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Today’s U.S. Electricity Cost Landscape

U.S. Residential Electricity Price
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EIA forecasts are good baselines, but are generally conservative as they are

based on historical data without recent movement in supply/demand balances




U.S. National Electricity Price Forecast

* Applying the same conservative 4.7% inflationary rate,

Year* c/kWh average US electricity prices will reach 16 c/kWh by 2015
» Rates in some states will be higher, with CT electricity
2008E |11.55 prices forecast to reach 27 c/kWh in 2015 by the same logic
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Source: Energy Information Administration, Form EIA-826, “Monthly Electric Sales and Revenue with State
Distributions Report.”

Solar is already cost competitive in some states to day and will be in many

onwide

more in coming years as energy prices increase nati




Installed system cost ranges have implications for
levelized cost of energy

Levelized Energy Cost with Current Federal Incentives

« Commercial / utility scale

PV systems are currently

_ economically competitive

: with grid electricity prices in
LCOE v Gurns P i many areas

Year

Levelized Energy Cost with NO Incentives

 Both residential and
commercial systems will be
less expensive that grid

) electricity by 2010,
5] assuming that the 4.7%
' annual growth rate
P continues
Residential Installations
- Commercial Installations

Solar market penetration is created by the levelize  d cost of energy (LCOE) over the lifetime

of the solar system vs. grid electricity prices and government/utility incentives




$ / short ton

Traditional generation sources face hurdles even as demand grows 4

CAPP Front Month Contract Pricing ($/ton)

o » Coal prices have nearly tripled over the
+280% since 2002 past flve years
» Coal power plants face increasing project
uncertainty due to carbon and siting
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to 2015 to meet anticipated U.S. electricity demand

Coal and natural gas prices are increasing at much faster rates than 4.7% per

year, while nuclear faces regulatory, financing and siting issues.




‘ Most forecasts do not take into account these hurdles

Figare 7. Heetrcily generalion by fuel, 1980-20.50
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* EIA recognizes that no
nuclear will enter the
generation mix in the next
five years

 However, EIA forecasts
include substantial coal and
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The political climate is pushing in the same
direction as electricity market economics

“Energy security and climate change
are two of the great challenges of our
time.”

- President Bush,
Major Economies Meeting, September 2007

“...proposals that will allow America to
lead the world in combating global
climate change ... to help develop and
deploy the next generation of energy
that will allow us to build the next
generation’s economy.”

- Senator Barack Obama,
Portsmouth, NH, October 2007

“...the fundamental incentives of the Strajolit Faik bn
market are still on the side of carbon Cllm-ate..g
based energy . This has to change...” Changﬁ? i

- Senator John McCain,
Arlington, VA, May 2008

“...move us from a carbon based
economy to an efficient, green economy
by unleashing a wave of private-sector
innovation in clean energy ...”

- Senator Hillary Rodham Clinton, 9
Cedar Rapids, IA November 2007




Agenda

10



The President’s Solar America Initiative (SAI) driv  es
Federal work. Uy

SOLAR AMERICA

r‘;;:::-—_. INITIATIVE

Achieve grid parity for solar electricity from
photovoltaics across all market sectors by 2015.

11



In the next years of the SAI, the DOE’s Solar Program
will focus on achieving price-parity and scale for solar
electricity generation from both PV and CSP

Distributed Generation,
/i e s on-site or near point of use

Photovoltaics (PV)

Centralized Generation,
large users or utilities

PV program will target >30% market share for annual new capacity additions,
CSP program will target baseload price/dispatchabil ity and GW-scale.



Cost of Energy in Cents/kWh ($2005)

Genesis of the initiative:
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‘ SAl works along the whole RDD&D pipeline

Component System Development & Manufacturing " Market

Prototype & P'_]m Prototype System | Manufacturing-Oriented | Commercial Production |  Commercial Transformation
Scale Production Development Design & Pilot Production Demonstration Replication

Material & Device | 'Device & Process
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g Sciences/Solar : £ : Technology Pathway Partnerships

i Solar America
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H & Standards

Utilization

CSP Awards
Tech. Outreach

Solar America

: Cities

Solar America
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PV University Product & Process
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Federal

Projects
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‘ SAl has many strong partnerships.

