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Energy Markets Represent a Significant Opportunity for

Colorado

Jobs

Environment

Tens of thousands of new jobs in the industry across
fuel types (emerging & legacy) & supply chain (R&D,
manufacturing, O&M)

Diversifying fuel types & geographic location & reducing
demand through resource efficiency reduces volatility &
Increases reliability

Increased efficiency and maturation of renewable
energy and alternative fuels have resulted in new low
cost sources of energy

Fuel consumption represents a major source of
emissions of local pollutants and greenhouse gases




Market Opportunities and Batrriers in the Colorado Energy
Sector

Est. Colorado Market Opportunities Market
Market Size Barriers
($ MM/yr)
$17,000 A Accelerate investment in new A Full accounting of externalities
Power Generation technologies (driven by A Transmission infrastructure
(In State) environmental and security A Technology maturity (eg clean coal,
factors) solar)
-$1,700 A Displace imports (~10% of A Transmission infrastructure
Power Generation (COis a net consumption A Protectionist policies (CA)
(Export) importer) A Export $1,000s CA, AZ, NV
energy markets)
TBD* A Additional annual economic A Valuation by market makers /
Consumer consumer savings TBD FY12* regulators
Efficiency A Consumer information
A Access to financing
$8,000 A 10% displacement of oil with A Fueling infrastructure
Transportation alternative fuels will keep $8,077 A Economies of scale
Fuels mm / yr in Colorado A Price volatility concerns
A Accounting for externalities
$11,000 A Increased investment potential in A Limited market demand and
Natural Gas CO (amount TBD) export capacity
Production A Public perception driving

regulatory uncertainty




GEO Promotes Policies that Support Private Sector
Solutions

Profit
Opportunity
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Consumption

U.S. Freshwater Consumption, 100 Bgal/day

Domestic

7.1% Commercial

1.2%

Livestock
3.3%

Industrial Mining
Irrigation 3.3% 1.2%

80.6%
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Withdrawals

u Part of energy cycles -- for
providing water for U.S.
consumers; for treating water to
user-specific standards; and for
treating and discharging
wastewater to protect natural
resources (surface waters and
subsurface aquifers)

U Under st and tubeat
-- is defined in terms of
withdrawals (competitive, multi-
path traffic) and in terms of
consumption

2005 withdrawals by catagory, in percent.
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Statewise Water Withdrawals by Sector
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U.S. Water Withdrawals -- Statewise Overview

U Resource challenges -- withdrawals and transport over greater
distances or from greater depths

U Increases in groundwater salinity and chemical content leading to
Increased treatment needs Energy and Water Interdependency NOW

Examples of Declining Groundwater Levels
(Bartolino and Cunningham, 2003, per Ho, Sandia)

Region Groundwater Table Decline
Water table declined, stream flows reduced, sal ‘
Long Island, NY water moving inland

Declined up to 100 ft, water supply (saturated ' 1"\"
High Plains thickness) reduced over half in some areas ‘ A

Pacific Northwest Groundwater level declines up to 100 ft

0 T
Tucson/Pheonix, AZ Declines of 300 to 500 ft, subsidence up to 12.5 “‘ .
Las Vegas, NV Declines up to 300 ft, subsidence up to 6 ft k 'v\
Antelope Valley, CA Declines over 300 ft, subsidence over 6ft ‘e

{ 2dzNDPBrgy? | 6 SNI { OASYOS 3 ¢SOKy2f :
Hightower, Sandia National Laboratories, 2005

Sour ce: ifDevel opment of a technol road o:r the energy and water
Nexus, O C. K. Ho et al, Sandi a, R 006 tober 2006




Example Enerqy Loads

common energy duties to procure, process, and
deliver water and wastewater:

U pump - withdrawal from aresource
{ U treat -- e.g. SDWA, industrial user standards, etc.
* U pump  -- to users via a distribution network
U pump  -- of wastewater via a collection network
1 U treat -- of wastewater (e.g. NPDES)
\ U pump  -- of treated wastewater to a resource

Therefore: build energy estimates using above treatment
duties and sectoral profiles to estimate pumping duties.

SDWA -- Safe Drinking Water Act

NPDES -- National Pollutant Discharge Elimination System 12




Options for Reducing Enerqgy for Water:

U Pumps -- capacity matching, efficiency
U Motors -- capacity matching, efficiency
U Controls -- flexibility and optimization

can be targeted to prioritize effectiveness re. cost, energy, and environment

can be addressed, in many cases, independently of other system efficiency
iIssues such as infrastructure energy loadings, process configurations, etc.

components typically accessible to change-out with modest structural implications
capturing energy savings is not likely to invoke a cascade of other system changes

caveat -- thisis not to the exclusion of comprehensive system analyses, upgrades

13




U.S. Water -- Energy for Transport and Treatment
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Treatment Power Requirements:
current and future water supply

kWh per acre foot of water

5000
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Future
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Sea Water
Desalination

Brackish
Water
Treatment

N A

Water

Publig
Supply Systems

Treatment Implications:

In view of the dominance of water
transport energy -- What will rising
water treatment demands do to the
energy balance of our water supplies?

