Photovoltaics (PV):

The Renewable Energy choice of next Millennium

Efficiency, Technology, History, Maintenance, Costs,and
Grid Intertie Systems

By John R. Root




Efficiency Makes Renewable
Energy Affordable

For every dollar spent on
— *+9 energy efficiency $3 dollars are
save from the cost of a
+ Renewable Energy System
.
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Convert Incandescent Exit Signs to LED

Change Incandescent bulbs to Compact
fluorescent bulbs

Change T-12 Fluorescent fixtures to T-8

Change 460 M H (460 watts per Hr.)
360 M H bU I bS (360 watts per hr.)
360 H I/LO’S (Reduced hours of operation)

T'5 (234 watts per hr.)

Can beused in conjunction with Motion Sensor




Use of Motion Sensors

Use Premium Efficient Motors

Size Correctly
Run at a higher RPM than Standard Motors
Make sure that change pulleys and shims

Auditing and implementing of Energy
Efficient practices for Air Compressors
Reduce Pressure
Reduce Leaks

Maximize use of control systems
Make sure storage Is the right size




Premium Efficiency Motors
SAVE Substantial Amounts of
Money.

A typical 20-hp electric motor running continuously at full load costs over
$14,000 per year to operate.* Replace it with a premium efficiency motor
save over $300 every year on electric power. ($0.10 per kwh)

A typical 100 HP motor at full load,
continuous operation, costs over $70,000
per year to operate. Using a premium
efficiency motor will save roughly $1400
each and every year.* ($0.10 per kWh)




MWH Savings from Energy Conservation

N\~

— 7Y ear Removal m— 10%/Y ear Removal m— N0 Removal




Solar The Brighter Alternative




Energy is transported from the Sun to Earth
via the Infrared Spectrum and via Photons
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Solar Land Requirements
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Area of US cropland

B Arca required to supply
current US energy needs with

solar collectors




Types of Solar Energy

e Passive
— Windows
— Sunspaces
— Solar Ovens
e Active
Hot Air Solar Collectors
Hot Water Solar Collectors
Photovoltaic — The Conversion of Sunlight to Electricity




History of PV

http://www.eren.doe.gov/pv/history.html

1839 - French scientist (Edmond Bacquerel) discovers PV Effect. N

1923 - Albert Einstein received the Nobel Prize for his theories explaining the
photoel ectric effect.

1954 - ThePV effect in Cadmium Sulfide was reported. Bell Labs researchers
Pearson, Chapin, and Fuller reported their discovery of 6 % efficient silicon solar
cells

1958 -- pv usedin Vanguard |, emits signal for 7 years

1976 -- Development of Polly-Crystalline Cell

1980 -- introduction of Amorphous Cells to market
1990 -- introduction of multi-layer Thin Film technology

2002 -- cumulative worldwide installed PV capacity expected to reach 1600 MW




Electricity

The movement of eectrons
from the outer shell of one atom to-aneuser
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PV - Effect

NAV/SH)
— PV effect results from sunlight providing the energy
to move electrons:
4 electrons in outer shell(neutral)
3 electrons in outer shell(pos.)(p-layer)
* Phosphorus -- 5 electrons in outer shell(neg..)(n-Layer)

— Sunlight carries an atom called a photon

* Photons release their varying energy into Silicon electrons
making them move.

— It's a game of Pool!

e Electrons move from n - layer through the p - layer into a
wire flowing to the motor, light, radio and return to the p-
layer
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PV - Technology
Types of Cdlls:

e S ngl e Crystal lIN€ # 1 - Round -Cz. process, Ribbon Growth
°* Pol ycrystal liINe  #2- Cast - Square 22% more eff. - Pretty

e Thin FIlm # 3 - Electronic disposition -- microns thick

— Amorphous silicon No orderly lattice - Flexible -Degrades / Stabilizes
— Copper Indium Diselenide -- 12% eff. Bell Lab 1975 - Best Contender- Solarex
— Cadmium Telluride Lagging behind others -- best potential




PV - Technology
Typesof Cdlls
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Muscatine Power and Water’s
PV Program







Trackersareused to keep PV panelsdirectly facing the sun, thereby
nearly double the output of an array

Careful analysisisrequired to deter mine whether the increased cost
and mechanical complexity of using atracker iscost effectivein
particular circumstances.










All PVsarenow manufactured to exacting international standards
that ensure alifespan of at least 25 years.

Figure below showstherelative proportion of cost of each element In
a PV system, the cost of the cells makesup a very substantial

proportion of the final cost, mainly dueto the high purity silicon
required.




PV - Technology
Balance of System (BOS)

Mounting(Sighting)
e Fixed - Generator
e Latitude. + - 15 Deg Power Center

* Tracking. Inverter
e Single axis Datalogger

e Dual axis
e Charge Controller

e Batteries

Wiring
L abor




PV - Technology
Maintenance

e DC System

— Batteries
* Equalize Monthly ° &:

* Check Water level Monthly Grid Inter-tie &_/stem

e Connectors bright and tight
ST — Yearly Check up

— Battery Room performed by installer
* Vent Hydrogen

» Goggles, baking soda, Fire Ext.