(L BaEING

SolfFocus

@ = o

Q‘u#‘
FORESTCITY i Y oo an
B r assachusets g -,
{Dnanosolar MILITARY Institute of H&lﬂjﬂ]{}_; Institution
COMMUNITIFILLE mnnrﬁgr

SR =y UISOLAR
. I — O .
SANJOSE  golexant .

@ cuzmuir (Y »
- GOVERNMENT = %

FL OR 1T DA = o—

Nh SOLARIA ™

i WAKONDA
CITY OF NEW ORLEANS e 15
15



ILE. Meparimsan of Lesgy

e e SOl AT men calmuative ACT0SSIAMENcd

M e prasieras By whetd ere gy
ul L Mapeke! rriibir el afboiabde

Activities: .-

Transforming Markets and Creating Demand Developing Products and Building Supply
@ codes wea Stancarss: (@ Swie Tochnical Outrench: ) Sotar Amerca Cowe: () Setr Amenica {}Hmm Q Pathway P PV Moduls Inutistos:
Sl Amanca Board of Chesan Enaegry Goou (VT M At (AR e Watuituin Sty m ¥ Spdar 35
Codod orc SEiares ) asonl Auan of euiaiy P (T Oty of San Jous 1C4) Shale ety el Hase s Ty (MED
Uity Bechsicad Dubrpach |1 Commeaienery (D0 h"‘""m Fvﬁ‘-'lrli:'l BF Sstar (NDH a5 (1A
Gk leciric Povwee wmmnﬂ Madison AT & hl'"" Mu"'“ Blosy Chasrmical (U Enbncus Erginesring (A}
Assorciation DG} Laguianme | Merws Oteanss LA} ["“'m“""":""""" Gemeernd Erectic (0] Wierid ik Devics (1L}
[T p——————— e # e ey ok (N Grmeriflary (WA} Prowponicn (Fi)
ey LT o 0 TR e e (5 TP T 4 —— {5} 5 Pegeral Projects: Worarn (WS
ey, FEe ST rTIrRe BTIR 4 FTTED b 11 e mrn cant e il PevirpSita Sokar §001
B B T L L Pesrtiares |07 drghiiect of e Marasle R
i e e F e WA pTEAS b e S Dy s gt Rl Lk Gty (UT) Capwind D) Haroaoiar (CA] Golana
g e e rreertan e b b poe b dn Fas Ban Faniison (CAJ bt i) B 1A ‘Solofrerr (GAF
TSI AT LM B e ArEr Tieson (AT Liniad Soipr Owaree (W)




Solar America Cities
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DOE’s Solar America Cities will develop specificlo  cal solar infrastructure and

deployment plans to provide models for other simila rly situated localities




Funding for the Solar America Initiative will accelerate
supply growth & adoption of PV/CSP technologies

Solar Energy Technologies Funding, FYO1 — FY09

B Concentrating Solar
$140 Power

- Increase ({
B Photovoltaic Energy
$120 — Systems ___ for SAI
g $100
g $80 |- S S S
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$20 - - - - - - -
$0 ‘ ‘ ‘ ‘ ; ;
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* Funding is issued through competitive grants to Labs, Industry, University, Municipalities

The SAl is intended to realize the full value of 30  -years of RD&D

with a major clean energy source.
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Technology and business innovation stimulates public
and private investment, which commences a virtuous
cycle of market expansion

e In order to achieve SAI Positive Feedback for PV
goals; solar investors and
companies must execute
and perpetuate this cycle

W
* Policy supports are only In- puate inyestment | l ) L' Innovg::gnﬁ;il::?ness,
place for a limited duration, . |
and the recent rapid
expansion of investment in i
Manufacturing ’ I
Scale-Up, Product R&D J

Expanded Markets

solar is maximizing the utility
of these incentives while
they last

Cost Reduction

* More mature, larger
markets emerge from the
end of the early market
hypergrowth stage 20



Global investment in solar companies has grown
exponentially, and that growth is expected to continue

Global Capital Invested in Solar Energy*

BRI 5o s
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Year Source: New Energy Finance / NREL / FACC

Despite a pull back in share prices of public equit les, solar companies have
continued to raise significant capital throughout Q 1 2008.