1. higher treatment energy duty is still
a fraction of transport energy in
most cases

2. such instances of energy shift will
be for limited, site-specific cases

3. overall national energy duties for
water still dominated by transport

Source: EPRI (2000), Water Desalination Task Force (2003), via Hightower, Sandia, 2005
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Embodied Energy of Water

i End-use

Agricultural

Residential

Commercial
Industrial

z Graphic: Bob Wilkinson, UCSB
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Water Use for Energy




Overall Consumptive Water Use by Region

Table 2. Total Consumptive Use of Water for U.S. Power Plants

Gallons Gallons Evaporated | Weighted Gallons
Evaporated per per kWh at Evaporated per
KWh at Hydroelectric kWh of Site Energy
Thermoelectric Plants
Power Provider Plants
Western
Interconnect 0.38(1.41L) 124 (47.0L) 442 (16.7 L)
Eastern
Interconneact 049(1.91L) 55.1(208.5L) 2.33 (8.8L)
Texas
Interconnact 044 (1.7 L) 0.0 (0.0L) 043 (1.6L)
U.S. Aggregate 0.47 (1.8 L) 18.0 (68.0L) 2.00 (7.6L)

Consumptive Water Use for U.S. Power Production, NREL,

P. Torcellini, N. Long, and R. Judkoff, Dec 2003

(roveTnors

20




Water Consumed per kWh

Table 3. United States Water Consumption per kWh of Energy Consumed by State

Weighted
Thermoelectric H']I"drﬂE|El::tric1 Thermoelectric Hydroelectric Total
Site Power Site Power Site Water Site Water Site Water
million million
State kWh/Year kWh/Year Gallons/kWh  Gallons/kWh Gallons/kWh
Colorado 29 312 1,176 0.51 17.91
Mew Mexico 27 875 Gd 0.63 68.00 1.13
California 72,800 9,130 0.05 2087 4 64
Ltah 30,269 717 057 73.34 3.05

Consumptive Water Use for U.S. Power Production, NREL, P.

Torcellini, N. Long, and R. Judkoff, Dec 2003 21




Water Intensity of Electricity Sources
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Coal ® Nuclear

Natural Gas ® Solar Wind

B Biomass Geothermal

"Water Use for Energy - Western Resource Advocates." Western Resource
Advocates-Pr ot ecting t he West OMeb. L30ctd2011.Ai r

<http://www.westernresourceadvocates.org/water/waterenergy.php>.
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Water Intensity of Fuel Production

Biodiesel Refining [
Soy Irrigation I

Ethanol Processing [ ]

Comn Irrigation [ I
Hydrogen Electrolysis |
Hydrogen Reforming |

Uranium Processing

Oil Storage in Salt Cavern™*

Oil Sands | Petroleum

Qil Shale In-Situ* :
] Refining
Qil Shale Surface Retort | I—

N Consumes
Refining | —

Enhanced Oil Recovery | e —— | 1-2 Billon
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(Gas Storage in Salt Cavern™

MNatural Gas Pipeline Operations

Matural Gas Extraction & Processing
Coal Gasification L
Coal Slurry I
Coal Liquefaction I

Coal Washing
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Water Use Ethanol

Irrigation: 1000 - 1200 Gallons of Water

Processing:

42 Gallons Ay I I N I T T I I I T T T )
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Water Use: Oil Shale

Upgrading? 22 Barrels
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Energy for Water
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kKWh/AF

Energy Intensity of Water
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EndUse Energy
W. Electricity
; Water
Appliance Temp e — Required

106°F
140°F*

AEnergy I ntensity Water Reporto, Western
Resource Advocates, 2009



Projected Average Annual Rate of Natural

Increase Per 1,000 Population: 1995 to 2025
Percent
29t014
151024
251034
2 04,

e R P

Population Division, PPL-4T.

13 % t he

use is by the water sector
(The River Network, 2009)
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In 5 Southwestern states,
power plants consume
~292 million gallons a day
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Colorado - Source Water

o North
A Primarily snow melt

from the mountains —_— | S —

A Twelve diversion
points from the
western slope

A 80% of our water
comes from the
western slope

A 80% of our water is _
used on the eastern | DelerE

slope

Map: Colorado River District
Architect: RB+B / Hutton




Source Water
A 2/3 of our river water goes to other states
A 90% of the water that leaves the state comes from our rivers

A Portion of our water comes from ground water supplies
A Water stored in local reservoirs
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Proposed Water Supply Projects

AnMil

Central Utah

Project >¥

NISP@

Windy =
GDP Powell Gap

Pipeline
- ZDS

- CA Aqueduct SJ Chama
1¥
Cgsbad :
Desal. @ Cer}tral Arizona
Project
YDP

“Energy/Water Pipelines - Western Resource Advocates." Western Resource -
Advocates-Pr ot ect i ng t he West OMeb. L30ctd2011.Ai r, and Water
<http://lwww.westernresourceadvocates.org/water/pipeline.php>.




