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Physics of Sustainable Energy: Using Energy Efficiently and Producing It Renewably
APS Forum on Physics and Society, UC-Berkeley, March 1-2, 2008
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The Energy Challenge Outline

What Is the energy challenge?

Supply and demand in the U.S. and the world
Some points of reference

Some energy Issue examples

Closing comments and summary



WHAT IS THE ENERY
CHALLENGE?




The Energy Challenge

Energy Is crucial to modern society.
Fossil fuels are linked to climate change.
Our current oll supply Is insecure.

Energy demand from developing
economies Is increasing.

The undeveloped world needs energy.
World population is increasing.



Energy Is crucial to modern society.
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Trinidad and Tobagoll

Worldwide Power Consumption per Capita vs

GDP per Capita (2007)
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From David MacKay, Sustainable Energy without the Hot Air, Fig 18.4.
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Presentation Notes
Data from UNDP Human Development Report, 2007
Red squares “high human development”
Green circles “medium human development”
Blue circles “low human development”
See http://www.eia.gov/countries/country-data.cfm?fips=TD for Trinidad and Tobago: energy intensity very high.
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“...the aim of this book is to help you figure out the numbers
and do the arithmetic so that you can evaluate policies...”

http://www.withouthotair.com/
Free pdf download - $31.55 from Amazon



Fossil fuels are linked to climate change.
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Land Surface Temperature and
CO, Concentration Since 1850
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Surface temperature plot from Berkeley Earth Temperature Averaging Process, Rohde et al. 2011 preprint.  (Part of BEST work published as Rohde et al., Geoin for Geostat An Overview_1(2013)1.)  Temperature anomaly is temperature relative to 1950-1980 average.
CO2 concentration data from NOAA/ESRL Global Monitoring Division as reported and plotted by P. Brown,
See http://www.docbrown.info/page04/global_warming.htm.


Temperature anomaly (°C)

Global Mean Surface Temperature Anomalies
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From IPCC AR4 WG1 TS Fig TS.23a
Figure TS.23. (a) Global mean surface temperature anomalies relative to the period 1901 to 1950, as observed (black line) and as obtained from simulations with both anthropogenic and natural forcings. The thick red curve shows the multi-model ensemble mean and the thin yellow curves show the individual simulations. Vertical grey lines indicate the timing of major volcanic events.
(b) As in (a), except that the simulated global mean temperature anomalies are for natural forcings only. The thick blue curve shows the multi-model ensemble mean and the thin
lighter blue curves show individual simulations. Each simulation was sampled so that coverage corresponds to that of the observations. {Figure 9.5}
See http://www.pmel.noaa.gov/pubs/outstand/wang2804/simulations.shtml for discussion of observation – models discrepancy in 1940s. 


Temperature anomaly (°C)
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From IPCC AR4 WG1 TS Fig TS.23b
Figure TS.23. (a) Global mean surface temperature anomalies relative to the period 1901 to 1950, as observed (black line) and as obtained from simulations with both anthropogenic and natural forcings. The thick
red curve shows the multi-model ensemble mean and the thin yellow curves show the
individual simulations. Vertical grey lines indicate the timing of major volcanic events.
(b) As in (a), except that the simulated global mean temperature anomalies are for natural
forcings only. The thick blue curve shows the multi-model ensemble mean and the thin
lighter blue curves show individual simulations. Each simulation was sampled so that coverage
corresponds to that of the observations. {Figure 9.5}
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EXPLAINING
EXTREME EVENTS
OF 2013

From A Climate Perspective
Special Supplement to the
Bulletin of the American Meteorological Society
Vol. 95, No. 9, September 2014
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This series began in 2012, explaining extreme events of 2011.  Caption for the image:
“The final wave of rain storms make their way through Boulder, Colorado, bringing another day of flooding to the already rain swollen area, 15 September 2013. “




Location and Type of Extreme Events in 2013
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From NOAA State of the Climate, 2013.
Drought in California, Australia and New Zealand.   Heat waves in Australia, Europe, China, Japan, and Korea. Extreme precipitation in north India, central Europe, and northern Colorado. South Dakota blizzard.




2013 Extreme Events AGW Score Card
* Influenced by AGW

— Heat waves in Australia, Europe, China, Japan,
Korea

— Drought in Australia, New Zealand
— North India extreme precipitation
* Not influenced or uncertain influence by AGW
— California drought (!)
— Northern Colorado extreme precipitation
— South Dakota blizzard
— Danube and Elbe basins extreme precipitation
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Worldwide GHG Emissions and Energy Use (2007)
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From David MacKay, Sustainable Energy without the Hot Air, Fig 1.12.
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Data from UNDP Human Development Report, 2007
Graph shows heat content of fuel: coal 660 lbs  CO2 per MWh, NG 420 lbs CO2 per MWh.  For electricity generation efficiency needed.  


CO, Emissions in the Top Six
Emitting Countries and the EU
1990-2013
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Fig. 2.2 Trends in Global CO2 Emission 2013 Report PBL Netherlands Environmental Assessment Agency



Our current oll supply Is insecure.



Distribution of World Conventional Oil Reserves

. Regions of
known reserves

From S. Marshak, Earth: Portrait of a Planet
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Prof. Steven Marshak, son of physicist Robert Marshak.  Marshak’s introductory geology text, Earth: Portrait of a plant, is excellent. 


World Proven OIl Reserves by Country (2013)
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“But with only 2 percent of the world’s oil reserves, oil isn't enough. This country needs an all-
out, all-of-the-above strategy that develops every available source of American energy. A

strategy that's cleaner, cheaper, and full of new jobs.”
President Obama, State of the Union address, January 25, 2012.
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From http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=5&pid=57&aid=6
Total world proved oil reserves 1,637.9 Gbbl.  Note U.S. tight oil not included in proved reserves.  Estimate of this resource 58 Gbbl – 3.5% of total world proved oil reserves.  This number in flux.



