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fﬁgpff The Future of Energy
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Energy Direct Gain

Body Shop:
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Strategies

NREL Thermal Test Facility




NREL Solar Energy Research Facility
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Energy Trombe Wall
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NREL Solar Energy Research Facility



Case Study: NPS Zion
Visitor Center
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2006 Zilon Visitor Center
Energy  Energy Use
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Effective PV
s ast tliective
Energy Applications
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Asthe cost of PV comes down, and the cost of alternatives go up, PV
applications grow from high-value niche applications to widespread use.

Body Shop:
Building
Strategies

Bulk Power
Peaking and high value utility connects

Hybrid and Village Power



~2006 .
Energy \World PV Production

3 1800+
Body Shop: S 16003
Building 5 3
Strategies o E 1400§
— E
o G>J\ 12001
E - 10004
Q 3
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© 6003
= 400 YY)
é —/ — — ‘— — 1 | ] ] | ]
O:
19881989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 {1997 | 1998 | 1999
Restof World| 3 | 4 |47 | 5 | 46 | 44 |56 |635/975| 94 | 187|205
= Europe 6.7 | 79 | 102|134 | 164 (1655 21.7 | 20.1| 188 | 304 | 335 40
Japan 128|142 168|199 | 188 |16.7| 165|164 |21.2| 35 | 49 | 80
United States | 11.1| 14.1 | 14.8 | 17.1 | 18.1 |22.44|25.64|34.75/38.85| 51 | 53.7 | 60.8
m Total 336|402 | 465|554 | 57.9[60.09|69.44| 77.6 | 88.6 [125.8]154.9|201.3

Sources: 2004 World PV Cell/Module Production from Paul
Maycock, PV News, March and April issues, 2005; Energy
Information Administration; NREL National Center for
Photovoltaics



Simple DC PV System with
Battery
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So006 ©@se Study PJKK Federal
Energy Building, Hi

= 2 solar panels
per lamp with
peak output of
96 watts

= 39 Watt
fluorescent
lamps, 2500
lumens

= 90 amp-hour
battery powers
12 hours per
night

= —~$2500 per
light

Building
Strategies




E’Tg’QgO}é Grid-Connected PV System




.,;:_;;';2006 Utility-Connected PV Example:
Nergy san Francisco, California

= Building-Integrated
Photovoltaics

ody shop: | < i IS = 125 KW PV Array
uilding ; ¥ — =

Saizefios -1 ®" Spacing between
cells admits

daylight into entry
atrium below
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Energy Roofing Shingles
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Body Shop:
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Strategies

Installing 17W
Integrated
roofing shingle
manufactured
by United Solar




’2006 PV Integrated Membrane

Body Shop:
Building
Strategies
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100 kW photovoltaic

rooftop array
§ o e
e Harold
S g ] —~-  Washington
svsnop: SEm= - _—= = - Social Security
e — ~ Center here in
Chicago

Meter Transformer & Inverter




*';;“?2006 Case Study: Naval Air
Energy = Station North Island

Body Shop:
Building
Strategies

924 kW-rated, $7.7M cost ($8.28/W), $228k/year savings



Energy Performance
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1,228,658 kWh/year delivery




2006 PV Generation Station, 5 MW, Tracking and

Energy Fixed Arrays, APS (test site)
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E"\‘r-er’QgO},é' Hybrid PV/Generator System

T

Batteries

Generator



%2006 Case StUdy:
Energy Joshua Tree National Park

.l A:-.—:._.I‘

® 205 kW PV
Array

*613 kWh
battery bank

*35 kW
propane
generator

*$273,000 cost
financed by
Southern
California
Edison under
15 year tariff

Body Shop:
Building
Strategies




>0 US PV Shipments by End
Energy Use
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Energy Price of PV Modules
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~2006 .
Energy Cost of Photovoltaic Systems

= Small Grid Connected: $8,800/kw

Labor Equipment
Body Shop: Material Cost |Cost Rental Costs
Building ($/kW) ($/kW) (B/kW) Total ($)

