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Overview of the Conventional Electricity System



Integration and Interconnection Issues

Resource Measurement
Historical Data
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Renewable Generation
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Thermal Energy Storage



Planned 280 MW Solana Plant with 6 hrs Storage

1500 construction jobs
over two years

85 permanent jobs

Artist Rendition Renewable Energy



“Xcel Energy is seeking to add up to
700 MW of additional wind and

solar generation through the RFP.
In addition, the Company will

storage or natural gas backup.”
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*None currently connected at transmission voltages






Xcel Energy 8 MW Plant

Utility Scale



Nellis AFB 15 MW Plant

Utility Scale



Moscone Center — 675 kW

Commercial
Rooftop



Building Integrated PV



Residential PV



Residential PV



wWhy Worry About Integration?



2015 Price Targets

2015
residential PV
prices without
Incentives and

moderate

INcrease in

electricity
prices
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2015 Goals Residential 8-10 ¢/kWh
Commercial 6-8 ¢/kWh
Utility 5-7 ¢/kWh
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Southwest Solar Resources - Unfiltered Data



Southwest Solar Resources > 6.0 kWh/m?/day



Environmental and Land Use Exclusions



Previous plus slope < 1%



Resulting CSP Resource Potential

Solar
Solar Generation
Land Area Capacity Capacity

State (mi?) (MW) GWh
AZ 13,613 1,742,461 4,121,268
CA 6,278 803,647 1,900,786
CO 6,232 797,758 1,886,858
NV 11,090 1,419,480 3,357,355
NM 20,356 2,605,585 6,162,729
X 6,374 815,880 1,929,719
) 23,288 2,980,823 7,050,242
Total 87,232 11,165,633 26,408,956

The table and map represent land that has no primary use
today, exclude land with slope > 1%, and do not count

sensitive lands. Current total nameplate capacity in the
Solar Energy Resource > 6.0 U.S.is ~1,000GW w/ resulting annual
Capacity assumes 5 acres/MW generation of 4,000,000 GWh

Generation assumes 27% annual capacity factor



20% Wind Scenario

305 GW —»

Installed Capacity as of
January 2009 = 25,204 MW



20% Wind Scenario — Wind 1n 46 States



Transmission Requirements in 2030



Example Issue
High Penetration PV

Current Situation — Low Penetration

PV viewed as demand reduction

Power flow unidirectional from substation to end use
Limited active operations at distribution level

Limited communications

Future Grid

PV at high penetration — power production technology
Two-way power flow

Smart grid with active operations

Broadband, two-way communications




Xcel Energy — Alamosa System

Alamosa, CO - 5min. System Output

September 4, 2008 [ PV System Current
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Evaluating High Penetration of PV
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Sacramento Municipal Utility District



SMUD

Anatolia Subdevelopment (SMUD)
Rancho Cordova, CA

Monitoring
on Home \
\ Monitoring

on
Distribution
Transformer



SMUD

Individual Home



SMUD

Distribution Transformer



Thank You

David Mooney, Ph.D.
Director

Electricity, Resources, and Building Systems Integration
david.mooney@nrel.gov
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