Crude OIl Prices 1861 - 2013

Crude oil prices 1861-2013
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Energy demand from developing
economies Is increasing.



S
World Energy Consumption, 1990-2040

History Projections
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OECD: Organization for Economic Co-operation and Development.  Originally, 20 countries from December, 1960 (18 European countries, U.S. and Canada.).  Now expanded to 34 countries.  At the time of the 2011 IEA Outlook, Brazil, China, India, Indonesia, Russia, and South Africa were not OECD members.  China became an OECD member in May, 2010.  List of OECD members at http://www.oecd.org/about/membersandpartners/.


Energy Consumption in the United States,
China, and India, 1990-2040
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From EIA International Energy Outlook presentation June 2013, slide 5



World population Is increasing.



U. N. Population Projection 2010 - 2100
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From UN 2010 Revision of World Population Prospects.  2000 population 6.1 billion.  2050 population 9.3 billion in medium fertility variant.  Total fertility rate is average number of children a woman would bear in her lifetime if the birthrate in a particular year were to remain unchanged.  2100 population 10.2 billion in medium fertility variant.




Kaya ldentity

Country and Regional Emissions Comparisons



Kaya Identity

Global CO, emissions =
Global populationx

Grossworld product
Global population

Gross energy consumption

X

Grossworld product
Global CO, emissions

Gross energy consumption
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Presentation Notes
Arguably an identity with content.  Each factor is interesting.  First factor is emission intensity per energy demand.  Second factor is energy demand per economic output.  Third factor is economic output per capita.  Last factor is population.
From  Kaya, Y. Impact of Carbon Dioxide Emission Control on GNP Growth: Interpretation of Proposed Scenarios (IPCC Energy and Industry Subgroup, Response Strategies Working Group, 1990).



CO, emissions

energy consumption

energy consumption

product

product
population

This ratio is about the fuel

This ratio is about efficiency of production

This ratio is about the level of development



Kaya ldentity Example - World

From EIA International Energy Outlook (September, 2011) 2008 data

Global CO, emissions: 30.2 Gt CO,,

Global energy consumption 505 quads

Global domestic product: $65.8 trillion (2008 US$)
Global population 6,731 million

Co. — CO, Energy GDP
*  Energy GDP capita

59.8tCO, 7,700 BTU $9,770

10° BTU $ person
— ~

CO, intensity of energy supply economic output per capita

Population

6, 731 million persons

CO, emissions =

energy intensity of economic output
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World 75.2 MBTU per person = 60.2 kWh/p/d.



ENERGY SUPPLY AND DEMAND



One Reason Energy Is Hard:
Many Measures Are Commonly Used

distinguish energy from power

very large numbers

many use the “guad” 10%° Btu

oll barrels or bbl (42 U.S. gal)

coal tons (2,000 Ibs) or tonnes (1,000 kg)
natural gas 10 ft3 or therms (10° Btu)
electricity kWh
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2 x 1012 ft3 natural gas equivalent to 109 bbl of crude oil


Primary Energy Consumption by Source and Sector, 2013
(Quadrillion Btu)

Percent of Sources Percent of Sectors

Total =97.5 Transportation
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Renewable Energy*
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MNuclear Electric Power
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Total = 97.4 quads
82% fossil fuels
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From U.S. Energy Information Administration, Monthly Energy Review (May 2014), Tables 1.3, 2.1-2.6.


D
Energy Flows, by Source of Energy and Energy-

Consuming Sector (2013) & Lawronce Livermore

Estimated U.S. Energy Use in 2013: ~97.4 Quads National Laboratory
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Source: LLNL 2014. Data is based on DOE/EIA-0035(2014-03), March, 2014. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not |nc|ude self-generation. EIA reports
consumption of renewable resources (i.e. hydro, wind, geothermal and solar) for electricity in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production
is calculated as the total retail electr ity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 65% for the residential and commercial sectors 80%
for the industrial sector, and 21% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527
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From https://www.llnl.gov/news/newsreleases/2014/Apr/NR-14-04-01.html#.VE0XSBbtDEg



Sources of U.S. electricity generation, 2013

Hydro 52% i R ble 1 3% )
Wind 33% enewabnle

Biomass wood 8%
Biomass waste 4%

Geothermal - 3% Nuclear 19% ~—  generation
Solar 2% / 12.4 quads

1 32.4%
Petroleum 1% Natural gas 27% —

Total primary 38.4 quads —

rejected heat
— 20.0 quads

67.6%
Coal 39%
¥ __/
Source: WS, Energy Information Administration, Electricity Power Wonifly (February 2014). Percentages based on
Table 1.1 and 1.1a; preliminary data fior 2013. l:"la-"
Note: Sum of components may not eqgual 100% dus to independent rounding. )
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Presentation Notes
From http://www.eia.gov/energy_in_brief/article/renewable_electricity.cfm.  Renewables account for 13% of electricity generation in 2013.  In 2013 rooftop solar 9.86 TWh = 0.03364 quads = 0.27% of total electric generation.


California Electricity Generation by Source July, 2014

Petroleum-Fired

Coal-Fired |

R
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12% Hydroelectric _{Large 10.4% Biomass 3.7%

- Geothermal 7.4%

2194 Other Renewables J_ — Solar 2.4%

Wind 7.5%

0 2,000 4,000 6,000 8,000 10,000 12,000
GWh

California RPS renewables (no large hydroelectric) 23%.

From Energy Information Agency monthly outlook, July 2014
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From http://www.eia.gov/state/?sid=CA#tabs-4
See also http://energyalmanac.ca.gov/electricity/electric_generation_capacity.html


U.S. Renewable Energy by Source (2013)
Total = 8.6 quads (9%)
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From http://www.eia.gov/forecasts/steo/report/renew_co2.cfm


U.S. Renewable Energy Supply E“"i"‘a“y
quadrillion British thermal units (Btu)
10 ;
i Forecast
: s
3 |
7 I m Solar
i w Geothermal
g . . l I I = Other biomass
! mWind power
4 ® Liquid biofuels
3 ’ Wood biomass
2 ® Hydropower
y
0
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Mote: Hydropower excludes pumped storage generation. Liquid biofuels include ethanol and biodiesel. Other
biomass includes municipal waste from biogenic sources, landfill gas, and other non-wood waste.

