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*CFO to clean energy early stage companies

*[Long standing interest in the field

*Began career as business unit controller at T1I
*Recruited to Analog Devices by former colleague
*Financial and Operational Roles over 20 years at ADI
*Transition from ADI in 1997

*Reasoned that semiconductors to solar cells s/b easy
*Colleague with PhD in solar cell physics
*Independent consulting in the meantime

*Went to work for SELCO in 1999

*Left in 2002 due to slow exit

*CFO for consulting and training firm until 2007
*Clean Tech hot in Boston

*Focusing my efforts in Clean Tech for past 1.5 years

Silicon Atom

Source: About.com



Current energy trends are unsustainable
Solar and Wind have been growing fast
Solar is still costly but Wind is not
Venture Capital is flowing to the sector
Project financing is crucial

Think broadly about the sector

Look closely at Efficiency



Energy security and economics

70% of Oil Reserves reside in OPEC countries

65% of US consumption is imported oil

At 5 billion barrels and $50/bbl - oil imports cost $250 billion
Current Account deficit stands at more than $700B

Clean Tech means more jobs in the US and less foreign entanglement
Energy and the environment

Historical CO, levels varied between 175 ppmv and 300 ppmv
Temperature is highly correlated with CO,

Current CO, is 380 ppmv

Current CO, emissions exceed 30 billion metric tons

1990-80% reduction target means 4.3 billion metric tons
Sustainability

*  WW electricity usage is more than 18,000 TWh

* Official IEA projections say 33,000 TWh by 2030

*  WW total energy consumption is more than 450 Quadrillion BTUs

Official IEA projections say 650 Quads by 2030
Peaking Oil?
US share of global energy
100+ Quads out of 450+ Quads are used in USA
Only 2 Quads of oil support production of electricity
Less than 7 Quads at the source are “renewable”
Renewable Portfolio Standards (RPS) require 20% by 2020 or 25% by 2025
Only a little more than 2 Quads out of the “renewable” total will qualify



CLEAN TECH 101

Projected Electricity Costs = 2030

Capital Cost ($000/MW) LCOE ($/MWh)
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Source: Energy Information Administration - Annual Energy Outlook 2008
Report#: DOE/EIA - 554(2008)



* (Clean Technology

* Innovations that create diversity and efficiency! in
the production and use of energy while reducing
harmful environmental impact (and promoting
sustainability)

I To learn more from the guru of efficiency go to Rocky Mountain Institute



* Google “Greentech Media Market Taxonomy”
* Sector companies serve all economic tiers

Personal
Residential
Commercial
Industrial
Government
Utility

* Innovations target for example

Services such as power providers and demand response
Transportation e.g. bio-fuels, batteries, fuel cells, electric vehicles

Efficiency e. %—I LEDs, Energy IT, Intelligent Network Devices and Sensors,
Smart Grid, High Voltage DC Transmission, Fuel Consumption

Power generation e.g. solar, wind, geothermal, hydrokinetic, bio-mass,
nuclear, clean coal

Energy storage e.g. compressed air, flywheel, flow batteries, solid oxide
fuel cells

Materials such as cement, drywall and other building materials



Note: Ticker Symbol: ENOGC; Last 9.68 52-Wk High 37.47 52-Wk Low 4.80
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Global Solar Cell Production (MW-dc)
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Source: PVNews™ March 2008 greentechmedia: () Prometheus Institute
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Alaska

Hawaii

oS

Hawaii, Puerto Rico, and
Guam are not shaded.

San Juan, PR

Average Daily Solar Radiation Per Month

ANNUAL

Flat Plate Tilted South at Latitude

Collector Orientation

Flat-plate collector facing south at
fixed tilt equal to the latitude of the
site: Capturing the maximum amount
of solar radiation throughout the year
can be achieved using a tilt angle
approximately equal to the site's

|atitude.

This map shows the general rends in the amount of =olar radiation received in the
United States and its tenitaries. |tis a spatal interpolation of solar radiation values
derived from the 1961-1390 Mational Solar Radiaton Data Base (WERDE). The dots
on the map represent the 239 sites of the NERDE.

Maps of average values are produced by averaging all 30 years of data for each site.
Iaps of maximum and minimurn values are composites of specific months and years
for which each site achiswed its maximunn o minimurm amounts of solar radiation.

Though uzeful for identfying general rends, tis map should be used with caution for
site-zpedic rezource evaluatons becausze varatons in solar radiaton not reflected in
the maps can exist, introduding uncertainty info resource estimates.

