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Appraisal Value

CAAR Workforce Housing Fund
Albemarlie County Fund

PHA Subsidy (20%)

Sum of Mortgage

Lifetime Saving from Green Design (1)

Inflation

Mortgage Interest(2)

Monthly Rate

Payment Period

Monthly Mortgage Payment

Reduced Burden from Green Design (3)
Actual Burden

_Monthly Income (4) g

Annual Household Income Required

. CLIENT

UNAIDED = PHA
CLIENT
Saving Level 1

$282,000 | $282,000

$282,000
12,000 | 12,000 12,000
16,000 16,000 16,000

D 56400 56,400
$254,000 $197,600 $197,600
$0 | 40 46,600

3.00%  3.00% 3.00%
6.50%  4.50% 4.50%
0.54% 0.38% 0.38%
360 360 360
$1,605.45 | $1,001.21 $1,001.21
$0.00 $0.00 $77.83
$1,605.45  $1,001.21 $073.38
$6,175 | $3,851 $3,744
$74,098  $46,210 $44,925

PHA CLIENT
LIVING IN
OUTin

Saving Level 2
$282,000
12,000

16,000

56,400
$197,600
$15,000

3.00%

4.50%

0.38%

360

$1,001.21
$63.24

$037.97
%3608
$43,291

1. Green Designs reduce expenses in electricity and water. 30 year savings are determined at present

value.

2. PHA enables its lower income buyers to acauire houses at a subsicized annual mortgage rate of 4.5%
3. Derived from the monthly value of the lifetime savings from Green Design using assumec average rate

of inflation.

4, 26% of monthly income is assumed to be the level of financial burden a family can afford.

Saving Level 3
$282,000
12,000

16,000

56,400
$197,600
$22,000

3.00%
4.50%%
0.38%

360
$1,001.21
$92.75
$908.46
__$3494
$41,929
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May 2006 S G The Vulnerability of
Buildings
Checklist: Passive Survivability: A Checklist Defining Passive
" Survivability
for Action R .
Achieving Passive
Survivability

Create storm-resilient buildings. o ST, —

on passive survivabili
Design and construct buildings to withstand reasonably his own house

expected storm events and flooding. One should assume
that storm events will become more common and more
intense in the future, and that regions prone to severe
storms will expand in area. More stringent design and
construction standards, such as the Miami - Dade County
Building Code, should be adopted widely.

Checklist: Passive
Survivability: A Checl
for Action

Passive Survivability :

Building Codes

Final Thoughts

Limit building height.

Most tall buildings, with their dependence on electrically powered elevators and their relianc
conditioning, usually cannot be used in the event of power outages. The occupant density in
buildings generally precludes providing a significant fraction of power requirements with ons
renewable sources, and in a development pattern with a lot of tall buildings, blocking solar &
of other buildings is a significant concern. In Adapting Buildings and Cities for Climate Chan
authors recommend six to eight stories as a reasonable height limit.

Create a high-performance envelope.

High levels of insulation, high-performance glazings (with multiple low-emissivity coatings a
conductivity gas fill), and airtight construction are critical in achieving passive survivability i
buildings. High levels of energy performance of the envelope (superinsulation) are particulai
important with smaller, skin-dominated buildings.

Minimize cooling loads.

Reduce unwanted solar heat gain by paying careful attention to building orientation (situatir
buildings on an east-west axis with the long fagades facing south and north), minimizing ea:
west-facing glazings, specifying glazings “tuned” to the orientation (using low solar-heat-gai
coefficient glazings on the east and west, for example), using overhangs and other building

geometry features to shade glazings, and selecting vegetative plantings that will shade the

buildings (particularly the east and west facades).

Provide for natural ventilation.

In addition to reducing unwanted solar gain, design buildings to provide for natural ventilati
Even if the building is designed to operate with conventional air conditioning, provide operat

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml&checklist=1 04-Sep-07
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windows, natural stack-effect cooling towers, and other features that can provide passive
ventilation and cooling when necessary—even if using such strategies will result in higher-th
desired humidity levels in the building.

Incorporate passive solar heating.

Particularly with smaller, skin-dominated buildings, provide passive solar design features, st
direct solar gain with interior thermal mass, thermal storage walls (Trombe walls), and suns
or other isolated-gain solar systems.

Provide natural daylighting.

The following strategies can optimize daylighting design while minimizing unwanted heat ga
provide windows high on exterior walls; specify glazings with high visible-light transmission
low solar-heat-gain coefficient; install lightshelves to reflect light deep into the space; instal
skylights with provisions to prevent overheating; paint ceilings and walls with high-reflectan
paints; consider clerestory windows and light monitors to bring light deep into buildings; uti
wells and atria to extend daylighting to lower floors of larger buildings; in buildings with ver
floorplates, consider light-scoop and mirror systems to improve daylight distribution in the il
space.

Provide solar water heating.

To provide hot water during power outages or fuel supply interruptions, install solar water h
systems that can operate passively (thermosiphoning or batch/integral-collector-storage) or
operate with DC pumps powered by integrated photovoltaic (PV) modules.

Provide photovoltaic power.

Capability to power a building with PVs is invaluable during outages. To be able to rely on P\
during a power outage for nighttime electricity necessitates battery storage, which increases
system cost substantially (but may be justified for the value provided). Be sure to mount Pv
modules in a manner that will protect them during storms. Wire the building to isolate critic:
so that they can be PV powered when the rest are cut off.

Configure heating equipment to operate on PV power.

The vast majority of gas- and oil-fired heating equipment cannot operate without electricity.
Providing the capability to operate that equipment during a power outage—using either a ge
or a PV power system—is clearly beneficial. To simplify switching over to PV operation durin
outage, equipment should be redesigned to operate on DC power; even without battery stor
some operation of heating equipment would be possible during a 24-hour period.

Where appropriate, consider wood heat.

In more rural areas, install low-pollution-emitting wood stoves, masonry heaters, or pellet s
(with back-up power for fan) to provide space heating in the event of an extended power ou
fuel-supply interruption.

Store water on site; consider using rainwater to maintain a cistern.

Provide water storage to serve the building during an extended loss of water. Ideally, store"
water high in the building, such as on the rooftop, to facilitate gravity delivery. In cohousing

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml&checklist=1 04-Sep-07
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communities and planned neighborhoods, shared water systems can be developed with gra\
to dwellings. Cisterns can be fed with rainwater and used during normal building operation f
landscape irrigation and, depending on local permitting, for toilet flushing—as long as an ad
reservoir is maintained for emergency use. Such cisterns can also serve fire suppression net

Install composting toilets and waterless urinals.

Composting toilets and waterless urinals can be used in the event of water loss, and compos
toilets can function even if the municipal sewage treatment plant shuts down. In a large bui
with conventional tollets, such as an apartment building, consider installing one or two high-
capacity composting toilets in a common area for use if water supply is cut off or the sewer
falls.

Provide for food production in the site plan.

Whenever possible, provide for local food production in the site planning for a building or
development. Consider setting aside the best land for agricultural uses and planting food-be
trees and shrubs in the landscaping mix.

< Return to Article

Copyright 2007, BuildingGreen, Inc.
About Us | Press | Help | Contact Us | Send Feedback | Disclaimer
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e

Renewable Energy v Key to Climate Recovery . WWWU() ..J.:
SOLAR 2006 Presentations 79W

Pienary Sessions at SOLAR 2006 focused on the conference theme, and showcased speakers of the highest

caliber — the acknowledged leaders of the Renewable Energy and Glabal Climate Change Research
communities.

Forums are organized by experts, advocates and decision makers from around the US and the World. Forums
feature panel discussions, debates, tutorials, and updates on a broad spectrum of topics.

Technical Sessions consist of oral and poster presentations on the latest research, successful projects and
projects that taught valuable lessons, marketing studies from different RE sectors, state and local government
initiatives, successful advocacy efforts, and the state-of-the-art in manufacturing, research and development,
resource assessment and building measurement and design. All Technical Session Presenters also prepared a

paper which was published in the SOLAR 2006 Conference Proceedings. To purchase the proceedings, contact
Dona McClain >>

SOLAR 2006 speakers generally prepared a Powerpoint presentation. If we received permission from the

presenter, the Powerpoint presentation is available here. Click on the title of the Presentation to open a PDF
version

Don't see a link to your presentation? Contact Becky Campbell-Howe >>

MONDAY, JULY 10, 2006
TUESDAY, JULY 11, 2006
WEDNESDAY, JULY 12, 2006
THURSDAY, JULY 13, 2006

MONDAY, JULY 10, 2006

8:00am to 10:00am
PLENARY - Latest Climate Change Knowledge
Moderator; Dr. Chuck Kutscher, SOLAR 2006 National Organizing Committee Chair

e Climate Modeling of the 20th and 21st Centuries
Dr. Warren M. Washington, Senior Scientist and Head of the Climate Change Research Section in the
Climate and Global Dynamics Division at the National Center for
Atmospheric Research (NCAR)

e The Threat to the Planet - Actions Required to Avert Dangerous Climate Change
Dr. James Hansen, Head. NASA Institute for Space Studies, a division of Goddard Space Flight
Center's Earth Sciences Directorate

http://www.solar2006.org/presentations.htm 11-Oct-07
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While Hurricane Katrina wasn't the first natural disaster to
affect an entire city, and it certainly won't be the last to
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cause widespread power outages and damage to buildings, it
may have been a turning point—both in our acceptance that RELATED GREEN TO
global warming is real and in our awareness of the

vulnerability we face in the years and decades ahead. Energy-Efficient Buildir
Visionary thinker Gil Friend suggested in a recent essay that Envelope

someday we will look back at 2005 as a tipping point. “The
fact- and science-averse among us may still claim to not be
persuaded about global warming, but I'll wager that
everyone else got the message in 2005,” he wrote in
“Sustainability—At the Tipping Point?” in his online newsletter, The New Bottom Line
(www.natlogic.com).

More related green

As the storm track images clearly convey
the frequency and the magnitude of tropi
storms affecting the Gulf Coast and coast
Atlantic states increased dramatically in t
decade 1995 to 2004 compared with the
previous decade. Other, longer-term, scit
studies have demonstrated that at least t
severity of tropical storms has been incre
as an effect of global warming, even if th
still out on the frequency of storms.
Hurricane Tracks, 1985-1994

Category 3-3

 Lowseintwsity S The potential for rising sea levels has als

in the news a great deal recently. New e\
shows that the Greenland ice sheet is me
faster than expected. This and the calvin:
large ice sheets in Antarctica (some as la
small states) raise the specter of significz
higher sea levels. With 53% of the U.S.
population living on land defined as the c
zone, rising sea level is a major concern.
University of Arizona Department of Geos
Environmental Studies Laboratory websit
Hurricane Tracks, 1995 - 2004 dramatically illustrates rising sea level:
- Category 3-5 www.geo.arizona.edu/dgesl/ (click on "D
R maps of areas susceptible to sea level ris

",

A dramatic increase in the frequency and
severity of tropical storms affected the Gulf
Coast in the decade from 1995 to 2004
compared with the previous ten-year period.
Ocean surface temperatures in the most recent
period were 1°F to 2°F (0.5°C to 1.1°C)
warmer, driving this increase in storm activity.

Low-lying areas prone to tropical storms
flooding are not alone in being vulnerable
extensive ice storm in eastern Canada in
left 4 million people without power for an
extended period and forced 600,000 peo|
their homes—which could not be heated
electricity. A heat wave in Chicago killed
then 700 people in their homes or apartn
1995; a more severe heat spell in 2003 killed 30,000 people in Europe. A widespread power
in the eastern U.S. and Canada in 2003 left 50 million people—one-seventh of the U.S. popt
and one-third of the Canadian population—without power; fortunately, weather conditions w
moderate.

Adding to these risks is terrorism. Following the 9/11 attacks in the U.S., Americans will for¢
aware of their vulnerability to terrorism. Power and natural gas distribution systems are par
exposed and susceptible to interruption, with large centralized trunk lines running through r
areas. The extensive power outage in 2003, caused by a circuit overload or malfunction,

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml 04-Sep-07
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demonstrated this risk; well-placed explosives could even more effectively cut off power to |
areas. "The blackout in the Northeast in the summer of 2003 and Katrina should be enough
make it clear that we have a serious problem,” notes David Eisenberg, of the Development (
for Appropriate Technology (DCAT) in Tucson, Arizona.

Often neglected in discussions about terrorism is the risk of cyberterrorism. “By hacking intc
systems of the utility grid,” according to Joel Gordes, of Environmental Energy Solutions in \
Hartford, Connecticut, “it is possible to incapacitate the system for as long as a week with lii
effects remaining for as long as 18 months.”

Finally, we are vulnerable to energy supply shortages. The petroleum age will effectively ent
within the expected lifetimes of buildings being designed and built today. Most resource exp
policy makers assume that by the time petroleum “runs out,” alternative energy sources wil
available to replace that lost energy. However, during the period of transition to next-gener:
fuels, or if replacement fuels do not become available quickly enough to displace dwindling ¢
of fossil fuel, there may be significant energy shortages. Natural gas, heating oil, and electri
derived from fossil fuels could all become scarce or prohibitively expensive.

Defining Passive Survivability

In preparing for a series of charrettes on Gulf Coast reconstruction for the Greenbuild confer
November 2005, the term passive survivability emerged as an umbrella concept to convey t
of buildings that maintain livable conditions in the event of extended power outages, interru
of fuel supply, or loss of water and sewer services. High temperatures in the Superdome—tt
emergency shelter—had put evacuees at risk, contributing to uproar across the country.

This made us wonder about the schools around the country that are commonly designated z
shelters, as well as our houses and apartment buildings. If storms are becoming more inten
more common, and if our energy distribution systems or energy supplies are becoming mor
vulnerable, shouldn't we be designing our buildings to be able to function—at least minimall
provide basic livability—in the event of power outages or interruptions in fuel or water suppl
Shouldn’t passive survivability, we asked ourselves, be a basic design criterion of buildings i
day and age?

Achieving Passive Survivability

In some ways, the failure of conventional buildings to maintain survivable conditions can be
thought of as a failure of design. “If they lose only electricity,” notes building researcher Ter
Brennan, of Camroden Associates, Inc., in West-moreland, New York, “few buildings in the |
provide as much comfort as my backpacking tent; if the gas lines and water lines go, the sit
is even worse.”

Some strategies for passive survivability can be found by looking back at our building herita
vernacular designs that were in place before electricity and readily transportable fuels becar
available. The wide-open and well-ventilated “dog-trot” homes of the Deep South are examj
are the high-mass adobe buildings of the American Southwest.

The house designs of some animals display even

better examples of passive survivability. Among

the best are termite mounds of Africa and Australia (see photo). “"With a single ganglion for
using no electricity or fossil fuels, termites construct dwellings that maintain temperature, h
and ventilation better than most buildings,” says Brennan.

Marc Rosenbaum, P.E., of Energysmiths in Meriden, New Hampshire, says generators are th

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml 04-Sep-07
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survivability focus in large buildings, but these
are really designed for short-term power
outages. “It's rare that anyone is looking for 24
hours of continuous operation.” With typical
buildings, Rosenbaum hasn’t seen any planning
for longer outages, which are among his
arguments for incorporating daylighting and
operable windows.

Termites maintain remarkably constant
thermal conditions in their mounds, such a
this one in Australia.

Sidebar:

Fortunately, we are beginning to pay attention.
Marc Rosenbaum on passive

“Disaster tolerance is of growing interest to
many groups,” says John Straub, Ph.D., an survivability at his own house

engineer and building science expert at the EBN Advisory Board member Marc
University of Waterloo in Ontario. "I like the Rosenbaum shared with us how he h
term ‘robust designs,’ since this encompasses addressed passive survivability in his
weather, energy, extreme people, changing Hampshire home:...

times, etc.” Straub argues, for example, that Read More...

stairwells should be built with windows, and

offices should be daylit and have the potential for natural ventilation. “High insulation and h
mass with some passive solar gain and summer shading will dramatically improve survivabil
Straub told EBN.

A 21,000 ft2 (2,000 mz), five-story apartment building that Straub helped design, and lives
incorporates a wide range of passive survivability measures, including high levels of insulatit

passive solar features, and natural ventilation. The design team specified the heating systen
have a very low electrical draw—just 250 watts operate the pumps and fans for the entire
building—so that they can use a photovoltaic-charged battery pack to operate the natural-g;
heating system in the event of a power outage.

While maintaining livable thermal conditit

generally gets the most attention relative
passive survivability, water is also very important. "We can live without many things,” notes
York City developer Jonathan Rose, “but water is essential.” A good start, suggests Brennan
install composting toilets and waterless urinals, neither of which require water to operate.

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml 04-Sep-07
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While passive survivability features can b
incorporated into virtually any building, tl
features are most important for buildings
are lived in or likely to be used as emerg:
shelters: houses, apartment buildings, sc
hospitals, emergency-service buildings, a
government buildings. The strategies diff
somewhat by building type; the need for
performance building envelope, for exam
greater in smaller buildings that are skin-
dominated (where heating and cooling lo.
determined primarily by energy flow thro
building envelope) than it is in large, loac
dominated buildings.

A number of the most important design &
construction strategies for achieving pass
survivability in new buildings are address
This 700-gallon (2,600 1) cistern stores the checklist.

rainwater for the Camp Aldersgate Commons

Building in Little Rock, Arkansas.

Passive Survivability and Building ) ‘Checklist: )
Codes Passive Survivability: A Checklist 1
Action

David Eisenberg, whose organization, DCAT, has
been working to integrate aspects of
sustainability into building codes for the past ten
years, points out that the purpose statement in
the International Building Code states that codes
should “safeguard public health, safety, and
general welfare from hazards attributed to the
bullt environment.” "When a building is unable to
provide a safe and habitable environment,” says
Eisenberg, “it fails to meet this standard of
responsibility.” He believes that this should apply
whether all of the building’s assumed utilities are

functioning or not. "We should not be designing, Classrooms at the Kirsch Center for

approving, and constructing buildings that kill Environmental Studies in Cupertino, Califol
people when they are disconnected from their feature ceiling fans and operable windows
external utilities,” Eisenberg told EBN. maximize daylighting and natural ventilatic

Eisenberg is not aware of any building codes that

address passive survivability. He expects that the same forces that opposed energy codes a
indoor air quality standards will oppose anything like this getting into the codes. “At the ver
he argues, “the code organizations should be working to make it easier, rather than more di
to gain code approval for such designs.”

“Codes are very reactive and so have not been doing anything about this as far as I know,”
Straub. When codes do address survivability, they go about it the wrong way, in his opinion
prefer active systems that routinely fail and need lots of ongoing maintenance,” he says, "lit
up generators to run lights in windowless stairwells.”

http://www.buildinggreen.com/auth/article.cfm?fileName=150501a.xml 04-Sep-07



BuildingGreen.com - EBN 15:5 - Passive Survivability: A New Design Criterion for Buildings Page 6 of 7

A few elements of passive survivability are beginning to find their way into building codes ar
related regulations. The City of Chicago, for example, has passed an ordinance requiring all
buildings to have reflective roofs, according to Sadhu Johnston, commissioner of the City’s
Department of the Environment. “"Our progress toward greener buildings continues to grow,
by default, has passive survivability gains,” Johnston told EBN.

Gordes notes that in general the only passive survivability measures that have been incorpo
into building codes are those providing storm resilience—such as the Miami — Dade County
hurricane codes. He suggests that demand for such codes may come from another major pli
believe we may find support for some aspects of green or survivable buildings within the ins
industry, which has an interest in mitigating losses and protecting lives,” he says. “Just as tl
have been champions in fire-suppression sprinklers, they may support code upgrades for mi
green building attributes.”

Final Thoughts

When one looks through the collection of passive survivability strategies addressed in this ai
becomes immediately obvious how closely they match a general list of green building strate:
Indeed, most of the measures that make our buildings more passively survivable also make
buildings more environmentally responsible.

Passive survivability strengthens the case for green buildings. Most of us in the green buildii
community probably don't need another reason; we seek to create green buildings because
know that they are better for the people living in them and better for the Earth. But getting
designed and bulilt isn’t always easy in the face of financial and regulatory obstacles and jus
inertia. To overcome these barriers, it may help to make the case that these buildings are i
resilient and better able to protect the well-being of Americans in the aftermath of natural d
or terrorist actions. Sometimes it's useful to respond to people’s fears as well as their aspira
and passive survivability does just that, without an antisocial survivalist agenda.

The next step in advancing the agenda of passive survivability should be a collaborative effao
involves the design community, code organizations, the insurance industry, and nonprofit sc
welfare organizations. The sustainability community could play a lead role in convening suct
Initiative. “Life safety should be the bottom line in this, and it would be gratifying to see a
collaborative effort develop to address this issue,” says Eisenberg.

- Ale.

(3 DISCUSSIONS

Reader-contributed comments related to EBN 15:5 - Passive Survivability: A New Design Cri
for Buildings. Comments are listed with newest at the top.

Air quality Posted by Chip Tittmann on May 30, 2006, 04:31 PM

I'm curious what air quality you are concerned about considering that there are now approv:
unvented propane and gas heaters, stoves, ranges and boilers. Are you saying that nuclear
natural gas produced electricity is better for the air quality than supposedly clean exhausts «
propane or natural gas?

Log in to add comments - Help with comments
[ top
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Design of a Co-operative Housing Community

Passive
Solar

__
%
"
Zia
-

Passive solar energy is nothing new. About 14% of space heating in an ordinary British home comes from solar
energy through walls and windows. Passive solar design tries to optimise the amount of energy that can be
derived directly from the sun. Over 25% of UK primary energy goes towards heating buildings, more than for
any other purpose. By incorporating passive solar design into new buildings, annual fuel bills can be cut by

about a third, with corresponding carbon dioxide savings. This helps to reduce global warming.

In addition, the increased daylight means that the need for additional electric lighting is lowered. Passive solar
design can be best applied in new buildings, where the orientation of the building, the size and position of the
glazed areas, the density of buildings within an area, and materials used for the remainder of the structure are
designed to maximise free solar gains. Designing a property to maximise free solar gain need not add to the
price of construction.