Source: Short-Term Energy Outlook, November 2014.
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From http://www.eia.gov/forecasts/steo/report/renew_co2.cfm
Wind in 2006 0.264 quads, in 2013 1.595 quads.  Factor of six growth in eight years.
Solar in 2006 0.068 quads, in 2013 0.307 quads.  Factor of 4.5 growth in eight years. 
Note wind generation in 2013 is 1.595 quads = 467 TWh.


SOME POINTS OF REFERENCE



Reference point 1
Hubbert Model

“Peak OIl”



NUCLEAR ENERGY AND THE FOSSIL FUELS
BY

M. KING HUBBERT
CHIEF CONSULTANT (GENERAL GEOLOGY)

PUBLICATION NO. 95

SHELL DEVELOPMENT COMPANY
EXPLORATION AND PRODUCTION RESEARCH DIVISION
HOUSTON, T
JUNE 1956

X AS

To be published in
Drilling and Production Practice (1956)
American Petroleum Institute
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Photo from http://www.eoearth.org/article/Hubbert,_Marion_King
Marion King Hubbert (1903-1989) 


Hubbert Data 1956
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Figure 2 - World production of crude oil. Figure 5 - United States production of crude oil.

Note: the rate of oil extraction in the world and in the U.S. is increasing.
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From Hubbert, 1956.  In 1956 world oil production 13.7 Mbbl/d.  In 2013 world oil production 90.5 Mbbl/d


Hubbert Data 1956
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Figure 10 - Crude-oil production in the United States
plotted on semilogarithmic scale.
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Hubbert Prediction 1956
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Peak oil prediction between 1965 -1970
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From Hubbert, 1956.



Hubbert Data 1956
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Figure 2 - World production of crude oil. Figure 5 - United States production of crude oil.

Note: the rate of oil extraction in the world and in the U.S. is increasing.



OIl Production Did Peak in 1973
U. S. Annual Oil Production
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Data from Energy Information Agency Annual Energy Outlook August 2010




Monthly U.S. Oil Production through August, 2014
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U.S. Shale OIil and Gas Basis Formations

Shale plays Basins
[ Current plays * Mixed shale &

[ | Prospective plays chalk play

5 - ™ Mixedshale &
Stacked plays limestane play
— Shallowast youngest s ixed shale &
= Intermediate depth/ age tight dolo stone-
= Deapast/ oldest siltstone-sandstone

Source: Energy Inforration Administration based on data from various publi
Updated: May 9, 2011



(Mbbl/d)

U.S. Crude OIl Production

History 2011 Projections

Tight oil

0
1990 2000 2010 2020 2030 2040

From EIA Annual Energy Outlook overview 2013, Figure 1



Reserves, Resources and Occurrences

Decreasing economic feasibility

Additional Occurrences

.

Decreasing geological certainty

From H-H. Rogner, “An Assessment of World Hydrocarbon Resources,”
Annual Review of Energy and Environment 22(1997)217



Fossil Fuels in Human History
Hubbert Amer. J. Phys. 49(1981)1007
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Reference point 2

Stabilization Wedges: Solving the
Climate Problem
for the Next 50 Years with Current
Technologies
S. Pacala and R. Socolow

SCIENCE 305(2004)968
AUGUST 13, 2004



Present Worldwide Emissions,
Business as Usual, and Flat Emission Target

2000 Ermissions (NEM)

mix of fossil fuels

over three sectors 7 Gt Cin 2004
1. electricity
2. transportation Gas -
3. direct use Oill :
Coal
1 2
business as usual flat emissions
14 Gt C in 2054 7 Gt C in 2054
Projected 2054 Emissions | Baseline) Projected 2054 Emissions (Flat)

1
g
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Source Pacala and Socolow Science SOM Figure S2 with annotations.  NB columns represent GtC and not GtCO2.


Two Emissions Projections
Business as Usual and 500 ppm CO, Peak

Fossil fuel emissions (GtCly)

2000 2010 2020 2030 2040 2050 2060
Pacala & Socolow, Science 305(2004)969 Year



Stabilization Triangle - Wedges
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Emission rate

What is a Wedge?

v

Calendar time from present
50 years

Wedge: a strategy to avoid 25 GtC of emissions
from BAU over the next 50 years.

1 GtC / year
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Presentation Notes
Since C/CO2 = 12/44, one wedge is 92 GtCO2 avoided in next 50 years.  Height of wedge is 3.7 GtCO2 / year


Some Possible Stabilization Wedges
Requirements by 2055

Efficient use of fuel: 2,000,000,000 cars @ 60 mpg
Efficient use of electricity (25% reduction overall)
Coal plants at 60% rather than 40% efficiency
Replace 1,400 GW of coal with natural gas (x4)
Add CCS to 800 GW of coal plants (3,500 Sleipners)

Wind from 1,000,000 2 MW wind turbines (x50)
PV from 10% efficient cells on 20,000 km? (x700)
Replace 700 GW coal with nuclear (X3)
Clean ethanol from 2,500,000 km? (x100 Brazil)

From R. Socolow, “Policy and Technology for Living in a Greenhouse,” 2007.


Presenter
Presentation Notes
Current mpg average is 30 mpg
Current average coal plant efficiency is 32%
Coal to gas replacement increases gas capacity by X4
Wind wedge is 50 times the current installed capacity
PV is 2 TW peak or X700 current installed capacity
Nuclear installed capacity is currently 350 GW thus X3
Clean ethanol produced with essentially zero carbon emission.  Brazil sugarcane ethanol 10% emissions.  U.S. corn ethanol ~80% emissions.  One wedge is 16% of world crop land.