IWaps are not drawn 10 scale.
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World Photovoltaic Market in 2007
2826 Meqgawatts

Fest of
Fest of Warld
ELurope S0y,

5%
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Japan
R

Spain
3%

Copyright: Solarbuzz LLC

13



S per kWp $4,800‘ S4,080‘ $3,468 $2,948 SZ,SOG\

O&M $ per kW-year $12.00 $10.07 $8.46 $7.10 $5.96
Capacity Factor 21% 21% 21% 21% 21%
Project Life in years 20 20 20 20 20
Discount Rate 8% 8% 8% 8% 8%
Total Cost (S/kWh) $0.26 $0.22 $0.19 $0.16 $0.14

14



CLEAN TECH 101

Global Trends with Wind (MW of Capacity)
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Source: Global Wind Energy Council - Global Wind 2007 Report



S per kWp $1,500
O&M $ per kW-year $40.00
Capacity Factor 30%

Project Life in years 20
Discount Rate 8%
Total Cost (S/kWh) $0.0725

16



CLEAN 101

US Wind Resource

Supply curve for wind energy — current bus-bar energy costs
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1 20 Class 3
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80

The United States has ample wind resources,
including more than 8,000 GW land-based—

the most affordable type to harness.
2,000 4,000 6,000 8,000 10,000

Quantity Available, GW

Levelized Cost of Energy, $/MWh
S
o

Source: 20% Wind Energy by 2030: Increasing Wind Energy's Contribution to U.S. Electricity
Supply - DOE/GO-102008-2567  July 2008



Type of Biofuel Use Source

Ethanol Spark-ignited engines Fermentation of sugars
and specially equipped
compression ignition
engines

Biodiesel Compression ignition Plant oils usually

engines or turbines

transformed into fatty

acid methyl esters
(FAME)

Green diesel

Compression ignition
engines or turbines

Plant oils transformed
by ordinary refinery
operations

Fischer-Tropsch diesel

Compression ignition
engines or turbines

Pyrolysis of biomass
followed by gas-to-
liquids processing

Syncrude

Feedstock for a refinery

Pyrolysis of biomass

Source: Robert Weber, PhD, CTO - Sunrise Ridge Algae Inc.
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Biofuel 2006 2030

Ethanol from sugarcane 25-50 25-35
Ethanol from maize 60-80 35-55
Ethanol from beet 60-80 40-60
Ethanol from wheat 70-95 45-65
Ethanol from lignocellulose 80-110 25-65
Biodiesel from vegetable oils 70-100 40-75
Fuels from “syngas” 90-110 70-85

Note: For a range of $50 to $80 per barrel of oil gasoline is 35 to 60
cents per liter

Source: The Royal Society as reported in The Economist,
June 21 2008, The Power and the Glory - A Special
Report on Energy




Nlure capita

Sector Q3 Amt # Deals | Sector Q4 Amt # Deals

Solar $1,586 26 Solar $1,336 29
EE, DR & Smart Grid $272 14 Bio-fuels & Gasification $359 18
Geothermal $216 4 Wind $218 5
Automotive, Transportation $193 8 EE, DR, & Smart Grid $208 11
Water Technology $182 10 Batteries, Fuel Cells, Storage $102 14
Ethanol and Bio-fuels $150 8 Energy Project Development $96 2
Wind Energy $141 8 E-Waste and Recycling $75 7
Batteries and Fuel Cells $49 4 Green IT $37 7
Carbon and Energy Storage $30 3 Automotive, Transportation $29 4
Green Building $29 3 Green Agriculture $25 2
Green IT and Lighting $27 4 Lighting $24 7
Others $11 3 Others $30 9
Total $2,886 88 Total $2,540 115

Source: Greentech Media 20
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Overall Clean Energy Financing ($ billions)
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Source: New Energy Finance

67% growth p.a. 2003-2007

Of the $148.4 billion

* $9.8 billion VC&PE

* $84.5 billion project financing -
equity & debt

2008 is down 4%

World Economic Forum and New
Energy Finance Report that $515
billion per year will be required to
get to 450 ppmv CO, by 2030

Go to
http:/ /www.weforum.org/pdf/climat
e/Green.pdf
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German Feed-in Tariff for solar pv
* Ranges from $594 to $746 per MWh

Federal Tax Credits

* Solar Investment Tax Credit is 30%
* Wind Production Tax Credit is $21 per MWh

Many states have gotten into the act

Renewable Portfolio Standards

Solar Carve Out Standards

CO, Offset Programs

Renewable Energy Credits or RECs for Wind $20 per MWh
Solar RECS or SRECs in New Jersey $400 per MWh