Studies on houses in Milton Keynes have shown that low cost passive solar design features and
draughtproofing and insulating measures reduced heating bills by 40%. Savings paid back the costs in two
years. Inclusion of a a conservatory can save up to 20% of annual heating bills although this is strongly
dependent on the size of the house, siting, design and materials used. A well designed conservatory acts as
extra insulation for the house, preheats the ventilation air and provides direct solar heating to the intervening

wall, which is convected into the house, as well as providing additional living space.

Design elements to optimize direct solar
gain are:
1. Use thermal storage within the masonry

http://www.right-by-design.co.uk/cohouse/passive_solar.htm 04-Sep-07
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walls to allow sun to be 'soaked up' during
daylight

hours and released into the building at night
2. Incorporate a responsive, zoned heating
system to automatically cut in when and
where

necessary.

3. Main glazed areas should face within 30
degrees either side of south.

4. Principal living areas; bedrooms, sitting
rooms, those requiring more heat, should
have large,

south facing glazing. Infrequently used

rooms should be positioned on the north,

east and west

For passive solar gains, more heat must flow in than out.

sides, with smaller glazed areas.

5. Overshadowing from trees and other One example of integrated solar design housing is at

buildings should be minimised. Skotteparken in Denmark
6. The building should be well insulated to

minimise heat losses and avoid overheating
in summer.
7. Pay close attention to the type of

window/glazing used.

back

http://www.right-by-design.co.uk/cohouse/passive_solar.htm 04-Sep-07
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Here Comes the Sun(room)

Building now will provide warmth next winter By JAMES DULLEY

an a sunroom be built from

scratch? What design is

best? Are there any energy-
efficient do-it-yourself kits avail-
able?

If you are a do-it-yourselfer, you
should be able to build an efficient
sunroom from scratch. And sum-
mer is the perfect time to start
building before winter dampens
your enthusiasm. Adding a sun-
room to a house is an excellent
investment and often increases the
resale value of your home more
than its cost. The cost per square
foot of floor space is much less
than adding a traditional room to
your home. Also, it can be a great
recreational area for children.

Most fancy sunrooms you see
on homes are typically contractor
installed, but not all. Contractors
buy long (20-feet or more) alu-
minum framing extrusions and
cut them to size at the job site.
I did the same, buying 20-foot
lengths that I cut myself to build
my own sunroom. It took me
more than a month to build the addition.
I'm told a typical contractor builds one in
just two days.

Some sunroom manufacturers will sell
the components to homeowners in pre-
cut kit sizes. This offers the advantages of
lower cost and building the precise size you
need. Do an Internet search and contact
sunroom manufacturers to see if they sell
their products directly in kit form. If you
are lucky, you may find a precut kit close
to the size you need.

With some do-it-yourself sunroom kits,
you simply build the base for the sunroom
and assemble the components. Some
frames are lightweight enough to be built
over a wood deck.

Often, you will find it less expensive to
purchase glass or plastic window panes
locally. Before you begin to construct the
2-by-4 lumber framing, visit local home
centers and building supply outlets. They

12 Colorado Country Life JuLY 2007

Partial lean-to design

Water barrels will add thermal mass to your sunroom to hold
warmth in the room after the sun goes down. Make sure to install
the appropriate vents to utilize the warm air to circulate.

often have custom-sized high-efficiency
windows that a homeowner or builder did
not end up buying. Look for ones with low-
emissivity glass with argon gas in the gap.
These often are sold at a discount. Once
you have your windows, design the rest
of the sunroom framing to fit them.

In Colorado’s average climate, a clear
roof captures more heat and you can con-
trol any overheating with movable shades.
Installing roof vents or a venting skylight
also helps. Designs with slanted (lean-to)
glass capture the most heat but often have
overheating problems.

Also, make the sunroom large enough
so you can have a small container garden
in one corner for fresh salad greens and
herbs year-round. This also produces some
moisture for the air, which improves your
family’s comfort during winter and allows
you to set the heating thermostat lower.

For the best comfort and efficiency, add

thermal mass to the sunroom.
Thermal mass reduces overheat-
ing and helps it hold heat when
the sun goes down. A brick paver
floor and a concrete block knee
wall are effective mass. Large
planters with heavy clay pots will
also provide mass.

Finally, include some provision
to get the solar-heated air into
your house. The simplest method
is to open a window between the
house and sunroom when the
sunroom is warmer than the
house. An exhaust fan (outlet into
the house) installed high on a
sunroom wall is more effective.
For the most convenience, install
a thermostat to control the fan.

For your plants and a reason-
ably comfortable living space, any
orientation from southeast to
southwest is adequate to capture
the sun’s heat. Select a convenient
location with easy access from
inside your house, such as an
existing exterior door.

By designing and locating the
sunroom properly, it can capture
enough free solar heat to stay warm most
of the year. It may also help heat the rest
of your house during spring and fall so your
heat pump or furnace does not have to run
as much.

If you plan to use the sunroom to help
heat your house, however, an orientation
to true solar south is important for the
greatest solar heat gain. Depending upon
where you live, true solar south varies about
15 degrees from compass south. Check with
your local weather service or on the Inter-
net for the amount to adjust compass south
to get true solar south for your area.

More questions? Send them to James
Dulley, Colorado Country Life, 6906 Roy-
algreen Dr., Cincinnati, OH 45244 or visit
www.dulley.com.

L5” Find more energy tips at
www.coloradocountrylife.coop.

WWW.COLORADOCOUNTRYLIFE.COOP



A national laboratory of the U.5. Department of Energy
Office of Energy Elficiency & Renewable Energy
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“"" MR=L national Renewable Energy Laboratory

Innovation for Our Energy Future

A Cold-Climate Case Study for
Affordable Zero Energy Homes

The NREL/Habitat for Humanity ZEH in Colorado

Paul Norton and Craig Christensen
National Renewable Energy Laboratory

St

NREL is operated by Midwest Research Institute . Battelle




Design Criteria

Zero net annual source energy
Replicable by Habitat

Take advantage of volunteer labor
Take full material cost into account

No special operation of home needed
No prototypes: off-the-shelf equipment
Keep it simple!

: 3
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"‘.'H?E'_ Hational Renewable Enargy Laboratory



Will it really be ZERO??

The Energy Bills will NOT be ZERO

e Although natural gas source ENERGY is offset by PV
electricity production, net metering pays full price of
electricity up to net zero, and only production cost (about
$0.02/kWh) for net production — this will not offset
natural gas COST

$15.60 fixed charge per month
e $6.60 electricity
¢ $9.00 natural gas

Projected annual average energy bill = ~ $30.00/month
(with benchmark occupant behavior and current energy prices)

ote L
“‘.‘N?‘.‘.’- National Renewable Energy Laboratory




Some conclusions
to date

The NREL/Habitat ZEH is poised to be an annual net energy producer

PV system sizing for zero energy homes is challenging
Prediction of total home energy use becomes highly uncertain
+ Meeting the ZEH design goal becomes dependent on occupant behavior

« Economics of excess annual PV production are dependent on net metering
agreements

Zero energy does not necessarily mean zero utility bill
» Monthly fixed costs for natural gas and electricity service

« Natural gas costs (Economics of excess annual PV production are dependent on
net metering agreements)

It is possible to make efficient affordable ZEHs with standard
construction techniques and off-the-shelf equipment.

.’.
'.‘.‘HEL National Renewable Energy Laboratory
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the landscape. Vast parabolic Hﬁméﬁday at 5:48

mirrors in the heart of California's
Mojave Desert concentrate this
solar energy to heat special oil to
around 750 degrees Fahrenheit
(400 degrees Celsius). This hot oil

Google in talks to lay undersea
cable: report [

China says it's a cyber-attack
victim, not villain

transfers its heat to water, o Image COURTESY OF | | Calurs anttracture effect
vaporizing it, and then that steam AUSRA | | varies with age

turns a turbine to produce ' ; s
electricity. All told, nine such STEAM AND MIRRORS: A tZ‘QiIEaéﬁ“ e
mirror fields, known as compact linear Fresnel
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concentrating solar power plants,
supply 350 megawatts of
electricity yearly.

reflector, like Ausra's plant in
Australia pictured here, uses
lines of mirrors to focus the
sun's rays on an overhead
In the face of mounting concern  trough, turning water into
about climate change, alternatives steam to generate electricity.
to coal and natural gas

combustion such as these never seemed more attractive. And
with the bounty of the sun waiting to be captured near fast-
growing major centers of electricity consumption—Las Vegas,
Los Angeles and Phoenix, among others—interest in such solar
thermal technology is on the rise. The first such plant to be built
in decades started providing 64 megawatts of electricity to the
neon lights of Vegas this summer.

ADVERTISEMENT (article continues below)

1 o e
. -

. B

But physicist David Mills, chief scientific officer and founder of
Palo Alto, Calif.—based solar-thermal company Ausra, has bigger
ideas: concentrating the sun's power to provide all of the
electricity needs of the U.S., including a switch to electric cars
feeding off the grid. "Within 18 months, with storage, we will not
only reduce [the] cost of [solar-thermal] electricity but also satisfy
the requirements for a modern society," Mills claims. "Supplying
[electricity] 24 hours a day and effectively replacing the function
of coal or gas."

The company insists it can do this at a cost of just 10 cents per
kilowatt-hour, analogous to the price of electricity from burning
natural gas in California if a cost was imposed for the emission of
carbon dioxide, the leading greenhouse gas (as the state's Public
Utilities Commission is considering).

Ausra will rely on a different type of concentrating solar power
plant to deliver on this promise. French physicist Augustin

http://www.sciam.com/article.cfm?articleld=1FC8E87E-E7F2-99DF-3253ADDFDBEC8D41&cha...
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Fresnel showed in the 19th century that a large lens, like the
parabolic troughs of the existing solar-thermal plants, can be
broken down into smaller sections that deliver the same focus.
Applying this, Mills's design—a compact linear Fresnel reflector—
allows for greater ground coverage, lower weight and greater
durability than precision-shaped parabolic mirrors. "You can drop
stones on it and they bounce off," Mills says. "We would be able
to build these in Florida in the hurricane zone."

This Fresnel solar thermal plant also eliminates oil, directly
heating water to a lower temperature of roughly 535 degrees F
(280 degrees C) at a higher pressure, about 50 bars, or 50 times
atmospheric pressure. Then, it uses the resultant steam to turn
the same low-temperature turbines as those employed in nuclear
reactors.

The amount of electricity produced is simply a function of the
sun's bounty and the number of mirrors. "We're moving from 80-
to 100-megawatt designs to 700 megawatts and above," says
John O'Donnell, Ausra's executive vice president.

The key will be proving performance. Thus far, the company has
exactly one solar array, hooked to a coal-fired power plant in
Australia to provide extra steam that improves its efficiency at
burning the dirty rock. At present, the Ausra mirrors produce just
an additional 12 megawatts of extra heat, but there are plans to
boost that as high as 38 megawatts thermal.

1 2 3 next»
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SOLAR HOT WATER SYSTEMS

Solar Concepts offers the state-of-
the-art in high performance, modest 1y
priced collectors. Each one of our
well engineered panels includes:

* insulation below and around the side
of the absorber plate to minimize
heat losses;

* bronzed anodized aluminum frames for
lightweight convenience, exceptional
durability, and good looks;

* a selective black chrome coating to
increase absorptivity and reduce the
re-emission of heat from the surface
of the absorber plate;

low iron glass to improve transmis-
sion of light through the glazing;

all systems are designed to do
60-70% of your annual hot
water needs;

a five year complete war-
ranty which covers our
installation, including
parts, labor, and service:

Complete Do-It-Yourself kits.

In addition, Solar Concepts
Was one of the first in the
~ Bugene/Springfield area to be
@ State Certified Solar Dealer
and Installer .
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PASSIVE SOLAR SUNSPACES

is the only room addition
home that will pay
savings and may be

A solarium
you can put on your
for itself in heat

elgible for government tax credits.
solar Concepts carries one of the
esthetically

highest gquality and most

pPleasing passive solariums available,

The Sunspace uses the finest quality
clear grade cedar in its construction,
Cedar has natural insulating qualities
and won't sweat.

Sunspace also heat
Sealing tape to completely seal the
Solarium in an air tight envelope.

- All wooden members in a Sunspace are
Etreated with preservative stains to
Protect and beautify your solarium,

_ Aluminum caps on the exterior can be
dded as an option.

uses a unique
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INSPACES

room addition For the Ultimate in quallty and
beauty, come see Our Sunspace gltﬁ; or
have our designers custom design your

solarium addition.

1
mi that will pay
ings and may be
tax credits.
ries one of the

ticall
e . PASSIVE SOLAR DESIGN

Tired of living in a house with high
energy bills going higher? Join the
thousands of people who have chosen to
live in the houses of the future_to@ay
and SAVE, SAVE, SAVE, while eq]nylng
the 1light open feeling found in pas-

sive solar homes. Let the profes-

sional staff at Solar Concepts

put you in the finest home 1n

your neighborhood. We can also
remodel your existing home

with passive solar features.

WINDOW COVERINGS

Did you know that. windows
are accounting for as much
as 50% of the heat loss
from your home? Single
pane windows have a rating
(R-value) of R-1, while
thermal panes have an R=2
value. Window Coverings
will increase the R-value
of your windows to 5. This
will cut the heat loss of
your window by as much as
79%. In contrast, during the
summer, the Window Coverings

Sy will keep your house cooler by

insulating your home from the

[} : - hot summer sun. Check it out now!
SWIMMING POOLS

solariums available. Are you using your pool less often

3 the finest quality than you would like because the water

n its conmstruction. is too cold? Or, are you missing out

on FREE energy by spending a fortune
heating your pool during the finest
solar heating months of the year? If
you are, then let Solar Concepts put
you in warmer water longer, for less,
with our quality pool systems. If
{:F'r:..“:nt maximizing your pool
ves now, we will
\ - rubhopper g S be glad to
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If you bought one of the first
pocket calculators, you paid §$500; $10

for the calculator and §490 for the
design. If you bought the millionth
calculator, you paid $10, The design

cost had already been recovered.

Unlike a pocket calculator, a solar
water heater is not "space age techno-
logy." You're not paying for an
expensive design. You are paying for
metal. The millionth solar collector
requires the same amount of copper and
aluminum as the first. The exploding
demand for solar water heaters is
increasing the demand for copper and
aluminum, As copper and aluminum go
up in price, solar water heaters go up
in price, Catch 22,

But even that's to your advantage.
Your Solar Concepts water heater will
appreciate in value every day you own

it. Your gas or electric water heater
will not,.

That's pretty obvious,
‘know that solar water
going up in price,

though. You
heaters are
not down. Maybe
‘what you are really worried about is

no long your solar water heater will
m. I:ﬁ :.‘turn }"GUI.' - w

.....

her words, how long will it

'pay for itself?® To answer
ieed a standard for compar-
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» And it never will.
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Federal- 15% no
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Wwhere else can YOuU make 209
tax Etree jnterest on YOur investment,
or 30%, or more? Certainly not in the
bank account where yoOu have your money
now |
Solar water heating ig for everyone€.
And the government obviously agrees
that a solar water heater is a sound
investment right now. Both the State
and Federal governments offer healthy

tax credit incentives.

state & Federal Tax Credits

Tax Credits are not tax deductions.
A tax credit is a dollar for dollar
reimbursement from the government for
your bottom-line tax liability.

Tax Credits
State - 25% up to $1000 Maximum

Federal- 40% up to $4000 Maximum
Total - 65% $5000

Por example, a residential hot water
system for a family of four, normally
costing $4000, would have $2600 in tax

credits and a realized net investment
of $1400.
] Tax Credits
State - 35% no limit
Federal- 15% no limit (ENERGY)
10% no limit (INVESTMENT)

Total - 60% no limit °

* Including a (5) year accelerated

-dgptgciltiun.
~ The monthly savings enjoyed by you

i?‘ﬁﬂﬂt'tlllhlt yet give you inc
disposable 1nc¢i§i TS e
Th system will last the lif
of ur home with some nnint:nl:::.
: 11 hold its own or increase in
along gétg-rou: hg:-,
rate © regon will not ass
L A R
‘value of your » d |
lation until 1995, = °

~professionals at
¢ BB

The
depen
of th
ents
ficie
insta
cular
mend
syste
workm
and
you w
ledge
workm
Solar




that long. In
»s only a few

ake 20% annual
pur investment,
inly not in the
have your money

s for everyone.
viously aqrees
ter is a sound

Both the State
s offer healthy

. Credits

:ax deductions.
llar .- for dollar
government for
1ability,

<]

1000 Maximum
4000 Maximum
5000

ential hot water

four, normally
ave $2600 in tax
d net investment

t (ENERGY)
t (INVESTMENT)

The economy of any solar system 15
dependent on the efficient performance
of the total system. The best compon~
ents in the world will not operate ef-
ficiently if they are incorrectly
installed or designed for your parti=
Cular solar application. We recom-
mend that you, the prospective solar
system owner, compare the quality and
workmanship of other solar products
and dealers, We feel confident that
you will prefer the professional know=
ledge and the quality products and
workmanship found within our company,
Solar Concepts, Inc.

Thank you very muchl




EERE Consumer's Guide: Sizing a Solar Water Heating System
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Information Resources | Home

| Your Workplace
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EERE Home

A Consumer’s Guide to Energy Efficiency and Renewable Enrgy

| Products & Services | Renewable Energy

Apartments

Appliances & Electronics
Designing & Remodeling
Electricity

Energy Audits
Insulation & Air Sealing
Landscaping

Lighting & Davylighting
Space Heating & Cooling

Water Heating
Water Heater Selection
- Costs
- Energy Efficiency
- Fuels
- Sizing
- Demand Water Heaters

- Heat Pump Water
Heaters

- Solar Water Heaters
- Storage Water Heaters

- Tankless Coil & Indirect
Water Heaters

Energy-Efficient
Water Heating

Swimming Pool Heating

Windows, Doors
& Skylights

=) Printable Version

Sizing a
Solar Water
Heating
System

Sizing your solar
water heating
system basically
involves
determining the
total collector area
and the storage
volume you'll need
to meet 90%-100%
of your household's
hot water needs
during the summer.
Solar system
contractors use
worksheets and
computer programs
to help determine
system
requirements and
collector sizing.

Collector Area
Contractors usually
follow a guideline of
around 20 square
feet (2 square
meters) of collector
area for each of the
first two family
members. For every
additional person,
add 8 square feet
(0.7 square meters)
if you live in the
U.S. Sun Belt area
or 12-14 square
feet if you live in the

earch Help 2 More Search Options 2

EERE Information Center
®m LEARN MORE

Evaluation Tools
Solar Water Heating Project Model »
RETScreen International

Product Information
Solar Thermal Systems »
Florida Solar Energy Center

Certified Solar Collectors and Systems »
Solar Rating and Certification
Corporation

Professional Services
Solar Energy Industries Association »

Related Links
Solar Water Heating System
Installatlon &
rida Solar Energy Center
Solar Water Heating System Installation
Guidelines »
Solar Rating and Certification

Lorporacdion

Reading List
Related Publications »

Galculate Your

Energy Costs

http://www.eere.energy.gov/consumer/your_home/water_heating/index.cfm/mytopic=12880 07-Jan-08
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northern United
States.

Storage
Volume

A small (50- to 60-
gallon) storage tank
is usually sufficient
for one to two three
people. A medium
(80-gallon) storage
tank works well for
three to four people.
A large tank is
appropriate for four
to six people.

For active systems,
the size of the solar
storage tank
increases with the
size of the
collector—typically
1.5 gallons per
square foot of
collector. This helps
prevent the system
from overheating
when the demand
for hot water is low.
In very warm,
sunny climates,
some experts
suggest that the
ratio should be
increased to as
much as 2 gallons of
storage to 1 square
foot of collector
area.

Other

Calculations
Additional
calculations involved
in sizing your solar
water heating
system will include
the following:

e Evaluation of
your building
site's solar
resource

e Orientation
and tilt of the

http://www.eere.energy.gov/consumer/your_home/water _heating/index.cfm/mytopic=12880 07-Jan-08
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solar
collector.

Related
Information

e Solar water
heaters

e Reduce Your
Hot Water Use
for Energy
Savings

= Printable Version

Consumer's Guide Home | EERE Home | U.S. Department of Energy
Webmaster | Web Site Policies | Security & Privacy | USA.gov
Content Last Updated: September 12, 2005

http://www.eere.energy.gov/consumer/your_home/water_heating/index.cfm/mytopic=12880 07-Jan-08
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| PMREL Nai
S b ==« National Renewable Energy Laboratory

ABOUT NREL Wl HIIRIcA TECHNOLOGY TRANSFER | APPLYING TECHNOLOGIES | LEARNING Al

{ SAM Home
Background
Download
System Cost Data
Related Links

Contacts

Download

Solar Advisor Model

The current version of the Solar Advisor Model (SAM) is Version 1.3, pt
17, 2007. For SAM's version history, please download the Release Note
Download Adobe Reader

To download the current version, please take a moment to sian in. To
provide your name and a valid email address. To update an older versi
please sign in using the name and email address you used to downloac
version. After you sign in, you should receive an email with download i
within one hour.

This version replaces all previous versions of the software and address
identified by the SAM development team.

SAM includes a user guide that you can access on the software's Help |
SAM must be installed on a computer running Windows XP or 2000 wit
MB of free disk space. Please note that the Windows regional options n
English (United States).

For more information about SAM, download the SAM User Guide (PDF
Download Adobe Reader

For questions and issues not addressed by the SAM User Guide, please
to Solar_Advisor_Support@nrel.gov.

Printable Version

Webmaster | Security & Privacy | Disclaimer | NREL Home

https://www.nrel.gov/analysis/sam/download.html 07-Jan-08
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Shedding Some Light on

Solar Cells

Both the technology and materials stand within our reach

There was an article this past
September that addressed green energy
and solar cells in specific. It painted a
rather bleak picture about solar cells
and asserted that the energy cost to
manufacture them is greater than the
amount of power that they produce,
resulting in a net energy loss.

T'am here to say (with some authority)
that this is not the case. Solar cells and
solarenergy right now can be constructed
with a net energy gain. The earlier article
suffered from a lack of good research and
background reading to gain familiasity
with the subject.

Solar powered sterling engines are
already being constructed in California.
Those “huge fields of misrors”are actually
quite movable and can be programmed to
turn with the sun for maximum efficiency
and with litde effort using 2 pair of low
powered motors.

