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What is Focus on Energy?
* Wisconsin's statewide energy efficiency and
renewable energy program

« Legislature created the program in 1999;
expanded in 2005

« Customer eligibility based on their electric and/or
natural gas utilities

* Funded by a 1.2% fee on electric and natural gas
bills (~$90 Million in 2009)

* Helps implement projects that would not occur
otherwise
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Focus on Energy Programs
Business and Residential
Energy Efficiency and Renewable Energy
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What Does the Renewable

Energy Program Do?

« Help simplify the energy efficiency and
renewable energy process by providing:
— Information and Marketing
— Education and Training
— Technical Assistance
— Financial Incentives

« Assist energy businesses get started or
expand through marketing, lead sharing
and business grants

Efficiency of Photosynthesis in WI: under 0.5%

Efficiency of Solar Electric Systems in WI: ~15%
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Energy Stored in the Earth wion watthous_TOTAL >
Petroleum 2,000,000
Natural Gas 1,500,000
Oil Shale 1,500,000
Uranium 235 1,500,000
Tar Sands 800,000
Renewables in Perpetuity witon watt ot ] Y EAR
Direct Solar Radiation
Wind 200,000
Ocean Thermal 100,000
Biofuel 50,000
Hydroelectric 30,000
Geothermal 10,000

Tidal 1,000
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Average Peak Sun Hours

Milwaukee, Wisconsin — 4.53 hours/day

Miami, Florida — 5.26 hours/day (16% more)
Boulder, Colorado — 5.56 hours/day (23% more)
Los Angles, California — 5.63 hours/day (24% more)
Phoenix, Arizona — 6.57 hours/day (45% more)
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Solar Electric System

* Roof mounted

¢ Grid connected
—no batteries

Simple

us on energy
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Where There is Sun

* Silent — There is Power
* No Emissions

¢ No moving parts — limited
maintenance

¢ Easy Installation - plug and play
* Many integration options
. ilding element
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Plug and Play

* Modules: 20 year warranties

— Sharp, Kyocera, Sanyo, GE, BP, etc.
* Inverters: 10 year warranties

— Extended warrantees available

» Everything UL listed
» National Electric Code covers

* 51 Wl installation firms
— 35 certified

Photo: Full Spectrum Solar
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— 16 in process of certification
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Crystalline Module
Photovoltaic (PV) Effect
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System Losses

Typical system losses: ~20%

¢ ~14% module temperature losses
e ~4% inverter losses

¢ ~2% line losses

1 Kilowatt rated system has an “true” AC output of 800 watts
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Solar Electric System Production
(kWh/year)

.| » For fix-mounted one
| kW system

» Requires 55 to 85 ft? of
modules

* 1 kW system in full sun
for one hour = 0.8 kWh

» Best you can do: about
20 kWh a year per
square foot

Solar is On-Peak — Fixed System

Summer Sunny Weekday Load Shapes
Medium Commercial Customer, Solar Electric Systema  nd Net
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reduced to five hour late-afternoon 7.5 kW peak
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Common Racking Options for
Wisconsin

¢ Fix- Mounted

« Dual axis tracking: 30% production gain

Madison Christian Community, Madison

Photo: Niels Wolter
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Photo: Wisconsin Power Control
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Federal Incentives
Business tax payers

Federal, 30% tax credit (or grant)

Federal accelerated 5 year depreciation

USDA Rural Energy for American
Program
— Grants: 25% of system cost
— Loans guarantees
— For Rural small businesses
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Utility Incentives

Grants 3= s -y |

Photo: Niels Wolter

* Non-profit grants WE, WPS, and Alliant
« Large project grant: WPS stipulation (> 50 kW)

Solar buyback rates: limited availability

e Purchase @ $0.25 to $0.30/kWh for 10 years
* 4 Wisconsin Public Power Inc. utility members
¢ MG&E (max 10 kw systems)

Value of Power Generated

Generation offsets the customer’s electric use at
their retail rate

System under 20 kW: turn meter backwards at
the retail rate (a.k.a., net metering)

Systems over 20 kW: require a power purchase
agreement to turn the meter backwards

~3 to 5 cents per kWh

Best to size systems under building load
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Time of Use Rates
Residential Example

MGE system facing 30° west of south
TOU value increases to 17.7 cents/ kWh

Focus on Energy Solar Electric
Incentives

« Cash back reward covers 15% to 30% of system cost
(incentive based on estimated system performance)