Existing Energy -Related Water Demands: Colorado River

A Colorado River

.’ o L:(?s:rl\i/yr water use:
AT o 167,000 AF/yr
A Additional in-
63 o Nuclear basin water use
3 " Gas for power
0 Solar generation:
@ Wind 170,000 AF/yr
° O Biomass
" B Geothermal

¥\ Gowernors

Wait er

"Water Use for Energy - Western Resource Advocates." Western Resource :
Advocates-Pr ot ecting t he West OMeb. L30actd2011.Ai r
<http://www.westernresourceadvocates.org/water/waterenergy.php>.




What is the value of water?

Municipal Tap Fees in the Western United States

Costs are not annualized, but are
adjusted to a common metric
($/AF)

Map creation: Joseph Hoover

Legend

Municipal Tap Fee ($/AF)
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CO water costs

Water Sales to Municipalities:
Colorado
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Energy Use of Proposed Water Projects

The energy used by each pipeline could support thousands of residents.

Southern Nevada Water Authority 15,100 Nevadans
Lake Powell Pipeline 32,500 Utahns
Southern Delivery System 24,000 Coloradans

Northern Integrated Supply Project  3,300¢ 5,600 Coloradans
Million Pipeline 42,000 Coloradans

Emissions equivalent:
burning 48,000,000
gallons of gasolinel/yr.

AEnergy I ntensity Water er, Western
Resource Advocates, 2009 ,}
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Federal Legislative/Regulatory Info

A water use flow rates for bathroom fixturesNEPA (National
Environmental Policy Act)

A all federal agencies' funding or permitting decisions be made
with full consideration of the impact to the natural and human
environment

A Watersense Project

A Label for products that are at least 20 percent more efficient
without sacrificing performance

Climate policies

ObamaAdmi ni strationodos Executive Order
A 26% improvement in water efficiency by 2020;

A EPAct 1992: Specified maximum

A Toilet: 1.6 gpf

A Urinal: 1.0 gpf

A Showerhead: 2.5 gpm

A

o o




Non-Colorado State Legislative/Regulatory Info

A Arizona: RW harvesting, gray water and tax credit for gray water systems
A Nevada: fiAgnostico on RW harvesting

A New Mexico: RW harvesting legal; Gray water use: legal for residences up to
250 gal/day

A Utah: Allows RW harvesting by people who own water rights;

A Wyoming: Not regulating RW harvesting, limited use of gray water systems.




Regulations for Colorado Energy Utilities

A

A

Amendment377T Co | or a d d oaes Rdvwater savings of renewables

The Colorado PUC allows utilities to evaluate and rank competitive bids for
renewables based on the cost of the energy and other factors, including
water use.

As of August, 2010, the PUC will require utilities to report water
consumption for existing and proposed facilities and the water intensity (in
gal/MWh) of resource portfolios.




New Water Supplies

HB 13651 Clean Air, Clean Jobs Act

A Retire/repower/retrofit ~900 MW of coal plants on the Front Range
(incl. Cherokee, Valmont, Arapahoe)

A Cherokee (Denver) i consumes ~7,000 AF/yr
A Valmont (Boulder) i consumes ~2,000 AF/yr
What i1 s the water value
A Water rights: $86 million

A Timing: 20157 2022

Are there other opportunities for energy
decisions to benefit water?




Greywater in Colorado

A Greywater = water from 35%
showers, laundry, sinks, and Shower & Bath
dishwashing

A Used for irrigation of non-
edible plants | B Flushed Down the Drain

A Regulated by:

A State of CO Guidelines on
Individual Sewage
Disposal Systems |

Greywater recycling systems

- = Toilet Flushing
A County Individual Sewage s Shower and Bath
Disposal Systems (ISDS) | o Loundiy
regulations Kitchen & Drinking
s (leaning

http://stephaniebayer.fastpage.name/graywaterresourceinc,




Greywater in Colorado

A Subsurface, below the root use,
requires local health department
permit only

A Surface applications require
permitting and monitoring
A CO Dept. of Public Health and
Environment (CDPHE)

regulations: greywater not
separated from blackwater

A 2,000 gallons/day require CDPHE
permitting
A EXcessive use may create
problems (or benefits) for
wastewater treatment plants.
A Well permits may allow for
greywater use

To subswrlacs drip iregation




Rainwater Harvesting in Colorado

A All precipitation falling within the
borders belongs to the State of
Colorado

A Senate Bill 09-080 allows limited
rainwater collection for residential well
users not served by a municipality or
water district for landscape irrigation

A Can detain water for 72 hours

A Pilot program measuring changes
In streamflow
due to rainwater harvesting.
(Sterling Ranch)

S
http://www.ext.colostate.edu/pubs/natres/06702. nerav

Source: ' ' -
html




