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Energy – Water - Air Conditioning Nexus

High Density Urban Mixed Use

2 Source: Google Earth
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Dubai

3 Source: Google Earth, Getty Images, Conde Nast Travel Blog, Huffington Post



Air Conditioning
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Air Conditioning
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Southern Arizona Case Study
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Source: Arizona Public Service, University of Arizona College of Agriculture and Life Sciences
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Source: Lawrence Livermore National Laboratory



Source: Arizona Public Service Integrated Resource Plan 2014, 

Salt River Project Fiscal Year 2011 Resource Plan

Water In Energy
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Energy – Water - Air Conditioning Nexus
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Nonrenewable Energy Generation
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Water in Energy Generation:

Coal Fired Steam Cycle
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HP Steam

Source: Navajo Generating Station, Wikimedia Commons
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Water in Energy Generation:

Combined Cycle Gas Turbine

HP Steam

Source: Santan Power Plant Expansion, Salt River 

Project (SRP) 
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Source: Arizona Public Service

Water in Renewable Energy Generation:

Nuclear

HP Steam



Palo Verde Nuclear Plant
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Source: Google Earth, Arizona Public Service 
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Source: Arizona Public Service Integrated Resource Plan 2014, Wall Street Journal

Water in Renewable Energy Generation:

Solar



Water In Energy Generation

16

Source: Arizona Public Service Integrated Resource Plan 2012



Water
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Water
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Source: Fei-Ling Tseng Design, US Department of the Interior



Water
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Source: City of Phoenix Water Services Department 2011 Water Resource Plan

Phoenix Water 
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Central Arizona Canal at Fairmont Princess

22 Source: Arizona Public Service, Google Earth



23 Source: Google Earth

Central Arizona Canal at Fairmont Princess



24 Source: Google Earth

Central Arizona Canal at Fairmont Princess



25 Source: Google Earth



Tucson Water 
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Source: Google Earth



Tucson Water 
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Tucson Reclaimed Water 

28

Source: City of 

Tucson



30 Source: Circle of Blue



31 Source: Michigan State University, Institute of Public Utilities, 2014



Water In High Density Urban Mixed Use

32 Source: Arizona Public Service Integrated Resource Plan 2014



Air Conditioning
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Air Conditioning In Energy
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Building Cooling Load
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Energy In Air Conditioning

Air Cooled Condenser

T
h

110 
o
F

37



450 Gal/MWH

0.54 Gal/Tonhr

1.0 kW/Ton

COP 3.5

0.0 Gal/Tonhr 

0.54 gal/Tonhr

Energy - Water In Air Conditioning
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39



0%

10%

20%

30%

40%

50%

60%

0.00

1.00

2.00

3.00

4.00

5.00

2 3 4 5 6 7 8 9 10 11

b
l
o

w
d

o
w

n
 
%

 
o

f
 
t
o

t
a
l
 
c
o

n
s
u

m
p

t
i
o

n

g
a
l
/
t
o

n
h

r

Cycles of Concentration

Cooling Tower Water Consumption

evaporation(gal/hr) total (gal/hr) % of makeup

Evaporation: 1.8 Gal/Ton

Makeup:       2.25 Gal/Tonhr

Blowdown:  0.45 Gal/Tonhr

Water In Air Conditioning

12,000,000 BTU/hr

15,000,000 BTU/hr
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COP 5.4

0.6 kW/Ton

2.25 Gal/Tonhr 

450 Gal/MWH

0.27 Gal/Tonhr

2.52 Gal/Tonhr

Energy - Water In Air Conditioning
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Water In High Density Urban Mixed Use
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Water In High Density Urban Mixed Use

A 12 MSF UNIVERSITY CAMPUS

43



Increase COC-

monitoring-control

Increase COC

Chemical Treatment

Use Blowdown to 

Displace Other 

Consumptive Use

Reduce Cooling Load

Production/Distribution/RCx

Reduce Evaporation

Air Cooled, Hybrid

Cascade Water from Non-

Potable- Reclaim-

Coil Condensate

Increase COC 

Alternative Treatment

Air Conditioning Alternatives In 

High Density Urban Mixed Use

44



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). 
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Source: Johnson Controls BlueStream Brochure



Air Conditioning Alternatives In 

High Density Urban Mixed Use
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Source: NALCO Water Ecolab



Regional Source of Renewable Energy
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Source: NREL, US Department of the Interior



Regional Renewable Energy:

Desert Sunlight Solar Farm
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Source: Marcus Yam (LA Times), Jay Calderon (The Desert Sun)
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Air Conditioning Alternatives In 

High Density Urban Mixed Use
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Energy Storage

Source: Climatetechwiki.org
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Energy Storage



Water Energy Air Conditioning 

Complex Inter-relationships

Opportunities

Questions?

hjohnsto@glhn.com

Priorities and Costs
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