New York Times
November 26, 2009

Obama to Go to Copenhagen With

Emissions Target
John M. Broder

“At the international climate meetings in Copenhagen next month, Mr. Obama
will tell the delegates that the United States intends to reduce its greenhouse
gas emissions ‘in the range of 17 percent’ below 2005 levels by 2020 and 83
percent by 2050, officials said.”
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Presentation Notes
EIA total CO2 emissions from energy consumption in 2005 5999.166 MtCO2, in 2012 5287.509 MtCO2, a reduction of 11.9%.  See http://www.eia.gov/totalenergy/data/monthly/.


CO, Emissions from Energy Consumption

A Pitch to Cut

Carbon emissions from energy consumption

2012 level gy
Million metric tons 5290 MMt U.S. Emissions
The Obamé administration

6,000 2013 level | ©n Wednesgday pledged

UNITED STATES 7‘ .......... - 5400 MMt | SPecific targets for lowering
Eooo 0 e T - greenhousg gas emissions

EUROPE J | "__. linked to g“jt}a' Warming.
4,000 By 2020 k\”
A drop of gbout 3

3,000 17 percerlt below ",

2005 levels, an
amount npt seen

since the |ate 1980s "'-._ By 2050
A drop of about

1,000 -~ A & 53 percent below
2005 levels

T T
‘B0 85 B0 95 00 05 10 15 20 ‘25 30 '35 ‘40 '45 '50

e

Source: Energy Information Administranion

NB: CO, emissions plotted. U.S. pledge is 1.2 P&S wedge.
Emission reduction between 2005 and 2013 10%.
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From New York Times, loc. cit.
Graphic is actually CO2 emissions, not carbon emissions.
In approximately 50 years U.S. emission to go from 6.0 GtCO2/y to 1.0 GtCO2/y.  Total avoided CO2 is 112 GtCO2 = 1.2 wedges.  From EIA 2005 total CO2 emissions from energy consumption 5999.166 mmt, in 2012 5287.509 mmt, in 2013 2.1% increase to 5400  2020 goal is 5.0 mmt.


®
U.S. - China Announcement November 12, 2014

Carbon emissions from energy consumption

Billions of metric tons 4 China's pledge
Flan to have carbon
8 o .
dioxide emissions
peak “around 20307
6
UNITED STATES
A
‘.1
4 'Hn
Mr. Obama's
pledge to China
Would cut
RUSSIA emissions by 26
JAPAN — percent to 28 Targets pledged by "4
percent from 2005 | Mr. Obama in 2009
= levels by 2025 L.N. accord.
INDHA

1980 1950 2000 2010 2020 2030 2040 2050
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From New York Times November 12, 2014.  U.S. achieve goal by continued curtailment of coal, new fuel efficiency standards.


Energy-related carbon dioxide emissions

million metric tons history E projections
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U.S. Energy Information Administration
Short-Term Energy Outlook, January 2014



Energy-related carbon dioxide emissions

percent change from 2005 history
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Short-Term Energy Outlook, January 2014



Coal and Natural Gas CO,,

Emissions Comparison
e Coal

— Various grades differ in energy content and
composition. Coal ~75% carbon.

- C+0O, -CO, @ 2.88 kWh, /kg CO,
 Natural gas

— Mostly methane and other light hydrocarbons

— CH,+30, -CO,+2H,0 @ 5.91 kWh, /kg CO,

* Natural gas produces half the CO, as coal
for the same thermal energy production.



83% Reduction Goal Would Require
Zero(!N) Electricity, Transportation and
Heating Emissions

3,000
= total = 5,972 million metric tons
aetroleum
2,500 ¥ |
natural gas
coal
o
G_‘
':,-‘___. residential/
= 1,500 commercial
o heating
=
E
-
=]
= 1,000 4
E
industrial
processes,
aircraft
500 - and
ship fuel
|:| N
electricity matar everything 17 percant of
genaration transport alsa 2005 total =
1,015 million
United States CO, emissions in 2005 metne tons

From “Strategy Versus Evolution,” A. Pavlak, American Scientist, Nov-Dec, 2010.



The Feonomics of

Climate Change
X II'. sl I:.L"a' Y

3

Reference point 3

The Stern Review on
he Economics of Climate Change

HM Treasury
October, 2006



The IPCC Models the Earth-Atmosphere
Energy Flux Balance

Incoming 235 Qutgoing

Reflected Solar
Solar Longwave

Radiation
107 Wm™2 Radiation Radiation
342 Wm™? 235 Wm

Reflected by Clouds,
Aerosol and _
Atmospheric Emitted by 40
' Atmosphsre Sies Atmospheric
Window
Emitted by Clouds
Greenhouse

Absorbed by
67 Atmosphere Gases

324
Back
Radiation

390
78 Surface

Thermals Evapo- Radiation 324
transpiration Absorbed by Surface

Surface

FAQ 1.1, Figure 1. Giimafe of ife Earih’s anus! and globs! mean energy balance. Over the long term, the amount of incoming solar mdiation absorbed by the Earth and

atmosphere is balanced by the Earth and atmosphere releasing the same amount of outgoing longwave radia tion. About half of the incoming solar radiation is ahsorbed by the
Earth’s suface. This energy is iransfemred ip the simosphere by warming the air in contact with the surface (thermals), by evapoiranspiration and by lbngwave radistion that is

ahsorbed by dowds and greenfiouse gases. The afmosphere in fum radiates fongwave energy back fo Earth as well a5 out fo space. Source: Kielf and Trenberth (1997).
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From IPCC 2007 WGI FAQ Fig 1.1



The Stern Review Models the Entire World
Economy for the Next 100 to 200 Years!

Uses input from climate science models

Predicts economic impact of business as usual
Predicts economic cost of climate change
mitigation policies

Anticipates effects of possible adaptation strategies

Anticipates effects of possible technological
change

Analyzes effect of carbon tax, carbon trading, or
carbon regulation



guardian
October 30, 2006
Stern report: the key points, |

« “All countries will be affected by climate change,
but the poorest countries will suffer earliest and
most.”

e “The level [of GHG In the atmosphere] should be
limited to 450-550 ppm CO,,.”