As of 2005, energy provider Southern
Califomia Edison made a2 20-year

agreement to build a 500-megawart
power plant using mirrors and steam
engines. Quoted average efficiency is
roughly 25%. For comparison, an 11
by 11 mile complex could produce more
energy than the Hoover dam. A 100
by 100 mile complex (about 3 times the
size of Yellowstone national park) of this
efficiency could produce roughly the
entire daytime energy demands of the
U.S., the largest consumer of electrical
energy in the world.

I'm willing to admit that this
field would have to be in Nevada, Arizom,
New Mexico or the southeastern California,
but the sites are available, and arguably this
land is not exactly in the highest of demand.
As anecdotal proof, I can remember taking 2
trip to New Mexico that advertised the next
hotel 250 miles away. We are certainly not
talking about the most densely populated
region of the US.

The article brings up another flawed
argument about solar power from silicon
chips. There isnot one single way to make
a solar cell. The quoted 40% efficiency
solar panels are specifically single crystal,
multi junction solar cells used almost
exclusively for puttering around in the lab
and for times when carrying around fuel
or laying power lines to distant locations
is 2 bad proposition.

http://www. solaronix.ch
tized sofar cells.

http://www.nanosolar.com

Do You WanNT To KNow MoORE?

Click on the “technologies” tab for an in-depth review on dye-sensi-

Click on “Technology” for an explanation of CIGS.

http://en.wikipedia.org/wiki/solar_cells
Leave it toWikipedia to supply you with decent materia! on the topic.

Or; best of all, ask one of us working in the kbs here about what's going on.

For example, these more expensive
silicon chips are used in space stations,
space shuttles, and remote regions in the
world where population density is low
but clectricity is needed.

Not all silicon solar cells are equally
efficient or identical in the processing
energy required. Silicon solar cells

at UTD on Dye Sensitized Solar Cells
(DSC). The operating principle behind
DSC is that they very closely mimic
the method that plants used to harvest
sunlight and make energy stored in
sugars. Instead of storing the energy as
sugars, however, we make electricity. This
type of solar cell uses relatively cheap

ﬂd Despite some claims, solar cells and solar
energy right now can be constructed with a net
energy gain... these cells are also not restricted to

being made only of silicon.

can also be made from thin films of
amorphous silicon that require much
less processing and can give an output
of around 10-15%. These cells are
produced with less energy than they
will take in during their operational
lifetimes.

Solar cells are also not restricted to
being made only out of silicon. CIGS
solar cells are made from copper, indium,
gallium and selenium and are essentially
inkjet printed onto glass. Efficiencics of
roughly 109%-15% can be found here, and
the solar cells are so thin, measured in
micron thickness, that there is very little
use of materials in 2 given square meter
of eolar cell.

If you would like to know more, there
is a local company, based out of Austin,
TX, named HelioVolt that is making
these CIGS to be integrated into building
materials,suchasthewindowsand roofing
material of 2 building. This method of
integrating solar panels into buildings is
called (rather unimaginatively) Building
Integrated Photovoltaics (BIPV) and
promises to cut down on the main
complaint of eolar cells for every day use:
their unsightliness.

Research is being done right here

)y

materials, like titanium dioxide, an ore
that takes minimal processing.

It’s so cheap that it’s currenty used
as 2 pigment in paint or toothpaste (if
you have ever wondered what makes
white paint white, well, titanium dioxide
is the most likely culprit). The other
components to making this type of
solar cell are Todine, a specialized dye,
a solvent to dissolve the lodine, and a
counterelectrode.

With these relatiely simple
ingredients it takes very little cffort
o make solar cells that have 10-15%
efficiency. ‘The only drawback is that
their operational lifetime has only been
confirmed to last around a decade;
however research is progressing to
increase the lifespan of this type of solar
cell.

‘The point I am trying to make about
solar cells is this: while not as easy an
energy source as the prepackaged sources
of energy that are fossil fuels, electrical
energy can be produced using solar
energy, at a net gain of energy. @

Jossf's 100-megarmett smile bas powered the beorts
of a thomsand ladies. Efficiendy.
Discuss this artide ot amp.stdaffas.edn!
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UTILITY DRIVEN SOLAR ENERGY
AS A LEAST-COST STRATEGY
TO MEET RPS POLICY GOALS

AND OPEN NEW MARKETS

Chris Robertson and Jill K Cliburn
ElectricSUN

American Solar Energy Society
SOLAR 2006

F:ElectncSUN

The Electric Solar Utility Network
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CAPABILITIES AND EACILITIES Solar Array Demonstrates Commercial Potential at NASA Dryden

e i ST ] A state-of-the-art solar array is
+ AIRCRAFT OPERATIONS FACILITY providing a unique Oppoﬂunily to

demonstrate the latest in high-

+ DOING BUSINESS efficiency solar cells available for
terrestrial use at a demonstration
+ HISTORY site at NASA's Dryden Flight
Research Center at Edwards Air
+ SITE MAP Force Base, Calif.

+ GO NAS

Manufactured by SunPower
Corporation of Sunnyvale, Calif.,
the A-300 silicon cells were derived
from those developed for the
NASA / AeroVironment Helios and Pathfinder-Plus solar-powered aircraft under the now-concluded
Environmental Research Aircraft and Sensor Technology (ERAST) program. They are considered to be
the most advanced photo-voltaic cells available for terrestrial applications.

http://www.nasa.gov/centers/dryden/news/NewsReleases/05-01.html 17-Jan-08
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The experimental site consists of two fixed-angle solar arrays and one single-axis sun-tracking array.
Together they produce up to five kilowatts of direct current power on a sunny day, which is equivalent to
powering two or three average California homes. The sun-tracking array tilts to follow the sun using an
advanced "real-time" tracking device rather than normal pre-programmed mechanisms. One of the fixed
arrays contains standard less-efficient cells, and is being used as a baseline comparison for the newer
fixed-cell array. According to SunPower, typical commercial-grade solar cells are in the range of 12 to15
percent efficient at converting sunlight to electricity, while the new cells are 20 percent efficient, or up to
50 percent better than the older technology.

The efficiency improvement is due largely to the routing of cell electrical connections behind the cells,
which was required in the original design for the solar-powered aircraft to maximize the limited space
available atop the wings.

"It is a grid-connected system, so it is putting power back into the electrical grid," stated Jon Ferrall,
NASA Dryden electrical engineer, who managed the installation of the solar array demonstration site.
"The system is providing significant power to the 7,870 square foot Public Affairs and Commercialization
building here at Dryden."

The demonstration is comparing the potential advantage of the tracking array over the fixed array,
verifying the effectiveness of the dirt-repellant coating over the protective glass housing the solar cells,
and the effect, if any, of dust and dirt on the arrays. Array efficiency is monitored remotely on a computer.

Should the demonstration be successful, it would be a major step toward transferring the technology to
the commercial market, allowing for mass production of these high-efficiency solar cells for a variety of
residential, business and governmental applications.

Charlie Gay, chief array installer of SunPower, said they have been able to actively predict the output of
the system.

"SunPower's ability to predict energy delivery over the span of the past year is attributed to the modules
and system working well," Gay said.

Jennifer Baer-Riedhart, NASA Dryden's project manager for the solar demonstration site, estimated that
the life expectancy is at least 25 years.

A second phase of the demonstration will consist of establishing an Internet web site that will allow the

public to view "real-time" information on the Dryden solar demonstration site, as well as other solar array
sites that are planned for construction in Hawaii and Arizona.

Long-term plans include construction of a solar "farm" at NASA Dryden that would power up to one-third
of the center's electrical power needs.

The solar power demonstration site was funded through a technology commercialization allocation from

NASA's ERAST program at a cost of around $130,000. It was constructed by Renewable Energy
Concepts Inc. of Los Osos, Calif.

- NASA -

NOTE TO EDITORS: A publication-quality photo to support this release is available on the NASA Dryden
Internet web site photo gallery by pasting the following URL into your browser:
http://www.dfrc.nasa.gov/Gallery/Photo/Places/HTML/EC03-0283-20.html

-end -

http://www.nasa.gov/centers/dryden/news/NewsReleases/05-01.html 17-Jan-08
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text-only version of this release

To receive status reports and news releases issued from the Dryden Newsroom electronically, send a blank e-mail
message to dfrc-subscribe@newsletlers.nasa.gov. To unsubscribe, send a blank e-mail message to dfic-
unsubscribe@newsletters.nasa.gov. The system will confirm your request via e-mail.

+ Back to Top
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FOR IMMEDIATE RELEASE

September 29, 2006
Contact: Barry Martin, 707-258-7843 bmartin@cityofnapa.org

City of Napa Dedicates Solar Power System at Lake
Hennessey Pump Station

PowerlLight PowerTracker® Deployed to Help Napa Meet Its Electricity Needs
With Clean, On-site Solar Power Generation

Today the City of Napa dedicated a major City-owned solar power system at its Lake
Hennessey Pump Station. The 356kW solar power system was designed and deployed by
PowerLight Corporation. At over a third of a megawatt, this solar power system is one of
the largest municipal solar power systems in Northern California.

“Napa is very pleased to be harnessing the wine country’s abundant sunshine by deploying
solar power. Clean, emissions-free, on-site solar generation enables us to be responsible
stewards of our region — improving our community’s health and quality of life,” said Phil

'acis [ Brun of the City of Napa's Public Works Department.

The City of Napa commissioned a solar power tracking system, PowerLight

PowerTracker®, to meet a portion of its electricity needs in a clean, sustainable manner.

file://C\DOCUME~I\RE76BE~1.CLA\LOCALS~1\Temp\triCEKBG.htm

17-Jan-08
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It makes use of an underutilized asset —the grounds adjacent to the pump station— to
generate electricity that is clean, silent, and emissions-free. The PowerTracker solar power
Search for: system features an innovative single-axis design enabling solar panels to follow the path of
the sun automatically throughout the day to maximize the panels' energy generation.

“By generating solar power, Napa is reducing demand from the utility grid, lowering

| Start Search || Reset | operating costs, and improving air quality for its community,” said PowerLight executive
vice president Howard Wenger. “By effectively reducing its purchases of expensive peak
electricity, Napa is doing its part to address California’s ongoing energy challenges. This
energy solution saves money while helping the environment.”

The City of Napa anticipates average savings exceeding $100,000 annually in avoided
electricity purchases, with an estimated total electricity bill savings of $3.2 million over the
next 25 years. Additionally, Napa's solar power generation spares the environment from
tons of harmful emissions, such as nitrogen oxides, sulfur dioxide, and carbon dioxide,
which are major contributors to smog, acid rain, and global warming. Over the expected
30-year lifetime of the system, the combined solar-generated electricity will reduce
emissions of carbon dioxide by 4,200 tons. These emissions reductions are the equivalent
to planting 1,170 acres of trees, removing almost 855 cars, or not driving 10.5 million miles
on California’s roadways.

About the City of Napa

Located in the heart of California’s celebrated wine country, the City of Napa is the county seat of Napa County. Established
in 1850, it is named after the Napa Indians who once inhabited the area. Napa is known for its magnificent vineyards and
outstanding wine, and other agricultural products. The City of Napa has a longstanding commitment to preserving the
region's environment and aesthetic natural beauty. The City’s mission is to preserve and promote the unique quality of life
that is Napa, with its scenic vistas and rich cultural heritage. In keeping with its efforts to reduce fossil fuel emissions and
incorporate clean, reliable renewable technologies into Napa's energy portfotio, the City contracted with PowerL.ight to design
and deploy a significant new solar power tracking installation at its Lake Hennessey Pump Station.

About Powerlight

PowerlLight Corporation is a leading global provider of large-scale solar power systems, delivering unmatched experience
and proven financial performance to commercial, utility, public sector, and residential customers. PowerLight's industry-
leading products, technologies and services enable cur customers to maximize clean energy output along with project
savings. Today, Powerlight designs, deploys, and operates the largest solar power systems in the world through market-
leading innovation and exceptional customer service. For maore information, please visit www.powerlight.com.

file://C:\DOCUME~1\RE76BE~1.CLA\LOCALS~1\Temp\triCEKBG.htm 17-Jan-08
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Solar Cells and Photovoltaic Arrays
Solar cells convert sunlight directly into electricity
and are made of semiconducting materials similar
to those used in computer chips. When sunlight is
absorbed by these materials, the solar energy
knocks electrons loose from their atoms, allowing
the electrons to flow through the material to
produce electricity. This process of converting
light (photons) to electricity (voltage) is called the
photovoltaic effect. A typical solar cell measures
10 centimeters by 10 centimeters (about 4 inches
square) and generates about 1 Watt of power at
about 0.5 volts.

A typical solar cell

Individual solar cells can be connected in series in
order to increase the voltage, or in parallel in
order to increase the current into a module. Solar
cells are typically combined into modules that
hold about 40 cells, and about 10 of these
modules are mounted in a photovoltaic (PV) array
that can measure up to several meters on a side.
These PV arrays can be mounted at a fixed angle
facing south, or they can be mounted on a
tracking device that follows the sun, allowing Installing a PV array on a building
them to capture the most sunlight over the

course of a day. About 10 to 20 PV arrays can provide enough power for a typical
U.S. household, although some tribal residences may use less power. PV arrays can
also be used for large electric utility or industrial applications. Hundreds of arrays
can be interconnected to form a single, large PV system.

PV systems have few moving parts and are highly reliable. In fact, many PV arrays
come with warranties that are good for 20 years or more. Flat-plate PV arrays
without tracking have no moving parts, and even two-axis tracking requires only a
relatively small number of low-speed moving parts. This tends to keep operation and
maintenance (O&M) costs down. Indeed, some early kilowatt-scale first-of-a-kind
plants demonstrated O&M costs around half a cent per kilowatt-hour, which is
minimal.

o . e, oW R
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In many PV systems, energy will not be used as it Is produced but may be required
at night or on cloudy days. If tapping into the utility grid is not an option, a battery
backup system will be necessary. About 80% of the energy channeled into the
battery backup can be reclaimed. Like PV cells, batteries are direct-current devices
and are directly compatible only with dc loads. However, batteries can also serve as
a power conditioner for these loads by regulating power; this allows the PV array to
operate closer to its optimum power output. Most batteries must also be protected
from overcharge and excessive discharge, which can cause electrolyte loss and can
even damage or ruin the battery plates. Protection is usually achieved using a
charge controller, which also maintains system voltage. Most charge controllers also
have a mechanism that prevents current from flowing from the battery back into the
array at night.

Tribal Energy Program Home | EERE Home | U.S. Department of Energy
Webmaster | Web Site Policies | Security & Privacy | USA.gov

Content Last Updated: 06/18/2007

http://www1.eere.energy.gov/tribalenergy/guide/printable_versions/pv_solar_cells.html 17-Jan-08
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PV Systems with Battery
Storage

This 4-kilowatt solar electric system,
dubbed "Solar Independence," is the
largest mobile power unit ever built.
The flag's field of blue consists of
photovoltaic panels made of silicon;
these panels generate enough
electricity to provide power to one or
two homes. Workhorse batteries
that can store up to 51 kilowatt-
hours of electricity are in a portable
trailer behind the flag. This system
has been part of several emergency
training exercises in Colorado and
has been exhibited on the National
Mall in Washington, D.C.

PV systems with batteries for storage
are excellent for supplying electricity
when and where you need it. These
systems are especially suitable in areas
where utility power is unavailable or
utility line extensions would be too
expensive. The ability to store PV-
generated electrical energy makes the
PV system a reliable source of electric
power both day and night, rain or
shine. PV systems with battery storage
are used all over the world to provide
electricity for lights, sensors, recording
equipment, switches, appliances,
telephones, televisions, and even power
tools!

file://E:\Solar%20Energy%20Technologies%20Program%20PV%20Systems%20with%20Batter...
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Buildings for
the 2ist Century

Buildings that are more
energy efficient, comfortable,
and affordable...that's the
goal of DOE’s Office of Building
Technology, State and
Community Programs (BTS).

To accelerate the development
and wide application of energy

efficiency measures, BTS:

*. Conducts REGD on technologies
and concepts for energy effi-
ciency, working closely with
the building industry and with
manufacturers of materials,
equipment, and appliances

.

Promotes energy/money
saving opportunities to both
huilders and buyers of homes
‘and commercial buildings

* Works with state and local
regulatory groups to improve
building codes, appliance
standards, and guidelines for
efficient energy use

*' Provides support and grants
to states and communities
‘for deployment of energy-
efficient technologies and
practices

|

Fact Sheet

Technology

PASSIVE SOLAR DESIGN

Increase energy efficiency and comfort in homes
by incorporating passive solar aesign features

DESIGN WITH THE SUN IN MIND
Sunlight can provide ample heat, light, and
shade and induce summertime ventilation into
the well-designed home. Passive solar design
can reduce heating and cooling energy bills,
increase spatial vitality, and improve comfort.
Inherently flexible passive solar design principles
typically accrue energy benefits with low main-
tenance risks over the life of the building.

DESIGN TECHNIQUES

Passive solar design integrates a combination
of building features to reduce or even eliminate
the need for mechanical cooling and heating
and daytime artificial lighting. Designers and
builders pay particular attention to the sun to
minimize heating and cqoling needs. The
design does not need to be complex, but it
does involve knowledge of solar geometry,
window technology, and local climate. Given
the proper building site, virtually any type of
architecture can integrate passive solar design.

Passive solar heating techniques generally fall
into one of three categories: direct gain,
indirect gain, and isolated gain. Direct gain is
solar radiation that directly penetrates and is
stored in the living space. Indirect gain collects,
stores, and distributes solar radiation using
some thermal storage material (e.g., Trombé
wall). Conduction, radiation, or convection then
transfers the energy indoors. Isolated gain
systems (e.q., sunspace’) collect solar radiation
in an area that can be selectively closed off or
opened to the rest of the house.

Passive solar design is not new. In fact, ancient
civilizations used passive solar design. What is
new are building materials, methods, and

SOLAR POSITIONING CONSIDERATIONS
The south side of the home must be
oriented to within 30 degrees of due
south.

SEASON,,

& 3 pos’f/
SUMMER L1 &

WINTER

software that can improve the design and
integration of passive solar principles into
modern residential structures.

COST

It takes more thought to design with the sun;
however, passive solar features such as
additional glazing, added thermal mass, larger
roof overhangs, or other shading features can
pay for themselves. Since passive solar designs
require substantially less mechanical heating
and cooling capacity, savings can accrue from
reduced unit size, installation, operation, and
maintenance costs. Passive solar design
techniques may therefore have a higher first
cost but are often less expensive when the
lower annual energy and maintenance costs are
factored in over the life of the building.

OFFICE OF BUILDING ':T"ECHNOL.OGY. STATE AND COMMUNITY PROGRAMS
ENERGY EFFICIENCY AND RENEWABLE ENERGY » U.S. DEPARTMENT OF ENERGY




NREL: Concentrating Solar Power Research - Publications

About MREL

Concentrating Solar Power
Research Home

Capabilities
Projects
Research Staff
Partnerships
Working with Us
Publications

Data & Resources

Related Links
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Innovation for Qur Energy Future

MREL Hom

Learning About Renewables

1 . .
| IMore Search Options
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Publications

NREL develops publications, including technical reports and
papers, about its R&D activities in concentrating solar power, as
well as related information. Below you'll find a list of selected
NREL publications concerning these activities.

For other NREL concentrating solar power publications, you can
search NREL's Publications Database.

Selected Publications
These publications are available as Adobe Acrobat PDFs.
Download Adobe Reader.

I
Stoddard, L.; Abiecunas, J.; O'Connell, R. Economic, Energy,
and Environmental Benefits of Concentrating Solar Power
in California (PDF 1.5 MB). NREL/SR-550-39291. Golden, CO:
National Renewable Energy Laboratory, April 2006. 69 pp.

Schwer, R.K.; Riddel, M. The Potential Economic Impact of
Constructing and Operating Solar Power Generation
Facilities in Nevada (PDF 948 KB). NREL/SR-550-35037.
Golden, CO: National Renewable Energy Laboratory, February
2004. 28 pp.

Sargent & Lundy LLC Consulting Group. Executive Summary:
Assessment of Parabolic Trough and Power Tower Solar
Technology Cost and Performance Forecasts (PDF 588 KB).
NREL/SR-550-34440. Golden, CO: National Renewable Energy
Laboratory, October 2003. 47 pp.

Sargent & Lundy LLC Consulting Group. Assessment of
Parabolic Trough and Power Tower Solar Technology Cost
and Performance Forecasts (PDF 2.42 MB). NREL/SR-550-
34440. Golden, CO: National Renewable Energy Laboratory,
October 2003. 344 pp.

Assessing the Potential for Renewable Energy on Public
Lands (PDF 4.53 MB). DOE/G0-102003-1704. Golden, CO:
National Renewable Energy Laboratory, February 2003. 95 pp.

Leitner, A.; Owens, B. Brighter than a Hundred Suns: Solar

Power for the Southwest (PDF 809 KB). NREL/SR-550-33233.

Work performed by Platts Research and Consulting, Boulder,
CO. Golden, CO: National Renewable Energy Laboratory,
January 2003. 28 pp.

http://www.nrel.gov/csp/publications.html
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Leitner, A. Fuel from the Sky: Solar Power's Potential for
Western Energy Supply (PDF 2,94 MB). NREL/SR-550-32160.
Golden, CO: National Renewable Energy Laboratory, July 2002.
180 pp.

Printable Version

Webmaster | SecurityiPrivacy | Disclaimer | NREL Home
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Energy Efficiency -
Residential Sola'r Heating Collectors

! Solar collectors are the heart of most solar energy
| systems. The collector absorbs the sun's light energy
B8 and changes it into heat energy. Solar collectors heat a
| fluid, either air or liquid. This fluid then is used to heat—
directly or indirectly—the following.

Water for household use.

Indoor spaces

Water for swimming pools

Water or air for commercial use

Air to regenerate desiccant (drying) material in a desiccant cooling system.

There are several types of solar collectors used for residences. These are flat-plate,
evacuated-tube, and concentrating collectors.

