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The Climate

Imperative

California 1s fortunate to have broad
agreement — population, elected
leadership, business community,
investors, local governments — that
climate change must be confronted.

WE MUST LEAD.

The Under2MOU is an expression of
Gov. Brown’s desire to work with his
counterparts across the globe to solve
our shared challenge.



GHG Emissions Statewide
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CA Emissions Trajectory Toward 20350
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Since 2001: GDP Up 28%, Emissions Down 8%
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Policies

A Broad Suite of
Complementary Initiatives

The transition to clean energy is full of
opportunity.

A suite of complementary policies
helps to encourage innovation in
technology and — equally important -
business model development for
commercialization and scale-up.



California Policy Foundations

Buildings  Building Energy Efficiency Standards have improved
the performance of new buildings by 80% since 1976

Appliances CA Has Authority to Create Standards Where No
National Standards Exist. TVs, Showers, Computers...

AB 32 Reduces statewide greenhouse gas (GHG)
emissions to 1990 levels by 2020

Long Term Energy Efficiency Strategic Plan (2008

State’s first integrated framework—-a single roadmap
to achieve maximum energy savings across all major
groups and sectors.

SB 32 Reduces statewide greenhouse gas (GHG)
emissions to 40% below 1990 levels by 2030.

Clean Energy & Pollution Reduction Act (2015

* Mandates 50% Renewable Electricity by 2030
* Doubles Expectations for Energy Efficiency
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Part A: Half of Electricity From (Non-Hydro) Renewables
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Part B: Improved Energy Performance of Buildings, Industry

$1.8+B/yr in EE programs 14,000

Leadership in State buildings 12,000 W
Aggressive building codes 10,000
8,000 /J
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Heavy Duty Vehicles:
BioDiesel and Natural Gas

Hydrogen Fuel Cell Vehicles

Vehicle Electrification

Energy.ca.gov/altfuels/



The Electrification of Transportation
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CA Research and Clean Energy Funding

*$284 million/year for research and clean energy infrastructure
*$160M electricity R&D

*$24M natural gas R&D

*$100M clean transportation

Technology
Applied R&D Demonstration Fal\?:ﬁi;gﬁgn
& Deployment
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Markets Rising
to the Challenge

Private Sector and Private Capital
Are Critical for Sustained Innovation

Well-designed policies create the
certainty needed for the private sector
to commit creativity and capital to
moving markets forward.

There are $ trillions looking for
attractive places to deploy!



The Falling Cost of Clean Energy

Technologies

Indexed Cost Reductions Since 2008
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California Utility-Scale Solar

Solar Thermal Generation Photovoltaic Generation

—Solar Thermal Capacity Photovoltaic Capacity
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World’s Largest Solar Thermal Trough
SEGS - 354 M




World’s Largest Geothermal Complex
. 350 Wells/ 18 Plants Generate 835 MW




The Nation’s Largest Wind Facility

Alta Wind Energy Center: 1548 MW wind power to Southern California Edison.



Small-Scale Solar Cost Decline
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Impact on Utility Bills <. spas-swas S -
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Solar Proliferation — one of MANY!
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California Leads the Nation in Distributed Generation

@197 Solar Projects 4,581 Megawatts (MW) Installed
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The Principle Challenge to
Achieving Our 2050 Goals Is:

Integration

VISION
Technologies at all scales
Supply AND Demand Are Responsive
Flexibility Throughout the System
Standardized Communications

Control & Automation



Challenges of Renewable Generation:
Ramping & Flexibility: CAISO “Duck” Chart
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Solar and Wind Tend to Reduce

System Load Factor

California ISO Load Duration Curve
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Practical
Solutions

How Will We Make This Great
Symphony Play in Harmony?

Energy Efficiency First!

Fund Research & Development
Consistently

Pilot Projects that Lead To Mass
Commercialization

Low-Income Communities Must Benefit
Regional Integration + Transmission

Coordinate Federal/State/Local efforts



Building Standards Have Saved $66B Since 1976

120 7 OWater Heating

100 - OSpace Cooling

ESpace Heating

]
(=]

kBTU/sf-yr
2

£
(=]

Pud
[=]

0

J0s 19728 19234 1933 1992 1992 2001 2005 2008 2013 2016 2019

Source: CA Energy Commission



Tale of Two Buildings — BOTH Zero Net Energy
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Tale of Two Buildings — Grid View
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Integrated Design and Smart Operation

> Lower Energy infrastructure cost (smaller PV system
> Somewhat lower energy bill

> Customer satisfaction: a high-performing, more comfortable building
=> Flexibility for the utility: load shifting, dynamic DR

Energy Efficiency, Demand Response, then Solar PV
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PASSIVE THERMAL COMFORT

Source: Kevin Bates, SHARP Development Co.



REDUCED HVAC SIZE

Existing

Source: Kevin Bates, SHARP Development Co.

Standard

Good design can produce
infrastructure savings such
as downsizing the HVAC
system in this building

THIS BUILDING




‘New City Library — Berkeleys CA
Zero Net En \%%Pas's‘ive \Desrign




Regional Energy Imbalance Market
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Economic Development is
Central to the Sustainable
Energy Transition
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Transitioning to Sustainable Energy

Power Station

Distribution
Substation

COMMERCIAL & INDUSTRIAL DISTRIBUTION

BUSINESS CONSUMERS

RESIDENTIAL CONSUMERS

transmissi
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lectric vehicle
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