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Report: Global Warming Issue From 2 Or 3
Years Ago May Still Be Problem

WASHINGTON —According to a report released this week by the Center for Global
Development, climate change, the popular mid-2000s issue that raised awareness of the
fact that the earth's continuous rise in temperature will have catastrophic ecological
effects, has apparently not been resolved, and may still be a problem.



The Science
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Temperature Anomaly (°C)
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Extent (million square kilometers)

Average Monthly Arctic Sea Ice Extent
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Gravity Satellite Ice Sheet Mass Measurements
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Change in Total Heat Content since 1961 (102" Joules)
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The Culprit



Atmospheric Carbon Dioxide Levels
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Sea Level vs. CO,
For Last 550,000 Years
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Extreme Weather



U.S. June Temperature
Records Broken
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Waldo Canyon Fire
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The ten top high-water events
at lower Manhattan
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“We can’t afford to fix it.”

Calels



Projected Cost to US
of Climate Change Damage
by Year 2025.

shi: /.

MN=74 D o~ om | sim
oL /7 | DINON/ yr

— Ackerman and Stanton, 2008



The Good News:
Solutions!

(and Challenges)
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Potential U.S. Carbon Reductions

2,500 1

[
5
=

U.S. Carbon Emissions (MtC/yr)

FFLHFF LTSS PSS S ST F

1,500 A

1,000 -

g

Path for 60% reduction

Path for 80% reduction

mEE

@ Wind

| Biofuels

@ Biomass
oFy

mCSP

@ Geothermal

Year

57% Energy Efficiency, 43% Renewables

What does
it cost?

- -$108B/yr

| +$26B/yr

Total:
Savings
of $82B/yr




The Challenge:
Grid Integration



Operations during mid-April
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Operations during mid-April

High renewables case
Gas turbine Combined cycle
PV \
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Spatial Diversity Smooths Wind Farm Output
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Solar and Wind Complementary:
Diurnal
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Grid Integration Costs (Arizona Public Service)
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LiNREL

MATICINAL RENEWARLE ENERIGY LARORATORY

Renewable Electricity
Futures Study

MAEL is & national labaratary of the L5, Department of Energy,
Oifice of Energy EMficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



80% RE Scenario
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New Transmission Needs
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New NREL
Energy Systems Integration Facility




Hardware-in-the-Loop: Connecting Experiments to Simulations
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with real field data

Actual hardware at ESIF

Solar Simulator

Subdevelopment
with PV at end of
circuit

Device Under Test
|m (e.g.inverter, energy

| .
' L storage, EV, load, etc.)
|t
s
¢

Visualization f
Interface ;

HIL1/O

Interface
BT, N
Grid Simulator
| —

/
Replicated into ;
Larger Simulation

Simulation loop
closed with actual
hardware

MATIONAL RENEWAEBLE ENERGY LABORATORY




ESIF - Energy System Simulated Operations

A Flight Simulator for Energy System Operators

MATIONAL RENEWAEBLE ENERGY LABORATORY



The Really Good News:

Rapid Change is Happening!



New EPA Fuel Efficiency Standard

Miles per gallon equivalent, by model year MNew standards
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Shift From Coal to Gas
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PV Module Prices
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Germany sets solar record, meets half of
electricity demand

By Ian Steadman | 28 May 12




PV Resource: Germany vs. U.S.
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World Wind Power (MW
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Current Installed Wind Power Capacity (MW)
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January 2013
New U.S. Generating Capacity Added:

1,231 MW

Percent from Renewables: 100%



California's New Cap-and-Trade Law: A Model
for the Country?

Although cap-and-trade programs to curb global warming are a nonstarter
in Washington, an ambitious plan in California could renew interest.
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Smog gets in your eyes: A Cali highway, (AP PHOTO/MIKE MEADOWS)



Australian Carbon Tax
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“We will respond to the

threat of climate change, knowing
that the failure to do so would
betray our children and future
generations.”

- President Barack Obama,
January 21, 2013
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isNREL

Chuck Kutscher

Thermal Systems Group

National Renewable Energy Laboratory
chuck.kutscher@nrel.gov

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.