Many financial incentives in a number of forms

Access laws for solar and wind

* Interconnection standards and net metering

Go to http://www.dsireusa.org/ or
http://www.whitehouse.gov/agenda/energy and_environment/
for more information
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* Free Weekly Newsletters - information about the sector and related events
* http://appsl.eere.energy.gov/news/enn.cfm
* http://www.greentechmedia.com/
* http://www.renewableenergyworld.com/rea/home
* http://www.greenbiz.com/
* http://www.xconomy.com/
* http://www.cleanedge.com/
* http://www.smartelectricnews.com/

* Other Sources
* http://www.eia.doe.gov/
* http://www.virtualenergyforum.com/
* http://www.rmi.org/
* Networking - “90% of life is just showing up” Woody Allen
* Renewable Energy Business Network - rebn.org - look for local chapter
* Business Calendar of Events
* Energy Clubs and University Calendar of Events
* Business Plan Competitions

23



FEBRUARY 4, 2009 WEBINAR
THANK YOU!

Questions?

Moderator
Gary Patterson
Chairman FENG High Tech SIG
patterson.gw@verizon.net
(781) 237-3637

Presenter
Larry LaFranchi
FENG Member
L-Squared Services
llafranchi@comcast.net
(617) 913-3516

To download video and/or slides go to:

www.fiscaldoctor.com
Click on White Papers
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* Extra credit will be given to any student who
peruses these bonus slides on their own time.
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Reserves (Billion Barrels)
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Source: http://www.eere.energy.gov/vehiclesandfuels/facts/2006_fcvt_fotw432. html
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Average Jobs in Scenario

CLEAN TECH 101

Means More Jobs

250,000
B O&M and Fuel Processing
B Construction, Manufacturing, Installation
200,000
150,000
100,000
50,000

RPS 1: 85% blomass, RPS 2: 60% biomass., RPS 3: 40% biomass, Fossil Fuels as Usual: Gas Inlensive: 10096

14% wind energy, 1% 37% wind energy. 3% 55% wind energy, 5%  50% coal and S50% natural gas
solar PY solar PV solar PYW nafural gas
Scenario

Source: Daniel M. Kammen, Kamal Kapadia, and Matthias Fripp (2004) Putting Renewables to
Work: How Many Jobs Can the Clean Energy Industry Generate? RAEL Report,
University of California, Berkeley. 27



Atmosphere 760

Global Gross Primary
Production and

* Fossil Fuel
* Combustion and

1.2 % judustrial
Emissions by Fuel Type
(approximate Pounds of CO, per
Million Btu)

« Coal =>215

- Oil=>160

- Natural Gas => 115

e e e e A AP A ]

Vegetal
and Soils
2,300

Carbon Flux Indicated by Arrows: Matural Flux =- Anthiropogenic Flux s e

Source: Intergovernmental Panel on Climate Change, Climate Change 2007: The Physical Science Basis, Figure 7.3 and
Table 7.1, (UK., 2007).

Source: http:/ /www.eia.doe.gov/bookshelf/brochures/ greenhouse/ greenhouse.pdf
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CLEAN TECH 101

Upsala Glacier, Patagonia, Argentina

ICIGREEM FEACEAEELTRHA
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LEAN TECH 101

lemperature
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CLEAN TECH 101

CO, Emissions Trend and Target
Million Metric Tons
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Source: Energy Information Administration
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Source: Energy Information Administration - International Energy Annual 2006
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Additional Demand for Terawatt hours
* 15,000 Terawatt hours by 2030

Power Plant Sizes

* Coal => 550 MW at 85% utilization

* Gas =>400 MW at 87% utilization

* Nuclear => 1350 MW at 90% utilization

Add how many for another 15,000 Terawatt hours?
* Coal =>3,675

* Gas =>4,925

* Nuclear => 1,425

And how fast will you need to build them?
* Coal => one every 2.5 days

* Gas => one every 1.8 days

* Nuclear => one every 6 days

33
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CLEAN TECH 101
>eaking Oi1l & Additions to Reserves Minus Consumption
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Source: http:/ /www hilltoplancers.org/ stories/hirsch0502.pdf
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US Primary Energy Use

(Quadrillion Btu)
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ECH 101
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Source: Energy Information Administration - Annual Energy Review 2007
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Services

Transportation

Efficiency Infrastructure

Power Generation

Energy Storage

Materials

Recycling & Waste

Water

= ) - Provider:
Demand Respc Renewable Power Providers

Distributed Generaticn

Biofuels,
Batteries,

Fuel Cells HighVoltage DC

Transmission
Caflf1 A Intelligent Sensors
olid State Lighting
Smart Grid Management

Intelligent Networlk Devices Systems
nelie Advanced Compenents

Energy IT

Biomass, Muclear,

Solar PV Clean Coal
ot Ocean, Geotherma.