Venture capital and private equity investments have
created new companies and capacity expansions

Global Venture Capital and Private Equity Investment in Solar

S1.400
e 273% CAGR PE Investment 2004-2007
o 106% CAGR VC Investment 2004-2007
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Year and Type Socurce: New Energy Finance / NREL / FACC

In 2007, capacity expansions (private equity invest  ments) dominated in the EU,

while the U.S. venture community dramatically rampe  d up funding of start - ups



# of Rounds

Venture Capital Rounds and Average Round Amount
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Venture capital deal flow has expanded, including
Increases in deal size and volume

* As companies have matured, and
venture investors have recognized
the longer time period required for

T
o
= ]

T
il
=]

Millions

Venture Rounds per Year

—— Average Funding per Round $in

Increased

z
punoz 3ad ¢ jo suomIA

50

2000 2001 2002 2003 2004 2005 2006 2007

Year Source: New Enerpy Finance / NREL / FACC

» Venture round growth from 2005
through 2007 shows significant
Increases in first and second round
deals, showing that the market for new
solar innovations has not been sated

Number of Rounds

energy investments, deal size has

Venture Capital Funding by Round Type
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Private investments by solar technology type show
significant regional variances and specializations

Global Private Investment by Solar Technology

1200
o e R O L S L S L L i s - ——
M Thin Film PV
o e R S S R || Solar Heating & Cooling
o M Project Developer
B 0 | | Polysilicon
: W Other
400 o iR ... | | Next Generation PV
- I B Multijunction
= Manufacturing Equipment
OO el v T R R R I [ & DAu
i I ne M Inverters
0 - 8 “ W CSP
SIS Qo el | S (oo o e e Crystalline Silicon PV
= =1t={=1 === === =1=l =1 =0 =2 {=0]= ¢
i R G S E S S S mCPY
Asia EU*
*LEL includes Isracl : ) _
«#17.8. includes Australia and Canada Region / Year Source; New Energy Finance / NREL / FACC

Regional patterns of investment are likely to chang e as newer technologies

mature and are migrated to lower cost manufacturing centers




Many U.S. solar companies are making significant cost
and quality improvements to their technologies

Unique US Solar Companies Receiving Private Investment by

Technology Area
45
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DOE and these companies’ investors believe that many of their technologies

will reach ‘grid parity’ by 2015 or sooner.
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Experience shows that as solar manufacturing
Increases, module costs are reduced significantly
Historical and Projected Experience Curve for PV Modules
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But, the module is not all of the cost - DOE SAl industry /e
partner installed system cost projections

i Residential Solar System Cost Breakdown 8 Commercial Solar System Cost Breakdwon
Oindirect Oindirect
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» Note the high level of indirect and labor costs - these are driven by regulatory,
educational and financing hurdles (non-R&D).

Established solar manufacturers are realizing cost reductions across the value

chain and will reduce installed system cost by appr oximately 50% by 2015




Market penetration begins - 2007 residential PV and
electricity price differences with existing incentives

o Currently PV
IS financially
compeititive
where there
IS some
combination
of high
electricity
prices,
excellent
sunshine
and/or
state/local
Incentives.

™™

Electric Price Difference (cents/kWh) '

< 0 45 410

@
*

‘0

o2
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Solar acceleration in a conservative forecast - 2015 residential
without incentives and moderate increase in electricity prices

Attractive in
about 250 of
1,000 largest
utilities, which
provide ~37%
of U.S.
residential
electricity sales.

