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Simulation of vacancies in a two-dimensional Ising antiferromagnet

_ "W. Bauer and S. E. Koonin
W. K. Kellogg Radiation Laboratory 106-38, California Institute of Technology, Pasadena, California 91125
- (Received 28 March 1988)

We present simulations of one- and two-vacancy states in a two-dimensional square-lattice Ising
antiferromagnet. We find that the energy of the single-vacancy ground state scales as J2/3, where J
is the spin-spin coupling. The S- and P-wave states of two vacancies are bound, with binding energy
6 «J?”? and J, respectively, while the D-wave state is unbound.
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Getting Serious About Biofuels

ALTHOUGH RUDOLF DIESEL IMAGINED THAT HIS EPONYMOUS ENGINE WOULD BE FUELED BY VEGETABLE
oils, the widespread availability of inexpensive petroleum during the 20th century determined other-
wise. The world is now seriously revisiting Diesel s vision, driven by surging global oil demand, the
geogmphlmlconoennnnonoflmown petroleumreserves, the increasing costs of finding xmdproduc-
ing new reserves, and growing concerns about atmospheric greenhouse gas (GHG) concentrations.

Liquid hydrocarbons are well suited for transport uses because of their high energy density and han-
dling convenience. Although fossil fuels will be required and available for many decades, producing
supplementary fuels from biomass can simultaneously address three important societal concerns with-
out requiring substantial modification of existing vehicles or of the fuel distribution infrastructure: secu-
rity of supply (biofuels can be produced locally in sustainable systems),
lower net GHG emissions (biofuels recycle carbon dioxide that was extracted
from the amosphere in producing biomass), and support for agriculture.

The 2% of today's transportation fuels derived from biomass and blended
with fossil fuels are produced either by the fermentation to ethanol of food-
derived carbohydrates (such as cane sugar or comstarch) or by the processing
of plant oils to produce biodiesel. Unfortunately, current practices based on
food production models do not maximize energy or GHG benefits (because
they use fossil fuels) and are not economical ly competitive with fossil fuelsat
today's energy prices.* Nevertheless, many nations (including the United
States, European Union, and India) are expecting that some 5% of their road
fuels will be bioderived within the next 5 years.

Credible studies show that with plausible technology dewelopmmts bno-
fuels could supply some 30% of global d d in an env
responsible manner without affecting food production. To realize that goal, so-called advanced bio-
fuels must be developed from dedicated energy crops, separately and distinctly from food. This is a
multidisciplinary task in which biologists, agronomists, chemical engineers, fuel specialists, and
social scientists must work to integrate and optimize several currently disjoint activities.

‘There are major technological challenges in realizing these goals. Genetic improvement of energy
crops such as switchgrass, poplar, and jatropha has barely begun. It will be important to increase the
yield and environmental range of energy crops while reducing agricultural inputs. Plant development,
chemical composition, tolerance of biotic and abiotic and numem qui are imponant
traits to be manipulated. The combination of modem b g and transg, hni hould result in
achievements greater than those of the Green Revolutionin foodcrops, and in far le&s time.

The cost of biomass transport determines the supply area of a biofuels processing facility and
thus its scale and economics. But unlike most food crops, there is no need to keep biomass intact.
That means that in-field densification, pelletization, drying, and pyrolysis are among the technology
opportunities to reduce transport costs. Fuel production from the lignocellulosic component of bio-
mass will be a very important improvement. Its particular challenges of chemical recalcitrance
and utilization of the constituent sugars to produce optimal fuel molecules and co-products are not
intractable to current biotechnology. Similarly, process integration comparable to that of amodem
petroleum refinery is a plausible chemical engineering goal.

Intertwined with the technology of large-scale biofuels production are the social and policy
issues. The balances between natural vegetation and cultivation, arable and marginal land use,
mechanized agriculture and employment opportunities, and food and energy crops will be impor-
tant matters of discussion in many different forums. Whatever the outcomes, technologies will have
to be sufficiently robust to accommodate a diversity of needs around the globe.

There issubstantial technology “headroom” foradvanced biofuels to enhance energy security, reduce
GHG emissions, and provide economical transport. It exists largely because the world’s scientific and
engineering skills have not yet been focused coherently on the challenges involved. It is now time to do
that through a coordination of government, university, and industrial R&D efiorts, facilitated by respon-
sible public policies. In the jargon of the petroleum industry, the “size of the prize™ is too large to ignore.