Nanopower

CSP, Solar Thermal

Integrated Mini Fuel Cell, Supercapacitors, olid Oxide Fuel Cell

= . n Flow Batteries
Direct Liquid Fuel Cell Superconducting Magnetic Energy Storage 2k r1es,

Malecular Nanotechnology, Chemicals & Solvents

Biopolymers Cement, Drywall, Other Building Materials

Bio- & Phytoremediation
Technolagy Recyeling Waste-to-Energy

Domestic Grey Vvater Recycling Water Purification Industrial Grey Water Recycling Water Management

Personal Residential Commercial Industrial Government Utility

Source: Greentech Media www.greentechmedia.com
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¢ Renewable Power Providers

Renewable power providers own, operate, and finance green power
generation sources. These companies partner with systems installers and
energy consumers to reduce the risks and costs associated with installing
and managing green power generation systems.

Examples: ; ;

* Demand Response, Net Metering

Demand response service providers monitor consumer demand and scale
up or down energy consumption depending on the load requirements of
the power grid.

Examples: ;

¢ Distributed Generation

Distributed generation means skipping around the utilities and power grid
and generating power at the point of use. These service providers provide
entire packages, including installation, pricing and payment options,
ongoing systems maintenance, building permits, and site analysis.

Examples: ; ;
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® Retail

* Retail stores provide consumers with technical training, installation support and

advice, replacement parts for their distributed generation units, system maintenance,

and complete systems.
* Examples:

* Transportation
e PHEVs, ZEVs, AEVs

* Bringing zero emission vehicles (ZEVs) to commercial scale is dependent on increasing
the storage capacity of batteries while decreasing their size and weight, increasing the
availability of fuel for fuel cells, and producing carbon neutral biofuels on a level
equivalent to gasoline.

* Examples: ; : ;
¢ Biofuels, Batteries, Fuel Cells

* Green vehicles rely on a variety of power sources such as batteries, fuel cells, and
biofuels. While the industry is ultimately moving towards zero emissions vehicles,
plug-in hybrids and partial emissions are a necessary step along the way.

e VIPV

* Vehicle integration of PV cells to provide complete power is a long way off. However, a

niche consumer industry has developed to begin providing this technology as a
supplement to ZEVs and PHEVs.
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High Voltage DC Transmission

*  Expanding the grid to accept the growing variety of green power generation sources re%uires building and
deploying better transmission equipment. Also, greening the power markets means making green power
generation accessible to everyone, everywhere. This can only be accomplished through updates and enhancements
to power grid equipment and infrastructure.

Smart Grid Management Systems

* Integrated communication through broadband-bearing power lines will allow for real-time data transfer and
efficient asset allocation, load switching, and monitoring of multiple power sources feeding into the grid.

*  Examples: ; ;
Intelligent Sensors

* Intelligent sensors are programmable devices that monitor and regulate the use of electricity, lighting, water,
HVAC, fertilizer, and almost any other resource needed for integrated systems operations.

*  Examples: ;
Advanced Components

*  New generations of superconductive cables and power electronics will facilitate the increased load demand and
increasing variety of power sources taking advantage of the smart grid.

*  Examples:

Energy IT

*  Energy IT software identifies energy waste in electrical or networking systems and prescribes ways to eliminate it.
More advanced software automates the waste-reduction process, and works to optimize the distribution of energy
around the system.

*  Examples: ;

Solid State Lighting

*  Usinglight emitting diodes are a high intensity, low heat, and low power light source compared to filaments or gas.
Solid state lighting is easily modifiable in color, shade, and intensity.

Intelligent Network Devices

* Intelligent devices installed in homes and businesses that monitor energy production and consumption serve both
the needs of both homeowners and utilities.