Strategies PV Modules $5,730 $248 $107 | $6,085
Roof Preparation $100 $100 0 $200
Rack Structure $150 $150 0 $300
Array Electrical $300 $248 0 $548
Utility Connection $10 $20 0 $30
Inverter $590 $80 0 $670
Other Elect $500 $200 0 $700
AC Disconnect $33 $12 0 $44
DC Disconnect $43 $12 0 $55
Isolation Transformer $110 $55 0 $165
Total $7,566 $1,124 $107 $8,796

= Small Off Grid with Batteries, etc
$17. 000/kW

Source: RS Means “Green Building Project Planning and Cost Estimating”
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<5006 Line-Focusing Parabolic
Energy Trough Systems

»  Solar Collector Assembly
"iﬂ LS-3 (545 M )

Body Shop: i
Building :
Strategies

= Ball Joint
Assembly
24 Heat Collection Elements
Y Local

S0
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Enérgy CSP Schematic
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72@2006 Solar Energy Generating Station (1 of 9)
Energy 100 MW, Mojave Desert, CA

Body Shop:
Building
Strategies




~<50906 Dish Stirling - 6 25kW under
Energy test at SNL Albuquerque, NM

Body Shop:
Building
Strategies

Photo: R. Montoya, Courtesy of Stirling Energy Systems. Inc.






“<2006 Types of Solar Water
Energy Heating Collectors

Efficiency = % of solar captured by collector

Body Shop:

Building 100%

Strategies

87% ’ unglazed are best for
@ ~0 to 10°C above ambient
80%
\ 70%% flat-plate are best for ~10°C
60% I ' ‘ to 50°C above ambient
A% evacuated tubes are best for
more than 50°C above ambient

40% |-
20%

0%
0.1 0.2 0.3

temperature above ambient (°C)
solar radiation (W/m?2)




E,%%%’,é Solar Water Heating Systems

exchanger

=)
()
Body Shop: collector hot out
Building
Strategies heat

solar
preheat
tank

aux
tank

cold in

» Freeze protection

= Qverheat Protection

» Good hard water tolerance
= Maintenance requirements




006 US_ Solar Thermal
Energy Shipments

Body Shop:
Building
Strategies
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,;;52006 Case Study: Swimming Pool
Energy Fort Huachuca, AZ

= 2,000 square feet
of unglazed

| collectors
Body Shop: M
%l}i’udin%p = 3,500 square feet
Strategies indoor pool

= |nstalled cost of
$35,000

" Meets 49% of pool
heating load

=  Saves 835 million
Btu/ year of natural
gas

=  Annual savings of
$5,400

= |nstalled by the
Army in June,
1980.



E“,;“g’QgO}é Solar Hot Water at SSA Philadelphia
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S Case Study:USCG Housing,
2006
Energy Honolulu HI

" 62 units
installed 1998

= 80 sf per

system

B8 = Cost $4,000
per system

= $800 per
system HECO
rebate

=  Savings of
9,700
kWh/year and
$822/year per
system

= Simple
Payback 4
years (with
rebate)

Body Shop:
Building
Strategies




| Case Study:USCG Solar Water
”"“2006 Heater Performance

Energy

—o—With Solar - m—Without Solar

Body Shop: 09
Building
Strategies
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006 Case Study: Phoenix
- Fed.Correctional Inst.

Body Shop:
Building
Strategies




006 Case Study: FCI Phoenix
Energy Solar Water Heating

= 17,040 ft2 parabolic trough solar field
= 23,000 gallon storage tank

" Installed cost of $650,000

= Saves $65,548/year average.

= Energy Savings Performance Contract
(ESPC)

Prison pays Industrial Solar Tech.
90% of Arizona Public Service rate
(10% savings)

= Term 20 years.




I Case Study: FCI Phoenix
2006
Energy Solar Performance

500

400

Body Shop:
Building
Strategies

300 A

200

Total Delivered Heat (million Btu

100 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

3,441 Million Btu/year average delivery
(1,008,499 kWhlyear)




~2006 .
Energy Solar Water Heating Costs

= Single, small system
$155/1t?