Flat-Plate Collectors

Flat-plate collectors are the most common collector for residential water-heating
and space-heating installations. A typical flat-plate collector is an insulated metal
box with a glass or plastic cover—called the glazing—and a dark-colored absorber
plate. The glazing can be transparent or translucent. Translucent (transmitting light
only), low-iron glass is a common glazing material for flat-plate collectors because
low-iron glass transmits a high percentage of the total available solar energy. The
glazing allows the light to strike the absorber plate but reduces the amount of heat
that can escape. The sides and bottom of the collector are usually insulated, further
minimizing heat loss.

The absorber plate is usually black because dark colors absorb more solar energy
than light colors. Sunlight passes through the glazing and strikes the absorber
plate, which heats up, changing solar radiation into heat energy. The heat is
transferred to the air or liquid passing through the collector. Absorber plates are
commonly covered with "selective coatings," which retain the absorbed sunlight
better and are more durable than ordinary black paint.

Absorber plates are often made of metal- usually copper or aluminum—because
they are both good heat conductors. Copper is more expensive, but is a better
conductor and is less prone to corrosion than aluminum.

Flat-plate collectors fall into two basic categories: liquid and air. And both types can
be either glazed or unglazed.

Liquid Collectors

In a liquid collector, solar energy heats a liquid as it flows through tubes in or
adjacent to the absorber plate. For this type of collector, the flow tubes are attached
to the absorber plate so the heat absorbed by the absorber plate is readily

conducted to the liquid.
The flow tubes can be routed in parallel, using inlet and outlet headers, or in a

|
01-Feb-07
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serpentine pattern. A serpentine pattern eliminates the possibility of header leaks
and ensures uniform flow. A serpentine pattern is not appropriate,. however, for
systems that must drain for freeze protection because the curved flow passages will

The simplest liquid systems use potable household water, which is heated as it

passes directly through the collector and then flows to the house to be used for
bathing, laundry, etc. This design is known as an "open-loop" (or "direct") system.
In areas where freeging temperatures are common, however, liquid collectors must
either drain the water when the temperature drops or use an antifreeze type of

heat-transfer fluid.

In systems with heat-transfer fluids, the transfer fluid absorbs heat from the
collector and then passes through a heat exchanger. The heat exchanger, which
generally is in the water storage tank inside the house, transfers heat to the water.

Such designs are called "closed-loop" (or "indirect") systems.

Glazed liquid collectors are used for heating household water and sometimes for
space heating. Unglazed liquid collectors are commonly used to heat water for
swimming pools. Because these collectors need not withstand high temperatures,
they can use less expensive materials such as plastic or rubber. They also do not
require freeze-proofing because swimming pools are generally used only in warm

weather.

Air Collectors

Air collectors are simple, flat-plate collectors used primarily for space heating. The
absorber plates in air collectors can be metal sheets, layers of screen, or non-
metallic materials. The air flows past the absorber by natural convection or when
forced by a fan. Because air conducts heat much less readlly than liquid does, less
heat is transferred between the air and the absorber than in a liquid collector.

In some solar air-heating systems, fins or corrugations on the absorber are used to
increase air turbulence and improve heat transfer. The disadvantage of this strategy
is that it can also increase the amount of power needed for fans and, thus, increase
the costs of operating the system. In colder climates, the air is routed between the
absorber plate and the back insulation to reduce heat loss through the glazing.
However, if the air will not be heated more than 30°F (17°C) above the outdoor
temperature, the air can flow on both sides of the absorber plate without sacrificing

) efficiency.

Air systems have the advantage of eliminating the freezing and boiling problems
associated with liquid systems. Although leaks are harder to detect and plug in an
air system, they are also less troublesome than leaks in a liquid system. Air
systems can often use less-expensive materials, such as plastic glazing, because
their operating temperatures are usually lower than those of liquid collectors.

Evacuated-Tube Collectors

Evacuated-tube coliectors heat water in residential applications that require higher
temperatures. In an evacuated-tube collector, sunlight enters through the outer
glass tube, strikes the absorber tube, and changes to heat. The heat is transferred
to the liquid flowing through the absorber tube. The collector consists of rows of
parallel transparent glass tubes, each of which contains an absorber tube (in place
of the absorber plate in a flat-plate collector) covered with a selective coating.
Evacuated-tube collectors are modular—tubes can be added or removed as hot-

water needs change.

When evacuated tubes are manufactured, air is evacuated from the space between
the two tubes, forming a vacuum. Conductive and convective heat losses are
eliminated because there is no air to conduct heat or to circulate and cause
convective losses. There can still be some radiant heat loss (heat energy will move

through space from a warmer to a cooler surface, even across a vacuum).

However, this loss is small and of little consequence compared with the amount of

heat transferred to the liquid in the absorber tube.

Evacuated-tube collectors are available in a number of designs. Some use a third
glass tube inside the absorber tube or other configurations of heat-transfer fins and
fluid tubes. One commercially available evacuated-tube collector stores 5 gallons

http://www.stocktongov.com/energysaving/residential/solarheatcollectors.cfm
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x
(19 liters) of water in each tube, eliminating the need for a separate solar storage
tank. Reflectors placed behind the evacuated tubes can help to focus additional
sunlight on the collector.
These collectors are more efficient than flat-plate collectors for a couple of reasons.
First, they perform well in both direct and diffuse solar radiation. This characteristic,
combined with the fact that the vacuum minimizes heat losses to the outdoors,
makes these collectors particularly useful in areas with cold, cloudy winters.
Second, because of the circular shape of the evacuated tube, sunlight is
perpendicular to the absorber for most of the day. For comparison, in a flat-plate
collector that is in a fixed position, the sun is only perpendicular to the collector at
noon. While evacuated-tube collectors achieve both higher temperatures and
higher efficiencies than flat-plate collectors, they are also more expensive.

Concentrating Collectors

Concentrating collectors use mirrored surfaces to concentrate the sun's energy on
an absorber called a receiver. Concentrating collectors also achieve high
temperatures, but unlike evacuated-tube collectors, they can do so only when direct
sunlight is available. The mirrored surface focuses sunlight collected over a large
area onto a smaller absorber area to achieve high temperatures. Some designs
concentrate solar energy onto a focal point, while others concentrate the sun's rays
along a thin line called the focal line. The receiver is located at the focal point or
along the focal line. A heat-transfer fluid flows through the receiver and absorbs
heat.

These collectors reach much higher temperatures than flat-plate collectors.
However, concentrators can only focus direct solar radiation, with the result being
that their performance is poor on hazy or cloudy days. Concentrators are most
practical in areas of high insolation (exposure to the sun's rays), such as those
close to the equator and in the desert southwest United States.

Concentrators perform best when pointed directly at the sun. To do this, these
systems use trackirig mechanisms to move the collectors during the day to keep
them focused on the sun. Single-axis trackers move east to west; dual-axis trackers
move east and west and north and south (to follow the sun throughout the year). In
addition to these mechanical trackers, there are passive trackers that use freon to
supply the movement. While not widely used, they do provide a low-maintenance
alternative to mechanical systems.

Concentrators are used mostly in commercial applications because they are
expensive and because the trackers need frequent maintenance. Some residential
solar energy systems use parabolic-trough concentrating systems. These
installations can provide hot water, space heating, and water purification. Most
residential systems use single-axis trackers, which are less expensive and simpler
than dual-axis trackers.

Technological Improvements

The efficiency of solar heating systems and collectors has improved from the early
1970s and costs have dropped somewhat. The efficiencies can be attributed to the
use of low-iron, tempered glass for glazing (low-iron glass allows the transmission
of more solar energy than conventional glass), improved insulation, and the
development of durable selective coatings.

Also, a new solar air collector, formerly used primarily for commercial buildings, is
now available for homes. Called a transpired collector, it eliminates the cost of the
glazing, the metal box, and the insulation. This collector is made of black,
perforated metal. The sun heats the metal, and a fan pulls air through the holes in
the metal, which heats the air. For residential installations, these collectors are
available in 8-foot by 2.5-foot (2.4-meter by 0.8-meter) panels capable of heating 40
cubic feet per minute (0.002 cubic meters per second) of outside air. On a sunny
winter day, the panel can produce temperatures up to 50°F (28°C) higher than the
outdoor air temperature. Transpired air collectors not only heat air, but also improve
indoor air quality by directly preheating fresh outdoor air.

These collectors have achieved very high efficiencies—more than 70% in some

.
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commercial applications. Plus, because the collectors require no glazing or
insulation, they are inexpensive to manufacture. All these factors make transpired
air collectors a very cost-effective source of solar heat.

There are other prototype cooling systems operating today. Some use heat from
solar collectors for absorption cooling. Others are being used to renew the
desiccant material in desiccant cooling systems. Desiccants, such as silica gel,
naturally attract moisture. They are used to reduce humidity and the resulting
cooling loads in hot, humid climates.

Collector Performance Ratings

When you are shopping for solar collectors, you can compare their performance.
Look for a Solar Rating & Certification Corporation (SRCC) or Florida Solar Energy
Center (FSEC) sticker on the equipment you are considering to check their
comparative performance ratings.

A Bright Future

Solar collectors can be used for nearly any process that requires heat. As
environmental laws become stricter and the price of conventional power increases,
it is likely that solar collectors will be integrated into many applications.

Low-Tech Solar Collectors

Several inexpensive, "low-tech" solar collectors with specific functions are also
available commercially. Batch heaters are simple, effective solar water heaters;
solar box cookers are used for cooking and for purifying water; and solar stills
produce inexpensive distilled water from virtually any water source.
Batch heaters, also known as "breadbox” or integrated collector systems, use one
or more black tanks filled with water and placed in an insulated, glazed box. Some
boxes include reflegtors to increase the solar radiation. Solar energy passes
through the glazing;and heats the water in the tanks. These devices are
inexpensive solar water heaters but must be drained or protected from freezing
when temperatures drop below freezing.
A batch heater is a simple solar water heater that uses one or more black tanks
filled with water and placed in an insulated, glazed box. Solar box cookers are
inexpensive to buy and easy to build and use. They consist of a roomy, insulated
box lined with reflective material, covered with glazing, and fitted with an external
reflector. Black cooking pots serve as absorbers, heating up more quickly than
shiny aluminum or stainiess steel cookware. Box cookers can also be used to kill
bacteria in water if the temperature can reach the boiling point.
Solar stills provide inexpensive distilled water from even salty or badly
contaminated water. They work on the principle that water in an open container will
evaporate. A solar still uses solar energy to speed up the evaporation process. The
stills consist of an insulated, dark-colored container covered with glazing that is
tilted so the condensing fresh water can trickle into a collection trough. A small solar
still, which is about the size of your kitchen stove, can produce two gallons of
distilled water on a sunny day.

|

Source List

The following organizations can provide you with information to help you find the
solar water heater that is right for you.

American Solar Energy Society (ASES)

2400 Central Avenue, Unit G-1

Boulder, CO 80301

(303) 443-3130

Fax: (303) 443-3212

E-mail: ases@ases.org

ASES is a nonprofit educational organization founded in 1954 to encourage the use
of solar energy technologies. ASES publishes a bimonthly magazine, Solar Today,

01-Feb-07
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and offers a variety of solar publications through its catalogue.

Florida Solar Energy Center (FSEC)

1679 Clearlake Road

Cocoa, FL 32922-5703

(407) 638-1000

Fax; (407) 638-101

E-mail: info@fsec.ucf.edu

FSEC is an alternative energy center. The FSEC staff conducts research on a
range of solar technologies, offers solar energy workshops, and distributes many
free publications to the public.

Solar Energy Industries Association (SEIA)

1616 H Street, N.W. 8th floor

Washington, D.C. 20006-4999

Phone: 202-628-7745

E-mail: Solarsklar@aol.com

SEIA provides lists of solar-equipment manufacturers and dealers.

Solar Rating & Certification Corporation (SRCC)

c/o FSEC

1679 Clearlake Road

Cocoa, FL 32922-5}703

(407) 638-1637

Fax: (407) 638-1010

E-mail: srcc@fsec.ucf.edu

SRCC publishes the thermal-performance ratings of solar energy equipment. The -
SRCC offers a directory of certified solar systems and collectors as well as a
document (OG-300-91) that details the operating guidelines and minimum
standards for certifying solar hot-water systems.

For information about many kinds of energy efficiency and renewable energy topics,
contact:

Ask an Energy Expert

The Energy Efficiency and Renewable Energy Clearinghouse (EREC)
P.O. Box 3048

Merrifield, VA 22116

(800) DOE-EREC (863-3732)

Fax: (703) 893-0400

E-mail: doe.erec@nciinc.com

Consumer Energy Information Web site

Energy experts at EREC provide free general and technical information to the
public on the many topics and technologies pertaining to energy efficiency and
renewable energy.

You may also contact your state and local energy offices for region-specific
information on solar water heaters.

Reading List

The following publications provide further information about solar collectors. The list
is not exhaustive, nor does the mention of any publication constitute a
recommendation or,endorsement.

i

Books, Pamph/éts, and Reports

-http://www.stocktongov.com/energysaving/residential/solarheatcollectors.cfm 01-Feb-07
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1. Consumer Guide to Solar Energy, S. Sklar and K. Sheinkopf, Bonus Books,
Inc., 160 East lllinois Street, Chicago, IL 60611, 1991.

2. The Fuel Savers, B. Anderson, Morning Sun Press, Lafayette, CA, 1991.

3. The New Solar Home Book, B. Anderson and M. Riorden, Brick House,
Amherst, NH, 1987.

Periodicals {

1. Home Energy Magazine, 2124 Kittredge Street, No. 95, Berkeley, CA 94704-
9942, (510) 524-5405. Home Energy Magazine is a source of information on
reducing energy consumption.

2. Solar Today, 2400 Central Avenue, Unit G-1, Boulder, CO 80301. Solar
Today covers all the solar technologies, both mature and emerging, in a
general-interest format. Each issue includes a solar building case study.

City of Stockton Homepage | For Residents | For Visitors | For Businesses | Helpful Resources
Contact us | Help with this site | Search this Website
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Why Solar?

Solar power make sense! Advances in photovoltaic technology combined with generous local, state, and
federal rebates and tax credits have made today’s solar electric systems cleaner, more reliable, and more
affordable than ever before.

Stop writing checks to the utility company!

Whether you own a home, a small business, or a large commercial/agricultural operation, you probably
write a large check to your utility company every month. Over time, those checks can add up to a lot of
money—tens of thousands of dollars a month if you own a large organization.

Make Energy Inflation Work For You

When you purchase a solar energy system, it’s like buying 30-45 years of energy at a fixed,
predetermined cost—Ilocking in power at a fraction of the current charges and preventing future rate
hikes. Plus, as energy costs rise, the more the energy you produce is worth—and the more you save! In
fact, if you produce more energy than you use, your meter will actually spin backward, generating
credits with the utility company.

Invest in Your Home or Business
More than just green, a solar electric system from Granite Bay Energy is a valuable investment in your
home or business that can pay for itself many times over—freeing up cash for other activities. Over the

lifetime of a solar power system, typically 45 years, it can pay for itself on most structures 6 or more
times.

Increase Property Values

A well designed solar system will also increase your property value. According to a study published in
The Hppiosial Seurnal  every dollar saved in annual energy costs results in an increase of $10-25 in net
home value. That means that if your current utility bill is $200, your home will increase in value by

file://F:\Granite Bay Energy A solar and renewable energy company providing solar, win... 11/28/2008
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$24,000 to $60,000—none of which is subject to property tax in California.
Enjoy Tremendous Satisfaction
Plus, when you power your home or business with solar or other renewable energy technologies, you are

helping cut our dependence on foreign oil, as well as reducing pollution and harmful emissions. The
typical non-solar home produces 350 tons of greenhouse gases over a 25-year period.

Solar FAQ

Q: How do I know if solar is right for my home or business.
A: The best way isto- -~ - one of our representatives for a free, no-obligation site evaluation.
You may also estimate the size, cost, and savings of a new systemusinga -~~~ -~ . At this

time, solar power technology has achieved a point in its development where almost any building
has enough roof or ground space to generate sufficient electrical power to meet the needs of all or
most of its occupants.

Q: How long do solar electric systems last?
A: Because solar electric systems are made from high-impact tempered glass, have no moving
parts, and require very little maintenance, they can operate for 40-50 years—paying back the
initial investment many times over!

Q: Do your solar systems come with a warranty?
A: Yes. In the event that something ever does go wrong, all of our photovoltaic panels come with
a 25-year manufacturer’s warranty. In addition, Granite Bay Energy covers all other parts of the
system—including roof mounts, conduit, and every last nut and bolt — for 10 years.

Q: Do I have to pay for the system up front?
A: That depends on your method of financing. For more information about financing options, visit
our- - page.

Q: How long will it take to pay for itself?
A: Again, that depends on your method of -~~~ - and the size of your current utility bill.

Q: What are the key components of a solar power system?
A: There are five basic components:

1. Solar Modules convert sunlight to electrical power. Typically, Granite Bay Energy
professionals mount them in a steel frame attached to the roof of a home or commercial
property or ground-mount them on a piece of land close to the site.

2. The Inverter (or power converter) converts the direct current (DC) produced by the solar
modules to alternating current (AC), the same type of electrical power supplied to homes
and businesses from the utility grid.

3. Power travels from the inverter to the breaker box, or electrical service panel, where it is
then distributed throughout the home or business for use.

4. When the solar electric system produces more power than you are currently using (for
instance during a work day at a residence or over the weekend at a business), the excess
electrical power will flow into the grid through a special bi-directional utility meter,
effectively causing the meter to run backwards and generating a credit with the utility
company that will offset future usage. This arrangement is known as net metering.

5. The utility grid is the state and national infrastructure that links homes and businesses to
electricity-generating assets. The grid automatically provides electricity when household or
business demand exceeds solar production.

For more detailed information about how solar systems work, please visitour - -~ - page.
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Granite Bay Energy

1800 Vernon Street, Suite 1
Roseville, CA 95678
916-791-2426 Phone
916-791-2523 Fax

e &6 & & o & ¢ o o

site design:
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Western Governors’ Association
Clean and Diversified Energy Initiative

Solar Task Force Report

The Western Governors’ Association’s Clean and Diversified Energy Advisory
Committee (CDEAC) commissioned this task force report in February

2005. Members of the Task Force are listed below. This is one of several task force
reports presented to the CDEAC on December 8, 2005 and accepted for further
consideration as the CDEAC develops recommendations for the Governors. While
this task force report represents the consensus views of the members, it does not
represent the adopted policy of WGA or the CDEAC. At their Annual Meeting in
June, 2006, Western Governors will consider and adopt a broad range of
recommendations for increasing the development of clean and diverse energy,
improving the efficient use of energy and ensuring adequate transmission. The
CDEAC commends the Task Force for its thorough analysis and thoughtful
recommendations.

eTiloiny Decalas

Members of the Solar Task Force Fix) 87, <, .
Mn;op L(,a AN L ctoeta

Glenn Hamer (Chair) First Solar (CDEAC member) pazy &2

Fred Morse Morse Associates, Inc. Bhm an by &z ¢

Steve Chadima Energy Innovations, Inc. P77

David Kearney Keamey & Associates

Don Aitken Donald Aitken Associates

Mitch Apper Sunergy Systems

Rajiv Arya Oregon Renewable Energy Center

Jon Bertolino Sacramento Municipal Utility District

Sara Birmingham Pacific Gas & Electric

Bill Blackbumn California Energy Commission

Bruce Bowen Pacific Gas & Electric

Dave Cavanaugh Bureau of Land Management

Mike D'Antonio Public Service Co. of New Mexico

Kevin Doran University of Colorado

Todd Foley BP Solar

Lisa Frantzis Navigant Consulting

Shannon Graham Navigant Consulting

Gordon Handelsman Shell Solar

Thomas Hansen Tucson Electric Power

John Hargrove Sierra Pacific Power Company /Nevada Power

Herb Hayden Arizona Public Service Company

Mike Henderson Sandia National Laboratory

Scott Jones R.W. Beck, Inc.



e Demonstrate leadership through state purchases of solar
energy and public education:

> States can send a clear signal to their citizens about
the long-term economic and environmental benefits
of distributed solar by purchasing systems for state
buildings.

» Use public education and awareness program to »
inform homeowners and businesses about the costs,  so/ar parking lot canopies, such as this

benefits and technology options available to them. one at Cal State Northridge, are highly
visible signals to consumers about the

benefits of solar

Solar Works in Every WGA State

One of the greatest attributes of distributed solar is that every state can take advantage of its benefits.

While the Southwestern states and Hawaii clearly enjoy greater solar resources than states farther north,
solar electricity, solar water heating systems and solar space heating and cooling systems will deliver
valuable renewable energy throughout the West. While the solar resource in Portland and Seattle is 60% of
the solar resource in Phoenix, two-thirds of the Northwest receives as much or more direct sunlight as
Florida. Even the rainforests of the Olympic peninsula receive as much sunlight as many areas in Germany
and Japan — the two countries with the vast majority of the world’s solar photovoltaic installations and
among the world’s leaders in solar thermal (water and space heating) installations. Over 20,000 solar water
heating systems have been installed in Oregon since 1978, for example, showing that solar can thrive in any
climate when barriers are removed and the right level of incentives is used to drive demand. That demand,
in turn, can fuel a cycle of declining prices and expanding markets.

Based on current demand, weighted by the amount of sunshine, electricity prices and projected population
growth, we believe that each state will be able to make a meaningful contribution to the region’s energy
needs through the installation of distributed solar systems.

Figure llI-1. Weighted Allocation of Installed Capacity in WGA States
(Total = 4GW in 2015)
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Distributed Solar Benefits All Ratepayers

e Power is most often produced during critical peak hours

 Power is produced on-site, avoiding line losses, reducing the strain on the
transmission and distribution systems, and potentially deferring the need for new
distribution and transmission investments

Distributed solar offers many unique and valuable contributions to the economic health of the region and to
the stability of the electricity and natural gas distribution systems. However, two broad categories stand
out. First and foremost, while each state may have different peak load and system performance
characteristics, solar PV systems are often most productive during peak hours — including the time when
demands on the electrical grid can be the greatest.”’ This reduces peak electricity demands, resulting in
lower peak energy costs and lower price volatility for all consumers. Furthermore, reducing demand for
peaking power lowers demand for natural gas, keeping gas procurement costs down. Second, because
generation is located at or close to the point of use, a number of benefits can accrue to the entire grid.
Reduced line losses help the grid to operate more efficiently, security concerns are lessened, and over time
upgrades to the transmission and distribution systems may be mitigated, potentially deferring investment
capital.

