bmnds will remain tax exempt. Gouncilweman Klapp seconded the motion, which
carried 7/0.

Request: Adopt Resolution No. 10495 authorizing the City of Phoenix, as the management agency
of the 91* Avenue Sewage Treatment Plant, to sell Scottsdale’s portion of the Plant's biogas to
Ninety-First Avenue Renewable Biogas, LLC, for conversion into a renewable energy source in
exchange for a proportional share of the sales revenues.

Staff Contact{s): David Petty, Acting Water Resources Director, 480-312-5661,

dpetty@scottsdaleaz.gov




'Energy-Water Nexus:
Head On Collision or Near Miss?

i

Energy production requires water, and clean water requires energy. How will
we overcome this feedback loop in a warming, increasingly crowded world?

Kristen Averyt

ne year ago, U.S. Secretary
of Energy Ernest Moniz
warned that the ongoing
drought in California could
bring brownouts, and that climate
'change could create more challenges
for power plants. Moniz linked this risk
to hydropower. But the reliability of
energy production and its connections
with drought and climate are far more

" complex than his remarks suggest.
Since the onset of the California
_ drought in 2011, the amount of electric-
ity generated by hydropower has de-
clined from 23 to 9 percent. To make up

the difference, by 2014 wind power had

doubled its contribution to 8 percent
and utility-scale solar power had in-
creased to 5 percent; but electricity pro-
duction by natural gas also increased.
The result was an 8 percent increase in
the state’s carbon emissions from 2011
to 2014, because natural gas is mostly
' methane, a potent greenhouse gas. Ag-
riculture complicates predictions abotit
energy production and water use.
Through 2015, the industry has suffered
a loss of over $2.7 billion in revenue
since the onset of the drought. Of that
amount, $590 million can be attribut-
" ed to the cost of the energy needed to
pump groundwater as surface water
availability has declined. That cost has
been passed on to the consumer in food
prices across the United States.

For parched Californians who need
drinking water, a desalination plant
that turns seawater into freshwater just
began delivering up to 189,000 cubic

" Kristen Averyt received her PhD from Stan-
ford University in 2005. She is currently the
assaciate director for science at the Coopera-
tive Institute for Research in Environmental
Sciences (CIRES) at Lniversity of Colorado
Boulder. Email: kristen.averyt@colorado.ediL,
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meters of water to those in the San Di-
ego region. Although it is the most effi-
cient desalination plant on the planet, it
will still use 300 million kilowatt-hours
of energy and increase the amount of
carbon emissions attributable to pro-
duction of the state’s water supply.
Energy production requires water,
and water treatment and distribution
require energy. Both energy and wa-
ter demands are stressed by climate
change and population growth, but ef-
ficiency in one sector does not necessar-
ily translate to ef:ﬁciency in the other. As
the problems with rising temperatures,
increasing droughts, growing energy

demands, and escalating water needs .

collide, it becomes clear that solutions
to each problem must consider cascad-
ing effects on the others.

By 2050, the world will be a fun-
damentally different place than it is
today: The population on our planet
could exceed 9.7 billion people, and
global temperatures are expected to
be about 1 degree Celsius hotter than
today: Those changes, in turn, will lead
to many others, because the water cy-
cle will be different and because more
people could mean more energy use.

The way that water is cycled among
atmosphere, land, and water bodies

. will change, because as temperatures

increase, the atmosphere holds more
water, causing a shift in both the Earth's
energy balance and the relative distri-
bution of water among the components
of its cycle. This shift will drive expan-
sion of the latitudinal boundaries of the
planet’s deserts, change precipitation
patterns, and decrease water availabil-
ity across much of the planet.