* “Anything higher would substantially increase risks
of very harmful impacts. Anything lower would
Impose very high adjustment costs in the near term
and might not even be feasible.”



guardian
Stern report: the key points, Il

“The benefits of strong, early action considerably
outweigh the costs.”

“Unabated climate change could cost the world at
least 5% of GDP each year; if more dramatic
predictions come to pass, the cost could be more than
20% of GDP.”

“The cost of reducing emissions could be limited to
around 1% of global GDP” [Stern 2012 update 2-3%)]

“What we do now can have only a limited effect on the
climate over the next 40 or 50 years, but what we do
In the next 10-20 years can have a profound effect on
the climate in the second half of this century.”
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From Joel Pett, USA Today, December 13, 2009.


ENERGY ISSUES EXAMPLES

Energy Economics



Estimated Levelized Total System Cost of
New Generation Resources, 2016
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Note that many renewable resources, e.g. wind, geothermal, biomass and hydro, appear competitive with fossil fuels resources


Estimated Capital Cost of
New Generation Resources, 2016

350
B < 300
SS 20
== 200
£8 10
T S 100 y
U (@\| 50 B
O _
N D S QR 9. & .0 @ v N A SO
D02 . K - AR GG @ (@ 5
RT3 P NK - QPQRIT AT Y T
. 00®Q0%6\§&30@®Q§,6C§%4&§o°1$& Q\C;%Q\o\@‘((\éo’iﬂ\%@\oé\ S
MU\ N N M Q) - O
Ooﬁ\ 0%6&\0@%60%(\0% (\Qe 600 ?g Q
?“OOQ ?Q &
) N —— U
~
fossil fuels renewables

Source Energy Information Agency Annual Energy Outlook 2011



Presenter
Presentation Notes
Note that non-fossil fuels resources no longer appear as attractive


ENERGY ISSUES EXAMPLES
Ethanol



Corn Harvested Acres 2013

Com for Grain 2013
Harvested Acres by County
for Selected States

| Hait Exbmated
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From USDA, http://www.nass.usda.gov/Charts_and_Maps/Crops_County/cr-ha.asp.


Federal Renewable Fuel Standards
Mandate Ethanol Usage

RFS 1 v. RFS 2

(Applicable Volumes of Renewable Fuel)

40.00

35.00

30.00

25.00

20.00
=—&—Renewable Fuel - RFS 2

={~Renewable Fuel - RFS 1

Billions of Gallons

15.00

10.00

5.00

0.00

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Calendar Year

2013

RFS 1: Energy Policy Act of 2005 U.S. 9350|_ir?e consumption
RFS 2: Energy Independence and Security Act of 2007 136 billion gallons
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Presentation Notes
From J. Kesan 498 presentation, March 10, 2010.
NB that ethanol has $0.45 per gal tax credit and $0.54 tariff on imports.  These policies were extended through 2011 by tax bill passed in December, 2010. The federal excise tax credits for non-cellulosic ethanol and biodiesel and the ethanol import tariff expired at the end of 2011. 


Corn Ethanol Issues

Positive (?) energy benefit [yes]

Reduction (?) of direct greenhouse gas
emissions [yes]

Increase of greenhouse gas emissions
due to indirect land use change [LULUC]

Food versus fuel [controversial]



Corn Solar Conversion Efficiency
lllinois average corn production =150bu/a/y

Corn to ethanol conversion = 2.77 gal / bu
Ethanol energy content = 84,300 BTU / gal

Gasoline energy content = 125,000 BTU / gal

Corn solar energy conversion efficiency =/0.31 W / m?

lllinois average solar insolation = 195 W / m?


Presenter
Presentation Notes
1 bu = 8 gal -> 1 gal ethanol from 2.88 gal corn


Alternative Fuel Stock
Miscanthus at University of lllinois
Experimental Plot

From D. MacKay Sustainable Energy without the Hot Air, Figure 6.10


Presenter
Presentation Notes
Figure 6.10. Some Miscanthus grass enjoying the company of Dr. Emily Heaton, who is 5’4” (163 cm) tall. In Britain, Miscanthus achieves a power per unit area of 0.75 W/m2. Photo provided by the University of Illinois.


INEOS BIO Vero Beach, FL
Cellulosic Ethanol Plant

Capital cost 130M$
Design nameplate capacity 8 Mgal/y
Operation began July, 2014


Presenter
Presentation Notes
Federal RFS goal 250 Mgal for 2011 and 500 Mgal for 2012 cancelled for lack of commercial production.  EIA reports no cellulosic ethanol sales in 2010 or 2011.  In 2012 20,000 gallons produced.  See http://www.epa.gov/otaq/fuels/rfsdata/2012emts.htm


ENERGY ISSUES EXAMPLE

Renewable Energy
Wind and Others



Renewable Resources and Technologies

Biopower “100 GW
*Stand-alone

*Cofired with coal

' Hydropower ~200 GW

*Run-of-river

r :1..,-';'}
¢ \LL Solar PV ~80,000 GW

(rooftop PV ~700 GW)

*Residential
*Commercial
» Utility-scale

Solar CSP ~37,000 GW
*Trough | With thermal

*Tower |storage

Geothermal ~36 GW

*Hydrothermal Wind ~10,000 GW

*Onshore
*Offshore fixed-bottom

In 2013 U.S. average electrical power generation was 410 GW.

HATIONAL RENEWABLE ENERGY LABORATORY WWW NRELGOV/RE_FUTURES 10
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Presentation Notes
From NREL Renewable Electricity Futures webinar by Trieu Mai, September 4, 2012.
2013 U.S. electricity generation = 12.4 quads = 3.634 x 10^12 kWh.  Average power then 0.414 TW = 414 GW.   