—Steven E. Koonin
10.1126//science 1124886

*Brazil s a singular le, where ble agricultural and a flexible processing infrastructure allow
the majority of the country’s road transport to be powered economically with cane-derived ethanal.

www.sciencemag.org SCIENCE VOL 311 27 JANUARY 2006
Published bv AAAS
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‘biofuels could supply
some 30% of global
demand [of
transportation fuels]
without affecting food
production’

‘major technical
challenges’

‘cost of biomass
transport’

‘the “size of the prize” is
too large to ignore’
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International versions: E=€, E=¥ E=£, ...
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§ * Electricity
1 kWh ~ $0.1

* Gasoline (1 gal ~ $4,
35 MJ/L =36.6 kWh/

gallon)
1 kWh ~ S0.1

Austhor :Bily Roberts - March s produced by the National Renewable Energy Laboraton)

2% Milk (122 Cal/cup 2 28 kWh/gallon, 1 gal ~ $4)

1 kWh ~51.75

* Big Mac meal w large fries & coke
(1350 Cal =1.57 kWh, ~S6)
1 kWh ~ $3.8
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Energy: International Energy Agency

Income: World Bank
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US Power Consumption ~ 4 TW
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Where do 7ossil fuels come from?

e Carboniferous period:
— 360 million years ago plants evolved to grow wood (lignin)
— 300 million years ago microbes evolved to digest lignin
* Fossil fuels are a finite resource and do not
renew

— Almost all present resources were produced during ~60
million year

— We are using up fossil fuels at a ~500,000 times faster rate



US Oil Imports 2010

Source:

Independent Statistics and Analysis

@U.S. Energy Information Administration (by Country, in m||||on barr'EIS)

Top imports from: Canada, Mexico, Venezuela, Saudi Arabia, Nigeria, Russia,
Algeria, Angola, Iraq, Brazil, Columbia, United Kingdom
Total: 4267 million barrels




Costs for you

US population: 307 Million
Oil price in 2010: ~$80/barrel
Total oil import cost per US citizen in 2010: ~$1100

Total cost for the US economy in 2010:
$340 billion
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We are running out of oll!
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Figure 2. Annual Production Scenarios with 2 Percent Growth Rates
and Different Resource Levels (Decline R/P=10)
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Note: U.S. volumes were added to the USGS foreign volumes to obtain world totals.

http://www.eia.doe.gov/
S.E. Koonin, BP




Drilling féi';: oil gets more
@2@@@ and dangerous

http://gcaptain.com/wp-content/uploads/2011/01/Deepwater-Horizon-oil-rig-explosion.jpg




Atmosphere e

* Composition
78.08% nitrogen, 20.95% oxygen,
0.93% argon, 0.039% (= 390 ppm) CO,

* Total mass = 5.2:10%2 kg
* 1ppM,oume CO, = 7.9:10° tons
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Total depth of
GISP2 ice core:
3.05344 km

GISP2 core segment, 1 m long,
38 years of ice accumulated
from depth of 1837 m, ~16,250
year old,




Total ice core depth
3645 m




CO, and Surface Temperature :-::
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CO, in a range between 190 and 290 ppmV during last ~ half million years
Relative temperature range +3 °C to -9 °C during last ~ half million years

Very strong correlations between the two data sets; indicates a strongly
coupled system
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How big is the problem? -

~2 ppm/year ~ 40 times mass of all humans __ 3.10

Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawaii |

REREEEEE 2.85

_____________________________ Annual Cycle

______ 7 X

. ~7 ppm ~ 140 times mass of Al huma.n§\/|

Jan Apr Jul Oct Jan
| T

1 2.60

Carbon Dioxide in Atmosphere (trillion tons)

1960 1970 1980 1990 2000 20:



Global Temperature e

: 146
* Careful averaging needed - - Yearly average global temperature
4 = th
(over space and time) aa | 20" century average
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of ~0.2°C/decade is happening
Is it man-made? pata: gL

U.5. Department of Commerce




Predictions (1):
More >9100°F days

“America’s Climate Choices”, NRC Report

http://www.nap.edu/catalog.php?record _id=12781

Number of Days ‘i‘ea r

<10 20 30 45 60 75 90 105 >120



Predictions(2): Sea Level Rise

Dec. 2012

Earth surface area = 510M km?, Message:
361M km? covered by oceans 8€:

40-50M km? covered by ice do not buy beachfront property!

" dH/dt = a(T — To) + b dT}dt

2
160 |
Greenland 2.8M km?3 7.2m = i
§ 140 H = sea level
Antarctic 30M km3 76 m 5 297 T=seatemperature
§ 1 b.T, fit t
North Pole 5-25M km3 0 O a,p,lo it parameters
g %O librated b
; 23 3 o (calibrated between
3 i
» 40} 1AR4
20 |
0 — M. Vermeer & S. Rahmstorf,
20 — 1 PNAS 106, 21527 (2009)
1950 2000 2050 2100

Year
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Predictions(s):

Ocean

Acidivication

* ~10 billion tons/year of CO,

absorbed in oceans
 Changes pH value!