More people could mean increased
demand for energy. Indeed, per capita
energy use varies from 0.8 megawatt-
hours in India to 3.8 megawatt-hours

in China to as much as 5.4 megawatt-
hotits in the United S&tes. But a con-
sistent trend is fhat access to electricity
is key to combating poverty and mal-
nutrition. With moe snf=nse and more
frequent heatsvaves svesvillneed even
more power &0 manaz= public health

and safety durng e summer months. -
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Lenny Ignelzi/ AP Photo

A new desalination plant that tiirns seawater into freshwaterin Carlsbad, CA, went into oper-
ation in December 2015 and is emblematic of the need ta consider effects on water and energy
concomitantly. Although it is the most efficient desalination plant worldwide, it still uses an
energy-intensive process. The energy—water nexus is an area of study focusing omoptimizing
solutions for energy and water efficiency, so that solving one problem does not.create another.

energy’s water footprint. A key chal-
lenge for the future, then, is to design
an electricity system that will meet the
power demands of a growing popula-
tion during heat waves and droughts;
when energy demand for air condition-
ing is high and water supply is low.
“Globally, 15 percent of all the wa-
ter used supports electricity genera-
tion. In the United States, because we
use more electricity per capita than

most countries (5.4 megawatt-hours), .

45 percent of all the water withdrawn
in a given year is used in energy pro-
duction (161 million gallons per day is
used to run power plants—more than
the 117 million gallons used daily to
grow food and to feed livestock).
Power plants use all this water be-
cause most of them use heat to make
power and therefore need water for
cooling. Most power plants generate
electricity using a process that first
turns thermal energy into work. These
thermoelectric power plants operate
by burning a fuel, such as coal or natu-
ral gas, which heats up a reservoir of
water. As the water boils, the steam

www.amerjcanscientist.org

produced rotates a turbine, which
generates electricity. Next, the steam
is condensed so that it can be reheated
to generate even more steam, and then
the cycle can continue. The most ef-
ficient way to condense the steam is
to pass cold water through the system.

That demand for cooling water ac-
counts for over 95 percent of all the wa-
ter used to produce energy. The reason

water is optimal for cooling is because -

of its high heat capacity. The hydrogen
bonds in water allow the molecules to
hold a relatively large amount of en-
ergy, making the introduction of lots
of cold water into the system the most
efficient way to move heat out.

The end result of this process is that
thermoelectric power generation is
dependent on a continuous supply of
cool water. In the United States, rough-
ly 90 percent of our electricity comes
from this type of power plant, which
is why so much of the domestic water
budget is used by the electricity sector.
But nuclear power plants can use even
higher amounts of water for cooling
than do other thermoelectric plants.

When discussing the energy-water
nexus, most of the focus is on thermo-
electric plants, because hydropower
does not “use” water in the same sense
as these power sources; except for
evaporation that may occur on a res-
ervoir built to support a hydroelectric
dam. Still, hydropower is an impor-
tant electricity source, particularly in
the Pacific Northwest, where climate
change is not expected to cause prob-
lems with drought but is expected to

- change the timing of water arrival as it

melts from mountain snowpack.

Exactly how much water is used
by any of the more than 1,700 opera-
tional thermoelectric power plants in
the United States depends on several
factors, of which the most important
is how cooling water is confinuously
supplied to the power plant.

About 47 percent of our electric-
ity comes from power plants that use
what's called a once-through process.
These types of power plants are locat-
ed on rivers, streams, lakes, and coast-
lines. The nearby water flows through
the power plant and then is refurned
back to the source. Other power plants,
particularly those located in arid re-
gions, use a recrculating system. These
systems use evaporation to remove
heat from the cooling water after it has
passed through the condenser, eitherin
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small ponds where evaporation occurs
naturally, or cooling towers, which ac-
celerate the process.
Each technology type has tradeoffs
related to water withdrawals, con-
. sumptive use, and water quality. Using
evaporation to pull heat from cooling
water consumes, through evaporation,
2 to 30 times more water per unit of
electricity generated (kilowatt-hour)
than is consumed by a once-through
facility. On the other hand, a power
plant using once-through cooling will
withdraw as much as 60, times more
water per kilowatt-hour than will a
plant that uses eyaporative cooling.
Although the majority of the water
from these power plants is returned to
the source, the temperature of that wa-
ter is, on average, 10 degrees Celsius
warmer than when it came into the
power plant, making power plants the
top source of aquatic thermal pollution
in the United States.

