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State-of-the technology of
solar electricity
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cadmium-telluride-based PV at UT

(Al Compaan, Rob Collins, Dean Giolando, Victor Karpov)

solar cells on glass superstrates
solar cells on polyimide substrates
standem, high efficiency cells
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Typically the back contact is a metal
or carbon paste rather than the
transparent ZnTe shown here.
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Triple-junction Structure
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UT’s PECVD device fabrication system
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Metal Reflector

| a new hot filament chamber and four new
sputter deposition chambers have been added
to support research funded by the AFRL

Solar cells on thin stainless

steel
* High efficiency

» Lightweight _ _
e Flexible Xunming Deng, Rob Collins

For more information, please visit:
http://www.physics.utoledo.edu/~dengx/deng.htm
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examples of UT’s flexible solar cells

cadmium telluride amorphous silicon
on stainless

on molybdenu ——
sheet ’ <y \\ steel sheet

on Kapton on SS foil
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Best Research-Cell Efficiencies

slide from 6/2/05 presentation by Sam Baldwin, Office of Energy Efficiency and Renewable Energy, U.S. DOE
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PV industry and market trends



World PV Cell / Module Production (1988-2006)
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The Japanese experience with PV incentives

(gov’'t buydown can play a big role in reducing costs for installed PV)
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European PV installations have been driven by
Germany’s “feed-in tariff”

In 2000 Germany
instituted a 0.50
Euro/kW-hr ($0.65/kW-hr)
payment for electricity
delivered to the grid
from renewable sources.

(Typical electricity rate is
~0.15 Euro/kW-hr)

This rewards energy
produced rather than
subsidizing the original
hardware purchase and
helps guarantee good
maintenance.

Feed-in tariff limited to a
total of 350 MWp; phase-
out does not occur until
end of the year following
achievement of the
target; then, the
Bundestag will have to
decide over a new tariff.

350

300 -

250

PV Installed (MW)

100

50 -

Germany: Production of PV modules
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Market data 2004 (est)

Newly installed PV power: 300 MWp
No. of newly inst. systems: 30,000
Systems value: $1.5B
No. of jobs: 15,000

beginning of feed-in tariff
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PV Costs and Shipments

slide from 6/2/05 presentation by Sam Baldwin, Office of Energy Efficiency and Renewable Energy, U.S. DOE
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Source for market data: Paul Maycock, PV News, Volume 24, No. 2 February 2005



PV Module Production Experience (or “Learning”) Curve

from Tom Surek & Robt Margolis, Third World Conf. on PV Energy Conversion, Osaka, May, 2003
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Production of solar modules in the U.S.

Company 2000 2001 2002 2003 2004 2005 2006
Shell Solar 28 39 47 52 62 42 35
BP Solar 21 25 31 13 14 22 25.6
United Solar* 3 4 4 7 14 22 28
First Solar* 6 20 60
GE 25 18 22

AstroPower 18 26 30 17

Schott Solar 4 5 5 4 10 13 13
Evergreen Solar 2 3 14 13
Global Solar 2 1 2.5
Other 2 1 3 2 1 2.5

TOTAL 75 100 121 103 139 153 201.6

*First Solar (Perryshurg) & UniSolar (Auburn Hills) are thin-film PV manufacturers.
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the cost off oulr selar pewer fer our
heme and truck

$50,000 for a 4.3 kKW' sy stem
~57,000 for connection frem truck ter home
thus ~$10/W,, for home and truck power

e heme alene (W/e truck) wewoeuld need
only: 2 to 2.5 kW system ($20,000-$25,000)

PV panelsicost $3/\W,
inverters cost $1.50/W,;

BOS (design, Installatien, Wiking, permits)
cost Was $5.50/\W,




Credits for the neme selal system:

o 50% financial’ suppoelt fiem the. Ohie
Department off Development, Office: of
Eneray Efficiency—Enenray Loan Fund

Eiist Selar (PV: panels)

Decker Heomes (Contractor)

Advanced Distributed Generation (P instail)
David;, Many, LUuke e the e-cenversion




theughts akout PV in ©hie

SElar-pewered commuting anad selar
IVing Welk Just fine i leledo!

a grd-tiedi system IS seamiess
e maintenance ISSUes the first 18

months

thin=film;en glass panels; are attractve
and veny/ functienal




Conclusions--PV in thebig picture

o Steadily impreving PV efficiencies

o Preduction Increasing 40%; per year

o Price reductions; fiellow: 80% learning| clnve
o Glid-connecied applications; new: dominate

o [Viarket incentives: have: stimulated grewin (Japan,
Gemmany, some U.S. siates)

o P/ can hecome a major seurce ofi U.S. pewer







PVIC: Center for Photovoltaics

(\. Center for

s Photovoltaics : ST :
- Innovation and Innovation and Commercialization
| Commercialization @ University of Toledo

An $18.6 M Third Frontier Wright Center of Innovation Award:
Center for Photovoltaics Innovation and Commercialization

— 13 Ohio Companies:
— Advanced Distributed Generation

— 3 Ohio Universities:

— University of Toledo:
Lead Institution
— Ohio State University
— Bowling Green State University

— 4 Ohio Not-for-Profit Organizations:
— Battelle Memorial Institute
— Green Energy Ohio
— Edison Materials Technology
Center
— Honda OSU Partnership

Cornerstone Research Group
Decker Homes

DuPont

Innovative Thin Films
LakeShore Cryotronics
Metamateria Partners
Midwest Optoelectronics
NewCyte

Owens Corning
Pilkington

Solar Fields
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’ Photovoltaics . . .. .
? Innovation and Innovation and Commercialization

Commercialization @ University of Toledo

V(\' Center for PVIC: Center for Photovoltaics

Overview of State of Ohio Funding for PVIC

Financial overview of PVIC
(over three years):

capital funds $11 M
uT $5.1M
OoSsu 3.5M
BGSU 2.4M

operating funds $7.6 M
uT $4.24M
OoSsu 3.27TM
BGSU 0.09M

total State funds  $18.6 M Researcher operating

uT $9.34M electrical probe station
OoSsu 6.77M in cleanroom of OSU
BGSU 2.49M Nanotech West Lab

[Total matching funds $29 M]

Sustainability Goal:
continue innovation growth with
operating fund revenue growing

from $2.5 Mlyr ... energizing Ohio for the 21st Century




€ Center for PVIC: Center for Photovoltaics

. Photovoltaics . . . :

V T Innovation and Innovation and Commercialization
l Commercialization | @ University of Toledo

NW Ohio can lead the way In
PV job creation

.... energizing Ohio for the 21st Century '



Photovoltaics . . .. .
? Innovation and Innovation and Commercialization

Commercialization @ University of Toledo

V(j Center for PVIC: Center for Photovoltaics

PV Research and Development jobs in Ohio
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source: Navigant Consulting Inc, June 2006

.... energizing Ohio for the 21st Century



Photovoltaics . . .. .
? Innovation and Innovation and Commercialization

Commercialization @ University of Toledo

V(j Center for PVIC: Center for Photovoltaics

PV Balance-of-systems jobs in Ohio
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.... energizing Ohio for the 21st Century



€ Center for PVIC: Center for Photovoltaics
. Photovoltaics . . . :
T Innovation and Innovation and Commercialization
I Commercialization @ University of Toledo
PVIC Organizational Chart
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From Novel Materials to Complete
Systems and Public Awareness .... energizing Ohio for the 21st Century