84

.é -

HistoniclRecond 80 -

78
N S S Y S 1
Years Before Present (1000s) B Calendar Years

“Ocean Acidification: A National Strategy to Meet the
Challenges of a Changing Ocean”, NRC Report

http://www.nap.edu/catalog.php?record_id=12904
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0-30m © pH based on direct measurement

T LJ L L) T T T T L) T T T T L L) T T T T T

89 91 93 9 97 9 01 03 05 07

Dore, J.E., et al. 2009.
PNAS 106(30): 12235-12240.

Bauer
2012

- 8.20

- 8.15

- 8.10

- 8.05

- 7.70

- 7.65

- 7.60

- 7.55

(212908 |18103) Hd NuIs U|

(a1eos |e303) HA nyis u|



“Our climate is changing. And while the increase

Dec. 2012

g in extreme weather we have experienced in
New York City and around the world may or
may not be the result of it, the risk that it may
be — given the devastation it is wreaking —
should be enough to compel all elected leaders

to take immediate action.”
NYC Mayor Michael R. Bloomberg, Oct. 31, 2012

Forecast Postions:
Conter Location 08N 743'W @ Tropical Cyctone O Post-Tropical
Max Sustained Wind 75 mph Sustained Winds: D « 3 mph
Movement NE at 14 nph S 3 73mph W 24100 M)
Watches: Warmnings:
Warrcane tropStorm TN vurvicane B 1rop Storm




o &b O N

What eould happen

‘Temperature (°C)

W. Bauer
Dec. 2012
We are here T

If system responds Imearly,Yel?hen +13 °C ("‘23 F)



Power from the Sun S

e Solar “constant” = 1.366 kW/m?
(1.41 kW/m?inJan., 1.31 kW/m? in July)

* Average radiation hitting any point on the ground
200 W/m? (= 55% of 1.366 kW/m?/4)

e Total: ~¥100,000 TW (> 5,000x humanity’s demand)

Solar Radiation Spectrum Solar Cycle Variations

25— : — : |
£ UV, Visible , Infrared —»- - Wikipedia: Solar-cycle-data.png
'E 2+ : Sunlight at Top of the Atmosphere NE 1367 i
~ | oy - . =
= ' Wikipedia: Solar_Spectrum.png =
o 1.51 5250°C Blackbody Spectrum ) i |
g e I ]
S & 1366 |- -
o 14 o i |
= Radiation at Sea Level © » |
Sos 5 . | |
Y o Absorption Band S 13651~ |rradiance (claily/annual)  Solar Flare Index |
& o Lo - H20 Sunspot Observations 10.7 Radio Flux

250 500 750 1000 1250 1500 1750 2000 2250 2500 1975 1980 1985 1990 1995 2000 2005

Wavelength (nm)



Power from the Sun: Photo-Voliaic..::

32 MW (peak) Brookhaven solar farm (BP Solar, MetLife, LIPA, DOE)

S

v —
g o - kel

(55 S . . el : ,‘-—p’/’ e

f?@omplete,d in 2011 .,,___ 1
Cost: S298M - ~ e
(payoff time ~20 years, ass

-~

e ——

‘N\

Obvious'problem: Intermittency T
(= the sun does not always shine)

e




Power irom the sun: solar- W Baver
-T-.7i :S— man Dec. 2012
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Power from the Earth e 201

Estimated Temperatures at 6 Kilometers

Earth’s thermal energy ~ 103! )
Heat flow density: 0.1 W/m? - L.":""-wm
Total heat flow: 44 TW n s

> 250
225 - 250

175 - 200
b 125150
75-100

FIGURE 18.32 Nesjavellir Geothermal Power Station ‘ 57 Tspaaton s
in Southwest Iceland, which generates 120 MW of J
electrical power.




