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Temperature and CO, from Antarctic ice cores *

over the past 800,000 years
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Global Land—Ocean Temperature Index
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Global Average Temperature Anomaly (°C)
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How Do We Know
Humans are Changing the Climate?



1.Computer Models

1950

1at Assesament Report ’ Jrd Assesament Report




1.Computer Models
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2. Paleoclimate Data
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2. Paleoclimate Data

Borehole temperatures (Huang et al. 2000) == (Glacier lengths (Oerlemans 2005b)
m= Multiproxy (Mann and Jones 2003a) == Multiproxy (Moberg et al. 2005a)
Multiproxy (Hegerl et al. 2006) == Tree rings (Esper et al. 2002a)
= |nstrumental record (Jones etal. 2001)




3. Direct Experimental Measurements

NASA/CSR

Land-Based Polar Ice Mass



3. Direct Experimental Measurements
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Manmade climate change is
happening now.
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Ellicott City, Maryland: 6” of rain in 2 hours, July 30, 2016



500 Million Years of Climate

Temperature of Planet Earth
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Global Temperature Relative to 1800-1900 (°C)
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Carbon-Free Energy Options

Carbon Capture & Storage

Nuclear

Efficiency

Renewable Energy




Carbon-Free Energy Options

Carbon Capture & Storage

Nuclear




Geothermal

Efficiency

Biomass

Wind



Potential U.S. Carbon Reductions
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Impact of Energy Efficiency

Structural change
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Energy efficiency

Actual energy use
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Energy Efficiency in the United States: 35 Years and Counting, ACEEE, 2015




Negawatts Are Cheaper than Megawatts
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Building Energy Efficiency




Percent of Fossil Fuel CO, Emissions
Due to Buildings

40%

U.S. Energy Information Administration



U.S. Electricity Consumed by Buildings
9%
/4%

U.S. Energy Information Administration



Growth of U.S. Households
and Energy Use, 1978-2014
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Energy Efficiency in the United States: 35 Years and Counting, ACEEE, 2015
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Relative Average Energy Use of

Appliances, 1980-2014

Gas furnaces
. =Central AC + HP
Refrigerators

Clothes washers

Energy Efficiency in the United States: 35 Years and Counting, ACEEE, 2015




Average US Home Refrigerator Energy Use,
Volume and Price vs. Time

Energy Use per Unit
(kWh per year) et
ot

Refrigerator Size
(cubic feet)
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Electricity Used for Lighting
in Commercial Buildings

19%

Lighting is the single largest consumer
of electricity in commercial buildings.

U.S. Energy Information Administration



Potential Reductions in Energy
Intensity of US Commercial Buildings
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US 2050 Report: Pathways to Deep Decarbonization in the United States,
Sustainable Development Solutions Network, November 2014




Commercial Lighting Transition

Final Energy

Com Lighting
by Type (EJ)
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NREL's
Energy-Efficient Campus






Energy Performance-Based Contracting:
NREL Research Support Facility
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Daylighting: Glare Control

wlazing

Sunlight enlers
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NREL Energy Efficiency
Projects
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Electric Fixtures
(Electrical or lighting designer)
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Impact of Building Codes and
Utility DSM Programs, 2007-2013
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Efficiency Standards Commerical GDP per Capita* average HDD* average CDD*
and Utility Energy Electricity Price
Efficiency Programs
per Capita*




Energy Design Assistance Program Tracker
EDAPT) for New Construction

EDAPT | Energy Design Assistance Program Tracker

Summary Projects Application Draft Applications Resources My Account Logout
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ResStock

Residential Sector EE Potential Tool Per House maps indicate Aggregate maps indicate
local homeowner savings market size/impact by state
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High-granularity supply curves show the
value of targeted deployment
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Systems Performance Lab




Zero Energy Districts:
The Next Step

Zero Energy Buildings Zero Energy Districts

NATIONAL RENEWABLE ENERGY LABORATORY 49
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By 2030

900 billion ft?

of new and rebuilt buildings will be constructed
worldwide

Sources:
UN Habitat, State of the World's Ciies 2070/2011; McKinsey Global Institule. G



Cities signed onto the Mayors’ Climate Protection Agreement
1,060 as of 8/19/15




URBANoOpt:

A zero energy district
modeling tool



URBANopt -« name_of_the_project_here
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An enormous, disruptive
energy transition is underway!
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CoP2l:UNclimate — Darjg climate change agreement: the

change conference |

Paris world's greatest diplomatic success

With all 196 nations having a say, the UN climate deal, with all its frustrations and
drama, has proven that compromise works for the planet

Fiona Harvey in Paris

Monday 14 December 2015 02.51 EST

8 French foreign minister and president-designate of COP21 Laurent Fabius (centre), raises hands with UN
secretary general Ban Ki Moon and French president Francois Hollande. Photograph: Francois Guillot/AFP/Getty
Images




3.2-5.4°C

relative to 1850-1900

100+ High emissions leading
to dangerous warming
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World Wind Power (MW)
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PV Module Prices

The Swanson effe
Price of cry silice




New solar installations in the United States
(in megawatts)
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New U.S. Electricity Generation (GW)
2015

Wind
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DAILY NEWS 1 March 2016

China set to surpass its climate
targets as renewables soar

Wind and solar energy surged in Chinain 2015 to record levels, helping the country to pivot
away from coal, which still provides two-thirds of its power

Chinainstalled a whopping 32.5 gigawatts of wind energy capacity last year
Xu Yu/Xinhua Press/Corbis

New Scientist, March 1, 2016




IEA Projected Energy
Investments

Average annual low-carbon
investment, 2014-2040
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iiNREL

MATIONAL REMEWAEBLE EMERGY LABORATORY

Chuck Kutscher, Ph.D., P.E.
Director, Buildings and Thermal Systems Center

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.