85% of sales (in
nearly 870
utilities) are
projected to
have a price
difference of
less than 5
¢/kWh between
PV and grid
electricity.

In large areas,
PV is cheaper
than grid

electricity %0



2015 residential installations without incentives and

aggressive increase in electricity prices

Attractive in
about 450 of
1,000 largest
utilities, which
provide ~50% of
U.S. residential
electricity sales.

91% of sales (in
nearly 950
utilities) have a
price difference
of less than 5
¢/kWh between
PV and grid
electricity.

Across most of

Electric Price Difference (cents/kWh) .

!

the highest U.S. | L PhNeEL
population il -
areas, PV Is

cheaper than
grid electricity.
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© ralled

Balance of system / installation costs will fall as policy
becomes more solar friendly

Brealidown of installation costs

i | | e « State/local governments
| and utilities can have major

_E_ B Desipn . .
g 2010 ff | , , v [MPACts on the local price of
'é' . . . . . . Cieneral .. . .
] . | | 8 i §o|ar eIgctnmty by impacting
oy S S— | ; ; |  Givi Installation costs
D15 : : ' ' ' ' Structural
o0 = e Solar production is global
s | I | | N | but every installation is local

A 1 0.2 0.3 0.4 1.5 0.4 0.7
Cost per watt installed

State/local governments and utilities can promote s olar by:

 streamlining solar permitting

» facilitating interconnection to the grid

« establishing solar-friendly net metering regulations

* banning homeowner association restrictions against solar

« establishing installer and code official training centers at community colleges

» offering tax incentives (sales, income, property) to solar purchasers

e creating public outreach and information campaigns 33



A recent shortage in silicon, a major PV feedstock, has
driven up the cost of PV over the past few years.

» Generous subsidy programs in
Europe have pushed up worldwide
solar demand and caused prices to
rise over the past few years

» Large amounts of new silicon
production are coming online in the
next year.

« Established silicon manufacturing 2
companies like Cypress =
Semiconductor, Applied Materials,
Hemlock, Wacker Chemie, and
MEMC Electronic Devices are
expanding rapidly into the industry

» The DOE Solar Program believes
this to be a short-term problem that
will be alleviated by 2010.

If robust policy is in place when the silicon short

855 -
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age ends, and cost and price
al PV installations will occur

return to ‘normal’ levels, large numbers of economic
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Industry analysts’ market forecasts
Global Projected PV Market

16 -
14 -
12 4 Photon (2007)
@ 10 - | = =Goldman Sachs (2008) Supply
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gn 8 -| == =Broadpoint (2007) Supply
G 6 = Broadpoint (2007) Demand
| | =———Navigant (2007)
4 3 Morgan Stanley (2007)
=T chman Brothers (2007) Base
24 | == =DPiper Jaffray (2007) Supply
0 m— Diper Jaffray (2007) Demand
T T T 1

2006 2007 2008 2009 2010

Year MNavigant projection is for accelerated case
Source; Company analyst reports / FACC

* The DOE Solar Program projects with certainty that the most conservative of
these projections (Piper Jaffray 2007) will be met

* We are currently analyzing the results from our own market interactions to
determine a band of realistic projections to be released later in 2008.

» We expect that band to comfortably fall within the industry projections
parameters shown above. 36



e Additional resources
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For More Information:

DOE Solar Program: http://www.eere.energy.gov/solar/solar_america/
PV Value Clearinghouse: www.nrel.gov/analysis/pvclearinghouse/
SNL PV Systems R&D: www.sandia.gov/pv
NREL Solar Research: www.nrel.gov/solar

To sign up for our Newsletter and Market Analysis or for
any questions on this presentation, email solar@ee.doe.gov

Thomas P. Kimbis

Program Manager, Acting

Solar Energy Technologies Program
U.S. Department of Energy

1000 Independence Ave, SW (EE-2A)
Washington, DC 20585
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