Most of the once-through power
plants in the nation are located in the
eastern United States, where there are

‘abundant surface water resources to

support the large water withdrawal
requirement. In the West, evaporative
cooling is the predominant technology
because of the lack of ample water, so
these power plants pay the penalty of
a larger consumptive footprint. These
differences create distinctive vulner-
abilities for each half of the country.
Over the past 10 years, power plants
have encountered problems generating
adequate power because of insufficient
water. Not surprisingly, these collisions
at the energy—water nexus have gener-
ally occurred during heat waves and
droughts. Here’s what happens: When
it’s hot outside, air conditioners are
cranked up, and power plants go into
high gear. Turning up the power means
that more water moves through the
plants: Problems emerge when there

Water is used in every step of the energy production process, especially for converting heat into
energy in thermoelectric power plants. Of all water used for energy, 95 percent goes to cooling
‘steam to condense it back into water for reuse, Although water use varies by fuel source, once-
through plants that use water from a nearby water body and then return it after it is recondensed
withdraw more water than do plants that use evaporative cooling in towers. But evaporative caol-

ing consumes more water overall, because the lost water vapor is not reused. (Data from J. Mel- -

drum, S. Nettles-Anderson, G. Heath, and J. Macknick. Environmental Research Let{ers 8:015031.)

isn't enough water to meet these ele-
vated electricity demands. During the

.2012 drought in Texas, a reservoir serv-

ing the 2,250-megawatt Martin Lake
power plant dropped so low that the
operating company rushed to complete
a pipeline that brought in water from
a river 8 miles away. Climate models
predict both higher temperatures and

‘more drought in many regions. Places

like Texas made it through droughts
such as the one in 2012 but may face fu-
ture energy problems in addition to the
more obvious water-supply problems.
Another issue has to do with wa-
ter temperature. If the cooling water
coming into a plant is too warm, the
thermodynamic process is no longer
efficient, and electricity, production
drastically declines. And in the case
of a nuclear power plant, without
sufficient cooling water to move heat |
away from the nuclear core, a nuclear
meltdown can occur. Some eastern
power plants routinely have to curtail
production because of increased tem-
peratures in cooling water, and nuclear

- plants in particular have been forced

to shut down. This happened at the
now-retired Vermont Yankee Nuclear
Power Plant in July 2012. During that
month, the facility had to limit electric-
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' Water use varies by both power source and cooling technology, so that

low-carbon power is not necessarily low-water. Once-through cool-
ing, which withdraws water from a water system and returns it later
at a higher temperature, uses less water overall than an evaporative
system. No water is required for dry cooling, which uses cold, dry air
to condense steam, but this technology is only feasible in cold, dry

climates or at certain times of year, Thus, power sources that seem
optimal because they are low carbon, such as solar or nuclear power,
may exacerbate water supply issues, depending on their cooling
technology. (Figure from K. Averyt, et al., 2011. Union of Concerned
Scientists; data from J. Macknick, R. Newmark, G. Heath, and K. Hal-
lett, Environmental Research Letters 7:045802.)

.

ity production multiple times because
of low flows on the Connecticut River
and high water temperatures.
Elevated temperatures are not just
a problem for power-plant operations.
If the water entering a plant is already
warm, the effluent is even hotter, which
can create problems for aquatic eco-

Bonneville Power @

Hoover Dam e ‘,!r

Leland Olds Station & Y

systems. Some bass species can tolerate
high temperatures, but a rainbow trout
thrives in waters around 14 degrees
Celsius and generally cannot survive in
temperatures above 24 degrees Celsius.