Enhanced Geothermal . _ -

Enhanced Geothermal System &
e 2 ormore bore holes
* Hydraulic fracturing
e Cost: ~ $20 million
* Capacity: 4 MW
* Payoff time (@10¢/kWh): 6 years *°"
* Risks

* |Induced seismicity

* Ground water contamination

GSA Topical Session, Denver 2010 [

Warren Wood £ km\~‘
Wolfgang Bauer

FIGURE 18.33 Diagram of an enhanced
geothermal system.
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Example: Three Gorges Dam
Completion in 2008

Cost: $26 billion (¥180 billion)
Capacity: 18.2 GW :
Payoff time (@10¢/kWh): <2 years |

v B
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ICHICAN STATE
UNIVERSITY] o W. Bauer
Dec. 2012
b \Wind Speed

S. Harsh &
E. Wittenberg

e . Wind speed increases
‘ with altitude

— More power from taller

S towers
L
= L | . . .
E \ * Broad distribution
v Time interval: .
E (52010-052011,  — Intermittency
& Atwood Tower:i
E“SW()I'th,Ml: 2500 ————————————
L ? ‘/
| Factor 5
e in power!

mph 0 D d20' 15 200 25 30 35 40 45
m/s 0 o 10 15 20

Wind Speed



Bottom line: Wind L
=

North Sea

ThanetD
Cleve Hill scheme

KENT 0 zsml

Most efficient: Offshore wind farms
* Example: London Array
e Completionin 2012
e Cost: €2.2 billion (~S2.6 billon)
* Peak capacity: 630 MW
* Payoff time (@10¢/kWh): ~10 years

Middelgrunden offshore wind farm near Copenhagen, Denmark
http://en.wikipedia.org/wiki/File:DanishWindTurbines.jpg




Ocean Currents o

http://maps.google.com/

&
http://svs.gsfc.nasa.gov/

http;//www:.scottishpowerrenewables.com/




Energy Storage St

== * |ntermittent power sources
o= need macroscopic energy

storage

— Pump-storage hydro

— Compressed air caverns

NA Low and high Heat — Molten salt (high latent heat)
Off-peak X pressure expanders exhaust
electricity in Fuel // .( .l -3

“,/ /
y/ Wslasgusnn!

L] 3

e
B e
"

Motor and Generator Turbines  Recuperator
compressor

Air Air

Salt dome or

£ limestone cavern
Air in/out

8 MWh i:..a_p_z'ag:i;tg/T
‘www.transheat.de

* Artwork not
drawn to scale



Really BIG Plans: DESERTEC -

S, - o X L=
R"'-"' a Fas DESERTEC-EUMENA
(| Concentrating | tHd
*| Solar Power o~ ydro
, % .
Photovoltaics ‘] Biomass
[}
Wind E Geothermal

CSP collector areas
for electricity

(=5
. World 2005 L
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B MENA 2005

[ TRANS-CSP Mix EUMENA 2050



Transportation e

Public transport: Bus & train(!)

More efficient engines
(e.g. Norbert Muller’s wave disk) = \G=%
Alternative fuels:

— Ethanol (from sugar cane)

— Methane

— Hydrogen

Hyb rldS With : 2 Lithium ion
. t battery pack

regenerative brakes S

Hybrid-electric
(e.g. Chevy Volt)

All-electric

Lithium ion cell



Corn-Based Bio-Ethanol: Big ...
Problems

e Ethanol production receives > S3 billion/year in
subsidy in US

* Goal: become independent of fossil fuels

e But: corn ethanol production requires 29% more
fossil energy input than the energy output in the

fuel produced
(switch-grass 45%, wood 57%)

* Bio-diesel from soybeans
or sunflowers (27%, 118%)

David Pimentel & Tad Patzek,
Natural Resources Research (Vol. 14:1, 65-76)




Best Deal? oo
MJ/L kWh/gal S/gal
Diesel 38.6 40.5 $3.649

34.8 36.5 $3.459
34.8 36.5 $3.659

25.2 26.5 $3.099
REGULAR  PREMIUM

;&m '

zv:%

E85 = 85% ethanol (23.5 MJ/kg)
+ 15% regular gasoline



Cellulosic Bio-Ethanol S

Future: perhaps cellulosic ethanol Energy
S500M BP grant to Berkeley, mgtsi%llﬁgces

LBNL, Illinois

S$125M DoE grant to MSU,  crear Lakes B.OENERGY g
Wisconsin

Nature’s expert: microbes in
termite gut (break down . -
wood cellulose into “fuel”) s
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More than 13,000
yellow cabs in NYC :
i transport ~250 million = |
. passengers/year! ‘

»
v [

Transpr&ati@n B R

- 2007 (Bloomberg):
Switch to hybrids!