U.S. on-shore wind resource map

Annual Average Wind Speed at 80 m
(260 ft)
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California - Annual Average Wind Speed at 80 m
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U.S. off-shore wind resource map

Wind Speed at 90 m
mis mph ’\

115-120 257-268
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Figure 2. U.5. offshore wind speed estimates at 90-m height

From DOE National Offshore Wind Strategy February 2011



U.S. Wind Power in 2013

_ " Wind Projects > 1MW
“¢' @ Newin2013
5 o Priorto 2013
1]
-7 Wind Power Capacity
Megawatts (Mv/)
¥ > 10000
T 5,000 - 10,000
Teral Capacity v ) 1,000 - 5000
i B 100 - 1,00
[New Capacity 2013] | g A

LiNREL

MATIONAL BENEWARLE ENERGY LARODATORY

From DOE EERE 2013 Wind Technologies Market Report (August, 2014)
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Presentation Notes
Figure 5 DOE 2013 Wind Technologies Market Report, August 2014.   In 2013 California wind capacity 5,829 MW, generating 6.3% of electricity.  See http://energyalmanac.ca.gov/electricity/electric_generation_capacity.html


U.S. Source of Electric Generation

1950-2010
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S
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from DOE EIA Annual Energy Outlook 2011, Table 8.2a




State RPS Policies and Non-Binding
Renewable Energy Goals

MN: 26.5% by 2025

MT: 15% by 2015 Kcel: 31.9% by 2020

F
WA: 15% by 2020 ME: 40% by 2017 |

NH: 24.8% by 2025 |

MA: 11.1% by 2009 +1%/yr

ND: 10% by 2015 @8IMI: 10% by 2015 ||VT: 20% by 2017
OR: 25% by 2025 (large utilities)

WI: 10% by 2015 [BINY: 30% by 2015
- . o DY . o DY -
5-10% by 2025 (smaller utilities) SD- 10% by 2015 = v, [RI: 16% by 2019 |
| PA: 8.5% by 2020 7 257 by 2020
. - — = . o yr
NV: 25% by 2025| IA- 105 MW by 1999 [ TNJ: 22.5% by 2020

— L ={DE: 25% by 2025 |
UT: 20% by 2025 |KS: 20% of peak |[IL: 25% by 2025 |[OH: 12.5% by 2024
[ JJ<emand by 2020 ; = {DC: 20% by 2020 |

CO: 30% by 2020 (I0Us) VA: 15% by 2025
20% by 2020 (co-ops)

MD: 20% by 2022

MO: 15% by 2021

CA: 33% by 2020

NC: 12.5% by 2021 (I0OUs)
10% by 2018 (co-ops and munis)

10% by 2020 (munis) __Jo, 0 o015

AZ: 15% by 2025 [INM: 20% by 2020 (I0Us)
10% by 2020 (co-ops)
: .
\-Fl {.:J L —ty 4 -
L [ TX: 5,880 MW by 2015 ’
r - v
o v“““\*\d Y - B Mandatory RPS
"‘ﬂ_ﬁ: 40% by 2030 | _, Non-Binding Goal

Source: Berkeley Lab

From DOE EERE 2013 Wind Technologies Market Report (August, 2014)
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Figure 50. State RPS Policies and Non-Binding Renewable Energy Goals (as of June 2013) 
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Variability and Intermittency



Example of Solar Insolation Variability
and Wide Area Aggregation
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on May 4, 2004.

DOE Atmospheric Radiation Measurement at Southern Great Plains site
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From http://www.arm.gov/sites/sgp and LBNL-3884.
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From http://www.bpa.gov/transmission/Projects/wind-projects/Documents/BPA_wind_map_2012.pdf.
Bonneville wind capacity currently 4.5 GW with 2.5 GW increased capacity planned.  See http://www.bpa.gov/Projects/Initiatives/Wind/Pages/default.aspx


Bonneville Power Authority 2013

Wind Power 5 Minute Average
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From http://transmission.bpa.gov/Business/Operations/Wind/.


Wind Power Interconnection Regions Study

Red dots indicate existing wind farms
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Presentation Notes
From Fertig et al., Environ. Res. Lett. 7 (2012) 034017, Fig. 1.


2009 Wind Power Duration Curve
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From Fertig et al., Environ. Res. Lett. 7 (2012) 034017, Fig. 3.  Aggregated curve has 6% of capacity available 100% of the time.


ENERGY ISSUES EXAMPLE

Energy Storage



Motivation for Energy Storage

Energy demand varies on many time
scales — daily, weekly, seasonally

Energy supply, especially solar and wind,
also varies on various time scales

Energy storage decouples supply and
demand

Energy storage provides peak capacity
without additional equipment



DOE Global Energy Storage Database
U.S. Operational Storage
1—-4Hoursand 1-10 MW

DOE Global Energy Storage Database National
Laboratories
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From http://www.energystorageexchange.org/projects.  26 projects with this criterion.  One project > 10 MW.


U.S. Storage Statistics

total storage = 28.4 GW (operational and
planned)

total generation capacity (2011) 1,051 GW
storage / total = 2.7%

fossil / total = 74.6%

hydro + nuclear / total = 19.5%

non-hydro renewables / total = 5.9 %
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Presentation Notes
These statistics include all projects, operational and planned. http://www.eia.gov/electricity/capacity/


Pacific Gas and Electric Company
Helms Pumped Hydro Storage Plant

A-Courtright, B-Supply Tunnel, C-Turbine, D-Generator, E-Transformer,
F-Wishon, G-Surge Chamber, H-Elevator

From Manho Yeung, Pacific Gas and Electric Company


Presenter
Presentation Notes
Upper reservoir Courtright Lake 123,000 Acre Feet
Lower reservoir Lake Wishon 129,000 Acre Feet
1,212 MW generating; 930 MW pumping


Compressed Air Energy Storage

Off Peak :
Electrcity In_©

Mot to Scale

5 Limestone Cavern
=

Air In/Out

PowerSouth Mcintosh, Alabamal1l0 MW CAES facility.
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See http://www.seco.cpa.state.tx.us/re/wind/reserve.php for Texas project
See http://www.powersouth.com/mcintosh_power_plant/compressed_air_energy for Alabama facility
See http://www.pge.com/en/about/environment/pge/cleanenergy/caes/index.page for PG&E project


