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Outline
• Review last week
• Concentrating solar power
• Passive solar
• Photovoltaics
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Optimum Fixed 
Collector Tilt
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Solar Irradiation by Month in Los Angeles (LAX)
Average of Monthly 1961-1990 NREL Data for different collectors 
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Fixed, tilt=0

Fixed, tilt=L-15
Fixed, tilt=L

Fixed,tilt=L+15

Fixed,tilt=90
1-axis,track,EW horizontal

1-axis,track,NS horizontal
1-axis,track,tilt=L

1axis,tilt=L+15

2-axis,track

Notes:
All fixed collectors are facing south
The L in tilt = L means the local latitude (33.93oN)
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Concentrating Solar Power
• Concentrate solar beam to produce high 

temperature heat
– Parabolic trough systems: long, U-shaped 

mirrors concentrate heat on oil line at focal 
point; heated oil used to generate steam

– Dish-engine systems: like satellite antenna, 
concentrate solar power on external 
combustion engine at focus

– Power tower receives solar energy from a 
series of mirrors to heat molten salts
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Concentrating Solar Power II
• Typically use “hybrid” systems that 

combine solar and fossil fuel heat 
sources

• Heated materials (oil or molten salts) 
can be stored for heat generation later 
in day

• Most applications for electric power 
production
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http://www.energylan.sandia.gov/photo/photos/3081/308154d.jpg
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Parabolic Troughs

• http://www1.eere.energy.gov/solar/linear_concentrators.html
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Linear Fresnel Reflectors

http://www1.eere.energy.gov/solar/linear_concentrators.html
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Power Tower

http://www1.eere.energy.gov/solar/power_towers.html
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Dish Sterling

http://www1.eere.energy.gov/solar/dish_engines.html 16

CSP Comparisons 1997

http://www.energylan.sandia.gov/sunlab/PDFs/solar_overview.pdf
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http://www.energylan.sandia.gov/sunlab/overview.htm
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Solar Power Costs

E3 report for California Public Utilities Commission Report (2007) 
www.ethree.com/GHG/19%20Solar%20Thermal%20Assumptions%20v4.doc 

Resource 
Zone

Zonal Cost 
Multiplier

Capital Cost 
($/kW)

Fixed O&M
($/kW-yr)

Fuel Cost 
($/MMBTU)

Capacity 
Factor 
Range

Busbar LCOE 
Range 

($/MWH)
Net Resource 
Potential (MW)

Base Value 1.00 $3,389 $53 40%              447,319 
AB 1.00  n/a  n/a $0.00  n/a  n/a                      -   

AZ-S. NV 1.00  $3,389  $53 $0.00  37%  - 38%  $130 - $133              141,243 
BC 1.00  n/a  n/a $0.00  n/a  n/a                      -   
CA 1.20  $4,067  $64 $0.00  37%  - 40%  $149 - $161                89,117 

CFE 1.00  n/a  n/a $0.00  n/a  n/a                      -   
CO 0.97  n/a  n/a $0.00  n/a  n/a                      -   
MT 1.02  n/a  n/a $0.00  n/a  n/a                      -   
NM 0.96  $3,254  $51 $0.00  39%  $123                66,897 

N. NV 1.09  $3,694  $58 $0.00  37%  - 40%  $137 - $146              150,062 
NW 1.11  n/a  n/a $0.00  n/a  n/a                      -   

UT-S. ID 1.00  n/a  n/a $0.00  n/a  n/a                      -   
WY 0.92  n/a  n/a $0.00  n/a  n/a                      -   
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SES
Dish 
Stirling
System
http://www
.stirlingene
rgy.com/im
agesdet.as
p?type=all
solar&ima
geID=11

20

Stirling
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Passive Solar
• Design of buil-

dings to make 
better use of solar 
energy for heating 
and cooling Mesa Verde, CO, 

Anasazi Passive Solar, 
AD 100-1300

• Variety of techniques to get solar 
heating in winter and lessen solar 
heat input during summer
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Passive Solar II
• All methods use south-facing windows

– Direct gain uses floor and wall materials 
that absorb sunlight

– Sunspaces (like greenhouses) heat air that 
is then circulated through house

– Trombe walls are thick, south-facing walls 
designed to absorb and hold sunlight 
during day to provide heating during night

– Clerestory windows in inside walls allow 
light into north-facing rooms
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NREL Building Energy Study
• Home with no increase in peak energy

– http://www.nrel.gov/docs/fy06osti/39821.pdf
– Increase cost of new 2,592 ft2 house in 

Sacramento, CA by about $10,000
– Reduces sum of mortgage payments and 

energy costs 
– Reduces heating load by 70%, cooling load 

by 60%, primary energy use by 60%
– Passive solar plus solar water heating 
– Photovoltaic electricity not cost effective
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NIST Photovoltaics
• National Institute of Standards and 

Technology, Building and Fire Research 
Laboratory (BFRL) Presentation

• NIST BRFL Role: development of
– measurement methods
– standards
– prediction tools
– measurement facilities
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Solar Conclusions
• Promise of large amounts of pollution-

free energy with significant limitations
– Low energy flux requires large area
– Costs for current solar materials are not 

justified by cost savings
– Solar peak matches electricity demand and 

thermal storage extends generation time
– Science of solar energy well understood, 

but problems with pervious commercial 
– Still need significant cost reductions to 

make solar PV cost effective


