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' Electric Power Plant Major

L ocation Selection Criteria

-

P
=

"« A traditional thermoelectric power plant is located
based on four major technical criteria:
— Accessto afue supply
— Access to transmission capacity

— Accessto awater supply for cooling water
— Airshed quality

* A renewable energy power plant is located based

on sSimilar technical criteria, plus:

— Appropriate quality and appropriate areal extent of renewable or
distributed resource (wind, geothermal, solar, biomass, hydro)

— Managing intermittency of the resource (mostly wind and solar
concerns)




Energy Sustainability — Development
within Natural Resource Constraints

Natural Resources - Earth, Wind, Fire, and Water



g 'Natural Resour ces DISCUssIons -
w4 Often Narrowly Focused

Electric Car Example:
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Hydrogen Car Example:

CH,+ 2H,0 ? 4H,+ CO, @



- ' Growth In Thermodectric
Power Generation
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e Most growthin
water stressed
regions

Projected Thermoelectric Increases
(Capacity in 2025 vs 1995)

e Most new
plants expected
to use
evaporative
cooling

Source - NETL, 2004




500 MW Thermodectric Power Plant
Coal - Steam Cycle

3,804,950 Ib/hr
Steam

Evapor ation
& Drift

3,891 gpm

Turbine

Generator

Boiler
Feedwater

Warm Water
187,600gpm

25°% Rise
Cool Water

lake-up Water Blowdown Water
5,188 gpm 1,297 gpm
Reference: NETL Power Plant Water

Consumption Study, May 2007
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Concentrating Solar Power
Technology

Steam Turbine Generator Stirling Engine-Alternator
Dispatchable, Integrates with Storage High Efficiency, no Storage

Towers ... Dishes
i ¥ % Recaiver/E 1gine
Calra PR
Tt Fease ver

1
=
=
=
| ><])
=
S
<O
><
1|
S
S|
<]

TIT TrY
» Most cost effective » Most cost effective * Modular 30 kW units —
>250MW >250 MW more flexibility in siting
» Operating temp: 400C » Operating temp: 560C » Operating temp: 800C

* Annual efficiency: 14% * Annual efficiency: 18% * Annual efficiency: 23% @



Utility-scale Solar Energy
Resources
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 Filtered data

— Available, flat, no
environmental
concerns, etc.

e Still tremendous
resources at 6.75
kKWh/m2/day

~ AZ 25million MW [
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- CA 0.8 m|”|0n MW n-naéfsjn.?znu‘
— NV 07 millionMW | =& o

) Slgnlflcantly more 'j“«#‘?ﬁ:‘:.?;:m':.:";’;f:::zn;.:.;

sla s shrwn o e davsed Bom

by MREL. FPolsnhially senskres

s a% =alar feshmes, and pimes
resources at e R
. =1 kv In o sen ewchided. Teiman anahysh
ncudes ok CA N, UT, DO .




rr g
-~ ' Utility-Scale Solar

- > Opportunities and Needs
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e Connected directly to transmission grid
— Voltage > 69 kV
— To date all PV systems are <69kV, though some are in planning
— Kramer Junction Troughs are 115 kV

« Asof August 2008 ...

— CSP
— 3000 MW advanced stage of planning
— 33,000 MW in CA IS0 queue
— 69,000 MW of applicationsto BLM
- PV
— 11,000 MW in CA 1S0 queue
— 21,000 MW of applications to BLM

» Expected CSP needs in the Southwest— 6,000-10,000 MW @



Generation Intermittency and
Capacity Factors

SOIar Resource Hourly Load 141 SINGLE LDE&TIDN'*
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Molten Salt Storage + Natural Gas Geographic Diversity of Energy Generation
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Electric Power Generation
L and Requirements

P ' Land Area | '
antSize Land Size Unuseable Capacity

Plant Type (MWh) (acres) Land Size Factor

Coal/ biomass or
gasification w/ 500-1000 MW 640 1 mi X 1mi All .95
steam turbine

Nuclear Steam 500 -1000MW 640 Imix1lmi All .95
Naturfall Gas 200-500 MW 320 0.7 mix 0.7 mi All .95
Combined-Cycle
Geothermal Steam 200-500 MW 320 0.7mix0.7mi All .95
Concentrating 500 MW 3000 2.2mix2.2mi All 0304
Solar 1000 MW 6000 2.8 Mix 2.8 mi All

