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Renewable energy is energy which comes from
natural resources such as sunlight, wind, rain,
tides, and geothermal heat, which are
renewable (naturally replenished).
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http://upload.wikimedia.org/wikipedia/commons/7/77/Wind_Turbines_.jpg
http://en.wikipedia.org/wiki/File:Grand_Coulee_Dam.jpg
http://en.wikipedia.org/wiki/File:Klassieren.jpg

The New Green Energy
Economy is all about how we
will meet the exponentially
growing need for energy in a
way that Is sustainable.
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The word sustainabillity Is
derived from the Latin sustinere
(tenere, to hold; sus, up).

Dictionaries provide more than

ten meanings for sustain, the

mai n ones beil ng -
11 e |

support", or
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http://www.google.com/imgres?imgurl=http://1.bp.blogspot.com/_BSKz82KYH04/S89Kb3EAdJI/AAAAAAAAF7Y/zUv7CEe4VNM/s1600/earth.gif&imgrefurl=http://greenearthjourney.blogspot.com/2010/04/earth-day-has-arrived.html&usg=__eClG_mOwL73Hip1cdUOh9nbpTLQ=&h=1050&w=1050&sz=558&hl=en&start=2&zoom=1&tbnid=-jB_YyU_CJWp-M:&tbnh=150&tbnw=150&ei=IYN4TrLgOsHosQLhuLzxDQ&prev=/search?q=we+do+not+inherit+the+earth,+we+borrow+it+from+our+children&um=1&hl=en&sa=N&rls=com.microsoft:en-us&tbm=isch&um=1&itbs=1

NSustai nabl e Devel opment
meets the needs of the present without
compromising the ability of future generations to
meet their own needs. O

Brundtland Commission of the United
Nations on March 20, 1987.
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http://en.wikipedia.org/wiki/Brundtland_Commission
http://en.wikipedia.org/wiki/Brundtland_Commission
http://en.wikipedia.org/wiki/Brundtland_Commission
http://en.wikipedia.org/wiki/United_Nations
http://en.wikipedia.org/wiki/United_Nations

More often t han

comes to sustainable development.

For development to be
truly sustainable,
requires that it be
soclally acceptable,
environmentally friendly,
and economically
viable.

nNopol emewlygegn
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hAccess to environmentall
and socially sustainable M e
energy is essential to reduce o3 e
poverty. Globally, over 1.4
billion people are still without
access to electricity. About 3
billion use solid fuels
wood, charcoal, coal, and
dung for cooking and
heat I Wgrld Bank, 2011
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http://go.worldbank.org/38TSEV8270
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For every 1 American there are 3.9 people in India
and 4.3 people in China who currently use a small
fraction of the energy we do.

India
China
enerpaela
Ecuth Arica MNew York City
tealy San Francisco
Japan
Chicago
Linited Kingdam
Gy Phoenix 13,244
Sandi Arabia Houston 14,542
Russian Fed Dallas 16,116
Melherlands
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http://upload.wikimedia.org/wikipedia/commons/3/33/Electricity_use_kwh_per_customer_2000-05.PNG
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1931

NWe are |1 ke te
chopping down the fence around g™ - %
our house for fuel when we shouldl’*}
be using Nature's inexhaustible  § f
sources of energy 0 sun, wind
and tide. ... I'd put my money on
the sun and solar energy. What a
source of power! | hope we don't
have to wait until oil and coal run
out before we tackle that

Thomas Edison, in conversation with Henry Ford and Harvey Firestone as quoted in Uncommon
Friends : Life with Thomas Edison, Henry Ford, Harvey Firestone, Alexis Carrel & Charles
Lindbergh (1987) by James Newton, p. 31
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Fastest growing
sector in the
energy market Is
renewables, but
we have a very
long way to go!
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http://upload.wikimedia.org/wikipedia/commons/6/67/Electricity_Production_the_USA.svg

~16% of global final energy
consumption comes from
renewables - 10% traditional
biomass, 3.4% hydroelectricity,
2.8% new renewables (small
hydro, modern biomass, wind,
solar, geothermal, and
biofuels).