In some states, there are limits on ef-
fluent temperatures to protect fish, But

" given the need to ensure public health
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during extreme heat waves, power
plants are often granted waivers so that
they can use warm water to operate,
and the water that is returned is much
hotter. For example, during the heat
wave in 2012, the Braidwood Nuclear
Power Plant outside Chicago was one
of at least 29 power plants in the state
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~ and thus taken out of the water cycle, and because such activi-

: dlo)q a. Although the amount of meihane varies, : it's dear
that some of this gas escapes durmg the

1,000 cubic meters = 264,000 gallons
1,233 cubic meters = 1 acre foot

seawater
(desalination),

wastewater reuse

wastwater
treatment

I

groundwaterl.

lake or river E

SRR e e
megawatt-hours
per 1,000 cubic meters

Locations where water demands outstrip local supply are highlighted in red, orange,
and yellow on the map. People in these places adapt to low water availability by
bringing in water from other locations, overpumping groundwater, or recycling
water—all of which are energy-intensive practices—or by relying on retumn flows
or reservoir storage. The more the water supply is stressed, the more challenging
it becomes to meet these demands with an energy-efficient solution, becatise some
water treatment and delivery strategies use much more energy than others (chart).
(Map from K. Averyt, et al. 2013. Enviromnental Research Letters doi:10.1088/1748-

9326/8/3/035046; data in graph from World Business Council for Sustainable Devel-

water supply stress index (WaSSI) "withdrawal all
demands, average surface supphes 1999-2007

O O IGHE O

cold, dry regions with Siberian-type

of Illinois granted a variance allow-
ing effluent temperatures to exceed 32
degrees Celsius—the limit set by state
law. In the Southeast, striped bass kills
on Lake Norman in North Carolina
have been linked on multiple occasions
to high water temperatures associated

“with nuclear power generation.

Keeping the power on is not only
important so that we can charge our
laptops. It is a matter of public health
and safety. When the lights go out,
those who rely on electronic medical
devices and those vulnerable to the -

heat, including the elderly, are at sig-
nificant risk. In August 2003 alone,
almost 45,000 heat-related deaths oc-
curred across Europe, in part because
nuclear power plants were not able
to sustain operations. The water was
too hot, and the demand Was too
high. Another ominous climate trend:
Heat waves become doubly danger-
ous when they also disrupt the power
needed for air conditioning.

Newer cooling technologies that re-

quire no water atdress some of these .

problems, but they work best in very

climates. Dry cooling circulates cold,
dry air through the system to absorb
heat-and condense steam. Hybrid tech-
nologies that can switch between wet
and dry systems are now sometimes
used, particularly at new power plants
being constructed in the western Unit-
_ed States. But in operational settings,
dry cooling is efficient only when out-
door temperatures are relatively low.
Given that dry cooling is most useful
in an arid desert, where it also tends
to get warm in the summer months,

e

Case Study: Fracking for Natural Gas

- bout 50 percent'of both the domestlc crude oil and

. natural gas. supphes are produced by hydraulic frac-

turing, This process uses relatively modest quantities
of WatengeneraIly between 7,600 and 18,900 cubic meters
per well—depending on regional geology: By comparison, a
250-megawatt coal-fired power plant would evaporate rough-
Iy 11,300 cubic metersin a day In Colorado, although natural
gas production has doubled since 2001, less than 1 percent of
the state's total water is used for: hydrauhc fracturing. Howev-
er, because water used mhydrauhc fracturingis contaminated

ties are concentrated in areas where natl.u‘al gas is available,
water for extraction becomes important locally

Another consideration is fugitive emissions associated
:W1th hydraulic fracturing. Natural gas is mainly. methane,
a greenhouse gas that is 25 times more potent than carbon

ydraulic-fractur-

mg process In some cases, that amon not trivial.
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plants would still need to switch to
cooling water when temperatures get
too high. Fortunately, newer dry and
hybrid cooling technologies are emerg-
ing that do not have this problem.

Western thermoelectric power
plants have generally avoided water-
related curtailments, because they are
fairly well adapted to their low-water
enviroruments. Almost all of them use
evaporative cooling, so the immedi-
ate availability of large quantities of
water is not as important as it is for a
once-through facility. Also, a large pro-
portion of western power plants are
fueled by natural gas and renewables,
whereas those in the east are more
likely to use coal or nuclear power.
And the fuel source matters for water
use just as much as it does for green-
house gas emissions.

