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A california has the most aggressive Renewable
Pwoiroticf Soahdan (“Sitca mdha thidied(SiRP S0 )
ALegisIative mandate for 33% of retail sales by 2020

| California Senate Bill X1 2, 4/12/2011

ALegisIative mandate for GHG reductions

A Achieve 1990 CO, levels by 2020
I Executive Order S-14-08, 11/17/2008
ACO2 cap-and-trade program; compliance starts in 2013

A How to achieve both mandates at least cost?
AAssess grid-wide impact of renewables penetration on
other generation and on complementary technologies
AAssess impact of CO, cost assumptions on levelized
cost of electricity (ALCOEO)
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More Renewables, More Challenges

> Increasing Renewable Penetration Level
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Impact of CO, Cost on Portfolio LCOE

A Earlier GRID results did not consider CO, cost
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70 minutes = 1 Year of Global Energy Use
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Source: United Nations Environment Programme, Solar and Wind Resource Assessment, http://na.unep.net/swera_ims/map/.
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Compare Wind vs. Solar vs. 50/50 Mix

A Renewables penetration is energy-based

ACapacity factor varies by location and technology
AAnnual kWh produced / (installed capacity x 8760 hr/yr)
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http://www.nrel.gov/docs/fy12osti/51847.pdf
http://www.nrel.gov/docs/fy12osti/51847.pdf
http://www.nrel.gov/docs/fy12osti/51847.pdf

Actual California Generation Mix 2005

Almpact of wind and solar generation imperceptible
A 11.5% includes geothermal, biomass, small hydro

Energy Portfolio for 11.5% Renewable Penetration
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50/50 Wind/Solar Added to Achieve 20.6%

ALoad-foIIowing more dynamic

A Peakers must provide increased balancing
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