= Large central system
$40/ft2

= Swimming Pool system
$18/ft?

Source: RS Means “Green Building Project Planning and Cost
Estimating, FCI Phoenix project



olar Ventilation Preheat
~ Transpired Solar Collectors




“<2006 Transpired Collector
Energy principle

= Sun warms the

3 @ B surface
od hop:
ZBuding. " Heat conducts

g from surface to
thermal
“boundary layer”
of air 1 to 3 mm
thick

= Boundary layer of
air 1s drawn into
hole before heat
can escape by
convection




Solar Ventilation Air

S T IENGNOSYSICM

ISP blent alr

Perforated absorber

M75-B308401



§§$f Typical Applications

= Preheating ventilation air for:

R —— e Industrial and maintenance
Buildin - -
Strategigs bUIIdIngS.
 School and institutional
buildings.

 Apartment buildings.

e Commercial and penthouse
fans.

< Aircraft hangers.
= Crop drying
" Process air heating



259006 Case Study: NREL Chemical

Energy Storage

i R ——

= 300 ft2
3,000 CFM
$6000 cost

63% measured
efficiency

Saves 14,310
kWh/year

Saves $726/year
of electric heat
(no flames
allowed In

building)

= Payback = 8.3
years

Body Shop:
Building
Strategies




egeral Installatlons
/Xff&.ﬂ _,f__, e ol

Environmental Protection Agency, Golden CO



E,Tez,gg(),é Other Federal Installations

Body Shop:
Building
Strategies

Bureau of Reclamation, Leadville CO



2
E,“;grog",? Other Federal Installations

US Army, Fort Carson, CO



I Solar Ventilation Preheat
2006
Energy System Costs

= |nstallation Costs In Retrofit
Applications

Body Shop:
Building

Strategies ® AbSO rber

$9.50/ft?

e Supports, Flashing, Etc.
$2.50/ft?

« Installation
$4.00/ft2

e Other Costs
$4.00/1t?

e Total
$20.00/1t2




Aa

Bk 17

Solar Vent Preheat: ‘ate Corresponding to Savings to Investment Ratio = 1
Natural Gas @ $7.50/Mbtu & 70% eff = $0.032/kWh

Not Applicable

U.S. Department of Energy

Assumptions: National Renewable Energy Laboratory

1. All potential energy savings (kWh per sg. m. per year)
are utilized.
2. System cost (retrofit) = $200 per sq. m.
3. Present worth factor = 17.41 15-JUL-2005 1.3.3




Thermal Energy
/ersion (OTEC)



232006 .
Energy OTEC Schematic

- Generator
Body Shop:
Building
Strategies
- Turbine
Steam
Iy
i Condensers
Evaporators - N
"
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\ [
ANV S B
Seawater [ N1 pr—
supply pipes o i |/ To vacuum
Yoy | / exhaust system
T
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Energy DoD OTEC Projects

= 7 MW OTEC Project at US Navy Diego
Garcia

Production of Potable Water & Seawater
Cooling

= 12 MW OTEC Project at US Army
Kwajalein Atoll, Marshall Islands

Production of Potable Water & Seawater
Cooling

= Both provide base load power and
displace diesel generators







<2006 Wind: Fastest-Growing
Energy gnergy Source

=\WIind iIs the fastest growing energy
source worldwide, increasing 37% In
past year.

"6/7/% In U.S. In 2001

= \Wind electricity prices competitive
with most fuels

=\Wind energy Is growing faster than
the personal computer market and
as fast as the cell phone market.




<2006 Top five wind energy
Energy markets

2003 Year End

(installed capacity, in MW)
Germany 14,609
United States 6,374
Spain 6,202
Denmark 3,110

India 2,110

Source: 1850-1949, Energy Perspectives. A Presentation of Major Energy and Energy-Related
Data, U.S. Department of the Interior, 1975; 1950-1996, Annual Energy Review

1996, Table 1.3. Note: Between 1950 and 1990, there was no reporting of non-utility
use of renewables



-Wind Energy Cost |

el el

NREL’s National Wind Technology Center — R&D Results

By Shop: Cost of Wind-Generated Electricity 1980

Strategies to 2005, Levelized cents/kWh

‘80 ‘84 ‘85  '88 ‘89 ‘91 '92 '95 ‘97 '00 2005

Assumptions: Levelized cost at “excellent” wind sites, large project size, not
including PTC (post 1994), costsin nominal centskWh.