To illustrate this concept, consider
a hypothetical 250-megawatt coal-
fired power plant that has a 75 per-
cent capacity factor and uses evapora-
tive cooling towers. That plant would
withdraw approximately 6 million
cubic meters of water per year and
consume 4 million cubic meters. If
the operating utility were to opt for a
lower-carbon technology, they might
consider nuclear power. But the wa-
ter intensity of power generation in a
nucleat plant would be about 10 per-

cent greater for withdrawals than that’

of the original coal-fired plant, because
more cooling water is required to pull
intense heat away from the nuclear

core. And, surprisingly, a wet-cooled

concentrated solar power plant would
use just as much water as a nuclear fa-
cility, if not more. Concentrating solar
power, such as the 280-megawatt Sola-
na Generating Station in Arizona, uses
a thermoelectric process; therefore,
cooling, whether by water or cold air,
is still necessary, even though the Sun
provides the thermal energy source.

If that coal-fired power plant were
to switch to a natural gas source that
uses an integrated gasification com-
bined cycle (which turns fuel into a
clean gas that burns extremely effi-
ciently), the water use (both in terms of
withdrawals and consumption) at the
plant would be cut by about 70 per-
cent per unit of electricity. produced,
and carbon emissions would be cut by
roughly 40 percent,

The benefits of a switch from coal
to natural gas have included a decline
in the rate of annual greenhouse gas
emissions by the United States. How-
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In areas where water demands outstrip supply, pipelines are planned or under construction to
bring in water from other areas, which also requires energy.

evet, burning natural gas still emits
catbon. And there are fugitive meth-
ane emissions at the wellhead and in
the midstream sectors. So, depending
on the evolution of future energy de-
mands, a natural gas future has the
potential to offset its current carbon
benefits. {
Researchers and technologists have
been testing carbon capture and stor-
age technologies, along with the prac-

ticality of coupling this technology .

with coal and natural gas facilities. Do-
ing so would greatly ameliorate car-
bon emissions, but it could also more
than double the water intensity of elec-
tricity generation, because the process
by which carbon is captured is energy
intensive, requiring even more cooling
water. So when it comes to electricity,
low-carbon choices are not necessarily
low-water choices. But they can be.
Both wind and photovoltaic electric-
ity sources require very little, if any,
water to operate. A trivial amount of
water may be used for washing solar
panels and wind turbines, but in prac-
tice, power plants don't require clean-
ing. Water is used in the production of
wind and solar power largely at the
front end, for mining, processing, and
fabrication. That's not to say that any
of these technologies are perfect. They
have their own set of challenges re-
lated to land use, wildlife habitat frag-
mentation, and optimization of grid
integration. In the design of power
plants that can handle the heat, there
will be complex tradeoffs to consider
in order to manage the cascading risks
associated with ensuring a reliable
electricity supply with limited water.

Energy for Water

As water scarcity grows in drier areas,
transporting it and treating it becomes
more energy-intensive. Addressing the
other side of the energy-water nexus
is a greater challenge in a changing
climate, because there is less water to
go around.

Exactly how much power is used
globally to ensure adequaté water sup-
plies is, at best, a guess. Even in the
United States, the best estimates sug-
gest that pumping, conveying, and

- cleaning water requires 3 percent of the
total electricity supply (13 percent when
heating water is considered), compared
with the 5 percent of the electricity sup-
ply that is used for air conditioning. But
even those data are hard to corroborate.
Of course, ensuring access to a clean,
safe water supply requires energy. But
the energy intensity of that water var-
ies significantly, depending on location.
For instance, a New Yorker would use
0.7 kilowatt hours per cubic meter of
water, whereas the energy embedded
in the water supply of a resident in
southern California would be almost 5
times that amount.

