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How Do We Know 

Humans are Changing the Climate?



1.Computer Models



1.Computer Models



2. Paleoclimate Data
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3. Direct Experimental Measurements

Land-Based Polar Ice Mass
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Manmade climate change is 

happening now.



Seawater Flooding of Miami

Longer Wildfire Season Record Coral Bleaching

Severe Droughts



Ellicott City, Maryland: 6” of rain in 2 hours, July 30, 2016



500 Million Years of Climate



Global Temperature Relative to 1800-1900 (⁰C)

A1FI



The Goal: 

Reduce all carbon emissions

to zero as rapidly as possible



Carbon-Free Energy Options

Efficiency

Renewable Energy

Carbon Capture & Storage

Nuclear
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Potential U.S. Carbon Reductions

57% Energy Efficiency, 43% Renewables



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

Impact of Energy Efficiency



dNegawatts Are Cheaper than Megawatts



Building Energy Efficiency 



40%

U.S. Energy Information Administration

Percent of Fossil Fuel CO2 Emissions

Due to Buildings



74%

U.S. Energy Information Administration

U.S. Electricity Consumed by Buildings



Growth of U.S. Households 

and Energy Use, 1978-2014

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



Relative Average Energy Use of 

Appliances, 1980-2014

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



Average US Home Refrigerator Energy Use,

Volume and Price vs. Time



19%

U.S. Energy Information Administration

Electricity Used for Lighting

in Commercial Buildings

Lighting is the single largest consumer 

of electricity in commercial buildings.



Potential Reductions in Energy 

Intensity of US Commercial Buildings

US 2050 Report: Pathways to Deep Decarbonization in the United States,

Sustainable Development Solutions Network, November 2014



Commercial Lighting Transition

US 2050 Report: Pathways to Deep Decarbonization in the United States,

Sustainable Development Solutions Network, November 2014



NREL’s 
Energy-Efficient Campus
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Energy Performance-Based Contracting: 

NREL Research Support Facility





Daylighting: Glare Control



Radiant Ceilings

Thermal Mass Walls

Operable Windows

Underfloor 

Ventilation



6 watt task light

50 fc

Ambient daylight

Ambient lighting with 

daylight sensors for 25 fc





NATIONAL RENEWABLE ENERGY LABORATORY

NREL PV Systems 
South Table Mountain Campus

1,156 kW

524 kW

857 kW

720 kW

94 kW



NREL Energy Efficiency 

Projects



Photosensor
(Controls manufacturer)

Electric Fixtures
(Electrical or lighting designer)

Integration
(Commissioning agent)

Lightshelf
(Architect)

Before
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Impact of Building Codes and 

Utility DSM Programs, 2007-2013



Energy Design Assistance Program Tracker 
(EDAPT) for New Construction



NATIONAL RENEWABLE ENERGY LABORATORY

216 Climate Locations

Census Data (e.g. % Electric Heating)

216 Climate Locations

Database of building component

probability distributions

Energy Costs

EE Potential Tool

High-granularity supply curves show the 

value of targeted deployment 

Technical potential of 2-pane low-E windows (replacing 1-pane)

Per House maps indicate 

local homeowner savings 

Aggregate maps indicate

market size/impact by state

HPC

ResStock
Residential Sector EE Potential Tool



Systems Performance Lab
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Zero Energy Districts:

The Next Step

Zero Energy Buildings Zero Energy Districts



Cities are responsible for 

70%
of the world’s fossil fuel CO2 emissions

Source: Cities and Climate Change: an urgent agenda, World Bank, 2010

Image: NASA



By 2030

900 billion ft2

of new and rebuilt buildings will be constructed 

worldwide

1 2 3
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Cities signed onto the Mayors’ Climate Protection Agreement
1,060 as of 8/19/15



URBANopt:
A zero energy district 

modeling tool
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An enormous, disruptive 

energy transition is underway!



Early 20th Century:

Early 21st Century:







World Wind Power (MW)



PV Module Prices





New U.S. Electricity Generation (GW) 

2015

79% Renewables
70% Renewable



New Scientist, March 1, 2016



IEA Projected Energy 

Investments
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