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Energy - Water - Air Conditioning Nexus
High Density Urban Mixed Use
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Air Conditioning
PSYCHROMETRIC CHART
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ARCHITECTS & ENGINEERS,

BAROMETRIC PRESSURE 28.744 inches of Mercury
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Air Conditioning

Phoenix, AZ: 2012-2014 Summer Weather Daia (Jun.-Aug.)
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Southern Arizona Case Study
-

Source: Arizona Public Service, University of Arizona College of Agriculture and Life Sciences GLHN



Estimated Arizona Water Flow in 2005:
6200 Million Gallons/Day
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HOW THE PORTFOLIO MAY CHANGE

COMPOSITION OF ENERGY MIX BY RESOURCE (GWH)
2014

9,297 ne72 6,749 3182 2,509

2029

9,297 12,548 14,592 6,944
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Energy - Water - Air Conditioning Nexus
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Nonrenewable Energy Generation

Figure 3: Nonrenewable Power Plants by Fuel Type in the Basin
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Water in Energy Generation:
Coal Fired Steam Cycle

h Source: Navajo Generating Station, Wikimedia Commons
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Water in Energy Generation:
Combined Cycle Gas Turbine
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Water in Renewable Energy Generation:
Nuclear

Power
gal to

760 Y™ Grid ]

—__ HP Steam

Generator

Make \
up ‘
water

—» ;
 Condenser 1
& i
Water Feed watei
,, @

LP Steam

Source: Arizona Public Service
R GLHN



Palo Verde Nuclear Plant

Source: Google Earth, Arizona Public Service




Water in Renewable Energy Generation:
Solar
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Figure ES-6 - Summer - Load Net of Solar

140 Solar PV Preduction Intermittency
120
100

&0

40
Actual Summer Day
20

Eam Moon Epm
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Source: Arizona Public Service Integrated Resource Plan 2014, Wall Street Journal
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Water In Energy Generation
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0 375 75

Effluent or

wastewater
140,000 acer feet

Ground Water
2,900,000 acer feet

2%

o

19%

Surface Water
1,400,000 acer feet
(small rivers and streams:
Verde, Gila, Little Colorado,
Salt, Agua Fria)

Colorado River
39% - 2,800,000 acer feet

Values based on Arizona Department of Water Resources ABC'’s of Water
http://www.azwater.gov/AzDWR/PublicinformationOfficer/ABCofWater.htm

How do we use water?

69% - Agricultural

6% Industrial

25% . Municipal

Values based on Arizona Department of Water Resources
http:/iwww.azwater.gov/AzDWR/PublicinformationOfficer/documents/supplydemand. pdf
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Colorado River Apportionment
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Phoenix Water
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Central Arizona Canal at Fairmont Princess
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Central Arizona Canal at Fairmont Princess
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Tucson Water

SCHEMATIC CROSS SECTION OF UPPER SANTA CRUZ VALLEY SUBBASIN
WITH SIMILAR VERTICAL AND HORIZONTAL SCALES
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Tucson Reclaimed Water

Source: City of
Tucson
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THE PRICE OF WATER: 2015
Combined water, sewer and stormwater prices for households in 30 major U.S. cities.

Water prices pay for treating, Sewer prices are often higher than water prices because

pumping, and delivering water, more energy and chemicals are required for treatment.
whie sewer prices Folowing the Ciean Water Act, the federal government
cover the cost of geve grants for new treatment plants during the 1970s
clkzansing the water and 1980s. Over the past threa decades, however, new

that goes down the drain,

spending has been cut for local sewer infrastructure,

Fitus cunmant &2 of Apd 1, 2015,
Monwily DF colouloind Ky @ tdy of fcr LS 100 gedong Do Darson Der oy
Souoe: Crecla of ELe reseach, Dased on usity winas s,

~ Stormwater fees are not ncluded in
. every city's monthly bil, Some cities use
' general tax revenues to pay for projects to
reduce polluted runoff from streets and parking bots.
Howewver, thesa projects must then compete for funds
with other departments like police and SChools,
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.
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Trends in consumer prices (CPI) for utilities

——Water & sewer (1953)
~Postage (1935)
~CPI (1913, 1983=100)
~— Electricity (1913)
~Natural gas (1935)

=== Tel. services (1997=100)

50

Exhibit 2. Trends in the Consumer Price Index for utilities (general, 1978-2013).
The index is set to 100 for 1982-1984 except for telephone services, where the index is set to 100 for 1997. Year (*) indicates start of series.