Figure I1I-2 demonstrates the steps involved in transmitting power generated at a traditional power plant to
the end user. When PV systems are operating, typically during peak electricity demand periods, they
provide electricity on site for the PV owner and bypass stages 1 to 5. Although these stages cannot be
eliminated since most residents and businesses require electricity 24 hours a day, the strain on these
systems during peak periods could be reduced substantially with widespread PV application.

Figure II-2. Schematic of the Electric Power Grid

When electricity leaves a power plant (1), its voltage is increased at a “step-up™ substation (2). Next, the
energy travels along a transmission line to the area where the power is needed (3). Once there, the voltage is
decreased or "stepped-down,” at another substation (4), and a distribution power line (5) carries the
electricity until it reaches a home or business (6).

Source: Edison Electric Institute, Key Facts: A Look at the Electric Power Industry

27 i 3 R
St:’.e Ap.pendlx II-1 for a more detailed description by NREL of the region’s effective load-carrying capacity (ELCC) — the
relationship between the load shape and the resource availability (insolation) in a particular area.
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Distributed solar thermal systems also reduce electricity or natural gas consumption at the point of use.
Reduced electricity consumption through the use of solar thermal systems is functionally identical to the
production of electricity during those same periods, and this potential is further available through the newer
solar space heating and solar cooling technologies coming to market. Reduced natural gas consumption
translates into more natural gas available for electricity generation and industrial use.

There is a wide range of economic and environmental benefits from distributed solar photovoltaics. The
most significant of these are in avoided costs for natural gas for electricity generation and for capital costs
to build new plants. Recent studies of the California market indicate a potential for a variety of other
benefits, including the value of avoided T&D losses, avoided CO, and NOx emissions, avoided water
usage, and many others.”® The California Public Utilities Commission is currently considering which of
these are appropriate to include in a formal cost-benefit analysis of its existing subsidy program and how
best to calculate the impact of those that are included. Regardless of which are ultimately deemed
appropriate to include and at what level, enacting programs that have the effect of reducing costs will
ultimately improve net benefits.

Similarly, small-scale solar thermal technologies have both environmental and economlc benefits,
particularly when systems are used to offset the consumption of electricity or natural gas™, which along
with propane are the primary water heating energy sources used in the WGA states. In many areas in the
West, natural gas is used almost exclusively for water heating applications in new construction.

Society Benefits from Distributed Solar Energy
e Jobs

Healthier environment

Keeps money in region

No water is consumed

In addition to ratepayer benefits, there are a series of advantages that accrue to society at large. First,
developing a distributed solar industry can help to build local and regional economies by creating high-
paying local manufacturing and installation jobs, thereby increasing state and local tax revenues. A
healthy, growing solar industry, installing solar products that convert indigenous solar resources into usable
energy, can have the added advantage of converting into local contracting and manufacturing jobs those
dollars that would otherwise be sent out of state or out of the country for the importation of fossil fuels.
According to a recent study by researchers at the University of California, Berkeley, the solar industry
currently supports 33.25 installation and manufactlmng jobs for every megawatt installed™ — more local
jobs per MW than any other energy technology®' - so the employment leverage offered by an expanded
solar market can be substantial. In addition, there is a wide range of environmental benefits, such as
reduced use of scarce water resources and avoided emissions of greenhouse gases and other pollutants that
further contribute toward the WGA''s objectives in its energy program.*

28 . 3

Severin Borenstein, Valuing the Time-Varying Electricity Production of Solar Photovoltaic Cells, Center for the Study of Energy
Markets, University of California Energy Institute, March 2005; and Ed Smeloff, Quantifying the Benefits of Solar Power for
California, The Vote Solar Initiative, December 2004

US Department of Energy, Energy Efficiency and Renewable Energy Solar Energy Technologies Program, Solar and Efficient
WalerHea.rmg, 2005.

ander Singh, The Work That Goes Into Renewable Energy, Renewable Energy Policy Project, 2001.

31 Daniel M. Kammen, Putting Renewables to Work: How Many Jobs Can the Clean Energy Industry Generate?, Goldman School
of Public Policy, UC Berkeley, 2005

% See Appendix [I-1 for NREL's detailed analysis on reduced water use and greenhouse gas emissions.
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What Will It Take to Enable Solar Technologies to Make a Meaningful Contribution to the
Region’s Energy Needs?

There is a common misconception that solar is too immature to make a meaningful contribution to the
region’s energy needs. In fact, both the solar photovoltaics and the solar thermal (space and water heating)
markets are already substantial. In 2004, over $7 billion of PV systems were sold worldwide, and solar
thermal sales are approaching $5 billion per year. PV industry leaders include multinational corporations
from traditional energy (BP Solar, Shell) and electronics (Sharp, Kyocera) industries, many of whom have
manufacturing facilities in the U.S. Growth in the industry has also been enviable by most industries’
standards. Over the past eight years, sales of PV systems have grown an average of 31% annually and solar
thermal systems 20% annually, and most analysts expect these rates to continue for the foreseeable future.
Solar heating and cooling, although new to the U.S. market, is prevalent in the European Union and is
projected to continue to grow. The European Renewable Energy Council is predicting that, for the
European Union, renewable thermal cooling and heating can achieve 25% of the total cooling and heating
demand by 2020.

Despite this phenomenal growth, the industry still represents less than one-tenth of 1% of the electricity
generated in the West, and the US share of those robust global markets is declining markedly. Many
thoughtful observers have noted that solar is an industry ready to explode. So what can the current
programs in the West and around the world tell us about what we need to do to make that happen? What
are the roadblocks we need to clear and the catalysts we can employ to encourage energy consumers to
make the levels of private investments in distributed solar needed to help meet the Governors” goal of
30,000 MW of clean energy?

There are No Physical or Technical Barriers to Market Entry

¢ Plenty of sunshine

¢ Plenty of roof space

* New technologies are providing competition that will ensure continuing decline of
average system prices

Much of what we need to make this happen is largely in place. First, there are no physical barriers to
achieving our goals. We have an abundant natural resource in sunlight — indeed some of the best in the
world. The maps below™ indicate the amount of solar radiation in the US annually (left) and during
August (right). The annual map indicates the potential for significant year-round contributions from at
least ten WGA states. However, in the height of summer, when the grid is straining to meet regional
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Figure 1I-3. Solar radiation in the US annually (left) and during August (right).
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See hitp://www.nrel gov/gis/solar_maps.htm! for detailed maps and an explanation of how they were derived.
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electricity needs, every WGA state is in a great position to contribute to the total requirements through
distributed solar. By comparison, if one were to plot on this same scale the solar resource in Germany and
Japan (which together are home to the vast majority of the world’s solar PV installations), their maps
would look like the northwest corner of Washington State in most areas of their respective countries.

There is also ample roof space available for distributed solar installations. In September, 2004, the Energy
Foundation and Navigant Consulting released a detailed study estimating by state and building sector
(residential, commercial, etc.) the amount of roof area appropriate for installing solar.>* Even after
eliminating 78% of residential roofs for such factors as steep angles or improper orientation and 35% of
commercial roofs for structural inadequacy, shading and the like, approximately 22 billion square feet of
roof space in the WGA states appear appropriate for use by solar systems. Although neither recommended
nor even realistic, it is interesting to note that the entire 30,000 MW of clean generating capacity sought by
the Governors could be generated by less than 18 percent of the available and appropriate roof space.
Clearly lack of spots to site solar systems will not be a constraining factor.

In addition, in most areas of the West there appear to be no major technical barriers to success. While
additional R&D, largely through federal and private investment, will be needed to uncover the technical
advancements that will further drive the industry, existing technologies are ready for market now. Current
PV systems already work exceptionally well. Panel failures are extremely low (nearly all manufacturers
guarantee their products for 25 years), and the inverters that convert DC power from the panel to usable AC
power usually last five to ten years before needing replacement. Given that most of these systems have not
been in the field for anything close to their expected lifetimes, many utilities and industry groups are
watching the performance of panels and inverters carefully and may have further recommendations for
improvements in the coming years.

Solar water heating systems are also typically reliable. The Solar Rating & Certification Corporation and
the Florida Solar Energy Center have equipment certification protocols that address collector and system
design and performance. Several electric utilities are involved in highly successful solar water heating
programs, demonstrating that properly designed programs lead to highly reliable solar energy systems. The
Utility Solar Water Heating Initiative (USH0) is an electric utility/solar industry collaborative which now
counts nearly 30 utility members from across the US, as well as 45 other solar industry, state government
and utility commission members, all of whom are working towards developing additional effective and
reliable utility-based solar water heating programs.* As an example, Hawaiian Electric Company’s Energy
Solutisczns Solar Water Heating Program has grown to over 3,000 systems per year since its inception in
1996.

In recent months, there has been a worldwide shortage of PV panels due to the dramatic increase in demand
from Germany, leading to a modest reversal of the decades-long trend of declining prices of modules.
Exacerbating the problem has been revived growth in the semiconductor industry, which relies on the same
highly pure silicon feedstock as its base semiconducting material. There is consensus among
manufacturers, however, that these shortages are temporary, and every major manufacturer is bringing on
new production lines and/or expanding capacity at existing facilitics over the next year. Despite these
increases in module costs, overall system costs have continued to decline, according to rebate applications
filed with the California Energy Commission’s Emerging Renewables Program®’.

2 Maya Chaudhari, Lisa Frantzis, and Tom Hoff, PV Grid Connected Market Potential Under a Cost Breakthrough Scenario, The
Energy Foundation and Navigant Consulting, September 2004. Report can be downloaded at hitp://www ef.org/documents/EF-
Final-Final2.pdf. Also, see Appendix II-1 for NREL’s detailed analysis on rooftop PV potential in the WGA region.

* See: http:/Awww.eere.energy.gov/solar/ush2o/

* http://www.heco.com/CDA/frontDoor/

P See http://www.energy.ca.govirenewables/emerging renewables/2005-11-02 post 1 1 2005 update xls
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VIEW FROM THE STATES

Beyond Wind: Texas Seeks Solar

The Lone Star state gets a clean energy park
and works toward a renewable energy policy.

By Natalie Marquis

verything’s bigger in Texas. The sun
shines more than 200 days a year here,

on about 64 percent more land area

than even California. So with all the sun
exposure and all the potential for solar ener-
gy production, what is the state of our state?
The answer is depressing but not defeat-
ing. While the state leads the nation in
wind power development, we still don’t
have a statewide solar policy, and Austin
Energy remains the only utility in the state
offering aggressive rebates for photovolta-
ic installations for both commercial and
residential customers. Despite a grassroots
effort to kill 11 proposed coal-fired power
plants, utilities still hope to build them.
==0n the other hand, at the end of January,

Gov. Rick Perry
assigned $600,000 for
the development of a
Texas Clean Energy
Park in southeast
Austin. The 140-acre
park, to be completed
by 2010, will be the
first of its kind in
Texas and will be a
hub for research, busi-
ness and training.
B.J. Stanbery, CEO of Austin-based solar
energy company HelioVolt Corp., has
been instrumental in getting the park off
the ground. Stanbery said HelioVolt
“expects to be joined by a collaborative

Natalie Marquis

community of academic and indus:-
partners in developing the future of sr— -
sustainable solar-powered architectu:.
And there’s a familial influence in -
park’s development, too. Stanbery’s fat: -
real estate developer Bill Stanberry =
they spell their last names differen::
began work on the park idea three ye:-
ago, while sitting on a planning comm =
tee for the Greater Austin Chamber -
Commerce. After a year of study, the cor-
mittee selected the clean energy park =
the most significant component in secu:-
ing a solar future for Texas.

Solar Policy Needed

Now, says Tom “Smitty” Smith of Pub-
lic Citizen, an award-winning environ-
mental advocacy organization, in order tc
catch up to the world in solar energy pro-
duction and manufacturing, Texas needs z
coherent energy policy. To that end, Smith
and others have joined forces to develop z
roadmap for a solar policy for the state. The
Texas Solar Futures Committee was formed
for this specific purpose and is composed
of members from several non-profit groups,
including Public Citizen, the Texas Solar
Energy Society (TXSES, an ASES chapter)
and other local environmental advocates.

Together with the Texas Renewable Ener-
gy Industries Association (TREIA) and Texas
Business for Clean Air (TBCA), the group
hosted the first Texas Solar Forum on April
24 and 25 at the Capitol in Austin (texas-
solarforum.org). At the invitation of Gov.
Perry, Texas business execs, policy-makers
and legislators heard success stories from
governors in other states who have suc-
cessfully implemented statewide solar poli-
cies. From jobs in research and develop-
ment, to manufacturing, sales and
installation, there is a great deal of money
to be made and carbon emissions to be
reduced by endorsing a strong policy. While
policy is the goal, it is by making the busi-
ness case sound that we know such a poli-
cy can be adopted. With the right momen-
tum, we hope it will be on the floor when
the legislative session convenes in 2009.

Austin Gets Solar Cities Grant

On another front, Austin was awarded
one of 13 U.S. Department of Energy Solar
Cities Grants. There are four main parts of
the grant, which will be administered by
Austin Energy and subcontracted to TXSES
and Clean Energy Associates Inc. In the
first two parts of the grant, the focus is on
education and outreach.

e TXSES, in conjunction with area
teachers, will develop curricula for K-3,
elementary, middle and high school stu-
dents pertaining to renewable energy, its
sources and technologies and the need for
energy conservation.

e Austin Energy will contribute
$180,000 toward installing solar PV sys-
tems on six schools. These demonstration
sites will allow students to learn first-hand
how the technology works. Data loggers
will make it possible for all schools to
monitor the solar production of the oth-
ers so that comparisons can be made based
on weather conditions and siting.

¢ The second phase of the grant deals
with proactive marketing of Austin Ener-
gy’s numerous energy-efficiency, green-
building, waste-reduction and water-con-
servation programs. TXSES will make 50
presentations to neighborhood groups,
churches and community centers.

e The third phase of the grant will
assess the rooftop solar potential in Austin.

e In the final phase, Clean Energy Asso-
ciates will study the viability of dual trans-
mission lines — transmitting solar energy
during the day and wind energy at night.
With the favorable wind and sun condi-
tions prevalent throughout west Texas, this

study hopes to show how lucrative and effi-
cient renewable energy transmission can be.

Debating Energy

In other news, the Greater Houston
Partnership organized a Presidential Sum-
mit on Feb. 28, on the theme “America’s
Energy Future.” Speakers included many
oil and coal executives, but also Carl Pope
of the Sierra Club and Rhone Resch of the
Solar Energy Industries Association, along
with presidential candidates Hillary Clin-
ton and Ron Paul.

The University of Texas at Austin held its
McCombs School of Business Sustainabili-
ty Conference on Jan. 24-25. That was fol-
lowed, on Feb. 22, by a lecture on “Our
Energy Future” at the Environmental Sci-
ence Institute by Professor Michael Webber.

If it is true that children are our future,
we need to see that Texas schools and uni-
versities educate them about the need for
swift action on energy issues. Then, when
next we take a snapshot of Lone Star
renewable energy, the state may live up to
its boast of being Always Bigger. ®

Natalie Marquis is executive director of
the Texas Solar Energy Sociely (txses.org), an
ASES chapter. Contact her at info@txses.org.
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v Duilding has a metabolism of its own.

Basics of

Passive Solar

By Ken Haggard

[T assive solar design is generally considered to be a
technological endeavor. Designing a building
_ ' that will largely heat, cool, vent, light and power
. itselfrequires technical knowledge. However,
E passive applications also have aesthetic, social
and cultural dimensions that are often less rec-
ogmzed A brief look at the cultural dimension explains why.
The scientific/industrial era, from which we are evolving,
is based on linear processes, analysis by isolating parts and
economies of large scale. This makes it hard to perceive
approaches like passive design that are, in contrast, based on
cyclic processes, synergetic wholes and economies of minia-
turization. The industrial culture’s emphasis on reductionism
is also why so much impor-
tance is placed on energy pro-
duction and so little upon
appropriate energy use. Prob-
' lems that result from the iso-
' lation of production from use
8y of energy were pointed out by
Amory Lovins in his ground-
i breaking 1979 book, Soft
Energy Paths. However, due

This off-grid office block, in San Luis Obispo, o social inertia, we've neg-
Calif., provides all its own power for heating, lected this truth. We've
cooling, water, lighting and equipment operation.  become more efficient on the

production aspect (what

Lovins called the hard path)
while becoming massively wasteful on the use aspect (the soft
path). Resolving this schizophrenia between production and
use at the building scale is what passive solar is all about. One
could think of it as a hybrid approach, where production and
use are directly related to each other at the building scale.
Here, the user can become part of the process rather than just

6A
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the inhabitant of a sealed box. User awareness of energy pro-
duction and use is necessary to our cultural transition from a
scientific/industrial era to an information/sustainable era.

Functions Designed Together

The rebirth of passive solar design occurred during the oil
embargo of 1973, imposed by members of the Organization
of Petroleum Exporting Countries. At the time the emphasis
was on space heating. Cooling was assumed to be harder to
accomplish passively, except by visionaries such as Harold
Hay, who insisted both could be done with passive design
using thermal mass and moveable insuladon. It took several
years of intense effort, funded during the Carter administra-
tion, to overcome our reductionist bias and arrive at what
now seems obvious: that heating, cooling, ventlation, day-
lighting and electric power can be provided in an integrared
fashion through passive design of buildings. I include photo-
voltaic power because it fits the classic definition of passive
design, which is:

1. The use of on-site energy;

2. Reliance on natural energy flows with a minimum of
moving parts;

3. Energy production and use as an integral part of build-
ing design.

If multple energy and thermal functions are designed
together, very high effectiveness can be achieved in a variety
of climates. Passive solar design has reached the level of
sophistication needed to build zero-energy-consuming build-
ings and even to build net-energy-producing buildings (see
photo, left).

Two Basic Principles

To reach this level, two basic principles must be recog-
nized. First, the building utilizing passive design must be an

solartoday.org SOLAR TODAY



Passive Solar Design

energy-conserving building. However, achieving this neces-
sary prerequisite does not necessarily make a passive build-
ing. This distinction is very important. The first principle,
therefore, is: Passive design takes the next step beyond ener-
&y conservation to include on-site energy production.

In California we have what is considered the nation’s most
stringent energy code for buildings. Yet, this section of Title
24 is largely an energy-conserving code. It doesn’t give credit
for some very basic passive design elements like night-vent
cooling, thermal mass walls or integrated photovoltaic panels.
Architects in California can’t just rely on the Title 24 calcula-
tions to do a good passive building. A passive building can beat
Title 24 standards by 40 to 80 percent.

Title 24 Estimates

and 2007 Actual Energy Cost

Actual performance of the Beth David Synagogue shows a nearly
80 percent improvement over a comparable structure built to the
current Title 24 standard.

$37,541
TS $31,038
17.3% savings
$23,163
38395 sa\_.vlngs
$7,128
80% savings
|
Similar Beth David Incentive Dec. 2006-
building1 program?2 Dec. 20073

1 Title 24 energy modeling software does not account for night ventilation cooling,
water walls on the south and intergrated photovoltaic panels.

2 Adjustments in the Title 24 modeling to include more of these passive approaches.

3 This equates to a COz reduction of 80.4 tons/year over a slandard Title 24
building.

Source: SLOSG

To illustrate what can happen if these definitions are not
understood, I will describe a local situation in San Luis Obis-
po. Regulations were proposed that would increase the
height limit of buildings in the downtown area, while requir-
ing Title 24 to be exceeded by 15 percent in order to move
toward the American Institute of Architect’s (ATA) 2030 cli-
mate stabilization challenge. The local Chamber of Com-
merce (usually quite progressive), along with the local news-
paper, proved uninformed on the technical issues and resisted
the plan. Even many architects, all members of the ATA,
artacked this regulation as draconian, claiming that Title 24
was the most stringent in the nation and that beating it
would create a severe economic hardship. In the resulting
brouhaha discussions never progressed beyond Title 24 as an
issue, so passive design potentials and the associated cost sav-
ings were never addressed.

To avoid this type of confusion, the distinction must be
made that passive buildings are energy-producing as well as
energy-conserving buildings. Providing natural lighting from
an optimally designed aperture in the center of a building is
energy production, just as much as is burning coal to import
energy for artificial lighting, except that the former is health-
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ier, more aesthetically acceptable and doesn't incur line loss-
es. The only downside for the passive approach is that one
must design creatively for variation in available sunlight and
come up with ways to distribute it. We also need to educate
building occupants that they don’t necessarily need to flip the
switch to have good lighting. Passive design should be the
architect’s great opportunity, not something to fear.

The second basic principle is that energy functions must
relate to the merabolic characteristics of the building as
much as to the local climate. A biological metaphor is help-
ful in realizing this. A hummingbird’s metabolism is differ-
ent from that of a whale. Their metabolisms are massively |
different because of the differences in size and shape. The !
same is true of buildings. Small buildings, like humming-
birds, are skin-dominated and large buildings, like whales,
are internal-load-dominated.

® Skin-dominated buildings tend to have high but bal-
anced heating and cooling needs and natural lighting is rela-
tively easy.

© Internal-load-dominated buildings tend to heat them-
selves due to heat from occupants and equipment, but are
more difficult to cool, vent and daylight. Also, large buildings
present aesthetic, social and cultural issues, like the relation
to surroundings and the degree of user isolation.

The discussion regarding these principles must occur at
the earliest stage of design, at the programming level. Too
often energy considerations are brought into the design
process too late to allow integration with other concerns
needed to produce a high-performance passive building.

An Evolving Design Discipline

Passive design has come a long way from the passive solar
buildings of 30 years ago when the term was first coined.
Some of these advancements are:

1. Achieving multiple functions. Using architectural ele-
ments to accomplish more functions has increased the effective-
ness of passive design as well as reducing costs. The narrow
mindset that we must do this to save energy is progressively
being replaced by the realization that this is a more economical,
more comfortable and more aesthetic way of building while
being healthier for the planet, for our society and for ourselves.

2. Better and more diverse modeling. Since in passive
design we are dealing with a complex holistic system rather
than discrete parts that are easily calculated in isolation, com-
puter simulation modeling becomes extremely important.
Performance-based modeling is far superior to prescriptive-
based modeling, as used under California’s Title 24 code dis-
cussed earlier. The expansion of functions served by passive
design means that other models, such as computation fluid
dynamics modeling for natural ventilation, are now being
used in conjunction with thermal-performance models. Per-
formance simulation and better materials are what now allow
us to create high-performance passive design.