Let’s break that down a bit: For
the New Yorker, the energy inten-
sity of water is embedded primarily

in the distribution of drinking water

and in wastewater treatment. Across
the country, there are approximately
160,000 publicly owned drinking wa-
ter plants, and another 16,000 water
treatment plants. At drinking water
plants, 80 percent of the energy re-
quired goes to pumping, making pow-
er the second-highest budget item af-
ter labor. On the water treatment side,
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More than 20 percent of Arizona's water is brought in from the Colorado River via the Central
Arizona Project (CAP) aqueduct across 541 kilometers, requiring 2.8 million megawatt-hours
of electricity a year. Most of that power (90 percent) comes from the Navajo Generating Station
(right), a coal-fired power plant that is one of the top three carbon emitters in the nation. Almost
a quarter of the electricity it generates is used by CAF, making the carbon footprint of this water
supply one of the country’s highest. (Data from S Tellinghuisen. 2011. Energy-intensive water
- -supplies. In The Enet;gy-an Nexus in the American West. Northampton, MA: Edward Elgar)

trivial, the costs add up. As mentioned
eatlier, a case in point is California.
Revenue losses there of $2.7 billion
during recent dry years are not solely
the result of crop losses; over 20 per-
cent of that cost is due to added spend-
ing on the electricity needed to pump

power is needed for aeration, pump-
ing, and solids processing. For this rea-
son, 25 to 40 percent of the operating
costs of a, wastewater nutility are for
energy. And the dirtier the water, the
more power is necessary.

For a westerner, the energy intensity
of water tends to be gieater, because
the energy required for basic water-
plant functions is compounded by the
need to store and then move water long
distances from the source to popula-
tion centers in dry places. In 1907, the

federal government established what -

is today called the Bureau of Reclama-

tion and gave it the mission of develop-
ing and managing water resources of
the West. Twenty years later, construc-
tion began on Hoover Dam, the Bu-
reau’s first large-scale project. The dam

blocked part of the Colorado River, cre-
ating what is still the largest reservoir in
the country—Lake Mead. This marked
the beginning, not of how the West was
won, but of how it was plumbed.

This tradition of managing water to
support developmient continues today.
Over 4,800 kilometers of pipelines, ca-
nals, and aqueducts transport roughly
the same amount of water that flows
annually in the Colorado River—14.8
cubic kilometers. However, all trips
are not equal. Conveying water across
flat land requires very little power, and
water flowing downbhill can generate
power, but moving water upward—
either from the ground or over
‘mountains—demands a lot of energy.

Although the energy penalty of
groundwater withdrawals may seem

more groundwater as surface water
supplies diminish.

Given the power required to move
water a couple of hundred feet to get it
out of the ground, it’s no surprise that
the energy intensity of the Southwest's -
large conveyance systems that pump
water over mountains is far greater.

The large-scale surface-water com-
plex that moves water, particularly

‘from the Colorado River, through the

Western landscape makes some of the

‘region’s water providers the largest us-

ers of electricity. In Arizona, the largest
user is the aqueduct called the Central
Arizona Project (CAP)—the perfect ex-
ample of the potential conflict inherent
to the energy—water nexus.

Over 20 peicent of Arizona's water
supply is brought in from the Colo-

Win-Wiﬁ Low-Carbon Solutions?

on water, there are low-carbon, low-water op- -

) G Ithough the majority of the U.S. power sector: runs

tions currently operating in the United States and

abroad. The trick is to match the long-term availability

of the renewable resource to the appropriate powar plant
technology

Although the Sun shines in deserts, where water for:

cooling is often limited, solar power can still be an op-
tion. Large-scale photovoltaic farms, a scaled-up version of
the panels found on the tooftops of almost 500,000 homes
across the United States, require little to no water to operate.
The Topaz Solar Station, commissioned in southern Califor-

' niain 2014, is a 550-megawatt. facility that reports no water

use, The Ivanpah Solar Electric Generating System in the
. Mojave Desert is a 392-megawatt concentrated solar ther-.
mal power plant that employs dty cooling, and therefore

requires 90 percent less water than a solar plant that uses
cooling water. And the Palo Verde Nuclear Power Plant in

Atizona is the only nuclear facility in the world that uses
only recycled wastewater for cooling,