— Generator

* Run1 hr. per Mo..
« Gas, oll, etc.




MP&W Grid Intertie Array installed 2004

2200 watt system
Cost $28,306 -- $12.87 per Watt or $0.38 per kWh




PV Out put VS UtIlity Summer Demand

Data can be found at the website of Richard Perez
http://lunch.asrc.crestm.albany.edu~perez/




ypical substation-transmission system area capacity
on a hot summer day in PG & E Service Territory

Data can be found at the website of Richard Perez
http://lunch.asrc.crestm.albany.edu~perez/




Advantages of Summer
Photovoltaic Peak Shaving

/\/

e Conventional generation fuel Is saved

— Marginal fuel costs are reduced!

e Distribution lineloads are lowered
— LIne construction costs are reduced!




Price of 500 kWh of Electricity
Jan. 1998 to July 2002

Bureau of Labor Satistics
http://146.142.4.24/cgi-bin/surveymost?ap




Marketing Grid-Tied PV

o Standardize System design
— Amortize design costs over many systems
Reduces over all system cost
mproved mounting systems
Power centers replace BOS




Marketing Grid-Tied PV

e Building Integrated PV
— Roof integrated
— Window Awning
— Architectural glass
e System Integration
— by manufacturers or distributors
— retallers only sell, not design or integrate




Marketing Grid-Tied PV
Potential Markets

* Early Adopters
— Solar Activist
e prior interest in PV
e Social Conscience
— Sustainable energy for future generations
— Avoid pollution

o Altruistic
— Help PV industry




Marketing Grid-Tied PV
Potential Markets

Schools

Mounting and sighting not a problem
Entire community shares cost, ownership & pride

Educational components
— Student can monitor system

Sell excess generation to local utility during the
summer months

Excess generation matches utility peaks







PV at MHS




Of f Grid Markets for PV

e Lighting

— Security
* Playgrounds
* Parks
e Pathway

— Signs
* Billboards
e Businesses




Of f Grid Markets for PV

e Rural Housing
— $20/ ft Line Extensions Charges
Portable, Prepackaged Power Systems
rrigation
~actory Integrated on Manufactured Housing







PV Customer Interests:

* According to NREL market research:

— Economic Concerns of retail customers vary
significantly
* 40% want to break even within 20 years
» 26 % unconcerned about breaking even
e 34% did not raisethe point in a1-2 hr. interview




PV product attributes
favored:

» Net metering  Efficiency

o Warranties e Performance

» Financing * Feed Back

e Quality e Battery Options
o Aesthetics




Market barriersin | owa:

Education
Product Availability
Service

* Finance

 Utility cooperation




| owa’ s Present Position:

e Education -- Excellent

— CEE at UNI, U of | Solar Car, Junior Solar Sprint,
|-Renew and |EC.

* Product Availability -- Excellent
319/382-3242
— The RootCdlar — 563-590-8566




| owa’ s Present Position:

e Service - Weneed more service people
— Dr. Pecen at UNI's CIT istraining students - pecen@uni.edu

— GO0 Solar - gosol ar@oneota.com

* Finance -- Excellent
— lowa Energy Center 1/2 cost interest free
o Utility cooperation -- Getting better

— Legidation calling for more green power
by 2004




Conclusion

The PV industry |s ready to deliver
The economics are right
Consumers want PV

We need innovative Engineers, Architects,
Builders and Utilities to lead by example







Photovoltaics (PV):

The Right Choice for lowa and the World

John R. Root, President
he RootCellar
429 Lake Park Blvd. Ste. 127
Muscatine, |A 52761
563/590-8566










Star Center Phoenix AZ.




Marketing Grid-Tied PV
Potential Markets

e Small Commercia Customers

— Highest Electric Rates
* Net metering

— Federal Tax Credits and Depreciation

— Small, Stable Professionals
o Lawyers, Accountants, Medical

— UPS Features for Data Protection




Marketing Grid-Tied PV
Potential Markets

Schools

Mounting and sighting not a problem
Entire community shares cost, ownership & pride

Educational components
— Student can monitor system

Sell excess generation to local utility during the
summer months

Excess generation matches utility peaks




Marketing Challenges

ow to move beyond the Early adopters
ow to target market to likely buyers
ow to create a compelling reason to buy










A typical single crystal silicon PV cell will produce about 1.5 watts of
power at 0.5 volts DC and 3 amps under full summer sunlight
(1000Wm-2). The power output of the cell isalmost directly
proportional to theintensity of the sunlight.

Thecurrent in adeviceisalmost directly proportional to light
Intensity and size.










Cost of Electricity from Oct. 1999 to Aug. of 2000

as listed on the New York Mercantile Exchange

(Sold in 736 Megawatt units)
http://exchanges.quotewatch.com/exchanges/nymex.html

PJM

—-— COB

—— Enter gy(South)

—— Palo Verde(West)
Cinergy(Mid West)