g 8 3 8

Billion Dollars
g8 &

REN 21, Renewable Energy Policy
Network for the 215t Century

e 3 8B

1995 1997 1909 2001 2003 2005 2007
Note: Excludes large hydropower (est)
Source: REN21 Renewables 2007 Global Status Report, www.ren21.net
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Wind power

Accounts for over 200 TWh of
electrical energy generation
annually.
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//upload.wikimedia.org/wikipedia/commons/8/83/Pretty_flamingos_-_geograph.org.uk_-_578705.jpg
//upload.wikimedia.org/wikipedia/commons/6/64/GlobalWindPowerCumulativeCapacity.png

Resource Wind Powar

300 - 400
Good 400 - 500
Excellent 500 - 600
Outstanding 600 - 800
Superb 800 - 1600

Wind Power Classification

Wind Speed® Wind Spesd®

Patential Densityat 50m &t 50 m at 50 m
Wim? mis mph
Fair 6.4- 7.0 14.3 - 16.7

70- 75 156.¥ - 16.8
75- 8.0 1668-17.9
80- 8.8 17.9-19.7
BE-111 19.7 - 24.8

el - '
";“‘ |'|?=L National Renewable Energy Laboratory
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http://en.wikipedia.org/wiki/File:Sund_mpazdziora.JPG
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Challenges for Wind Power

NIMBY T noise, animal
mortality, intermittency,
durabllity

Materials Issues i lighter
stronger nacelles, better
nacelle coatings, more
durable gearboxes materials
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http://en.wikipedia.org/wiki/File:Scout_moor_gearbox,_rotor_shaft_and_brake_assembly.jpg

Roughly 4.6 billion years ago . . .

nNLet t her e L
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What a source of
power €

The amount of
sunlight that hits the
Earth's surface in one
hour Is enough to
power the entire world
for a year!
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http://en.wikipedia.org/wiki/File:Sunshine_at_Dunstanburgh.JPG

1839
Edmund Becqguerel discovers the

photovoltaic effect.

1860 - 1881
Auguste Mouchout was the first man to

patent a design for a motor running on
solar energy.
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1872

John Ericsson's
developed h I Sun n
Mot or . o
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1940
Russell Ohl discovers the
AM junctiono

1941

Russell Ohl receives a US
Patent 2402662, "Light
sensitive device"
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1954

AT&T Bell Labs unvells it new
solar battery Oy

N

Gerald Pearson, Daryl

C
W

napin, and Calvin Fuller
nich was the first modern

S

Icon solar cell.
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19500s

Advertisement photos, such as this one that appeared in the 1956 issue of
Look Magazine, show off the “Bell Solar Battery” to the American public.

The original Bell Solar Battery (photovoltaic panel)
is used in an early testin 1955 in Americus, Ga.

dient of common s, Tt meeds
parts and not

SIMPLE AND EFFICIENT—Thc Bell Solar Battery i wude of thin, specally treatad ste
than the light from the sun itsclf. S
i comuned or destrosed, the Bell Solar Battery should theorctically Int mdefimtely

s of silicon, an ingre
cc it has po moving

New Bell Solar Battery Converts Sun's Rays Into Electricity

Bell Teleph o d
new device for using power from the sun

Scicntists have kong reached for the secret of
the sun. For they have known that it sends us
nearly as much encrgy daily as is wontained in
all known resenves of coal, oil and uranium,

1f this energy could be put 1o use there would
be enough to tumn cvery wheel and light every
lamp that mankind would ever need.

Now the dream of the ages is closer to realé
zation. For out of the Bell Telepbone Labora
torics has come the Bell Solar Battery—a de
vice to convert encrgy from the sun directly and
cfficiently into usable amounts of clectricity,

Though much development remains to be
done, this new battery gives a glimpse of future
progress in many fickks. Its use with transistors

also invented at Bell Labocatorics) offers many
opportunitics for improvements and economies in
telephone service

A small Bell Solar Battery hos shown that
it can send voices over telephone wires and
operate Jow power radio trnsmitters. Made 1o
cover a square vard, it can deliver enough power
from the sun to light an ordinary reading lamp.