— Tax Payers: $1/kWh generated over an average year
— Non tax payers: $1.50/kWh generated over an average year
— Efficiency Bonus: $0.25/kWh incentive

* $100 off the cost of a solar site assessments
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Focus Solar Electric
Program Kilowatts (kW)
Installed per year
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Solar Electric Market Growth Rate

For systems funded by
Focus on Energy 2002 2003 2004 2005 2006 2007 2008 2009
Kilowatts Installed| 24.3 62.2 85.3 68.1 263.6 | 467.3 868.7 1,747.2
growth over previous year 156% 37% -20% | 287% 7% 86% 100%
Compounded annual growth
rate from 2002 88% 41% 82% 81% 81.5% 84%

Growth over 2008: 100% (market doubled)
Average annual growth rate since 2002: 84%
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History
Average Prices
Fix Mounted Systems
$/Watt Installed

Systems co funded by Focus on Energy

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2009

$9.28 | $8.94 | $7.49 | $8.34 | $7.54 | $8.07 | $8.49 | $8.30

Prices do not include incentives
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2009 Applications
Average System Price ($/kW)
Fix Mounted Systems

$10,000
$9,500
$9,000
$8,500
$8,000
$7,500
$7,000
$6,500
$6,000
$5,500
$5,000

‘b g P L g

7’ {\ \&'5\ y&p = \f’\p&vk}p & anéoz%

& 0<. @
o

First 93 appllcatlons of 2010: $7,250/kW
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Q4 2009 Fix Mounted System
Prices $/kW

Shipping
$126

Tax $127
Racking Modules
$708 $3,616

Average price: $7,247/kW
BOS $658
Sample of 33 systems
Average system size: 6.5 kW
Inverter

As submitted on applications
$804 PP

‘Source: Niels Waolter, Focus on Energy
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January 2010 Application Data
Fix Mounted Systems

Price per kW: Customers should
* $5,566 . $7.310 get three Bids!!
+ $6,187 . $7,828
+ $6,249 « $7,980
+ $6,432 * $8,199
* $6,632 1 . . $8,936
. / ompetltlve
$6,6 Price: * $8,936
o $7,091_ $6,750/kW . $9,474

4 kW Residential System

Economics
4,800 kWhlyear
« Installed cost: $26,000 ($6.75/watt)
— Focus on Energy Cash back reward: $4,800
— Focus on Energy Efficiency Bonus: $1,200
— 30% Federal Tax Credit: $6,000
« Final cost: $14,000

« 15 years to cost recovery
« Electricity price:12 cents/kWh, increasing 6%/year

« Utility $0.25/kWh ten-yr solar buyback rate

— 12 years to cost recovery
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4 kW Business System Economics

Photo: H&H Solar

Photo: Johnson Controls
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4,800 kWh/year

Installed cost: $26,000 ($6.75/watt)

— Focus on Energy Cash back reward: $4,800

— Focus on Energy Efficiency Bonus: $1,200

— Tax on Focus funds: $-1800

— 30% Federal Tax Credit: $7,800

— Federal and State Five year depreciation: $7,700
Final cost: $6,300

11 years to cost recovery
« Electricity price:10 cents/kWh, increasing 6%/year

City of Madison Engineering
Building /7

Utility $0.25/kWh ten-yr solar buyback rate .

— 7 years to cost recovery

Photo Niels Wolter

Market Penetration Curve

Solar Energy is here

' | Early
1 Majority !
T

i Early i
| Adopters |
1 Late
: 1 Majority
5% | 4% 4% 1 18

I i ! Laggards

Innovators !

Today: 500 out Wisconsin’s 2.5 million homes have s olar electric
systems

* Market penetration of 0.02%

« Doubling for 12 yrs and all homes have solar
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“Solar power technology...is still in
the stone age.”

