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Benefits of Alternative Energy

A Reduced dependence on
nydrocarbon resources

A Decentralize energy
Infrastructure

A Deserts can blossom

A Elevate lower class

A Social enlightenment

A Minimize War over resources
A Geopolitical disruption
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World Renewable Energy i Rapid Growth

Renewables accounted for nearly one-fifth of the world’s total electricity production in 2003
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Renewable Energy Market

Fastest growing Business Sector in World
$100B investment i 2007, Huge growth
New Fed. and State fund

Major Solar PV opportunities in many emerging
market sectors across the US



World Solar Irradiation
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US Energy sources - 2007

Coal 48.51%

Other 0.29%

¥

Renewables
Solar 0.01%

Hydro 5.95%

Renewables 8.49%
%

Geothermal 0.35%

Biomass 1.34%

Wind 0.83%




Total US Renewable Energy - 2007
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Wind Generation 1T 2007 TWh
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PV Supply Capacity I exceeds Demand !

Historical and Projected Capacity - Wafers, Cells, Modules (MW)
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Factors driving PV supply & pricing

0Ger many, France <cut support
France announces dramatic PV tariff cuts - 20%
reducti on starts Mar 9 |, 2 Q

Guropean PV de ma n-d\o futhergrowdhg n
In European PV demand expected in 2011-12

A Italy expected to introduce 8 GW PV market cap
FIT cutbacks will be applied in June.

Expert says Czech solar power boom to slow
Australiai 6 St ates call for sol a

US -



US Solar PV capacity 1 MW - 2007
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World PV Growth forecast
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US PV Market Emerging
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Growth of Viable U.S. Solar States

Sales Activity / Potential
B ¢ A S NgPigram Today

[ ] Tier 1¢ Solid program in & 2
years

|| Tier 2- Small Program, Temporary
using the ARRA
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PV Module Mfg. Costs < $1/w - 2012

Fully Loaded Module Manufacturing Costs, 2012 (S/Wp)

A-Si (low) A-Si (high) CIGS (low) CIGS (high)

" Feedstock cost ™ Capex ™ Cash cost




New PV Technologies & methods

A Thin film 7 CIGS, CdTE, Nanosolar, other

A Concentrating Solar PV

A Lower si wafer costs 7 higher efficiency

A Bandgap Engineering i Expand solar conversion
A Improved Inverters and Balance of System

A New low cost mounting and installation methods



Thin film PV growth forecast

Global Producible PV Modules with Feedstock Limitations by Technology (MW)
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Mote: Producible volumes include wafer, cell, or module conversion, not including feedstock and demand limitations.




PV Installed Price - $2/w in 2012

A PV Module: $1.50 -$2.25 $1.00 -$1.25
A Inverter: $0.35 -$0.65 $0.25 -$0.30
A Installation &

Materials: $2.00 -$3.00 $1.00 -$1.25

TOTAL: $3.851%$5.95 $2.25 -$2.85



US PV Market Exploding !

US market driven by economics & payback,
and Tax Incentives/Rebates

PV & REC prices drive new finance models

Huge oO0pusho 1 n NE states
MA T 250MW by 2015 (20 MW today)
NY 1 Target = 45% Renewable by 2015
VT. - First Feed-in Tariff in US - $.30/kWH



US Solar Power 1 The Time is NOW

A Fastest growing Renewable sector
I Wind demand is peaking i growth rate leveling
I $200 B investment targeted + incentives
I Solar PV prices plummeting in 20091711 down 65% !

A Targets

I Target 1,000 MW total US PV by 2010 (15GW World)
I 2% of US electricity supply by 2020

I Up to 6% total US power by 2030 !

| Large 50-250 MW projects: 1-10 Sg. miles



Issues limiting renewable growth

A Grid Capacity limits -
ARECO6s and F!l! To6s
A Load Balancing i

A Net Metering Limits

A Permitting and issues



Energy Storage 1 Key for R/E !

- Power/freq. bal. i Flywheel

| Load peaks 1 Batt./PHEV

I Demand bal. 7 Flow Batt., CAES

I Pumped Hydro , ??



Limited Energy Storage

I Today, Energy Storage Penetration is Very Small

Worldwide installed storage capacity for electrical energy

Compressed Air Energy Storage
440 MWs

Pumped Hydro

© Sodium-Sulphur Battery
365 MWs

@ Lead-Acid Battery

1410,000 MW, ~35 MWs

o Nickel-Cadmium Battery
27 MWs

o  Lithium lon Battery
~16 MWs

= Redox-Flow Battery
, <3 MWs
Source: Fraunhofer Institute, EPRI
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Community Energy Systems

l Community Energy Systems as part of Smart Grid

Distributed Energy Resources Aggregation & Management

Critical Integration Technologies and Standards UPSTREAM AGGREGATOW

= hutp Client Auth
* SSL Certificate
- Web Services
= Common
Information
Models (CIM)
= Smart Energy
Profile (SEP)
= OpenADR
- SNMP
- TCPAP
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Many Storage Techs

Grid storage will by supplied by a combination of technologies with
Varied power and energy storage capacities

System Ratings
Installed Systems as of November 2008
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Ni-Cd: Nickel-Cadmium
Ni-MH: Nickel-Metal Hydride
PSH: Pumped Hydro
Vanadium Redox

ZnBr: Zinc-Bromine

CAES: Compressed Air Energy Storage
EDLC: Double Layer Capacitors

L/A: Lead Acid

Li-lon: Lithium lon

Na-S: Sodium Sulfur




Size and cost are key Issues