*  Examples: ;
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J 1

Empowered: Detail of a solar panel built with crystalline PV cells from Q-Cells,
the world's largest manufacturer. | photograph by Charles Masters

Cell Losses
m High Photon Energy - 32°%
m Low Photon Energy - 249
B Other Coll Losses - 21%
m surface Retlection - 3%
o

f'“lhltlil];'i - .“’ @

Packing Density - 2%
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Solar Production and Capacity (MW-dc)

N
SO0
40000
A000
2000
() a
LUSA fapan Europe ROW

m 2007 Production m 2007 Capacity w2008 Capacily

Source: PVNews™ March 2008 E‘l’eentechmedla n) Prometheus Institute
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US Solar Production and Capacity (MW-dc)

First Solar

United Solar OVONICS
Solarworld CA (Shell Solar)
Everereen Solar

Other

Global Solar

BPP Solar

'"]ml

Schott Solar

20 -+ oL S Tog 1200 140 e

w2008 Capacity w2007 Production

Source: PVNews™ March 2008 Ereentechmedla ﬂ/ Prometheus Institute
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Japan Solar Production and Capacity (MW-dc)
Sharp
Sanvo
Kyocera

Nitsubishi

Kancka

- 100 200 300 400 SO0 HO) 700 SUO
w2008 Capacity m 2007 Production

Source: PVNews™ March 2008 Ereentechmedla ﬂ/ Prometheus Institute
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Europe Solar Production and Capacity (MW-dc)

Q-Cells

Schott Solar

Ersol

Scancell

[sototon

First Solar

Solland

Deulsche Solar/ Shell
Ever-Q

Photovoltech

1111111111
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Source: PVNews™ March 2008 greentechmedia: f) Prometheus Institute
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ROW Solar Production and Capacity (MW-dc)

Suntedch
Gintech
| A Solar

SunlPower

Baoding Yingli
Notech

Solarfun

Trina Solar
E-TON

CEEG Nanjing PV

mwm]‘
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Source: PVNews™ March 2008 greentechmedia: ﬂ/ Prometheus Institute
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CLEAN TECH 101
Thin Film PV

Material Type Absorber Layer Substrate Process Companies

. Unisolar, PowerFilm,

Flexible CcvD Flexcell, Xunlight
AmorphousSilicon
Rigid EPV,S I;ka Lg;:sgzsh!,

Innovalight

CSG Solar, Octilion,
Soltaix, Nanogram

Flexible
Other Thin Silicon
Rigid

First Solar, Calyxe,

Rigid Primestar,AVA Tech Arendi

ThinFilm Solar

Ascent Solar, Global Solar,
Flisom, Solarion

Co-Evaporation Wieerth Solar, ISET

Awvancty, Johanng, Daystar, Honda,
Showa shell, Sunwém, Sclyndm,
sulfurcell

G244, Konarka, Plextronics,
Solarmer

Co-Evaporation

Sputtering

% og I IIII

I I

Organic/DSC Printing

Source: f) Prometheus Institute w7



1366 Technologies AdventSolar Ascendant Energy AscentSolar AVASolar Bandgap Bloo S_’OIMIQI Blue Square Energy CaliSolar
Engineering Nanosystems
N . . . Crown Renewable Cyrium . DayStar ) Enfocus .,
ClsSolar Cool Earth Solar Energy Technologies Day4Energy Technologies Energy Innovations Engineering EPOD Solar
GreenField
EvergreenSolar FirstSolar Gamma Solar Global Solar Green Brilliance ) Greenvolts Heliowolt Innowvalight
Solar/ Photovelt
JX Crystals Konarka Lmbc;a:nerg:a Miasolé MicroLink Devices MorganSolar Nanosolar MNanosys MNewCyte
Qetillion OneSun OpelInternational Opnsilar/Gen3 Pacific Solartech Photovoltaie Solar Plextronics PrimeStarSolar PriemSolar
Solar Cells Ine. Technologies
PyronSolar SBM Solar Sencera SierraSolar Power SignetSolar Silicon Valley SolarFields FolasPomes Solaria
o : Solar/ NuEdison Industries
Solarmer Somﬂaﬂze Eagle SolBeamn Solexant SolFocus Soliant Energy SoloPower Soltaix/Solexel Solyndra
SVV Technology . Wakenda Xunlight/ MWOE
Stellaris Stion/Nstructures Sun Phocus Suniva Innovations Vanguard Solar Technologies XsunX Solar

Source: GREENTECH INDETAIL NOVEMBER 2008

COPYRIGHT 2008, GREENTECH MEDIA INC. AND THE PROMETHEUS INSTITUTE ALL RIGHTS RESERVED PV
INNOVATIONS IN NORTH AMERICA 6
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Solar Module Cost Trends ($/kWp)

Evergreen Solar First Solar
S4,000 53,000
S3,500 il
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Sources: Prometheus Institute; PV News; Evergreen 10K; First Solar 10K
49