3. New materials. It’s been recognized for years that the
passive solar approach to conditioning is less expensive than
active solar devices. For example, in most cases it costs nothing
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Small buildings, like hummingbirds, are skin-dominated and
large buildings, like whales, are internal-load-dominated.

Building Our Way Out of Global Warming
: The difference between carbon stability now and waiting 50 years can be broken into 7 wedges,
each consisting of 1 billion tons of carbon dioxide per year.

2
=
S ) / One Wedge Two Wedges Four Wedges More Wedges
'g : 2 billion cars at 60 mpg * Reduce elsctrical  ® Zero-energy buildings e Net-energy producing
(6] * Population growth reduction  use in buildings passive buildings
* Deforestation cessation by 50% ¢ New urbanist planning
1858 2008 2058  Daylighting could * Optimize building materials
: reduce electrical * Integrate passive approach
L demand by 50% to water and waste functions.

Source: "A Plan to Keep Carbon in Check,” Socolow and Pacala, SCIENTIFIC AMERICAN, Sept. 2008

to orient the building to the south or to provide properly
shaded, operable windows for ventilation and winter gain.
The biggest expense in passive design up to now has been the
thermal mass needed to moderate interior temperature
swings and thereby minimize expensive back-up mechanical
systems. A promising new material is the nanotech phase-
change additive that can be mixed into concrete or into wall
panels, thus providing inexpensive but effective thermal mass.
This material (Micronal micro-encapsulated wax from BASF
chemicals) was used by the winning entry of this year’s Solar
Decathlon in Washington, D.C. (see “Solar Decathlon High-
lights,” SOLAR TODAY, January/February). For years, pas-
sive solar designers have wished for inexpensive, easily
applied thermal mass. This may be the grand slam.

However, new products with great promise must be care-
fully evaluated and made part of the passive design process.
An example of unintended consequences occurred with the
advent of low-emissive glass. The new technology proved to
be so efficient that one form of low-e glass (soft coat/heat
rejecting) gave the capability to essentially eliminate any
meaningful solar thermal gain through south-facing windows
while maintaining normal lighting characteristics. Thus we
could design an ideal passive building for heating with just
the right orientation, thermal mass, percentage of glazing
and size of overhangs. But if we installed the wrong type of
low-e glazing, the building would literally fulfill the old in-
house joke, “Mass, glass and freeze your a_ _!” This hap-
pened too often, because the glass companies found it easier
(and cheaper) to market and inventory one type of low-e
glass rather than two. The American Southwest was deemed
to be an overheating area, so most companies refused to carry
the other low-e glass (hard coat/heat receiving). Sales repre-
sentatives pushed the heat-rejecting low-e glass and many
people unknowingly installed the wrong glazing. Reduction-
ist thinking got in the way once again! Only recently, and
after much complaining by solar architects, has this unfortu-
nate situation been addressed by the glass industry.

4. Gtber resoarce conceras. Energy and carbon costs are

May/June 2008

becoming part of passive design, with the goal of creating a
greener architecture. The carbon sequestering potential of
building materials is a new issue. There are also passive
approaches to water and waste that promise to reduce the very
high material and energy costs of our community infrastruc-
ture. Buildings located off the water grid now use rain catch-
ment and new water-free or minimal-water plumbing fixtures.
Buildings located away from the sewer grid can incorporate on-
site biological waste treatment. These designs qualify as passive
just as much as any reduced-energy building designed to be
fully powered by an integrated photovoltaic skin.

Potentials of Passive Design

Three of the most critical problems facing us in our new
century are global warming, soaring costs for post-peak fossil
fuels and resource wars. These are all exacerbated by the way
we use energy, and we can help to mitigate them through
wide application of passive design. Recent quantification of
global warming gives us some inkling of what our best strate-
gies for carbon mitigation could be. Some of these mitiga-
tions are reactive and require big changes in behavior. Some
are proactive and easier to accomplish. Passive design is part
of this second approach. The AIA estimates that about 48
percent of the greenhouse gases discharged in the United
States originate in buildings. If that’s the case, we’ve an obli-
gation to design buildings in a way that can help to reduce
global warming. With sustainable planning, green architec-
ture utilizing passive design and appropriate technology, we
can build our way out of these dire predicaments. &

Ken Haggard is a principal architect of the San Luis Obispo
Sustainability Group, founded in 1976. He was the arcbitect,
with Polly Cooper and Pliny Fisk, for the first passive solar
building in California in 1972 and the first permitted straw
bale building in California in 1992. He is co-author of the
Passive Solar Handbook for California with Phil Niles
(1980) and Fractal Architecture: Design for Sustainability
with Cosper (2007), both availeble throagh Amazon.cos.
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The trick is to find the balance
between light and glare.

By Michael Nicklas, FAIA

ver the past 31 years, Innovative Design’s
4,750 buildings have routinely incorporated
sustainable building practices, and all have
. incorporated at least one of the many ways of
~ using solar energy. Our buildings have cut our
clients’ energy bills by $96 million and elimi-
nated 760 000 tons of carbon dioxide. Our peak energy sav-
ings now exceed 40 megawatts (111 megawatts of primary
energy). The annual energy savings for our clients is $6.8
million.

Like many other designers pursuing passive design, our
focus in the 1970s was on residential applications. Mass and
glass was the game. Three decades later, if you're designing a
passive home, it is stll the game. Following technical guid-
ance provided by Doug Balcomb, practical suggestions from
Ed Mazria, and many helpful refinements learned from
speakers at American Solar Energy Society conferences, our
hundreds of designs resulted in more than 4,000 successful
passive solar homes. The key was balancing mass and glass
amounts and protecting against overheating in the summer.
Our passive designs typically reduced heating energy require-
ments by 40 percent to 70 percent. Because we minimized
east-west glass and provided shading for the high summer
sun, cooling loads were also reduced.
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COURTESY INNOVATIVE DESIGN

Today, we mostly design green educational facilities. Our
firm has worked on the design of more than 100 K-12
schools that have incorporated solar solutions. Daylightng is
the key, particularly in schools. It produces the largest savings
and is the most important form giver. With daylit spaces rep-
resenting a half or more of the total area of our schools, the
savings attributed to the daylighting and roof assembly
design are significant.

Our strategies for saving energy in schools are obviously
different than those used in passive residences, but the
importance of pointing our schools south remains the same.
Good orientation to maximize southern exposure opens up
several cost-effective opportunities for energy savings. Over
the years, our daylighting designs have evolved, but we still
favor south-facing roof monitors and light shelves wherever
possible — from Maine to Northern Florida.

Like other designers who moved from passive solar resi-
dences to daylit nonresidential buildings, we have found
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that consideration for passive heating is still a key factor in
the design, even in commercial and educational buildings
driven more by lighting — and much more than many
engineers appreciate.

Consider Human Factors
Through decades of experience we have learned, first of
all, never to overlook human factors. The top priority in
daylighting is to create a conditon that is superior to that of
electrical light-

Efficiency Gains From Daylighting ing for the
majority of the
Peak cooling reduction (kwh) 19 percent  time the space
Lighting savings (kwh) 42 percent s occupied.
Total energy savings (kw) 19 percent  Otherwise,

occupants will
never lose the habit of walking into a space and turning on
the lights. Designers need to develop daylighting strategies
that provide superior lighting for two-thirds of the daylit
hours. If the norm is just 25 foot-candles of daylight supple-
mented with fluorescent lighting, the lights will burn.

The second key human factor is the elimination of direct-
beam radiation entering critical occupant spaces. If you fail to
block direct-beam radiation
from getting into someone’s

on, you have created a negative energy situation. You have all
the heat produced from the lights as well as the heat created
by sunlight. Dimming controls help, but if the daylighting is
not adequate, we have found that, regardless of the theoreti-
cal calculations, many occupants tend to just override the
controls and turn on the lights.

The flip side is also true. If you put in too much glazing
you can also get burned. It is easy to just add glazing and
achieve a very high daylighting contribution but, as with pas-
sive solar-heating designs, you can get too much glass and
negatively impact cooling. The key is to implement an opti-
mum amount of glazing that provides superior daylighting
and reduces cooling loads, particularly during peak.

While passive strategies primarily attack the heating load,
good daylighting strategies result in the lights being out 60
to 70 percent of the time. This reduces the lighting load but
also, just as important, the cooling load. With a 60 percent
contribution, the habit of flipping on the lights is overcome.
More than 70 percent and you are beginning to employ too
much glass in achieving the higher levels of illumination.
This results in overheating in the warmer months. Until
detailed daylighting analysis is conducted, “glass-to-floor
area” rules-of-thumb are useful in estimating daylighting

glazing amounts for partic-
ular approaches in most of

face, the occupant will soon
find a way to block it for
you. This conflicts with
residendal passive-heating
strategies, where we often
want south-facing windows
to put direct-beam radiation
onto a dark-colored tile
floor. In well-daylit spaces,
direct-beam sunlight com-
ing from southern exposures
needs to be bounced, redi-
rected or filtered, creating
the effect of natural light
that comes through high,
north glazing.

Why not just prefer
north-glazing solutions for
daylighting?

Use the Window of
Opportunity

From an energy per-
spective, the worst thing
you can do is to implement
a daylighting strategy that
is not quite good enough. If
you create a situation where
you typically have insuffi-
cient natural sunlight,
resulting in the lights being
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Glass-to-Floor Area Ratios for Best Daylighting

e South-facing roof monitor

= South light shelf

e South light shelf w/blinds
between glazing

e North-facing roof monitor

© High, north transom glazing

the United States, assum-

Small to Mid-Size Large Volume ing that the daylighting
Spaces Spaces apertures are clear, double
(Classrooms)  (Gymnasia) glazing. (See figure below.)
8to 11 percent 5 to 8 percent By simulating the vary-
8 to 11 percent ing glazing amounts and
' overhang lengths during
10 to 18 percent peak cooling times (as well
12 to 15 percent 7 to 10 percent as annual simulations) the
15 to 20 percent best design can be deter-
mined. The optimum ener-
> —— Daylight monitor gy-efficient design allows
& only enough radiation to
provide the necessary foot-
candles during peak cooling.

Translucent
baffles

Top and bottom
of trusses

Translucent baffles

AL

7]

>

W (S

If designed correctly, a
daylighting strategy can
reduce —

screen e electricity for lighting
= and peak electrical
Classroom Sssriandh
. —— Daylight monitor ® cooling energy and
ey peak cooling loads;

® maintenance costs
associated with lamp
replacement; and

e electrical service to
the building.

If done wrong, it can
increase your cooling energy

and peaks.
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Daylighting Challenge

South Glazing Is the Better Energy Solution

In the hot months, cooling loads can be significandy reduced
by providing just the right amount of daylighting in your build-
ing. When the lights are out, the cooling load is less because
daylighting can produce the same lumens as fluorescent fixtures
but result in half the heat. To achieve these cooling reductions
itis essential that automated dimming is employed and, during
peak cooling times, no more radiation is allowed to enter than
is required to meet your foot-candle objective.

By employing south-facing apertures, it is possible to cre-
ate a strategy that maximizes winter radiation and optimizes
summer gain. As can be seen from the accompanying charts,
indicating the amount of radiation falling on different flat
surfaces, a south-facing aperture is the only orientation that
maximizes winter gain and minimizes summer radiation.

The worst glazing placement, from an energy perspective,

 is typically horizontal — like most skylights. In the summer,

just when you don’t want the extra radiation, is when you get

the most. More than twice
. . . the radiaton will enter
Thermal Gains by Window Orientation building theough a flat sy
3000 - " 3000 light in the summer than in
Horizontal Horizontal the winter — just the oppo-
2500 2500 site of what you want.
2000} 2000 The best way to design
S , o a daylighting aperture is
1500 -/ ) 1500 . v an N to size your glazing and
1000} ‘ ,E.a”;i“‘;“ﬁ\ﬁ N\ 1000-\ w overhangs so that just the
: ‘ T right amount of radiation
500 —/ Yot \ 500} / \ is brought into the space
—_— \T*; .z'lﬁ-r-:/\.- ,  during your summer peak
O Doc. " Feb. Apr. Jue Auw. Od  Dec. °Dec. Feb  Apr  Jue Aug O Dec cooling condition. If your

Btus/Square Foot of Unprotected Glass/Day at 35 degrees (left) and 48 degrees (right) North Latitude

However, the lights are out not just in the summer.
They’re out in the winter as well. While this strategy results
in a “cooler” lighting in the warmer months, it also means.
that in the winter, the heat typically produced by the lights is
significantly less. By implementing south-facing, vertically
placed daylighting strategies that naturally allow increasing
amounts of radiation to enter into the space during the win-
ter months, passive solar gains can be used to offset the heat-
ing that was being provided by the lights. This is a factor
very often overlooked by even seasoned engineers, who tend
to use assumptions (typically on a square-foot basis) on the
amount of scheduled internal loads generated from lighting.
When you take away the heat usually produced by the lights,
the areas of the country where limited passive heating makes
sense moves southward — all the way to Florida. ’

North-facing monitors (see drawing, page 11A), while

" similarly effective as south-facing monitors in providing nat-
ural light, are not as energy efficient because they typically
require at least 25 percent more glazing to achieve the same
annual daylighting contribution. North monitors are benefi-
cial, but, because of the additional glazing and the lack of
passive heat benefits in winter, they are not as cost-effective
as the south monitor.

The same is true when comparing south-facing light
shelves to high, north-facing transom apertures. From a day-
lighting perspective, high, north-transom glazing can provide
good daylighting in spaces that are not too deep. However,
like north-facing roof monitors, it is necessary to increase the
glass area to achieve the same annual contribution as south-
facing light shelves.

SPECIAL SECTION

glazing faces south, more
radiation enters into the
space during the coldest
months — just what you want. However, with a flat sky-
light, if the size is optimized for summer peak, there will
not be enough daylight to fulfill typical needs the rest of
the year.

While skylights can be designed with internal tracking
louvers to produce very nice daylighting, it is still difficult to
justify their use when it comes to reducing cooling peak
loads. Only in a very few areas of the country, where the
climate is mild and sky conditions are optimal, should sky-
lights be considered a better energy choice than roof moni-
tors or light shelves.

Summary: Tum South Light into North Light

To reduce conductive losses and improve cost-effective-
ness, design your daylighting around south-facing options
first. Then utilize north-facing strategies. Bring the sunlight
into your building shell through the smallest aperture with
the highest visible light transmission you can get. Then, cap-
ture the energy benefits of south-facing glazing but filter and
bounce the entering sunlight so that it creates the effect of
north light. Create north light out of south light and keep
the energy savings. ®

Mike Nicklas, FAIA, is principal of the architectural firm Inno-
vative Design, Raleigh, N.C., and a past chair of the American
Solar Energy Society (ASES). Nicklas has held leadership roles in
many leading solar energy and sustainable building associations
and was the recipient of ASES’ highest honor, the 1996 Charles
Greeley Abbot Award. Contact him at 919.832.6303 or
nicklas@innovativedesign.net.
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CHAIR’S CORNER

Personal Principles for
Passive Solar Design

By John Reynolds, FAIA

Tnanks largely to the efforts of the
U.S. Green Building Council, the
American Institute of Architects, the
American Society of Heating, Refrigerating
and Air-Conditioning Engineers, and the
2030 Challenge, the architect’s interest in
energy efficiency and renewable energy is
now higher than I have seen it in 50 years
of practice. These topics are the focus of
our Architect’s Guide to Passive Solar Cool-
ing and Heating in this issue (following
page 45).

Designing with our climate has long
been an ASES conference theme, and SOLAR
2008, May 3-8, continues this tradition.
Daylighting, solar heating and passive cool-
ing are presentation topics at every nation-
al conference. Recently, photovoltaic (PV)
energy has joined our discussions. Work-
shops provide opportunities to explore the
design tools and hear about case studies
first-hand from their designers. Between
sessions, architects mingle with researchers,
educators, energy policy folks, manufactur-
ers and installers. Every facet of renewable
energy is represented.

Designing with climate carries the
same challenges it always did. How best
to admit daylight without glare and with-
out summer overheating? How to opti-
mize winter exposure to the sun but pro-
vide shade in summer? How to flush the
building for cooling and fresh air, yet keep
it tight in very cold and very hot condi-
tions? Is there a passive approach to reduc-
ing summer humidity? Does passive design
put too much responsibility on the build-
ing occupants to make timely decisions?
Do automatic controls result in disinterest-
ed, uninvolved building occupants?

As architects seek answers to design
challenges, we turn to several sources for
help. Design tools and guidelines often
come from educators and researchers,
products from manufacturers. This in
turn produces a second set of challenges.
We lack personal access to the authors of
the design tools, but we assume their
information is unbiased. The manufactur-
er’s representative can come to our office

8

and give detailed,

timely advice, but
& only regarding the
. company'’s product.
» Fundamentally, if
/ “% a building is not
' shaped by design

¥ & 4 tools and guidelines,
j then its interaction

with the climate is
m Il-‘?ﬂ: o= likely to be dominat-

ed by products. The
all-glass box in the desert becomes unin-
habitable without mechanical air-condi-
tioning; the windowless school becomes a
display of electric lighting. I gratefully
acknowledge the many modern products
that improve energy efficiency and allow
us to capture renewable energy; but I regret
that they make it possible for architects to
ignore the climate.

Inspired by this issue’s collection of
design advice articles from many colleagues,
here are personal design guidelines for
my own cool-winter/dry-summer climate:

Site:

* Seek good solar access in winter,
breeze access in summer.

* Place the building so that comfortable
outdoor areas are created in each season.
Make them inviting (visible and readily
accessible) from indoors.

* Use deciduous trees and vines for
summer and fall shading, for buildings
and parking areas.

Daylighting:

* Elongate the building east-to-west so
that most daylight openings face south
and north.

e Keep the building thin enough north-
to-south so that daylight penetrates
deeply.

e Deciduous vines as awnings will
shade the south windows in summer and
fall, not in winter and spring.

e Clerestories are usually preferable to
skylights, because roof-plane skylights
admit hot summer sun and emit heat to
winter night skies.

= Provide daylight controls for people
near windows.

e Provide automatic controls to dim
electric lighting when daylight is adequate.

e Light shelves provide more even
interior daylight, so workers farther from
windows perceive adequate daylight and
keep electric lights off.

Passive solar heating:

® Provide at least six times as much
sun-exposed interior thermal mass area as
south-facing glass area.

¢ Insulate the building surfaces beyond
code minimums, to hold the solar heat.

= Allow overheated air from south-side
spaces to travel to north-side spaces.

¢ Consider Trombe or water walls where
warm interior surfaces on south walls are
appropriate. This is especially applicable to
spaces occupied in the evening.

» Consider sun spaces where variety in
interior thermal environments is appropriate.

Cooling:

e Provide operable windows and clear
paths for breezes through the building.

 Use lower openings for incoming cool
air, high openings for hot exhaust air.

e Provide a signal system to alert users
to the best times for open windows.

e Take advantage of low nightly tem-
peratures by providing at least as much
exposed interior thermal mass area as floor
area, and provide for either passive or fan
flushing by night.

¢ Shade windows on the exterior in
summer and fall.

e Exceed code minimum insulation on
the roof.

Active solar water heating and pho-
tovoltaic:

e Place collectors in the most solar-
exposed places. Roofs usually have best
solar access, but collectors can also do
double duty as awnings on south facades
or as landscape shelter covers.

e Solar collector year-round optimum
tilt is at latitude minus 15 degrees, and ori-
entation is due south. However...

e Consult with your electric utility
about peak summer loads. It may pay to
swing PV orientation westward.

o Be sure to investigate the financial
incentives available from local, state,
regional and federal entities.

o | like the PV-driven pump on solar
water-heating systems. It’s blissfully simple
and eliminates both differential thermo-
stats and concerns about power failures.

My personal favorite products:

o Thermally massive floors, walls and
roofs, especially with insulation included
and thermal mass exposed to the interior.

= Windows with high solar heat gain
factors for use on south exposures.

John Reynolds, FAIA, is chair of the Amer-
ican Solar Energy Society Board. Contact him

at chair@ases.org. ™ / 200 ¥
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Our sun is a giant nuclear fusion
PRESS ROOM reactor running on hydrogen. Each
2008 ENERGY BILLS second it converts 564 million tons
of hydrogen to 560 tons of helium
ENERGY EFFICIENCY through the fusion process. The
STAHDARDS ACT loss of four million tons of mass
equates to 91,000,000,000,000
gigawatt hours of energy (a
gigawatt is equal to 1,000,000
kilowatts). This is more energy in
one second than six billion nuclear
power plants would produce in a
year.

I

CONTACT US

The sun's energy is an enormous
and constant energy resource, but
because of the earth’s protective atmosphere only a small amount of the total
=t~na  energy produced by the sun reaches earth. Astronomers have determined that the
more  sun's energy has remained relatively constant over the last century and this "solar
nd constant” will continue to be 1.35 kilowatts per square meter (+-3.5%) for about
the next four billion years.

On average, the State of Maryland receives 5.3 kilowatt hours per day per square
meter of solar energy. Naturally, the amount is higher in the summer and lower in
the winter.

On a sunny summer day Maryland receives about 196,000 Gigawatt hours of solar
energy. This is more than all the electric power plants in the State would produce in
a year. With all of this potential energy, it is no wonder many people find solar
energy a useful, environmentally friendly and economical energy source to heat
their homes and businesses, as well as water.

We are able to use this vast resource primarily in three ways: passive solar heat,
active solar heat, and photovoltaics. The first two energy sources involve collecting
the heat produced by the sun for use in heating living or working space, or hot
water. Photovoltaics uses the light produced by the sun (or any light source) to
generate electricity directly. Sunlight striking a photovoltaic or solar cell causes a
voltage and current to be created in a semiconductor that can be used just like the
electrical energy from a battery or DC generator.

http://www.energy .state.md.us/energyinformation/renewable/solar.htm 30-Dec-07
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Passive Solar Thermal Energy

Passive solar buildings are designed
with large areas of glass facing south.
Because our region is north of the
Tropic of Cancer, the sun is never
directly overhead. Instead, it is always
south of overhead making the southern
face of a building the one receiving the
most sun.