Acquiring Wind Least-Cost:
Energy = \Wind Speed Matters

Cost of energy and Wind Speed

Body Shop:
Building
Strategies

$0.06 50048
$0.05

$0.04 -
$0.03 -
$0.02 -
$0.01 -
S $0.00

$0.036
$0.026

st of electricity

7.15 mps 8.08 mps  9.32 mps
Wind Speed




Palm Springs, CA (750MW) ..




~2006 Renewables on Public Lands
Energy \REL Resource Assessments

= BLM Western US Public Lands

- Solar (PV & CSP), Wind (sample),
Biomass

= USFS US Public Lands
« Solar (PV & CSP) & Wind

= EPA Brownfields (contaminated
sites)
 Solar (PV & CSP) Wind, & Biomass
" DOE Federal Lands
 Solar (PV & CSP) Wind, & Biomass




>e Assessment

frr}“

Wind Power Classification 5 ¢ USDA Forest Senvics

Wind  Resource  Wind Power Wind Speed® Wﬁnd Spaed‘
Power Potential Densityat 50 m  at 50 m
mis

64- 70 14.3-15.7 U.S. Depariment of Energy
70-75 15.7-16.8 National
7.5- 8.0 16.8-17.9 Energy Laboratory
B.0- 8.8 17.9-19.7 mmmmmmmmm |m)mmmm:m ¢
S = dats (Hlabama, Arkansas, Forica, Goorgia. mn.mag-n. hlubrwl Missouri o »MREL
#Wind speeds are based on a Weibull k value of 2.0 Nebraska, New York, Ohio, Okishoma, South Carclina, Tennesea, Texas, and Wisconsin), as Lo =
litthes a5 5% of the area shown may actually ba classified as windy land. 06-DEC-2004 5.1.1




5006 BLM — Assessment of High
nhergy potential Wind Resources

25
E

migsion Lines Between 69 and 345 kV

Wind: BLM Renewable Resource Assessment Project

Within 25 Miles of Trans

Body Shop:

Building
Strategies




~<5006 BLM — Assessment of High
Energy potential Wind Resources

Wind: BLM Renewable Resource Assessment Project




~2006 BLM — Resource Assesment
Energy for public Lands Success

= RE Assessment led to high Wind Industry interest in
development on BLM lands

Bodly Shop: * [Industry favorable BLM Wind Development Policy
. ] for land leasing
= BLM Wind Programmatic Environmental Impact
Study

e Enhances federal land development NEPA
compliance

= Wind Power Potential Analysis for Land Use Plan
Amendments

= 70 Wind Leases since 2003 (5 in previous 10 years)
= Development in 2 years may result in 2000 MW

= In response to WGA 30GW goal by 2015 — BLM
Solar Development Policy for land leasing



~2006 .
Energy RE Market Drivers

= EPACT 05

Aggressive Federal Goals for
Electricity from Renewable Sources

Solar Tax Credit 102%6>30%

Restore PTCs for Wind & Biomass
- Procurement Session 4B

= Expansion of State RPSs
= State RE financial incentives




*2006 .
Energy For More Information

US DOE Federal Energy Management Program

Body Shop:

Building — \\\WW.eere.energy.gov/femp

Strategies

National Renewable Energy Laboratory
www.nrel.gov

Database of State Incentives for Renewable

Energy
www.dsireusa.org
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Energy Thank You!

Doug Dahle, PE
E-mail: douglas dahle@nrel.gov
Phone: 303-384-7/513

or
Andy Walker, PhD, PE
E-mail: andy_ walker@nrel.gov
Phone: 303-384-7531
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