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Solar Thermal Technology & Applications
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Solar Water Heating Is Not New!

Before the advent of gas pipelines and electric utilities,
the technology gained footholds in Florida and
California before the 1920’s

Over 1,000,000 systems are in use in American homes
and business

The technology is in widespread use In:
- Caribbean basin - China
- Israel - Greece
- Japan - Australia .




Technical And Economic Viability
Depends Upon

Amount of annual sunshine

Capital cost of the solar system

Prices of conventional fuels

Solar system annual O&M cost

Annual energy requirement and energy use profile
Temperature and amount of hot water (kKWh produced)
Rate at which conventional fuels are escalating in price
Other (e.g. legislative mandates, tax credits)




Solar Thermal Applications

Low Temperature (> 30C)
— Swimming pool heating
— Ventilation air preheating
Medium Temperature (30C — 100C)
— Domestic water and space heating
— Commercial cafeterias, laundries, hotels
— Industrial process heating
High Temperature (> 100C)
— Industrial process heating
— Electricity generation
Solar thermal and photovoltaics working together



Collector Types
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Which collector is best depends on the

temperature...
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Solar Rating and Certification Corp.

Contact information

Solar Rating and Certification
Corporation

c/o FSEC, 1679 Clearlake Road
Cocoa, FL 32922-5703

\oice (321)638-1537

Fax (321)638-1010

E-mail: srcc@fsec.ucf.edu

* An independent nonprofit organization that tests performance and
certifies almost every solar heater on the market today.

» Reports efficiency and annual performance for different climates
and temperature uses.



mailto:srcc@fsec.ucf.edu




Active, Closed Loop Solar Water Heater
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Tempering Valve to Prevent Scalding:
Extremely Important for Safety!
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Mid-Temperature Example:

Chickasaw National Recreation Area, OK

Small Comfort Stations

195 square feet of flat plate
collectors

500 gallon strorage volume
Cost $7,804

Delivers 9,394 kWh/year
Saves $867 / year

Large Comfort Stations

484 square feet of flat plate
collectors

1000 gallon strorage volume
Cost $16,100

Delivers 18,194 kWh/year
Saves $1,789 / year




Requirements for Success

Appropriate Application Conservation First
(Provide a Reasonable .
Payback) Verlfy Load
Proven Design Performance
Guarantee

Freeze Protection

Properly Sized (undersized, Require Operations
not oversized) and Maintenance

Require No Manual Manual and Training

Intervention Acceptance Test

Operational Indicators or
Monitoring




Resources and References

American Society of Heating, Air Conditioning
and Refrigeration Engineers, Inc.
— ASHRAE 90003 -- Active Solar Heating Design
Manual

— ASHRAE 90336 -- Guidance for Preparing Active
Solar Heating Systems Operation and Maintenance
Manuals

— ASHRAE 90346 -- Active Solar Heating Systems
Installation Manual

Solar Rating and Certification Corporation

— SRCC-0G-300-91 -- Operating Guidelines and
Minimum Standards for Certifying Solar Water
Heating Systems
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A typical solar cell (10cm x 10cm)
generates about 1W at about 0.5V.




Individual cells are connected in
series (increases the voltage) and in
parallel (increases the current)
into a module.




Photovoltaic (PV) technologies

20x-100x 500x Cu(In,Ga)Se,~ 1-2 um c-Si~ 180 um



Simple Direct Drive PV System
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Solar Water Pumping
Inadequate Wind & High
Maintenance Costs




Simple DC PV System with
Battery Storage




Charge Controller
protects the Batteries
From: Overcharge,
Over-Discharge




Energy Storage

Deep cycle storage batteries are common

Batteries require a temperature moderated
enclosure and maintenance

Storage size tied to electrical usage
Technical issues are temperature & temperature

Most systems with batteries use a charge control
device










Typical PV - Battery Systems
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AC PV System with Inverter




Inverter - 5kW

Converts Direct Current (DC) to Alternating Current (AC)



50 kW Inverter







Utility-Connected (Line-Tie PV System)




Jicarilla, Apache, NM
2.4 kW Grid Connected
Dulce High School




Building-Integrated PV (BIPV)




Skylights

National Renewable Energy Laboratory Innovation for Our Energy Future



Window Shading
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Parking Lot Covers
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SunEdison 8MW, San Louis Valley, CO
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Growth of Global PV Industry

0.01%-0.1% of electricity now comes from PV - extrapolates to > 5% in 2020
competitive with conventional electricity for 0.1% - 1% of market; more in future
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Challenges for Photovoltaics

Continue to drive down costs and develop sufficient product diversity
to address and maximize all market segments

Ensure adequate supply chain for a large and rapidly growing
industry

Continue to provide reliable products with 30 yr lifetimes (both actual
and perceived)




Fundamental Targets Leading to U.S. PV Deployment Success

Module System Electric Power Source

$
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Costs have been dramatically reduced across vastly
different technologies

¢ = Q3 2009 Price

+= End-of-Year 2010
Price

Public data from SEC, analysts, efc.



Market penetration begins - 2007 residential PV and
electricity price differences with existing incentives

Currently PV is financially
competitive where
there is some
combination of high
electricity prices,
excellent irradiance
and/or state/local
incentives.

Assumptions: For the price of electricity, the average electricity price for the 1000 largest utilities in the U.S. based on EIA data for 2006 (except CA, where existing
tiered rates structures were used). The installed system price is set at $8.5/Wp in the current case and is assumed to be financed with a home equity loan (i.e.,
interest is tax deductible), with a 10% down payment, 6% interest rate, with the owner in the 28% tax bracket, and a 30 year loan/30 year evaluation period. Incentives
included are the Federal ITC worth $500/kW due to $2000 cap and individual state incentives as of December 2007.

Slide 51



The conservative forecast - 2015 residential without incentives
and moderate (1.5% PA) increase in real electricity prices

PV is less expensive in 250
of 1,000 largest
utilities, which provide
~37% of U.S.
residential electricity
sales

85% of sales (in nearly 870
utilities) are projected
to have a price
difference of less than
5¢/kWh between PV
and grid electricity

Notes: The installed system price is set at $3.3/Wp.
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The realistic forecast - 2015 residential installations without incentives
and aggressive (2.5% PA) increases in real electricity prices

PV is less expensive in 450
of the 1,000 largest
utilities, which provide
~50% of U.S.
residential electricity
sales

91% of sales (in nearly 950
utilities) have a price
difference of less than
5¢/kWh between PV
and grid electricity

Electric Price Difference (cents/kWh)

-

< 0 +5  +10 >

Notes: The installed system price is set at $3.3/Wp.
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