By placing large areas of glass on the
south side of a building, the warmth of
the sun passes through the glass and
warms the interior of the building. To
enhance the solar gain, thermal
storage is often added in conjunction
with the southern glass exposure.
Thermal storage devices can be as
simple as dark colored floor tile which
helps to store the heat, or as complex
as dark colored hollow walls filled with
water. As a general rule, the darker the
color of a material and the greater
(heavier) the density, the better it is at
storing heat. For example, a dark tile covered concrete floor is better at storing heat
than a white carpeted floor.

Active Solar Thermal

Active solar thermal systems employ solar collectors that concentrate the sun's heat
and usually transfer the heat to circulating water. Because the solar collectors are
very good at collecting the sun's heat, they can be used not only for keeping a living
space warm, but also for providing domestic hot water.

Active solar systems are more complex than passive solar designs. A typical active
system has one or more solar collectors mounted on a tilted roof facing south.
Water is pumped through the collector, transferring the heat from the collector to
the water. The water is then stored in a large insulated tank inside the building. It
can then be used to provide heat to the building or provide hot water.

Electricity Generation from the Sun

3 Photovoltaics (PV) use

- semiconductor material to convert
- | sunlight directly into electricity.
Originally designed for space
missions, photovoltaics now
produce energy for many cost
effective terrestrial applications.

Solar calculators and watches have
small photovoltaic cells built into
them providing power for the
electronics or to charge a small
battery in the device. On a larger
scale, many PV cells can be
combined to make solar modules

http://www.energy .state.md.us/energyinformation/renewable/solar.htm 30-Dec-07
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which can provide enough power for a walk light or a street light. Several modules
can be combined into a solar array can provide electricity for house or even
commercial buildings.

In some cases it is cheaper to install PV to serve small isolated electrical loads than
it is to run wires from the electric company. Street lights and roadway sign lighting
are two typical applications that are sometimes cheaper than wired service. Some
residential customers in remote areas, because they are far away from the electric
company's wires, can be served at less cost than running wires to the house.

PV installations that are independent of utility lines are also called off-grid systems.
For a typical residence to be off-grid it would require approximately 4 kilowatts (kW)
of photovoltaics. Because PV produces power only when the sun is shining, an
independent residential system must include batteries to store energy when the sun
is not shining. Often these systems include a backup generator (gasoline, diesel or
propane) to provide additional assurance that power will always be available. The
cost of a complete off-grid residential PV system is about $40,000 to $60,000.

More common uses of PV are utility interconnected, or grid-tied, systems. These

systems use electricity generated from the sun and electricity provided by an

electric company. There is more flexibility in designing these systems since

whatever power requirements are not met by the PV system will be provided by the
electric company. Typical residential installations are from under 1 kW to over 3 kW /
with a cost range from under $9000 to over $30,000. Grid-tied systems do not

provide electricity during power outages or at night unless they are designed with

an optional battery storage system. Grid-tied systems can also take advantage of

the Maryland Net Energy Metering law and feed any excess generation onto the

utility grid.

Local solar consuitants, designers and installers can be found on the Maryland, DC,
Virginia Solar Energy Industry Association (MDV-SEIA) Web site www.mdv-seia.org.

Solar Thermal
Generation

Electricity also can be produced
by concentrating the sun's rays
onto a small location. By using
reflectors (mirrors), the
concentrated rays magnify the
sun's heat to the point where
steam can be produced. The
steam is used to turn a steam
turbine much like an ordinary
power plant produces
electricity.

A new technology called the
"Sterling Dish Engine" uses
concentrated solar energy to
run an external combustion engine. The engine drives a small generator typically /
producing from 5 to 25 kilowatts of electricity at peak. Sterling engines, together

with their solar concentrators, are small and portable and can be sited near

electrical loads. The sterling engine also can be powered with natural gas or propane

so energy can be produced even when the sun isn't shining.

Additional Information

http://www.energy .state.md.us/energyinformation/renewable/solar.htm 30-Dec-07
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® Maryland Solar Programs

m A Consumer's Guide: Heat Your Water with the Sun
This publication introduces consumers to solar heating technologies, and
guides them through the basics of the technology and how to purchase it for
the home.

m Mid-Atlantic Region Consumer's Guide to Buying a Solar Electric System

m Moving Toward Zero Energy Homes
This fact sheet describes the different projects and partners in the Zero
Energy Homes initiative. A Zero Energy Home combines state-of-the-art,
energy-efficient construction and appliances with commercially available
renewable energy systems such as solar water heating and solar electricity.
This combination can result in net zero energy consumption from the utility
provider.

About Us | Programs | Financial Incentives | Energy Information | Press Room | 2006 Energy Bills
Site Map | Contact Us | Home

Privacy Statement | Disclaimer

Maryland Energy Administration
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Solar Power Heats Up

State and Federal Incentives Help Lure Consumers

By STEPHANIE I. COHEN

Special to the WSJ
HE RACE is on to install solar-en-
ergy panels in American homes,
thanks in part to generous gov-
ernment incentives such as Cali-
fornia’s $3.2 billion solar initia-

tive, which was launched in January.

Only about one-thirtieth of 1% of all the
electricity produced in the U.S. is gener-
ated by solar power. But recent technologi-
cal advances and a continued decline in the
price of solar-power systems are prompt-
ing homeowners to ask if this renewable-en-
ergy source is worth the investment.

Other states with promising residential
solar markets include New Jersey, New
York, Arizona and Texas. Analysts say
these states are becoming more attractive
through generous state rebates, incen-
tives offered by utilities willing to
buy back solar power from resi-
dents in order to meet state re-
newable-energy requirements,
and natural elements such as
the days of available sunshine.

On the federal level, home-
owners are eligible for a one-
year tax credit for 30% of the cost
of a residential solar-power sys-
tem up to $2,000 through 2008.

But do residential solar-power
systems, also called photovoltaic or PV
systems, make economic sense? The an-
swer hinges on how much and how fast solar
energy can cut a homeowner’s utility bills,
and on how long it takes to pay off the initial
investment to add solar panels to a home,

Consumers considering solar power
tend to focus on the upfront costs. Solar-

$25,000, but can go higher depending
on the size of a house and the amount
of power generated, says Rhone Re- |
sch, president of the Washington-
based Solar Energy Industries Associa-

energy systems for homes begin around [ i

L
| N
tion, which represents manufacturers. T

InNew Jersey, a10-kilowatt residen-
tial solar-power system is estimated to
cost $77,500. After a state rebate of
$38,000 and a $2,000 federal tax credit,
the out-of-pocket cost to the homeowner is
$37,500. That will provide an estimated an-
nual savings of $1,500 on electricity bills.

The payback period for such a system is
roughly 25 years at current utility rates, ac-
cording to estimates provided by the New
Jersey Board of Public Utilities. The pay-
back period can drop to about 10 years if a
system owner sold $2,400 ayearinsolarre-
newable-energy certificates—which are
doled out each time a solar-energy system
generates 1,000 kilowatts of power—to
electric suppliers, which are required to
generate a certain portion of their power
from renewable-energy sources.

A key factor in any calculus is the cost of
electricity rates for a homeowner, says Jef-
frey Bencik, an analyst with Jefferies & Co.
in New York. Retail electricity prices can
vary from a low of eight cents a kilowatt
hour in some parts of the U.S. to as high as
18 cents in San Diego, he says. In some ar-
eas, residents have seen rates rise as much
as 70% in recent years.

BP PLC offers a cost calculator on its
Web site (www.bp.com) that uses a home-
owner’s Zip code and monthly electric bill
to calculate what it would cost to install a
system and the rebates that are available.

Inareport released
in January, CIBC
World Markets, a unit

of Canadian Imperial Bank of Commerce,
looked at the likely payback for residential
solar-power systems installed in California
and considered the cost of solar-energy sys-
tems, government-sponsored incentive
programs and electric rates. The returns, it
says, weren’t “stellar.”

CIBC estimates that the cost to install a
system in California is about $8.50 per
watt. But after a $2.20-per-watt state re-
bate and a $2,000 federal tax credit, the net
cost drops to $5.77 per watt.

This means that buying a solar-power
system can yield homeowners a 6% return

Here Comes the Sun

States are adding incentives for
homeawners to install solar-power panels.
But does it make sense financially?

Solar-energy systems for homes begin
around $25,000, but can easily go higher
depending on the size of a house and the
amount of power generated.

A key factor in any calculus is the cost of
one’s electricity rates. Retail electricity
prices can vary from a low of eight cents a
kilowatt hour to as high as 18 cents. In some
areas, residents have seen ratesrise as
much as 70% in recent years.

on their investment. It would take about 16
years to pay the initial investment, though
the payback period can vary depending on
peak electricity rates in the region, the re-
port’s authors said in an interview.

Many states also feature “net metering”
programs, which allow homeowners to sell
extra power they produce back to their lo-
cal utilities, potentially lowering the pay-
back period. Ideally the payback period
needs to get down to the “lower double dig-
its or the high single digits” to attract more
investors, says Jeff Osborne, an analyst at
CIBC and co-author of the report.

Rebates and in-
centives vary by
state, New Jersey
offers homeown-
ers as much as 50%
in rebates toward
the purchase price
and installation
cost of a solar-en-
ergy system. The
rebates used to be
as high as 70% but
increased interest
led the state to re-
duce them in order
to accommodate
more applications,
says Doyle Siddell,
a spokesman for
the New Jersey Board of Public Utilities.

At the end of the third quarter of 2006,
nearly 800 residential and commercial so-
lar-power systems had been installed under
New Jersey’s program, compared with 493
for all of 2005, according to the state. In
2001, the first year of the state’s Clean
Energy Program, there were only
six solar-power installations. The
increase “hasbeen drasticand dra-

matic,” says Mr. Siddell.
~ InCalifornia, close to 2L000 PV
| systems were connected to the
\ power grid as of the middle of last
| year representing about174 mega-
watts of power, according to are-
port by the Northern California So-
lar Energy Association, a nonprofit
group. The California Energy Com-
mission processed 11,734 PV incentives be-
tween 1998 and 2004, or an average of 163 a
month. From January 2005 through June
2006, the commission processed 13,714 incen-
tives, or about 762 a month, the report said.

The state has made a big solar wager. Gov.
Arnold Schwarzenegger last year signed leg-
islation funding the installation of one mil-
lion rooftop solar panels for homes, busi-
nesses and schools. These systems will gen-
erate 3,000 megawatts of power for the state
and eliminate three million tons of green-

house-gas emissions, the governor said.
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Sick of hlgh energy bills, our columnrst invesﬁ

Wis MONTH, I've spent hours
tramping across my roof
with energy experts. We'ye
measured its pitch, calcu-
lated how closely it faces true

south and used high-tech tools to deter-
mine what times of day and which
months the moftop will be shaded
The goal: to figure out how much the
sun's free power con offset my home's
hot-water and other énergy needs
Like many Americans swooming
from ligher heating and cooling costs
I'm in the camp of “something's got to
change.” On ane hand, I've taken many
small steps to make my 1978 home more
efMicient: pdding insulation, hiringanen:
ergy auditor to pinpolnt odr leaks, tuning
the oil-fired boller and replacing old ap-
pliances with Energy Star modals Last
weekend, In 80-degree weather, 1 even
chopped for a cleaner-burning wood
stove certified by the Environmenial

Frotection Agency,

Bt not until now, with a costly win
eron the horizon, did Dinvestoggute saly-:
tions Lo serlously wean my home from
fossil fuels, The average US. houschold
is expected to spend 33% more this win-
ter-on heat, accord|ng 1o tie LS. Encrpry
Information Administmtion. Hemew
able-energy oplicns that once seemed
far-fetchod or unnfTfordable suddenly
ook enticing. not just envircnmenially
soumd. “We've fundamentally tamed a
corner,” says Jonathan Rose, whose
Now York-based Jonathan Rose Compa
mies LLEC helps plan and develop environ-
mentally sound housing communithes,

Lo bow 1o chooe? In my neck ol the

woods in New Yorks Hudson River Vil
ley, odl ks a provalent fuel for home heat-
ing, as in many aréas of the Northeast
It's also esed to prodoce domestic hot
water {n many homes (ncluding mine),
wihiich means the boller operates yuar-
round. Matural gas isn’t offercd where |
live: a smaller percentage of hikise s near
meé pee propane while others use elec
tric. Five years oo, with oll ot abau
£1.50 a gnllon, the roughly LOGD gallhns
my home consumisd aromually maade my
system a pretty good deal. This winter,
ail bs expocted to sverage 8466 0r more
a gallon bn this regicn, savs the ELA.
| comaldéred vnemy altormatives lior
wind and geothermal heat dravwn from
theearth. But 1here's nogood place to in-
stitll nwindmill o my propery, and geo-
thermal would require potentinlly cdis
ruptive vtrofitting of my liouse be-
caune Its basebbdard hot- mtu»hmunu
syt b’y readily comipatihle. Atoond
i do one estimate, i wonld eost ll'ml'
SABOON 1o dritl the needid wels, natall
equipmant and rua doctwork. So | o
cusad om solar eneTiy.

Sur powier galned traction bn tie LLS,

LS [T o
COLA

POWERED BY THE SUN

Here's how a typlcal ‘dosed-)

CIRCULATING PUMP: Moves the ,
mitx through the

collector whan therm i sufficient

heat to absorb on the rool

durlng the last energy crisis in the
1970s. It went into a cold spell when tax
incentives lapsed under President Rea-
gan o oil prices foll. Now it's making a
comebock. For starters, coOnsumers ane
more forussd on environmental issoes
such as global warming. Plus, hew fed-
eral and stato tnx credits 'mdmbalu.irr
availabhle to homeswners, anid systems
often can be molled Into mortgages for
new construction, CTo find perks in your
aren, vislt deiveusnorg ) Sweetening the
pot, many clectrie utilities have “net-me-
tering” progmams under which houses
equipped with photovoltnic systems,
which comvert sun into electricity, can
s¢ll excess power back (0 the grid.

Nationally, an avermge: size, 4.5 kilo-
woll residentlal photovoltaic system
costs S40.000 o S50,000; belore any tx
credilts or rebates, acconding to the So-
lor Enerey Industries Associntion. The
lowrost estimate 1 gol was about $17.500
after rebates and credits, with an esti-
mated payback perled oF 15 years. (A
Eilownat t-hour equals the enengy noeded
o rim o 100-watt bulb for 10 hours)

But for & smaller Investinent, san can
bewsed to heatwiter for showers, laun-
dry and dishwashing. At S2.000 1o
S8,000. these solar- thermal systims typ-
ically pay for themselves in under a de
cade. With extrn equipmant, they also
can help hoar homes. “Its & very quick
and casy way to get yoursolf ot of fwo-
thirds of yvour hot-water blIL® says Jeff
Irialy, a fovener General Elee trie Co. oxae-

" solar thermal
system for cold climates heats household water,

=

L W S Y o peem, Teded YWl WM LLE o P

kets are Investing, too: New York, Colo
rado and Hlinols rank amang the to]
statos Installing the solar thermal tech

S nuIm:T._lhE trada group snys. *Thi:

spring, it really took off,” says Randal
Feu, managing d|pector of Solar Water
Works LLC, a solne-equipment distrib-
tor in Iu'tmdluwn N.L
Configuring a solar water-heating
systemm varios, by most Inelude a wator-
storage tank inside the house and solor
collectors cutside, often on the ool In
one typical desigy for areas with cold
weather, the systum pumps a pontoxic
antifreeze Muid (o propylene glytol/wa-
ter i) through ghg culléctars wn be
winrmed by the sign and then dovwn into
the storige tank. There the Muld passes
through i heat exchanger to transfer the
witmith 1o potabie kot water stored In
the tank. The sajar tank feeds that
warmed water (g the home's existing
water heater. On days when the solar

tank's wat g, it's
ublye whe riss Hmh:n Valloy Cleanin-  heated hrlt’;ffmh:n;hw r*hntu!: <
ergy in Rhinchock, NY., which destans The detes
and installs renewsble-energy systems. T stp 410 bl

Tha Industry s cooking US, lnstalla-

Lar friendly 1 started wit
the New hm;w_l mm

aind
tions of solar water heators nearly (- Dovelop 1y quall
pludd between 2005 anl ;{Im.my th : e Enery
to Uhie SELA, | ant roomt by, Tiwadl became sl o roinm,
the first state to mandate solor water  which ! state,
Tieators in moxt new homes beginning in - 08 does the ny; ard al
2010, Hesidents In cold-weather mars i |




lar options

rom W W

SOLAR WATER STORAGE TANIKK: \

Cold potable watey enters the tanky
where It 5 warmed by the
glycod/waater mix via a hest
exchanger. The zooled glycolfwater
mix 5 then sere back to the solas
collecton

kets are Investing, too: New York, Colg-
rmdo and Ilinois rank among the top
states installing (b sodar thormal tech
nology, the trade proup says. “This
spring, it really took off,” says Randall
R, managing director of Solar Water
Works LLC, a salar-equipment distribu
tor tn Middiesex, NoL
Conflguring a 'solar water-henting
syvetem viries, byt mostinclude a water-
storage tank inxide the house and solar
collectines outside, alten an thie reof. In
one typical desigy for arcos with cold
weather, the sysyem pamps @ nontode
antifreeze Muld (3 propyiene glycal wa
ter mix) througly the collectors (o b
warmed by Uhe syn and then down into
the stofage tank, [here the Nuld passes
through a heat ssehunger 1o transfor the
warmdh 19 frotable ot wator starsd in
tho tunk. The sgjor tank feeds that
warmed water imo the homae's exlsting
waler heoler, (O days when the wolar
innk's woler dosggt et bot enough, it's
histed further by ghe water heater,
The Tirst sieg 4 o determine how so
kar-friendly yogy iome is. | started with
Lhe Naw York S . Eneryy Researcland
be Autharity 1o find & quall
Fled bmtaller, The pepartment of Energy
alne beripn st Tindsolarcom,
which llats o instollors by sinfe,
15 does the Norp American Hoanl of
Curtified Esergy practitioners inabcep

/

org) To find cortified solar-equipment
manifacturers, £o (o solar-rating.ong

I brought in several local pros. The
good news: They painted out | hivve a
long swath ol uninterrupted reof (no
vents or other obhstructions) facing
south, which is optimal for position
Ing solar collectors or photovioltaic
panels. The not-as-good-news: My
roofl™s gentle pitch makes it tongh to
get direct sunlight In winter, and a
prave of deelduous trecs casts shinde
of filters the sun even in winter when
the leaves are ofl.

“That's your had boy dght thore,”
sakl Anthony Conkling nn Inspactor for
Mercury Solar Systems of Greenwich,
Laonm, polnung to a I|:-uul|r|\g SUEAT -
pike, U on the roal, e whipped ot o tool
callod the Selmetrie SunEye, which
snapped digital pletures of my site to
plot solar ¢xposture year-roand, He and
e other contractors concluded that
the combimad ometwio punch of shade
aned lowe ool HIE meant & phitovalisee
syntem vouldn't qualify for a full state
rebate without some serions e trim-
g

Hiwever, most pros | contacted sald
a woll-pocitboned solar-tha rmal system,
which operates more o Mclontly than
photovehinie, imdght be o cost-ulfective

wiy to dip my foot nto renewable en-
Ry A foderal tax credit of 309, up to

WATER HEATER: A
traditional water heater
takes m preheated water
from the solar tank whon
househeld demand arises. If
the solar-heated water isnt
het encugh, the heater
ativotes to bump up the
temperture bofore sending
it to sinks, bathtubs, etc

S2.000, Is in place through 2008; a New
York state credit will knock the cost
down 25% more, putting my net sost for
i stmple two-collector, ane tank sysiem
at 55000 to S6.000.

Depending on the system and the an-
nual rise inenergy prices (my esthinates
nssumed a 3.5% to 5% annunl increase),
the estimated payback thne was five o
10 years. Switching o n salar-compati-
ble on-demand tankless water hoater
could help further shave my oll bill by
eliminating stondby heat loases in a reg:
uiar witer heater, A bigwer solar systern
coultd hielp preheat water for spoce heat-
e,

P'm still mulling my move and
haven't given up on phitoveliaie. Tues
iy, an arborist caime Lo asvess the rees.
Meantime, my oll company sent a letter
locking n record -hilgh winter pricing of
$4.88 o gallon The company’s owner
wrobe: “There wre no overnlghbiminecles
bhut If we are coursgeous, stronyg amd
work together;, this oo shall pass.,.*

That's sunmy optimism of one -
Lo ikt i) Dse ol Oy s :

WsJ.com




Los Alamos National Laboratory (LANL): Lab a partner in solar energy project

e Los Alamos

NATIONAL LABORATORY  News and Communications Office home.story

Lab a partner in solar energy project
By Tatjana K. Rosev
August 20, 2008

Providing electricity for Northern New Mexico Story Tools
The Laberatory is part of a technical and business case 8 SHARE
team on a project designed to provide electricity from solar
energy for a large area of rural Northern New Mexico.

The Kit Carson Electric Cooperative Solar Photovoltaic Project is being unveiled at 5 p.m. today at
the University of New Mexico's Taos campus.

The project’s case team was formed under the direction of EImer Salazar of the Technology Transfer
(TT) Division as part of Los Alamos's Northern New Mexico CONNECT's LINK Program, a plan that
fosters economic development through enterprise networking. Sandia National Laboratories and
various partners from the private sector are partners in the effort.

"Kit Carson Electric Co-op has been a national leader in new business development,” Salazar said.
“It has constantly strived to better serve its members by branching out into Internet Service Provision
(IPS) and propane, and now into salar photovoltaic (PV) energy generation. [The Laboratory] was
asked to help the co-op think through the technical and business case for successful distributed
production-level deployment of solar photo voltaic electric generation with a direct grid connect
approach,” he said, adding that the project represents a wonderful opportunity for national
laboratories to collaborate with private industry to generate clean power for New Mexico.

The project will deploy one megawatt of distributed solar photo voltaic power destined for Taos (400
kilowatts for UNM/Taos; 150kw for the Kit Carson facilities; and 100kw for KTAO, the Taos solar
radio station) and El Rito (350kw for Northern New Mexico College). The project is, to date, the
largest deployment of production solar PV in the state.

