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Presentation Overview

 Why Use Solar

e Solar Technologies
— Photovoltaics
— Solar Hot Water
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; Why Use Solar?

* Energy security - reduce dependence on fossil
fuel Imports, “homegrown” energy instead

e Fuel diversity

e Economic development
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4 Why Use Solar?

e Volatile energy market — price risk management

e Peak energy supply

e CSP dispatchable with thermal storage or hybrid system

* Possible back-up power source — must configure system for
operation when grid is down U.S. Drought

)

 Water (except most CSP)
— Significant water required for cooling in
most traditional electricity generation
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Energy Requires Water

Water used to produce household electricity exceeds

direct household water use
Source: derived from Gleick, P. (2002), World's Water 2002-2003
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Photovoltaics (PV)

-

PV converts sunlight directly to electricity
— Building-Integrated Photovoltaics (BIPV) - PV

Integral part of building

« PV Cost Considerations
— PV modules typically 50% or less of total cost
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Photovoltaics (PV)

Other Considerations
— Resource quality
— PV efficiency/power density
— Area required (lower efficiency modules—> more area
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World PV Cell Production (MW)

Source: Paul Maycock, PV News, March 2006
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PV/BIPV Examples

BIPV

4 Times Square, NY City
(Broadway & 42nd Street)

PV Lighting ::
PJKK Federal Building, Hl 1
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Naval Air Station N. Island
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Solar Hﬁot Water

Low temperature Medium temperature High

system system temperature
system

e Unglazed mats e Evacuated tubes e Parabolic

e Glazed and insulated Concentrators

Evacuated-Tube Collector Parabolic-Trough Collector
Flat-Plate Collector

Receiver {absorber) on
Evacuated tuba r glass tube foxal line of refletor

Glazing frame
Glazing
Clazin Parabolic reflectar

Absaibar plale

Insulation

Residential hot water Cafeterias Industrial processes
Swimming pools Laundries Electrical generation
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When to Use Solar Water Heating

« Water heating loads constant I
throughout week and year (or S Collector
more load in the summer)

e High cost of backup energy

tank | Controller

(electricity, propane, etc.)

Cold water in

- _ Hot water out b I!
o Sufficient area to site collectors 2

(1 ft°/gal/day)

Pump

Wrap around heat
exchanger

Drain
° Sunny climate helps but is not a Hot water tank
requirement. Solar hot water Drainback Solar Water Heating System

works in cold & warm climates.
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Federal SHW Examples

|

USCG Kia'i Kai Hale Housing Area,
Honolulu, HI
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E Solar Ventilation Preheat

« High ventilation
requirements

 New construction

e Retrofit - available
south wall area with fan
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Concentrating Solar Power

« Concentrating Solar Power (CSP) Operation

— Concentrates & focuses sunlight onto a receiver
mounted at the system’s focal point

— Recelver absorbs sunlight and heats working fluid
— Working fluid is used in engine to produce electricity
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Concentrating Solar Power

Ry

-

e Western Governor’s Association (WGA) - 30GW of
clean energy by 2015 goal, including 1 GW CSP
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Research Focus in Solar

« Higher efficiency cells

« Advanced manufacturing techniques & lower
production costs
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Best Research Solar Cell Efficiencies

\ 7

Spectrolab
Multijunction Concentrators P N
WV Three-junction (2-terminal, monolithic)
A Two-junction (2-terminal, monolithic)

Crystalline Si Cells NREL/
m Single crystal Spectrolab
O Multicrystalline

@ Thin Si

Thin Film Technologies
® Cu(In,Ga)Se,
O CdTe NREL

. . Cu(In,Ga)Se
O Amorphous Si:H (stabilized) Spire  Stanford 14x concentration
°

. Georgia Tech UNSWNREL
Emerging PV Westing. ARCO Georgia Tech ~ Sharp

NREL
O Dye cells house NREL ~ NREL
@ Organic cells University — NREL
No. Carolina V 2 N

Spectrolab

(various technologies) rolina So. Florida NREL
State University _ O, Euro-Cls AstroPower
Solarex ARCO  Boeing
Kodak

United Solar
AMETEK

Masushita University of

() Boeing United Solar Lausanne
Photon Energy

AstroPower

. Siemens
Solarex Princeton

Universi University of Un:i/_ersny T
s Lausanne inz
of Maine \

RCA

RCA Cambridge
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Advanced “3"-Generation” Solar

-

Current Technologies USSOAOW_USS0.20W Ussosow
|. 15t Generation — CryStal line & D nmadranc
X Expensive & low efficiency | :
Ef
& | US$1.000W
1. 2"d Generation (Polycrystalline Thin Film) Present limit

% Cheaper, but still low efficiency usss sony

100 200 a00

Future Possibilities

d ] . o . o .
|. 3" Generation Region Ill indicates potential efficiencies higher
% Multi-junction cells (>30% efficiency) than previous theoretical limits, at lower costs,

o made possible by nanostructures such as
¥ Quantum dots (>60% efficiency) Cantom dots e
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Innovative Renewable Projects

= On-site renewable projects

= Private entity installs, owns, operates and maintains equipment (no
agency up-front capital required)

= Site purchases electricity through power purchase agreement (PPA)

= Private entity eligible for tax and other incentives
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Nellis AFB PV Project

= 15 MW

= $1 million electricity savings/year
* FAR Part 41 utility contract, indefinite term

= One year termination notice ¢—X\_
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Fort Carson 2 MW PV Project

e 2 MW array will generate ~3,200 MWh/year

« Array will be ground-mounted, fixed-tilt covering ~15 acres of

former landfill

First Solar thin film PV technology (9.5% efficiency)
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GSA Sacramento 1 MW PV Project

1 MW roof-top PV

10-year contract

Price matched to SMUD time-of-use tariff with price floor

PG&E rebate and federal incentives (30% tax credit &

CIC cU UCPIE OIl1) - U U DPTOXIT] -
@, @, @, @, @, /\ @,
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For More Information
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