Great benefits for telephone users and for all

mankind will come from this forward step in

hamessing the limitless power of the sun

i+
BELL TELEPHONE SYSTEM J‘A'
\\.4 4




In 1958, the first
solar powered
satellite — Vanguard
is launched

Bell Telephone
Laboratories
designed and built
the Telstar
spacecraft with
AT&T corporate
funds. It was
launched in 1962,
and was the first
“comsat.”

2009 Largest solar array
in space, on the
International Space
Station is completed -
262,400 solar cells,
covering an area of about
2,500 m? (27,000 sq. ft.)
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The U.S. has the best solar energy resource
of any major industrialized nation on the Earth.

= ¥ N 5
1 I I N de 8
i A e Bys | =1 s
[ -

Average insolation kwWh/m?/day
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PV Costs and Production
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PV Module Price (US $/Wp)



2009 $US per W

$100

$10

$1

APV prices have been in free-fall over past couple of years.
A Large differences in utility scale versus commercial rooftop and residential.

+ Observed US System Prices 4 GlobalAverage (c-Si) Module Price
= Implied Non-Module System Cost  Forecast Global (c-Si) Module Price
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Reasons:

AEfficiency Increases
AEconomies of Scale
Alncreased Competition
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PV Production (MW)
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~ 80% of PV production is in Asia

~ 80% of deployment is in Europe

Global Solar PV Production 2009:
6,941 MW nameplate capacity

Solarfun (China) 2.1%
Sanyo (Japan) 2.1% -I
Ningbo Solar Electric (China) 2.1%

Trina Solar (China) 3.3% —
Kyocera (Japan) 3.3%
JA Solar (China) 4.2% \ |
Yingli Green Energy (China) 4.3% » |
0-Cells (Malaysia) 4.5% 7
Sharp (Japan) 4.9%
Suntech Power (China) 5.7% | 50.6%
FirstSolar (Malaysia) 6.2% Others

U.S. Cell Production 2009:
412.1 MW nameplate capacity

25.3%
Other 4.8% First Solar

Global Solar 1.8% 4

Schott Solar 1.9% _ 4
Miasole 2.3%-
Suniva 4.4% \

Solyndra 5.3% V ' 21.8%
/" United Solar Ovonic
Emcore 5.3%
Solarworld

8.8% y

18.3%
Evergreen Solar

Source: Modified from Photon International
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Industry Tirends
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Cunrent WsSsSelarrEnergydroduction

PV Cumulative Capacity
(2009, MW)

PV Annual Capacity

Additions (2009, MW)

© California....... 738.0 O California.. ... 210.0
© New Jersey ... | 128.0 @ New Jersey.... | 57.0
© Colorado ... 59.0 © Florida.......... 36.0
O Arizona......... 49.0 O Colorado ... 23.0
© Florida.......... 39.0 © Arizona........ 23.0
@ Nevada....... .. 36.0 @ NewYork...... 12.0
@ NewYork....... 34.0 @ Hawaii ... 12.0
© Hawaii.......... 25.0 © Connecticut.... | 10.0
© Connecticut.... | 20.0 © Massachusetts 9.0
i Massachusetts 18.0 @ North Carolina . 8.0

CSP Cumulative Capacity
. -
oF O California....... 364
(- (5 @ Nevada......... 64
€ Arizona........ 1
@ Hawaii.......... 2
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Residantial Average Prica
(Cents per kiwh)

[] s00t06.89

[] 69010765
. D 7.66 to 8.29
e “Qy [[] 830t010.19

[[] 1020t016.73

Source: Enargy Information Administration, Form EIA-BB1, “Annual Electric Power Industry Report."

Solar Advisor Model with real inputs (i.&puth
facing, 25 degree fixed tilt,4.3 kW DC system size,
Local, state, and federal incentives as of October
2010, and the PV system financed as part of a 30
year home loan)
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