--Ronald R. Cooke, Cultural Economist
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Thin Film Cells

» Atoms disordered from optimal crystal positions
* PV material 1 to 3 microns thick
« Silica: Module efficiency 7% to 9%

» CIGS = Copper Indium Gallium Diselenide:
Module efficiency 11%

* Cd Te = Cadmium Telluride:
Module efficiency 11%

e 15% to 20% of World market in 2010

Solyndra “Modules”
« CIGS lined glass tubes on white roof
* 30% of output from reflected light
« Each module ~6’ by 3’, ~180 watts

* No roof penetrations

« “Self ballasting” to 130 mph wind speed
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Images: Solyndra
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Cadmium Telluride — Thin film

Module production 2005 to 2009

e Cadmium — hazardous
Telluride — rare

e First Solar LLC
¢ Product cost $0.98/watt

* >10% efficiency

» Track panel ownership
for future recycling

Source: First Solar
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» Copper-indium-gallium-diselenide

— Nanoprinting on tin foil — with heat lamp treatment
» 430 megawatt/year plant
 Cell efficiency 16.4% (lab)

» Production cost under $0.98/watt
— CEO “$2/watt systems”

» 25-year warranty

* $4.1 billion in orders (Sept. 2009)

* Market

— 2 MW to 20 MW solar farms Photo: Nanosolar
— Developing residential module
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Many more customers will consider PV when the LCOE gets close to
the avoided electricity cost, which could be as soon as 2012-2015 in WI.

PV Levelized Cost of Electricity (LCOE) vs. Avoided Cost of Electricity for We
Energies C&I Customers (Real terms)

2013
ggressive LCOL-

2015
Likely LCOE-
Likely Aveided COE

</kWh

2012 14
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Aggresive Avoiced COE | | Aggressive avoided COR
0
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Solar Net Zero Energy Buildings

Tend to be all electric
« Heat pump space heating
« Heat pump water heating
» Uses waste heat, ambient heat, and electricity

Over produce during the summer, and sunny days
* When electricity tends to be the most valuable
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Focus on Energy Solar Services

» Basic information: installers lists, fact
sheets, case studies
— focusonenergy.com
—800 762 7077
» Solar site assessment
 Project facilitation
— experts answer your questions
Installation rewards
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Solar Business Models

» Roof leases: puke Energy

» Solar system leases: sunrun, Solar City

» Property tax-based financing - City bonding:
Berkeley CA, Bolder CO, Milwaukee W1 (2010)

 Solar Residential Buying Clubs: 1 Biock off the Grid

* Online site assessment & project bids: sungevity
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Solar Powered GM Volt

2.1 kW Solar Electric System — ~110 ft? of modules on
garage roof

Meets power needs of the Volt
40 miles per day

For the next 25 to 50 years
Cost of solar system ~$13,000

~$7,000 after incentives

Photo: General Motors
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WI Advanced Training
Opportunities

« Electrical professionals
— PV Design & Install Lab (PV 301) Midwest Renewable Energy
Association
— Wisconsin IBEW/NECA Advanced PV NECA-IBEW
Apprenticeship & Training
e Others
— Advanced Photovoltaics Installation, (PV 401, PV 501),
Midwest Renewable Energy Association
— Advanced Photovoltaics Installation Great Northern Solar
— Renewable Electricity Technician Associate Degree, Mid-State
Technical College
— Photovoltaics - Design & Site and Photovoltaics, Advanced,
Northeast Wisconsin Technical College
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e Solar Glass
and glass
coatings

« Mazomanie

Photo Niels Wolter
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RMT

¢ Solar Farm
Engineering and
Construction

« Middleton

Photo Niels Wolter

DH Solar

* Pole Mounted Racks

¢ Prairie du Chein
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Magnetek

¢ Inverters

* Menomonee
Falls

Photo Niels Wolter

Isthmus Engineering

e Solar
manufacturing
lines

* Madison

Photo Niels Wolter
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ABB

* New 250 kW
inverter

* New Berlin

Photo Niels Wolter
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American Superconductor Eaton

« Making balance of

» Power system components
quality and
energy
storage for
renewable
energy
systems

» Locations in WI

° M Idd Ieto n Photo Niels Wolter Photo Niels Wolter

Niels Wolter

Helios Focus on Energy Renewable Energy Program
(888) 476-9534

30 MW module assembly line

* Milwaukee
° Opemng: Summer 2010 Material in this presentation does not imply a recommendation or

. endorsement of any product or service, by the Focus on Energy Program or
° EXpeCt 54 new JObS any subcontractor of Focus on Energy. The Focus on Energy Program, or

any subcontractor of Focus on Energy, is not responsible for inaccurate or
incomplete data in this presentation.

“I'd put my money on the sun and
solar energy. What a source of
power! | hope we don’t have to wait
till oil and coal run out before we
tackle that.”

--Thomas Edison