Modules S 3,557 S 2,435
Substructure, Installation S 390 S 859
DC-Cabling S 146 S 334
Inverters S 341 S 668
Engineering S 292 S 334
Other S 146 S 143
Total S 4,873 S 4,775

Source: Phoenix Solar AG — numbers derived using
percentages of module cost for balance of
systems costs as reported by Phoenix; Module
costs for Evergreen Solar and First Solar
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Wind Power Costs

©  Individual Project Cost (191 online projects totaling &,825 MW
= Ayerage Annual Project Cost

—— Palynomial Trend Line

1987
1895
1996
1997
1808
1999
2000

S8388

- - —

1T O Cumulatie CapacitWeighted drage Wind Power Price (4 1 standard deiation) | '''''''''

Sample includes projects built from 1998-2006

Wind Power Price (2006 $/MWH)

1999 2000 2001 2002 2006

7 projects 10 projects 14 projects 30 projects 42 projects 54 projects 70 projects 85 projects
450 MW 562 MW 660 MW 1,541 MW 2,416 MW 3,216 MW 4,309 MW 5,678 MW
Source: Berkeley Lab database.
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Capacity by Country

2007 Installed Capacity 2007 Additions
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Source: Global Wind Energy Council - Global Wind 2007 Report
52



CLEAN TECH 101

US Installed Capacity < Top Ten States (Total = 19,548 MW)

As of June 30, 2008
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Source: AWEA as reported by Global Wind Energy Council - Global Wind 2007 Report
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Some Rankings in Wind Energy
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CLEAN TECH 101

Megawatt Scale Wind Turbines

Above: Vestas V90 3MW Turbine

Right: Clipper Liberty C96 2.5MW Turbine

Source: Abigail Krich, President, Boreas Renewables, LLC
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Wind
diraction

Yaw drive

Gear bos.

Wind Vane}

Anemometer:

] Measures the wind speed and transmits wind speed data to the controller.
Blades:
] Most turbines have either two or three blades. Wind blowing over the blades causes the
blades to "lift" and rotate.
Brake:
] A disc brake, which can be applied mechanically, electrically, or hydraulically to stop
the rotor in emergencies.
Controller:
] The controller starts up the machine at wind speeds of about 8 to 16 miles per hour

(mph) and shuts off the machine at about 55 mph. Turbines do not operate at wind
speeds above about 55 mph because they might be damaged by the high winds.
Gear box:

] Gears connect the low-speed shaft to the high-speed shaft and increase the rotational
speeds from about 30 to 60 rotations per minute (rpm) to about 1000 to 1800 rpm, the
rotational speed required bK most (Fenerators to produce electricity. The gear box is a
costly (and heavy) part of the wind turbine and engineers are exploring "direct-drive"
generators that operate at lower rotational speeds and don't need gear boxes.

Generator:

] Usually an off-the-shelf induction generator that produces 60-cycle AC electricity.
High-speed shaft:

- Drives the generator.
Low-speed shaft:

. The rotor turns the low-speed shaft at about 30 to 60 rotations per minute.
Nacelle:

. The nacelle sits atop the tower and contains the gear box, low- and high-speed shafts,
generator, controller, and brake. Some nacelles are large enough for a helicopter to land
on.

Pitch:
. Blades are turned, or pitched, out of the wind to control the rotor speed and keep the
rotor from turning in winds that are too high or too low to produce electricity.
Rotor:
- The blades and the hub together are called the rotor.
Tower:

. Towers are made from t}lbulqr steel gshown here), concrete, or steel lattice. Because
wind speed increases with height, taller towers enable turbines to capture more energy
and generate more electricity.

Wind direction:
. This is an "upwind" turbine, so-called because it operates facing into the wind. Other

turbines are designed to run "downwind," facing away from the wind.
Wind vane:

- Measures wind direction and communicates with the yaw drive to orient the turbine

properly with respect to the wind.
Yaw drive:

] Upwind turbines face into the wind; the %aw drive is used to keep the rotor facing into
the wind as the wind direction changes. Downwind turbines don't require a yaw drive,
the wind blows the rotor downwind.

Yaw motor:
] Powers the yaw drive.