Although these examples use little water and emit little
carbon in terms of their operations, there are still impacts
that power plants must plan for and actively manage. Initial
plans for development of the Ivanpah facility were altered
to accommodate aritical habitat for the endangered desert
tortoise: And, once operational, the power towers that focus
the sunlight were found to butn birds flying across the con-
centrated sunbeams, Photoyoltaic panels are made of rare

" earth minerals, which are extracted from specific regions of

the globe where the resources exist, using methods that can
compromise the local enyvironment. The photovoltaic cells
used by the Topaz facility have the lowest water and carbon
life cycle foofprint of any available on the market, And Palo
Verde may one day have to compete even for the availability
of wastewater, because the southwestern Unitedl States is op-
erating in a zero-sum game when it comes to water. '
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The anti‘cipated gross pow.er intensities for planned water systems in the western United
States show that water treatment and delivery have the potential to become more energy-

' efficient and to emit less carbon. The vertical red line demarcates the net energy used per unit

water by CAP, one of the nation’s most energy-intensive water supplies.

rado River via CAP. Construction of
the aqueduct began in 1973 and was
largely complete by 1993, at a cost of
$3.6 billion. The pipeline uses a series
of pumps to move water 541 kilome-
ters (336 miles) over 915 meters (3,000
feet) of elevation, traveling from Lake
Havasu up to Phoenix, and then on
to Tucson. In a given year, 2.8 mil-
lion megawatt-hours of electricity are
needed to run CAP and ensure water
for these two desert cities. The irony
is that 90 percent of the power comes
from the Navajo Generating Station. In
2014, this coal-fired power plant on the
banks of Lake Powell emitted over 17
million metric tons of carbon, making
it one of the top three carbon emitters
in the United States. Since 24 percent
of the electricity generated at Navajo is
used by the pipeline, the carbon foot-
print of this water supply is among the
highest in the country. And to complete
the nexus, that plant uses a lot of water.
The biggest challenge for the West is
that the region is growing faster than
most other areas of the United States,

-and climate change is already dimin-

ishing water supplies, Water managers
know this fact, and many places are
considering adaptation strategies that
include large-scale conveyance sys-
tems. Taken together, the major proj-
ects under consideration, and some
under construction, would move an
additional 5.4 cubic kilometers of wa-
ter to water-poor areas. What is most
sobering is that the estimated power
intensity of many of these projects is
even larger than the energy footprint

of the CAP, but the total amount of wa-
ter delivered is unlikely to be as large.
Greenhouse emissions drive global
warming, and that warming increases
water demand. Water requires energy,
which produces greenhouse gases.
And warmer temperatures can also in-

terfere with energy production because-

power plants cannot operate optimally.
We have to find a way to break out of
this feedback loop. If the Southwest
and California are to meet future water
demands by investing in large water
projects, they certainly ought to consid-
er how they are going to power these
gystems. The choices they make will
affect—one way or another—emissions
targets and related mitigation policies.

The Energy-Water Future
There are unique vulnerabilities that
emerge for both the energy and water
sectors when the interconnections be-
tween the two are considered. These
issues manifest very differently de-
pending on location, and the risks will
evolve as climate change and poptu-
lation growth drive the planet into a
fundamentally different future. -
There may be no perfect solution
to these cross-sector issues, one that
will truly satisfy all perspectives. But
by understanding the cascading chal-
lenges and tradeoffs across multiple
sectors, we have the opportunity to
optimize our investments by consid-
ering the broad picture of risks and
vulnerabilities. Many of us are looking

at a future that will be hotter and drier,-

with more people and fewer resources

to go around. But now that we know
more about how energy, water, and
climate intersect, we have the oppor-
tunity to plan, design, and innovate
for what will be a very different planet.
We can realize the cobenefits of em-
bracing efficiencies in our water and
energy supplies; we can optimize and
implement the utility of the future, one
that integrates management of water,
energy, and air quality; and we can re-
alize the value of our natural resources
and how they support our way of life.
Understanding these connections will

help us to ensure the resilience of the

entire system—whether it is an eco-
system, a city, a nation, or the planet,
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