The production system consists of a direct grid connect system where power exceeding the
immediate needs of on-site customers goes directly into the local grid for distribution and use by co-
op members, Energy accumulated in the grid during the daytime is fed back to consumers during the
night hours, guaranteeing seamless around-the-clock service, Salazar explained.

The project was designed and built by the California office of American Capital Energy (ACE). ACE
will oversee installation and maintenance through local contracters and Kit Carson operating staff in
order to develop and build local solar construction and maintenance capacity in compliance with
objectives set by the Kit Carson Electric Cooperative (KCEC) and the project team through the
request for proposal process.

Los Alamos and Sandia labs and private sector partners helped Luis Reyes, president and CEO of
Kit Carson Electric Cooperative, and the trustees of the KCEC Board develop the project, which is
intended as a model for other rural electric co-ops nationwide. Already, the project team is helping
Springer Electric Co-op, which is bidding on a 500 kilowatt system that will be centrally deployed with
a direct grid connect at a substation near the town of Springer, to set up a similar solar energy
project.

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

Page 1 of 1
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The Power Behind Your Local Electric Co-op

Tri-State and First Solar sign major development agreement
30-megawatt New Mexico solar facility among world's largest photovaltaic projects

Tri-State Generation and Transmission
Association has entered into an
agreement with Tempe, Ariz.-based
First Solar, Inc. to develop a 30-
megawatt (AC), 500,000-panel solar
photovoltaic power plant in northeastern
New Mexico. The “Cimarron | Solar
Project” is the largest photovoltaic
project by an electric cooperative and - :
among the largest facility of its kind in oo N
the world. Click here to watch a visualization of the
project

“Tri-State is committed to renewable energy in our resource planning that brings value
to our member cooperatives across the four states we serve,” said Tri-State general
manager and executive vice president Ken Anderson. “It's noteworthy that Tri-State’s
first utility-scale renewable energy project will be among the largest solar photovoltaic
projects in the world.”

A workforce of 120 to 140 construction personnel will be required during construction
of the facility, which is scheduled to commence by April 2010, with the first portion of
the system producing energy by August. The facility is scheduled to be fully
operational by the end of 2010.

“New Mexico has some of the best renewable resources and workforce in the West,”
said New Mexico Governor Bill Richardson. “Tri-State’s and First Solar's investment
in the state will create jobs and advance our agenda for renewable energy.”

The project will be located on a 250-acre parcel of land in Colfax County, located
between the towns of Cimarron and Springer, N.M. — within the service territory of
Springer Electric Cooperative, one of Tri-State's 12 New Mexico member co-ops.

“Tri-State's development of the facility in our service territory benefits all of its 44
members in meeting our consumers' renewable energy and environmental goals,”
said David Spradlin, general manager of Springer Electric Cooperative. “It's good to
see that solar energy is finding a viable home within Tri-State's generation resource
mix."

The facility will provide enough energy to serve the equivalent needs of approximately
9,000 homes and help Tri-State to displace emissions of carbon dioxide. “This is a
significant venture for Tri-State that meets several objectives identified by our board of
directors,” said Anderson. ‘It further diversifies our generation mix, it assists us in
addressing carbon emissions and it helps meet our members' renewable energy
requirements.”

The solar field will consist of approximately 500,000 2' x 4' photovoltaic modules
constructed with First Solar's patented thin film semiconductor technology. First Solar
will act as the engineering, procurement and construction (EPC) contractor and will

hitp://www.tristategt.org/NewsCenter/Newsltems/First-Solar-Cimmaron-I-announcement.... 8/18/2009
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monitor and maintain the facility.

“We are excited to be part of Tri-State’s first utility-scale PV power plant and the
largest PV power plant serving a cooperative in the United States,” said John
Carrington, First Solar executive vice president of marketing and business
development. “This 30-megawatt PV power plant is another important demonstration
of our ability to provide affordable, utility-scale solar solutions.” / ﬂ "
Tri-State has contracted to purchase the electricity output from the facility for a 25- > / o [ ‘L,{,’J"
year period. Financial and operational terms of the agreement are confidential. ot ﬁ) T

Related visuals — computer animation video and still shots, photography of the project
site and company logos — are available for download at:
http://www tristategt. org/NewsCenter/media-resources.cfm

Updated: March 24, 2009

Tri-State Generation and Transmission Association, Inc. 1100 W, 116th Avenue Westminster, CO 80234 (303) 452-6111

| Contact Us | Privacy Notice | Terms of Use | Site Map |

Copyright © 2009 Tri-State Generation and Transmission Association Inc., all rights reserved.
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In a Small Fish, a Large Lesson
In Renewable Energy’s Obstacles

BY STEPHEN Power 2= =

/%W’
WASHINGTON—Presfdent Al

Barack Obama wants to boost the
nation’s production of energy
from the sun as part of aneffort to
double renewable power genera-
tionin three years. Amongthe ob-
stacles to Mr. Obama’s agenda:

the imperiled Devil’s Hole
pupfish. -

Patrick

ENVIRONMENT Putnamisa

field man-

ager for the U.S. Bureau of Land
Management in southern Ne-

vada. Hisjobis to help the govern-

ment decide whether the dozens
of solar-energy projects that com-
panies have proposed building
on federal land in his jurisdiction
pose undue environmental risks.

After reviewing some applica-
tions for as long as 18 months, Mr.
Putnam’s office hasn’t approved
any. He says his office hopes to
make decisions on at least three
by the end of 2010, but that will
be “a monumental task.”

Across the West, companies
that want to build renewable en-
ergy projects are rushing te stake
claims on public land, hoping to
grab federal subsidies and take ad-
vantage of state mandates that re-
quire utilities to obtain more
power from renegvable sources.
The surge is straining the Bureau
of Land Management, which is
more accustomed to processing
permit requests from oil and natu-
ral gas companies.

The logjam highlights a di-
lemma for'the Obama administra-

- tion: how to speed the transition
to a clean-energy economy—a
shift the president has promised
will create millions of jobs—with-
out trampling the legacy of a pre-
vious generation of conservation-
ists, who left in place federal
laws and regulations designed to
control exploitation of federal
lands or protect the habitats of
endangered species.

Many of the projects that the
government is considering allow-
ing on public land use a system
known as concentrating solar
power. These systems often re-
quire large amounts of water to
cool the turbines that are used to
convert the sun’s heat into elec-
tricity. Because water is scarce in
many parsts of the Southwest,
some land managers have ques-
tioned their suitability. Most of
southern Nevada’s valleys, for ex-
ample, receive only four to six
inches of rainfall a year. P
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the Devil's Hole pupfish, above.

Complicating matters, some of
the proposed projects are in south-
west Nevada’s Amargosa Valley, a
basin near Las Vegas that is home

to the endangered Devil’s Hole:

pupfish. The one-inch-long, irides-
cent blue creature was the subject
o0fal1976 U.S. Supreme Court deci-
sion that restricted how much wa-
ter nearby farms could pump out
of the ground. The pumping low-
ered water levels in the pools
where the pupfish lived, shrinking
the species’ numbers. !
Mr. Putnam’s agency is obli-
gated to worry about whether us-
ing water for solar-power sys-
tems could lead to more pressure
on the pupfish. “This renewable
energy push is so new and has
come about so quickly, and in
fairly large numbers, we’re trying
to figure out the best process” for
vetting projects, Mr. Putnam says.
The Bureau of Land Manage-
ment, aunit of the Interior Depart-
ment that manages 256 million
acres of federal land, has a back-
log of more than 200 proposed
solar projects, some of which
have been waiting several years.
Many solar developers fear
the agency won’t approve their
projects in time for them to qual-
ify for federal aid. Under the eco-
nomic-stimulus bill passed by Con-
gress in February, solar compa-
nies must begin construction by
the end of next year to qualify for
grants from the Treasury Depart-
ment valued at up to $2.5 billion.
Among those waiting on the
BLM is Solar Millennitm AG.
Since October 2007, the Germany-

based company has had an appli-
cation before the bureau to build
a $1billion solar plantin the Ama-
rgosa Valley.

“We’re a bit nervous,” Rainer
Aringhoff, president of Solar Mil-
lennium’s U.S. subsidiary. To be-
gin construction by December
2010, he says, the BLMwould have
to complete an environmental re-
view of the project by the third
quarter of next year. Mr. Putnam
says the BLM can’t commit to a
firm date for completing a review.

Mr. Obama’s Interior Secre-
tary, Ken Salazar, has called the
BLM’s backlog “not acceptable”
and announced his department
will create four renewable energy
coordination offices to accelerate
the permitting of renewable en-
ergy projects on federal land.

The Interior Department esti-
mates that public lands in the
western U.S. could generate 206
gigawatts of wind energy and
2,900 gigawatts of solar energy—
collectively about three times cur-
rent U.S. electricity generating ca-
pacity, according to the Electric
Power Research Institute, a non-

- profit in Palo Alto, Calif.

But some lawmakers don’t
want Mr. Salazar to go too fast.
Sen. Dianne Feinstein (D., Ca-
1if.), who controls Mr. Salazar’s
budget as chairivoman of a Sen-
ate appropriations panel, said
at a recent hearing that such
projects should be approved “in
moderation,” and expressed
concern that some could leave
“a huge mark on land that we’re
trying to conserve.”

v,




Spam S Solar Power Co]lapse Dlms Sub81dy Model

By ANGEL GONZALEZ 0‘\
AND KE J
D KEITH JOHNSON '551,( wf

Spain’s hopes of becoming a
world leader in solar power have
collapsed since the Spanish gov-
ernment slammed the brakes on
generous subsidies.

The sudden change has rip-
pled across the global solar in-
dustry, in a warning of the prob-
lems that government-sup-
ported renewable-energy pro-
grams can encounter.

In 2008, Spain accounted for
half the world’s new solar-power
installations in terms of wattage,
thanks to government subsidies
to promote clean energy. But late
last year, as the global economic
crisis worsened, the government
dramatically scaled back those
subsidies and capped the amount
of subsidized solar power that
could be installed.

Factories world-wide that
had ramped up production of so-
lar-power components found
that demand for solar panels
was plummeting, leaving a glut
in supply and pushing prices
down. Job cuts followed.

“The solar industry in 2009
has been undermined by [a] col-
lapse in demand due to the deci-
sion by Spain,” says Henning
Wicht, a solar-power analyst at«
research group iSuppli.

Spain is providing important
lessons for the U.S., where Jawmak-
ers are engaged in a debate about

how to support renewable energy.
Boosters of clean energy,includ-
ing President Barack Obama, have
pointed to Spain as a success story
showing how government policies
Jump-started renewable energy,
created new industries, and
helped the environment.

Spain’s early bet on wind
power paid off: The country is one
of the world leaders in generating

Cloudy Outlook

Size of Spain’s photovoltaic
market, in billions of euros

2006 2007 2008 2009*

A solar power plant in Alvarada P

* Estimate; €1 billion =51.4 billion; Source:
Asociacion de la Industria Fotovoltaica

such power, only recently eclipsed
by the U.S. Spanish wind-power
companies have become global

" players. In-2008, wind power ac-

counted for11% of Spanish electric-
ity production, compared 'to less
than 1% for solar power.

Reyad Fezzani, chief execu-
tive of BP Solar, a unit of oil giant
BP PLC, said that despite the cur-
rent crisis, the Spanish model
succeeded in'creating a solar in-
dustry from scratch. “Once you
pay for the infrastructure, you
have a skilled work force and you
can expand and contract very
easily,” he said.

Clean-energy skeptics, how-
ever, point to Spain as a caution-
ary tale of a government policy
that created a speculative bubble
with disastrous consequences.
Some Republicans have cited
Spain’s solar bubble and bust as an
example of howunsustainable gov-
ernment clean-energy pushes are.

The U.S. is experimenting
with different ways to promote

B

clean energy, including tax incen-
tives and direct federal subsidies
to defray installation costs, and
mandates forutilities to get a cer-
tain amount of their power from
renewable energy.

California and New Jersey,
which lead the U.S. in solar
power, are among states that
have used Spanish-style subsi-
dies to make solar power more at-
tractive. Two House Democrats,
Jay Inslee of Washington and
Bill Delahunt of Massachusetts,
are drafting legislation under
which electricity generated by
solar panels and other clean en-
ergy sources would be bought by
utilities at a fixed price.

The industry’s fundamental
problem is that, without subsi-
dies, it’s still not economically vi-
able.

Mike Ahearn, chief executive
of Tempe, Arizona-based First
Solar Corp., says solar power
could be competitive “within a
couple of years”—but only if the
industry gains scale. That would

require generous government
subsidies and other forms of sup-
port, Mr. Ahearn says: “It's a
chicken-and-egg problem.”

Spain’s solar ambitions started
as an outgrowth of the earlier
push to become a global player in
wind power. By offering generous
long-term support for wind
power, Spain became a world
leader. Companies such as Iber-
drola SA and Gamesa Corp. cata-
pulted from their home market to
the U.S.

Wind energy was a cheaperre-
newable option than solar, so the
Spanish government sought to
make solar power more attractive
by increasing subsidies, just as
other countries, particularly Ger-
many, were scaling back support.

As a result, Spain’s solar ca-
pacity last year increased to
3,342 megawatts from 695 mega-
watts, the size of a coal plant, a

year earlier. Government subsi-

dies for solar power jumped to
€1.1 billion ($1.6 billion) in 2008
from €214 million in 2007

Solar power “was a financial
product, not an energy solu-
tion,” says Ignacio Sanchez
Galan, chairman of Iberdrola,
the world’s biggest renewable-
energy company. Iberdrola has
largely shunned solar because
wind power is cheaper and re-
quires less land.

That’s especially true of the
new wave of large-scale solar
power, known as solar thermal
power, which uses the sun to
heat water into steam which
runs turbines. That technology
offers the potential for much big-
ger clean-energy projects than

silicon-coated photovoltaic pan- |

els, and has attracted interest
from utilities in Spain and the
U.S., especially. But solar ther-
mal power is far from being cost-
competitive with traditional
power sources, and it requires
large swathes of empty land,
such as those found in parts of
Spain and the U.S. Southwest.

Faced with the unraveling
world economy and a deepening
budget deficit, the Spanish gov-
ernmentlate last year reduced the
money it paid for solar electricity
and capped the amount of subsi-
dized solar power installed each
year at 500 megawatts. Spain’s so-
lar-power capacity has actually
shrunk this year as a result.

The effects have been felt far
beyond Spain. China’s Yingli
Green Energy Holding Co.,
which makes solar-power com-
ponents for export, posted a 43%
slide infirst-quarter earnings, in
large part because Spain was no
longer buying.

Solar makers such as Nor-
way’s Renewable Energy Corp.,
China’s LDK Solar Co. and JA So-
lar Holdings Co. posted big sec-
ond-quarter losses. German gi-
ant Q-Cells SE posted a first-half
net loss of €697 million and
plans to cut about 500 workers—
about a fifth of its work force,




Technology changes, but hu-
nan nature dpesn't. Environmen-
ally friendly energy projects are
unning into the same cries of
‘not [n my backynrd”® that sty-
mied a previous gencration of
alternative-power offorts.

Even as Americans tell poll-
sters they are eager for altermnn-

tives to fossll fuel, some nre
fighting proposals for solar and
wind projects and for the thou-
sanels of miles of tronsmission
lines that would be necded Lo
carry the cleaner energy to mar-
ket. The protests echo gruss-
roots opposition that has
blocked nuclear plants and en-
ergy-prodic-
Ing trash in-
cinerators for
decpdes,

Thie new
backlash is
funlisd by woar-
ries that re
mewnble-en
ergy projects
woilld ooccupy
vast amaounts
af Innd to pro-
dizce szl
cant amounts of power. Elthir
renewable projects wionld have
to be centralized and sprawling.
covering many square miles
apiece, or they would necd 10 be
distributed in pieces ncross mil
llans of roaftops and lawns

Ranewable-energy projects
would reduce pollution and com-
hat climnte chango. Thi trade-
off s that many more people
wotld hivve 1o see wiindd Tar
binos, solar panels and ather en
ergy Infmstructure near thetr
homoes in order to diminish the
need for conl mines and other
fousil-fuel facilithies,

“anywhere [ walked on this
property, we'd be able 1o view
them and we'il b nhle to hoor
them,” says Tina FitzGerald,
who llves with her family on a
12-acre Vermont Tarm near
where a developer has proposed
erecting five wind turbines
ench nbout 400 feet tall. “There
alould e a place for these=
someplace that lsn't gotng Lo Lm-
pact fTamilles quite so much.”

In California, which is conskd
ering o goal of producing o third
of {t2 electneity from renewhile
wources by 2020, sormer resdents
are Tglsting propsesdls tn bkl
vl solar-energy plonts in Une
Majave Desert, one of the miost
remote and rellably sunny spots
in thig US. Up amd dowwn the East
Coagt, meanwhile, resldents am
opposing dans for wined larms,
fearing they will mar views axnid
Lvwer property values

Americans aren't alone Ia
thilr sidttishness, In the UK.,
wihieh alao &bms 10 geiermle
abown one-third af s electricing

from renewnhly wouwrcos by

2020, hocal opposition is hold:
Ing up proposed wind projects.

By Jeffroy
Ball

iy
it

Froposed renewable:anergy orojects have been drawing opposition from peogie who worry ab

Risistance in Ontario fed the Cin
nadinn province to pass legisia
tian in May establishing n -
framowork for lecating rencw
able-enorly sites local ajipo-
nents will be able to challenge
projet 5 an l'rﬁ'lrl"'!‘l."h?'l'll-'l.] o
snfety grounds, but not for acs
thri rcaions
In o report lnst yvar, the
rarks-based Internatinnal Bnergy
Apency citod “nad in my' back
yoril” sentiment as nmongg the
top five threals to the jrowth of
meianwable enerey world-wide
The LS, has to minke a
tough cholce, saya Jason Gra
mwet, president of ihe Hiparican
Policy Conter, n Wishingion
think tanik thnt suppores glving
the fedoral governmant more
authority 1o push renewnble-pn-
oy projects forward, Thine will
e necessary, he ways, 1o curb
the countrys dependence on
farvign il nnd 118 gres nhause
fnd emlsslona *You have to aak
yoursell: A what petnt do prior
iy matlsnal oo res s pseod (o
averride boonl goals™
The clush over whetlier it is
e mmporiant 1o prodiice mon

podluting domesitic cnergy or o

protect environmentally valu
abile places poses a dilemima for
ome longtime activists
Calvin French, a 72-yoar-old
retireel high school English
tencher, has helonged to the Si
et Club nil his adaly life, Losd-
ers af the environmenial group
are working with Californin offi-
clids to help pick sites for blg e
newnble rnengy trnnsmission
Hpes w3 way 1o combiat climate
change, Bul many club mem
bers, inclulding Mr. Frenchy, wanl
Ty protiect their favoritie places
His battlefield is (he Carviso
Plaln, a 460 sepuire-mile vemth
il Erasslancd alwnm 115 imilis
nerth of Los Angeles that s br
worsead by the San Ancbress Paali
The parched, romged expsinse
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encliigernad kit fox and the ante
kg Lk prorghor, T alss bs
o of the most sl spots
for solnr pome le Ln the netian’s
most popndous stare, There s
pralitie sunlighn, Much of Uw
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Farom, meaning that screage e
binmjger cads bt dafonided i wn
tonched, And there (s o flgghevadt -
dgw line naarty, with o

CRITY sodar powe
Amid local on)
and =state odficlals
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“Hig things Lk
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have wmed heavy-h
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Residents Fearing Visual Blight; a Dilemma for Some |
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Amid local opposition, county
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e hesen rudling three big so
lar-enerey profects that logether
wiould amorant 10 same of the big-
pust solar arrays in the workld
"Aig things like glohal warm
ligd™ e el oo anderstand,
gays Mr. French. “Bul you can
pr omat into & brautiful place amd
say, “This noeds 1o be proftecred.”
That's casy o undecstnnd.”
Around the world, countries
that have ralled out Fossil-fuel
alternatives mod! areressneely
Iuwve ascd henyvy-Tuanded govern:
i Ao G sdilress such sun
tumenit. France, for example,
now prodsees alaoul B of it
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massive etwork of niw trans
mission wires wouldd have to e
Butlt to bring lnrge supplies of
renewable powdr 1o popdlation
centers A Senate Commuitioe
passed a bill In June that would
e the federad government au
thority to decide whene 1o put
new power |lnes if states, which
nowW moke those decisions,
TEOVYEe e & :r1il|'|! I.'I

The drive for moane foderal
contrl has the support of many
eeecutives in the electric indus
iy, who =iy the irw Tranvmls
wlan Wi showld b nvallable
for enargy fmom all sowrces, In
cluiling fossdl fosl T s s
plenty of oppositsan 0 giving
Waskdngion thal jerwer. Some
tiwemakers from densely popu
laved states don't wany big new
vransmissbon limes mannbng
through their lmul. Many staie
utility meiiilators aleo olsect o
mn i rvasesd fedemnl pash,

Caught In the mililidle are
states wlunte rewwabiles cnergy
smditondy 1 big bhusiness Wyo
g Gov. Dave Freudenthal lik
s hile itate's windd booam to
tie coal rush that KiL Wyanilng
thiree doecades ago in the wake

-

we Desort
— - — %
of an energy dhock.

Al 0 wind-energy confer-
ence i Wyamlng last month,
CGov. Frondenthal, a Demoerat,
delivered o stern warning to
wind-turbine dovelopors, tell-
Ing them to make sure thslr
projects dan't harm 6 smadl
bired called the sage grovse.

“What ] have i an obnession
with making sure that the econ
Oy of this state contlnuses g
funiction, and it won's i that bled
s Etil ™ acvording o his ol
flce™ transcrys of his peimarka

Anyihing that nialgos i he
sy jorodase Towinrd the federnd
i M i bl Oof erslongered
spehes, he explalmel, would trig
g landd-ese rastrictiong thst
wonild jeoparliae Wyoimbiggs
min ecormmnie englne: the pro:
duection of coal, odl and natural
s “Generally in this stale, we
sugport eoonomie develop
i, ® e ol the wilid develop-
ers, Bt “whim all of & sedded It
el up 0 o bese kyvard, our
Wiviwd caares & bot ~

deifrew Ball reaposds to
Fsdifor guaenfions ar WiRF
curmy Cperenta. Byl R ar
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