Source: http;//wwwl.eere.energy.gov/windandhydro/wind_how.html#inside
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CLEAN TECH 101

Megawatt Scale Wind Turbines

Above: Vestas V90 3SMW Turbine

Source: Presentation by Abigail Krich, President, Boreas Renewables, LLC
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m Power output from a wind turbine - p_ | Avec,
2

= Max C, theoretical limit is .593
» Drag device limit is .16
= Lift range is between .25 and .45 for modern turbines

= Ratio of blade tip speed to wind speed - A = ok
= )\ = tip speed ratio T s 4
= » = angular frequency ‘\ '~—~--~, o
s R = rotor radius - , ) /‘
= V =wind speed '/ |
| 2

Source: Presentation by Abigail Krich, President, Boreas Renewables, LLC
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= Rotor Solidity isa/A

= ais the blade area

Swepl Area
of Blades

= A is the swept area

= Higher solidity
» Higher torque (higher
gearbox costs)

» Higher thrust (higher
tower costs)

» Higher rotor material
costs

—

R (3 AT Y 0 (5

Source: Presentation by Abigail Krich, President, Boreas Renewables, LLC ”



CLEAN TECH 101

3 Bladed Machines

= Balance between
= High C,
= Sensitivity to tip speed ratio
= Cost driven by solidity

= Visually appealing

Right: Clipper Liberty C96 2.5MW Turbine
Note: Technology team for Clipper Wind

founded Zond which was acquired by
Enron Wind and is now GE Wind

Source: Presentation by Abigail Krich,
President, Boreas Renewables, LLC
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TECH 101

Wind Turbine Performance f(Wind Speed)

i /

Rated/Nominal Cut out
wind speed wind speed wind speed
1.2 T T r T
10 e - -
0if / i -
Ho Maximum rofor /* i Hominal power, Ho
06 I generation efficiency ~° i reduced rafor generation
g i eficiency
ba X 4
(k] i -
i L i
. 5 1 18 ) 2 30

Wind speed [m/s]

Source: EWEA, Merrill Lynch
http:/ /www.wavesecurities.biz/media/81290.pdf
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US Wind Resource

Supply curve for wind energy — energy costs including connection
to 10% of existing transmission grid capacity
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Source: 20% Wind Energy by 2030: Increasing Wind Energy's Contribution to U.S. Electricity
Supply - DOE/GO-102008-2567  July 2008
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Source: 20% Wind Energy by 2030: Increasing Wind Energy's Contribution to U.S. Electricity
Supply - DOE/GO-102008-2567 ¢ July 2008
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CLEAN TECH 101

Leo grap N %

Installed Wind Nameplate Capacity by State (2030)

Wind Capacity
Total Installed (2030)
(GwW) _
0o-01 1" Includes offshare wind
01-1 -
_' 1-5 The black open square in the center of a alate represants
- 5.10 the land area needed for a single wind farm to produce the
projected installed capacity inthat stale. The brown square
- represents the actus! land area that would be dedicated

1o the wind turbines (2% of the black open square). PPl e

Source: 20% Wind Energy by 2030: Increasing Wind Energy's Contribution to U.S. Electricity
Supply - DOE/GO-102008-2567  July 2008



CLEAN TECH 101

Disruptive Wind Turbine Technology?

FloDesign Wind Turbine
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Energy Source/Use Price ($/Qty) Price (n$/joule)
Coal $70/tonne 2.33
Petroleum $40/bbl 6.56
Natural Gas $7/cu ft 7.00
Wood $150/ cord 8.17
Biodiesel $1.89/ gallon 15.03
Gasoline $1.89/ gallon 15.65
Ethanol $1.89/ gallon 23.67
Electricity $0.12/kWh 33.33
Multigrain Crackers $2.99/box 600.00

Note: The Economist June 2008 Special Report on Energy makes the claim that a farmer in Iowa
could devote Y4 of an acre to wind and generate $10,000 worth of electricity while devoting the
same acreage to corn would yield $300 worth of corn ethanol.



e Feedstock Companies

Development * Synthetic Genomics
® Choren Industries
® (ellulose

* Switch-grass * Range Fuels

* Sugar Cane * Coskata
* Amyris & Crystalev Partnership
* Trees
* C(eres
* Algae * ArborGen
* Fuel Conversion e Mascoma
Process e Jogen
* Microbes * Abengoa
* Enzymes ° LS9
* Catalysts * (Codexis & Shell Partnership

* Danisco & Dupont Partnership

Source: The Economist, June 21 Virent Energy & Shell Partnership

2008, The Power and the Glory
— A Special Report on Energy



_oal GreatPoint Energy

Hydromethanation Process

Cyclone Gas Cleaning
== [ -BEA -
Feedstock + Catalyst l
J Iﬂ\ Ga SA ' CH,
[ Y l ; —
ﬁ Sulfur + Ammonia Seperation 1\
Particulates ~ + Trace Metals \ bluegas™
.Methane |
+ 9
; CO:ig o Carbon Dioxide
1 M T T
! : | l
' Il - ‘l‘ . r_T Hydromethanation 1
I e — Enhanced Oil
1 > 7 r Recovery
Catalyst (CO: Sequestration)
! Recycle N Steam
I o~
_‘!_ —— — 4
l Char Removal