“My hybrid saves me
more than 520 in gas
each day”

LSRR Ees AYWEL ST v A

Progress!
(Remember: E = S)
&-l‘._'/_-

Time Square, NYC. Photo: Jessica Bauer



W. Bauer
Dec. 2012

* Shanghai CAPABUS

— Powered by 5 kF (!) super-capacitors, with regenerative brakes

— Recharges quickly every 3-5 miles at bus stops
— Saves estimated $200,000 in fuel cost over lifetime (E = S)

1 l |:' A LAYy I ‘o e TR v
- 2%\ -




1 MW Biogas Power|Plant
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Basic Operation

* Plants convert solar radiation, ground water, and
atmospheric CO, into biomass

* Fermenting the shredded plants releases methane,
which is burned to liberate some of the original
solar energy
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Energy Crop:
Corn
(whole plant)
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iomass Consumption / Day

» 25 tons of shredded corn silage
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- Y T . production: L
— 10,000 cubic yards of solld/llqwd | L i
— High quality (non-smelly!!!) fertilizel /



Gas Storage

e 7,100 cubic yards of gas7d'§r =
‘*”—”6@‘Vﬁnethane““ 2

o Equwalent energy content of 4 500 cubic
yards-of natural gas -

W. Bauer
Sept. 2012




rators (82% efficient) -

“»_J-engines rated-a at326 kW eIect' power each
(=705 horsepower) ' ‘

o~ Another 540 kW of heat cogeneratlon
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MW Biogas Power Plant -~

R

—

Basic principle: grow corn, shred it,store in silo, then
- fermentinan anaeroblc dlgester ’ - b |

Initial investment; ”53 5 mllllon

Land required to grow blomass 150 hectares (=370 acres)
6.2 million kWh of electrlcal energy/year

6 5 million kWh of co-generated thermal‘energy
Payoff time (@10C/kWh) 3-4 \years

NO INTERMITTENCY (can buffer wind/sun energy/
production with leverage factor 3-10)

%




Annual Energy (MWh)

:

:

:

<

Energy Balance e

Heat Output Electricity Output

Machinery Corn Seed

180»

176 17 95  Herbicides

Energy Input



Net Energy Ratio -

Ry A

Net Energy Output

R — Bio as + 8
*  (Fossil Energy Input) :

Life Cycle 17
+ 6
+ 5

Liska, A J, Yang, HS, Bremer, V B, Klopfenstein, T J, Walters, D T, Erickson,
G E, Cassman, K G (2009) Journal of Industrial Ecology 13: 58 (2009). 14
Pimentel, D, Patzek, T W (2005) Natural Resources Research 14(1): 65-76. 3

Liska et al.
Bio-Ethanol from Corn —

Pimentel & Patzek




Transporiation Fuel o
* Could produce 0.68 M liter of ethanol / year
— Industry standard output from our corn yield on 150 ha
* Are producing 2.6 M liter of (liquid) CH, / year

e Factor of 3.8 better yield!
(heat of combustion per liter almost identical for ethanol
and methane, ~ 2/3 of gasoline)

W Bioethanol: 5,000 km

PGP = = - ————— = - - - - Biogas, methane: 19,000 km

Biogas, electric: 23,000 km

Driving distance per hectare (humbers for Chevy Volt)






Potential US Economic Impact -
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Greenhouse Gas Balance -

g CO,/kWh including
methane
coal wood gasoline methane biogas capture

800 -

- Entire process
- 100% efficient

600

400 -

200 -

-200

-400 1

Methane is ~25 times more powerful greenhouse gas than CO,
- our process prevents methane from cow dung to escape



MSU Anaerobic Digester -
 Approved by MSU Board of Trustees, Jan. 2012
 Research on better bacteria, plants, & processes




Food vs. Fuel? s
Conservation Reserve Program

10 M hectare

2008 CRP Acres < (R SRR Y o

oo i Ve 2 Marginal land(?)
L] 1,001- 10,000 ® 24

| ] 10.001 - 50,000 B - i

B 50.001 - 100,000 e USDA 2008

I 100001 - 300000 f ~100 GW potential




Summary:

Paradigm Shift
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Scientist are in the business of solving interesting
puzzles, not overthrowing paradigms

e Current paradigms dictate which puzzles are
considered interesting

* Paradigms are shifted by new research results ...

in scale-invariant steps, anywhere from evolution to
revolution

* |sit time for a new energy paradigm?



Previous Paradigm Shifts -

* “Outhouse to indoor plumbing” transition

— Last 2 centuries ... (even going on now in some parts of World)

— Giant grid of millions of miles of pipes, connection every building
to water treatment plants

 Was it worth the effort and expense?



Life Expectancy e

Average life expectancy at birth
Women who survived first 5 years
Men who survived first 5 years

ith in Years
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http://mappinghistory.uoregon.edu



sSummary

Biggest Opportunity of
our Time:

 Replace ™~ 14 TW of _
fossil fuel-based power

|+ Installation cost ~ $S5/W

IR b mperature
= I

p I@‘{ e ~S70 trillion economic
| . a@ﬂﬁ% growth opportunity!
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