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2015 -18 = Four Hottest Years on Record

άΧƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ŜƳƛǎǎƛƻƴǎ ƻŦ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎΣ 
ŀǊŜ ǘƘŜ ŘƻƳƛƴŀƴǘ ŎŀǳǎŜ ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ ǿŀǊƳƛƴƎ ΦΧέ 

2016 temperatures compared to normal around the globe (NOAA) 
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Sea Level Rise: A Global View

ÅThe latest Intergovernmental Panel on 
Climate Change report estimates a likely rise 
from 0.28-0.98 m by 2100.

ÅBut melting of the ice sheets in Greenland 
and Antarctica could result in sea-level rise of 
80 meters. 

ïGreenland: 6 to 7 m of potential sea level 

ïWest Antarctica: 6 to 8 m of potential sea level 

ïEast Antarctic Ice Sheet: 65 to 67 m of potential 
sea 

Sources: Mendelsohn: https://cepl.gatech.edu/sites/default/files/attachments/
robert-mendelsohn-gatech-seminar-2018-11-29.pdf; Church and Clark, 2013
and https://pubs.usgs.gov/fs/2005/3055/
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https://cepl.gatech.edu/sites/default/files/attachments/
https://pubs.usgs.gov/fs/2005/3055/


òWill We Survive Climate Change?ó

Sources: http:// www.southernfriedscience.com /science - in - the - fleet -what -

would -youre -hometown - look - like -with -80 -meters -sea- level -
rise/#more -15649
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New York City

+80 m

London

ÅFortunately, global warming 
does not provide enough 
heat to melt all of the ice 
sheets suddenly.

ÅThere is time for mitigation 
and adaptation.

http://www.southernfriedscience.com/science-in-the-fleet-what-would-youre-hometown-look-like-with-80-meters-sea-level-rise/#more-15649


How is the U.S. Responding?

After a 10% decline (2005-2015) in CO2, 
an increase of 3.4% in 2018.

.
Source for updates: https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/

2016    2017    2018

3.4% increase
~5,300

3.6% increase
~5,600

Economy-Wide Energy-Related CO2
Emissions (million metric tons)

Update from
Rhodium Group:



How can the U.S. transition to clean energy when fossil fuels 
are so abundant and their carbon emissions aren't taxed?
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U.S. CO 2 Emissions are Far Off Track 

for Global Climate Goals

Sources: EIA, Annual Energy Outlook 2019. https://www.eia.gov/outlooks/aeo/data/
browser/#/?id=17-AEO2019&cases=ref2019&sourcekey=0

Å Fossil fuel reliance persists.
Å¸ƻǳ ǿƻƴΩǘ ŦƛƴŘ ǘƘƛǎ ƎǊŀǇƘ ƘŜǊŜΦ

2.5% reduction in 2050 vs 2019
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The U.S. Fuel Mix is Changing

Natural gas is expected to grow the most, but solar and wind are 
also on the rise.

Source: EIA, Annual Energy Outlook 2018
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U .S. Will Soon be A Net Energy Exporter 

(First Time Since 1953)

Sources: EIA, Annual Energy Outlook 2019*, 2018 and2017

2019 Forecast = 2020*

2017 Forecast = 2026

2018 Forecast = 2022
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U.S. Liquified Natural Gas 

(LNG) is Fueling Asia

ÅU.S. natural gas trade was historically from Canada and to Mexico 
by pipeline.

Å It is projected to become dominated by liquid natural gas (LNG) 
exports by tankers to distant ports. 

ÅHydrogen from natural gas reforming could be accommodated in 
this scenario as a bridge to the future.
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Across the Globe and in the U.S.: The Power 

Sector is Leading the Way 

Towards Decarbonized Energy

Sources: EIA, Annual Energy Outlook 2019

CO2 intensity is declining 
Χ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ 
electric power sector



Electricity Systems Offer Low -Cost 

CO2 Reductions

ά!ōŀǘŜƳŜƴǘέ Ŏƻǎǘǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ 
generation are consistently 
shown to be cheaper and easier 
than in:

ïmost end use (housing, 
transport) or

ïintermediate sectors 
(industry, freight, 
agriculture)

Source: IPCC, 2014 12Electricity = 35% of U.S. CO2 emissions)



The Power of Consumers

Smart metersprovide two-way 
communication:

V Powerful when combined with real-
time electricity pricing

V WiFienabled; controlled from 
computers& cell phones

V Interfaced with in-home,in-office, 
and smart phonedisplays

Sensors for temperature, humidity, 
motion, and light eliminate wasted 
energy (and improve comfort). 

Thermostats that Learn
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Energy Efficiency is the Least

Cost Energy Resource in the U.S.

Source: Brown, et al. 2018. https://cepl.gatech.edu/projects/Biomass
14

Levelized Cost of New Electricity 
Resources ($/MWh)

https://cepl.gatech.edu/projects/Biomass


What is 1.5 °C Budget for the U.S. 

Electricity Sector?

9ǉǳŀƭƭȅ ǿŜƛƎƘǘƛƴƎ Ǝƭƻōŀƭ άŜǉǳƛǘȅέ ŀƴŘ άƛƴŜǊǘƛŀέΣ ŀ нр-year 
carbon budget for the U.S. electric sector = 44 Gt CO2.  

Source: Brown, Marilyn A. and YufeiLi. 2018. άCarbon Pricing and Energy Efficiency: 
Pathways to Deep Decarbonization of the U.S. Electric Sector,έ Energy Efficiency 1-19, 

https:// doi.org/10.1007/s12053-018-9686-9.
15



Results: CO ϜEmissions from the U.S. Electric 

Sector Across Mitigation Scenarios 

A $10 tax/ton of CO2 with strong energy efficiency could reduce this to 44 GT CO2.

Current policies would lead to 54 GT CO2 in the U.S. electric sector from 2016-2040
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The Energy Ecosystem is 

Transforming: Hydrogen Fuels 

Cells Could Fit In

{ƻǳǊŎŜΥ 5h9Φ нлмтΦ vǳŀŘǊŜƴƴƛŀƭ 9ƴŜǊƎȅ wŜǾƛŜǿΥ ¢ǊŀƴǎŦƻǊƳƛƴƎ ǘƘŜ bŀǘƛƻƴΩǎ 9ƭŜŎǘǊƛŎƛǘȅ 
System, Figure S-3
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The Shift to Distributed Resources 

is Happening

ÅDistributed solar capacity is now nearly 1% of total U.S. 
generating capacity (14 GW).

Å>14 million electric customers are supplying power back into 
the grid. 

Å>16 million customers participate in wholesale or utility 
demand response or time-varying rate programs.

Å>80 GW of combined heat and power now accounts for ~8% 
of total U.S. generating capacity.

ÅThe charging cycles of 535,000 EVs are now being managed.

Source: DOE Electricity Advisory Committee, Smart Grid Subcommittee 18



Transportation & Electricity: 

A Beneficial Merger

More renewable 
electricity + more 
electric vehicles:
άŎƻƳǇƭŜƳŜƴǘŀǊȅέ 
trends:

VWith renewables, 
EVs are even cleaner
VWith EVs, the grid 

can be better 
balanced
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Visions of the Future

Source: Mateo Jaramillo, Tesla, June 19, 2017 20

ÅPairing storage with rooftop solar 
and EVs looks promising. 

ÅThe technologies are known, but 
the business models are unclear.