Required Storage Volume to Generate 300 MW
(12 Hours Pumping, 12 Hours Generation)

0.28 million m? of 7 million m? of
Compressed Air Water

a5
fa wy
('l my

= g

" 60 - 100 bar

From Dr. Chris Bullough ALSTOM Power Technology Centre



Battery Energy Density

100,000 ¢
¥ i
4
Batteries need e
WG E to get here "
4
4 = gasoline
Batteries '
1,000 ¢ are here

Li-0,

Practical Energy Density / Wh kg1

Li-S
Advanced Li-ion
100 ¢ Li-polymer

' . Liion  High temp Na/S

dm 'Ni-MH  Na/NiCl,

Pb-acid; Ni-Cd
lD i L aifs gl i T | i i e |
10 100 1,000 10,000 100,000

Theoretical Energy Density / Wh kg™
From Thackeray et al., Energy Environ. Sci. 5(2012)7854



ENERGY ISSUES EXAMPLE

Efficiency and Conservation



U.S. Individual and Household
Energy Consumption (2005)

Water heating 6.6%

Lighting 6.2%
) _ .
(I'\;teri:rel?eratmn 122(2 Private vehicle 38.6%
Total 31.6% Public transport  1.4%
' Air travel 3.4%
Total 43.4%

Heating 18.8%
Cooling 6.2%
Total 25.0%

M Transportation including private vehicle, public transport and air travel
B Space heating and cooling
= Appliances and electronics

Individual and household energy consumption is 38.0% of U.S. total energy consumption.

From G. T. Gardner and P. C. Stern, Environment, December 2009, Table 1.
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Presentation Notes
Gardner and Stern estimate that efficiency and conservation could achieve as much as 30% in household and individual energy consumption.  This reduction would represent 11% reduction in total U.S. energy consumption.


Efficiency Successes in Appliances

Figure 23
Impact of standards on efficiency of 3 household appliances
I Gas furnaces
I Central air conditioners
I Refrigerators
110 "' Effective dates of national standards
100 Il 3 ‘ELEﬂectlm dates of state standards
g 90
T 80 Gas furnaces
o 75%
o T0
=
% 60 60%
= Central air conditioners
= 50
40 l
30
" Refrigerators 2504
20
1972 1976 1980 1984 1988 1992 1996 2000

Source: A Rosenfeld, California Energy Commission; 5. Nadel, ACEEE, in ECEEE 2003 Summer Study, www.ateaa.org



Efficiency In Lighting

GOODBYE, WATTS.
Hello, LUMENS.

THE NEW WAY TO SHOP FOR LIGHT

ENERGYSAVERS.GOV

| )=

FIEN F

from http://www.energysavers.gov/images/lumens_education_mallposter.jpg
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2001 lighting required 8.2 quads of primary energy


100 W Light Bulb Equivalent

Incandescent — 100 W
Halogen — 50 W

Compact fluorescent — 26 W
LED - 13 W

Suppose all 112 million U.S. households replaced one 100 W incandescent
light bulb with an LED light bulb. At four hours per day usage, a savings of
14 TWh per year would be obtained, compared to total electricity usage of
4,100 TWh per year. One light bulb change is 0.3% effect.



Efficiency In Insulation

Same as exterior walls

Cathedral ceiling

If basement is

— fully insulated,
there is no need

for insulation here.

All exterior walls

Floors over
unheated spaces

Crawlspace *-+.2

Crawlspace walls Basement ]
walls =

.

Fisure 1. Places in the home where insulation should be applied

[ ] =Insulation
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From Kansas State University Engineering Extension.
In 2006 residential and commercial heating and cooling required 15.0 quads of primary energy.


Which Little Piggy Insulated Best?

TaBLE 11.1. R-Values of building materials

REng
Wood siding shingles 0.9
Stucco, 1 cm 0.1
Plywood, 1 cml 0.5 0.5 for 1 cm
Softwood, 1 cm 0.5
Concrete block, 30 em (127) 1.3
| Brick /cm | 0.1 0.1 for 1 cm
Gypsumboard, 1 cm 0.3
Hardwood floor, 1 cm 0.3
Carpet 0.6
Asphalt roof shingles 0.5
Wood roof shingles 1.0
Insulation, 10 cm (4") 13
Insulation, 15 cm (6") 19
Polystyrene, 1 cm 2.0
Polyurethane, 1 cm 2.5
Gas-filled panels, 2.5 cm (1) 14
Gas-filled panels, 10 cm (4”) 28-56
Straw bale, 40 cm (16" 33-50 1.0 for 1 cm
Glass, 3 mm (0.12") 0.03
Convection 0.2-1

Radiation le
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Presentation Notes
Hafemeister p. 281.  Which little piggy insulated the best?


Efficiency In Windows

Solar

Radiation

Cu::u nyvection

and Conduction

Thermal
Radiation

[nfiltration



ldeal Window from Energy
Efficiency Point of View

From Stephen Selkowitz APS Conference, Berkeley, March 2008



ENERGY ISSUES EXAMPLE

Transportation



U.S. Transportation Sector

Figure 4
Energy and transportation in the U.S.

U.5. transportation energy consum ption by mode in 2005.

Rail 2%
Pipeline 3%
Water 5%

Motorcycles 1%

Air 9%

Heawvy duty
road

17%

Light vehicles
63%

Sowrce: Davis and Diéeged, 2008

Figure 5
U.S. miles per gallon
Fuel economy of U.5. cars and light trucks, 1975-2005.

LS. mew vehicle MPG

1575 1985 19495 2005
Model year

Sowces: U 5. Environmental Protection Agency, National Highway Tratlic Satety Administration

From APS Energy Future Think Efficiency (September, 2008)
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Where Does The Energy Go?