Char to Landfill or
Cement Plant

Source: www.greatpointenergy.com
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Integrated Gasiftication Combined Cycle

heal recovery

T ——————— )
et steam generator
L t"')“ rgas = SyNgas COCeay * I I l

steam
turbine

-
- |

L

Source: http:/ /en.wikipedia.org/wiki/Integrated_Gasification_Combined_Cycle
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Tesla Economics
54 kWh (70 Amps:220 Volts)
$.046 per mile at $.17 per kWh

Porsche 911 GT3 Comparison

20 mpg

$.10 per mile at $2.00 per gallon
Carbon Emissions

.98 Ibs CO, per mile for Porsche

.28 Ibs CO, per mile for Tesla

72% reduction

Chevy Volt Economics
Range is 40 miles
8 kWh - 110 Volts for 6.5 hours
$.034 per mile at $.17 per kWh
$.073/mile - 27.5 mpg & $2/ gal
70+% reduction in CO,

Sources:

http:/ /www.teslamotors.com
http:/ /gm-volt.com

http:/ /www .eia.doe.gov

0 - 60 mph in 3.9 seconds
14,000 rpm redline
200+ mile range

3.5 hour recharge time
Roadster Sport introduced 1-11-2009
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Advanced Technology
Ventures

ARCH Venture Partners
Atlas Venture, Ltd.
Draper Fisher Jurvetson
Flagship Ventures
General Catalyst Partners

Globespan Capital
Partners

Good Energies, Inc
Khosla Ventures

Kleiner Perkins Caulfield
& Byers

Mohr Davidow Ventures
Nth Power

Oak Investment Partners
Polaris Venture Partners
Rockport Capital Partners
Trident Capital

VantagelPoint Venture
Partners

Venrock Associates
@Ventures
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More than 100 VC firms
Mega-funds of more than $300 million
Investments crowded at late stage

Investments crowded into solar, transportation
and bio-fuels

Crowded into California and New England where
the VC firms are located

Development times are longer in Clean Tech
Counting on IPO when M&A is more probable
Need to apply VC model that works rather than
search for a VC model that works for Clean Tech

Source: Rob Day as found at http:/ /www.ventures.com/
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CLEAN TECH 101

Project Structure

Contractor and

Supply Agreements and Maintenance

Contract

Operator - Operation |

| Project
Company

Off-take - Power
Purchase Agreement
or Hedges

Financing - Equity
Investors plus Debt
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Levelized Cost of
Financing Project Capital Likely Equity Description of Electricity
Structure Name Structure Investors Equity Investor ($/MWh)
Corporate All equity Developer Corporia:tISLEntlty - 63
Strategic Investor . Developer and Utility - Xcel
Flip All equity Strategic Investor Energy 61
Institational Developer and Financial
. All equity Institutional Institution - 53
Investor Flip
Investor Lehman Bros.
Developer and
Pay-As-You-Go : e
(“PAYGO") All equity Institutional Same as above 59
Investor
Developer and
Cash Leveraged Equity & debt Institutional Same as Above 50
Investor
Developer and
Cash & PTC Equity & debt Institutional Same as Above 48
Leveraged
Investor

Source: Lawrence Berkeley National Laboratory - http:/ /eetd.lbl.gov/ea/ems/reports/63434.pdf

75



S0°%

T{} "l!

(T{FI:r

3{' "dn

4{} "IP

w'{} "u

2{1 "ﬂ

I {}IZr

{}"ll

| ) Bt

Source:

CLEAN TECH 101

Opportunities for FENG Member?

S&I 00

For REW 40 Index go to www.renewableenergyworld.com and then click on Finance

Stock Indices - Percent of 52 Week High
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CLEAN TECH 101

Federal Energy Incentives by Source (1950-2003)

1%
0", - s——

Nuclear Hyvdro Coal Chl Natural Gas Renewables  Geothermal

Source: Management Information Services, Inc. (2006) -



Five million new clean energy jobs

Invest $150 billion over the next ten years
Supports PTC and ITC

1 million Plug-In Hybrid cars by 2015

25 percent renewable electricity by 2025
Renewable Fuels Standard - 36 billion gallons
Implement cap-and-trade program

Reduce GHG emissions 80 percent by 2050

GO to: http:/ /www.whitehouse.gov/agenda/energy_and_environment/
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