1978
1980
1982
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012

Beecher IPU-MSU

ource: Michigan State University, Institute of Public Utilities, 2014 GLHN



Water In High Density Urban Mixed Use

Residential Water Use
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I us. M Arizona
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ource: Arizona Public Service Integrated Resource Plan 2014 GLHN
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Air Conditioning
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Air Conditioning In Energy

Chart 18 - 2013 Example Winter Day Dispatch
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Building Cooling Load
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Energy In Air Conditioning
T, 110 °F

------- (\YiYiivi\vi

Air Cooled Condenser
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Electric
Power

Energy - Water In Air Conditioning

Air Cooled
Chilled Water
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Energy In Air Conditioning

Evaporation

\ ] ‘ Makeup
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Water In Air Conditioning

15,000,000 BTU/hr
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Energy - Water In Air Conditioning

Water Cooled
Chilled Water
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m rrigation Reclaimed

W rrigation Potable Water

m Cooling towers
(Evap/Drift)

H Cooling Tower
(Blowdown)

m Misc Process Water

B Potable Water Use

Total Water Usage (gal/year)

SF
WATER
people density
number of people
per capita use

volume
day/yr

AIR CONDITIONING
peak SF/Ton

peak Ton

full load equivalent
tonhr/yr
gallon/tonhr

Water In High Density Urban Mixed Use

12,000,000

.001 people/SF
12,000 people
44 gpd/person

528,000 gal/day
365 day
192,720,000 gal

400 SF/Ton
30,000 Ton
2500 hr
75,000,000 Ton hr
2.27 gal/tonhr

179,250,000 gal/yr
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Water In High Density Urban Mixed Use

Total Water Usage (gal/year) Potable Water Usage (gal/year)

M rrigation Reclaimed W Irrigation Potable Water

W Irrigation Potable Water
m Cooling towers
(Evap/Drift)

u Cooling towers

Evap/Drift
(evap/Drift m Cooling Tower

. (Blowdown)
B Cooling Tower

(Blowdown)

B Misc Process Water
m Misc Process Water

W Potable Water Use u Potable Water Use

A 12 MSF UNIVERSITY CAMPUS
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Air Conditioning Alternatives In
High Density Urban Mixed Use

Increase COC-
monitoring-control

Increase COC Increase COC
Alternative Treatment Chemical Treatment

Cascade Water from Non- = - Use Blowdown to
Potable- Reclaim- Displace Other
Coil Condensate - - Consumptive Use

Reduce Evaporation Reduce Cooling Load
Air Cooled, Hybrid Production/Distribution/RCx
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Air Conditioning Alternatives In
High Density Urban Mixed Use

Measuring Cost-Effectiveness:
The WECER Ratio

To fully appreciate the potential operational savings of the
Blue Stream hybrid cooling system, you have to balance
water and energy usage costs. This is expressed as the
Water_to_Energy Cost Equivalence Ratio or WECER. Simply
put, WECER is cost of water ($/1,000 gallons) divided by
cost of electricity ($/kWh).

a5 Source: Johnson Controls BlueStream Brochure



Air Conditioning Alternatives In
High Density Urban Mixed Use

_ENERGY

M: NALCO Water Ecolab

TSE Challenges

Corrosion - High concentration agressive
anions like Chlorides, sulphates and ammonia

- Online monitoring and control of a combination
of patented corrosion inhibitor PSO with ortho-
PO4, Zinc and copper inhibitor with Trasar®

Deposits > High concentration of Phosphate

- Online monitoring and control of patented
dispersant for calcium-phosphate complexes

Microbiology > Health Issues and Slime

formation
- Online monitoring and control of a combination

of biocides
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Annual average solar resource
data are shown for a tilt =
latitude collector. The data for
Hawaii and the 48 contiguous
states are a 10km satellite
modeled dataset (SUNY/NREL,
2007) representing data from
1998-2009.

The data for Alaska are a40km
dataset produced by the
Climatological Solar Radiation
Model (NREL, 2003).

This map was produced by
the National Renewable
Energy Laboratory for the U.S.
Department of Energy.
Billy J. Roberts
19 September 2012
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Regional Renewable Energy:
Desert Sunlight Solar Farm
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Source: Marcus Yam (LA Times), Jay Calderon (The Desert Sun) o



Air Conditioning Alternatives In
High Density Urban Mixed Use

Chart 9 - Impact of Increased Solar Production (Duck Curve)
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Energy Storage
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Water Energy Air Conditioning

Complex Inter-relationships

Opportunities

Priorities and Costs

Questions?
52 hjohnsto@glhn.com



IDEA2017 &5

108™ ANNUAL CONFERENCE & TRADE SHOW
June 26-29 | Fairmont Scottsdale Princess | Scottsdale, AZ

Henry Johnstone P.E.
GLHN Architects and Engineers

hjohnsto@glhn.com

Phoenix 3030 N 3rd Street 602 368 9393
Tucson 2939 E Broadway Blvd 520 881 4546
GLHN.com

GLHN

ARCHITECTS & ENGINEERS, INC



mailto:hjohnsto@glhn.com