Figure 15
Where does
the energy go?

How energy flows for a vehicle powered by an intemal-combustion engine.
The diagram shows the energy uses and losses from a typical vehicle.

Aerodynamic drag

Standby / idling — 2 6% *

Rolling resistance

= 42% *

.- Inertia -—

}

Braking
5.8%

Engine losses

X

Sounse www. Tualeconomy gov

Largest losses are in the engine.

From APS Energy Future Think Efficiency (September, 2008)



Energy Storage for EV

lead acid
NiMH
lithium 1on
gasoline

0.34 M.
0.79 M.
1.8 MJ

36 MJ

/
/
/
/

(0.17 MJ/kg)

(0.29 M
(0.80 M.

(46 M.

/
/
/

KQ)
KQ)

KQ)
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From http://en.wikipedia.org/wiki/Energy_density


Nissan Leaf
Electric Vehicle (EV)




Nissan Leaf Monroney Sticker

EPA Fuel Economy and
Environmental Comparisons

M P'Gaquivahnt

Annual Electric Cost

$561

highway

Full Batmary Cnarga Tlmn
:m 7 hours  onalully charged batery, wehicky can iraved about,

al24ov o 7 14 1 28 a5 42

How This Vehicle Compares Environment

Amaong all vehicles and within midsize car Omerhouse  GET

gg Gases Wors!

v { ©0, gimse. Wi ooy)
LT “ B&-S-l 0“-4’ Alr I
MPGo Polliutants Wont

Your actux] mileage and costs will vary with elactricity cost, temperature , driving conditions, and how you drive and malntain your vehicle.
Cost estimates are based on 15,000 miles per year at 12 cents per K\W-hr. MPGequivalent: 33.7 kW-hrs = 1 gallon gasaline energy.

e v
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From Wikipedia: Almer Stillwell "Mike" Monroney, United States Senator from Oklahoma. Monroney sponsored the Automobile Information Disclosure Act of 1958, which mandated disclosure of information on new automobiles.


Compare EV to CV

MPGe =

fuel —to—wheel

o

Wh

100 miles 33 TkWh

" miles

x U X &

gasoline electricity

34 kWh gal

jx0.303

=99mpg x0.303=30mpg &

MPGe

fuel —to—wheel

= MPGe

XE

tank —to—wheel gasoline

=30mpg x0.830 = 25mpg «v
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Following MIT Electric Vehicle Team March, 2008 document http://mit.edu/evt/summary_mpgge.pdf


ABOUT TEN TAKE-AWAY THOUGHTS
FROM UNDERSTANDING THE ENERGY
CHALLENGE



The gift and curse of fossil fuels can be
and will be with us f

= - —
e F
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From Scientific American February 4, 2011 Landscapes of Extraction: Industrial Impacts Mar the Planet.



Natural gas will replace coal in electricity
generation. It could replace oll in transportation.
It continues the use of fossil fuels.
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Presentation Notes
From http://blog.shaleshockmedia.org/2013/02/12/natural-gas-not-a-bridge-fuel-anymore/.


Climate change is happening. More climate
change will happen with business as usual.

2°C a’c . 4°c | 5°C

raingoroyons

Delay in current am_
Water I
o Increased water mr» -

Decreasing quality

and ground water r

Tropical forest gradually replaced
by tropical savannas and shrub lan

Increasing potential of en
yields in selected countrl

Agriculture

Increasing population under water stress

Forastry
and
Ecosystem

Increased respiratory and cardi
diseases due to thermal stress
Health
Outbreak of vector born diseases {mﬁhﬂaa_

Increased frequency and intensity of extreme wea! ther
( heat waves and drought, flooding, and tropical cyclol

Extreme
Weather
Events



The U.S. Is Isolated In its opinion on climate change.

WELL, THS 1§ EMBARRASSING.
AMERICAS HOTEE...
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http://amprog.tumblr.com/post/26658173235/your-cartoon-of-the-day-by-mike-luckovich-from



Socolow Wedge

1 GtC / year

Emission rate

v

Calendar time from present
50 years

An impossible task is only very, very difficult.

Wedge: a strategy to avoid 25 GtC of emissions from BAU over the next 50 years.



Intermittency and variability of
renewables must be addressed either

by energy storage or baseload.

Noble Clinton Windpark Q4 2009

Springerville AZ, One Day at 10 Second Resolution

| l
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20

0 1000 2000 3000 4000 5000 6000 7000 0
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From http://www.ilsr.org/solving-solars-variability-more-solar/ and http://pages.stern.nyu.edu/~acollard/graph.html



Significant conservation and efficiency are
both possible and desirable.




Regulation and standards often work.




Fuel efficient transportation needed to
reduce oil consumption.

IS A
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® . ..
An incentive I1s needed for markets to address

the energy challenge, preferably a carbon tax.
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From http://www.news.com.au/



The Renaissance of nuclear power
s still in the dark ages.

& SPR |HGFJ_[.__.-.._-!

e,
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From Simpsons.



If not in my backyard, where?

CE 555 THE ALIG 1200

NEW YY) RRER
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From New Yorker.



Some new technologies may succeed.
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California Ivanpah 392 MW, 2.2G$ facility: http://www.brightsourceenergy.com/ivanpah-solar-project#.VG4MTclrSF8
See financial discussion http://online.wsj.com/articles/ivanpah-solar-project-owners-delay-repaying-loans-documents-say-1411488730


In Sustainable Energy - without the hot air,

David MacKay admonishes us that we stop

saying “no” to everything, and we must start
say “yes” to something.




| would admonish us that we have to start
saying “yes” to enough.



“Would you tell me, please, which way | ought to go from here?” asked Alice.
“That depends a good deal on where you want to get to,” said the Cat.

“I don’t much care where,” said Alice.

“Then it doesn’t matter which way you go*, said the Cat.

“...s0 long as | get SOMEWHERE!” Alice added as an explanation.

“Oh, you're sure to do that!...” said the Cat.
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