500 MW 23000 6 mix6mi 650 acres
Wind 0.3-04

1000 MW 46000 8.5mix 8.5 mi 1300 acres




Growing Limitations on Fresh Surface
and Ground Water Availability

o Littleincrease in surface water
- - storage capacity since 1980
b windravei e Concerns over climate impacts or
;g = Z‘Hm’zTE'EﬁT;m;FﬁF%‘Riﬁ M pe et gm::?é":,: :ﬂl SLII’f ace Water S.Jppl | es

Year
(Based on USGS WSP-2250 1984 and Alley 2007)

e Many maor ground water
aguifers seeing reductions
In water quality and yield

(Shannon 2007)



Electric Power Generation
Water Consumption

Fossil/ biomass Open-loop 20,000-50,000 ~200-300
] ~30-90¢i
oteam turbines Closed-loop 300-600 300480 30-909
Dry 0 0
NGl Open-loop 25,000-60,000 ~400
uciear Closed-loop 500-1,100 400-720 ~30¢
steam turbine®
Dry 0 0
Natural Gas Open-loop 7,500-20,000 100
Combined- Closed-loop ~230 ~180 10e
Cycler Dry 0 0
Codl Integrated | ¢jgsed-loop 200 170 150¢e
Gasification
Combined
Dr 0 0 150¢e
Cycles y
Geqhera | Closed-loop 2000 1350 NA
eam
Concentrating Closed-loop 750 740 10
Solargn Dry 10 0 10
Wind and Solar
Photovoltaics N/A 0 0 1-2
Carbon sequestration for fossil ener gy generation
Fossil or

biomass«

All

~30% increase in water withdrawal and consumption




Electric Power Generation
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__/" Cooling Options

Once-Through Cooling Closed-Loop (Evaporative) Cooling
Steam ~480 gal/MWh
f
Increased River yater
Condenser Evaporation Steam aper
Condensate <=— Cooling
Tower
Condensate
~300 galMWh Pump

20,000-50,000
galMWh RIVES e
Freshwater Blowdown
Supply
500-600 galMWh
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Dry-Cooled Power Plant
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* 90% Less water
consumption

* 6 % loss in production

» 20% reduced capacity
at hottest hours

* 10% increase in capital
cost

»1-2 ¢ /kWhincrease in
cost of power

Dry and Hybrid Cooling
| ssues and Opportunities
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Growing use of non-
traditional water for cooling
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Palo Verde — largest Nuclear Power Plant in the US, uses waste water for cooling
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Non-traditional Water
Resource Avallability

Qil and Natural Gas Production in the United States
U {Derved from Mast, et al, 1928)
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: - . B vilProduction  Mixed Production

B Gas Production Dy Wells

Saline Aquifers Oil and Gas Produced Water
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= /" Southwest Climate History
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= | ssues and Challenges
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"« Global Energy Consumption/person
— US—-800 kwh/mo (30% of worlds energy consumption)
— India— 25 kwh/mo
— China— 15 kwh/mo
e Global Trangportation, vehicles/1000 people
— US-800
— India— 60
— China-70
e Projected CO2 Emissions (million tons/yr)
— 2010 U.S. 1600, China 3400, India 700, World 8400
— 2020 U.S. 1800, China 4400, India 2100, World 11400@




In contrast to other regions in the United
States, transmission planning in WECC
IS quite decentralized

Sub-Regional Planning Groups
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FERC can now approve proposed new transmission lines in key corridors
identified by DOE if states fail to do so within 1 year
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The maority of lines under development
are meant to access coal and wind, but
several could access solar projects
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~20 Major
Proposed
_Transmission
Projects
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~ European Energy Vison -

Desertec CSP aMajor Element
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B Hydro power

' Solar power

=€ Wind power ﬂ:ﬁ‘ J

Distributed generaton =
® by regenerative fuel cells <7 |

DC transmission<{ - =€ # 1
ke
Gas (hydrogen) )
disiribution

Wind
300 GW
25 000 km sq
3000 x 10 km

8000 km =q
90 x 90 km




